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ABSTRACT

The methods used for solving the laminar boundary layer equations are presented and a detailed description
of the resulting computer program is given. This program can be used to calculate the thin viscous shock layer
at a stagnation point or the boundary layer flow along an arbitrary body shape. The gas model is of a general
form where the mixture can consist of as many as 30 species with finite reactions occurring. Several

boundary conditions at the surface are available as options in the program to account for material ablation.
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NOMENCLATURE
coefficient matrices in the difference equation 25

mass fraction of species i, Di/P

specific heat at constant pressure of species i, S{Eélb
frozen specific heat at constant pressure of the mixture, & c, c f£-1b
’ ’ » § %1 %, g O

multicomponent diffusion coefficient, ftg/sec-

binary diffusion coefficient, ftg/sec.

thermal diffusion coefficient, 1b sec/ft.

BE/Q% %;)

velocity ratio, u/u,
enthalpy, I h;c, (ft-1b/slug)
i

enthalpy of species i, (ft-1b/slug)
mass flux relative to the mass-average velocity, slug/(ftg-sec)

thermal conductivity of mixture, 1b/(sec °R)
forward and backward rate constants (see Eq. 88)

density-viscosity product, pu/(pu)r

multicomponent Lewis-Semenov number, EppDij/k

binary Lewis-Semenov number, Epnﬁij/k

thermal Lewis-Semenov number, EPDg/k

molecular weight of the mixture, 1/(% ci/Mi), 1b/1b-mole

molecular weight of species i, 1b/lb-mole

number of chemical elements in gas model

number of chemical species in gas model

number of chemical reactions

Prandtl number, c_ u/k

pressure, lb/ft2

pressure, atmospheres

normal shock stagnation pressure, atmospheres
universal gas constant, 1b fte/(lb-mole sec® oR)
nose radius, ft,

shock Reynolds number, pmvaN/ush

distance from axis in axisymmetric problems, ft.
temperature, °R

normal shock stagnation temperature, %
temperature, og

velocity components tangent and normal to body surface, ft/sec.
transformed normal velocity (Eq. 16a)

freestream velocity, fps




W, mass rate of formation of species i, 1b sece/(f‘tLL sec)
vector for dependent variables
distance along surface from leading edge or stagnation point, ft.

mole fraction of species i, 1\7[ci/Mi

y distance along normal from surface, ft.
- -
o
ue/ (cp Te)
ari’Bri forward and backward stoichiometric coefficients

™

pressure gradient parameter

Ys mass concentration of species i, ci/Mi’ 1b-mole/1b.,
€ density ratio across shock, pw/psh

n transformed y coordinate

- : 2 2,..2(2-3)
E transformed x coordinate, 1b“~ sec”/ft
An,AE step sizes in transformed coordinates

8 temperature ratio, T/Te

"o curvature of body, 1/ft.

o viscosity, 1b sec/ft2

p density, 1b secg/f’cl+

P, density of species i, 1b secz/f‘tu

A shock standoff distance, ft.

SUBSCRIPTS

A atom

b,w conditions at body surface

e conditions at outer edge of shock layer or boundary layer

eq chemical equilibrium

m designation of mesh point in £-direction, £ = (m - 1)AF

n designation of mesh point in m-direction, m = (n - 1)An

r quantities evaluated at a reference condition which is taken as the outer edge of
shock layer or boundary layer

sh conditions behind shock wave

L freestream conditions
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two-dimensional body

3 =1 axisymmetric body
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I. 1Introduction

A general computer program has been developed for solving the laminar boundary layer equations with a
finite-difference method. The governing equations are solved in an uncoupled manner in order that a gas mix-
ture with a large number of chemical species can be readily handled. The program has been written with
various options to provide a flexibility that allows a variety of problems to be solved with only a change
in the input data. This program has evolved over a period of time with earlier versions described by Meyer
and Ten Broeckl, Ten Broeck and Blottnere, and Blottner3. Since these earlier programs have proved to be
useful to a number of people, this report is intended to provide sufficient details of the present program
so that it can easily be used by others. The present program is sufficiently different in capabilities and

ease of use as to make the earlier versions obsolete. The major improvements in this program are:

1, Numerical schemes are improved

2, Initial profiles can be obtained by program

3. Thin viscous shock layer can be solved at the stagnation point

L, Variable step sizes across layer and variable boundary layer thicknesses are available
5. Complete multicomponent diffusion is included

6. Additional boundary layer properties are determined

7. Updated transport properties are employed

8, Arbitrary body shape option is available

Some parts of the present report have been published previously by Blottneru’s. These parts are repeated

in order to provide a unified treatment of this problem and to include modifications which have occurred since
these papers were published., However, these papers provide additional information not included in this report
and should be utilized along with the present report. In reference 4, the thin viscous shock layer problem is
discussed while in reference 5 a survey of finite difference methods for solving the boundary layer equations
is given. 1In both of these references, results obtained with the present program are presented. Additional
results from the program have been given in papers by Davis~ and Blottner7.

The form of this report is intended to satisfy the needs of various people by the appropriate use of
certain parts of the write-up. For a reader interested in knowing the governing equations being solved eand
the numerical techniques being used, Chapter II is the appropriate place to start. Also in this chapter bound-
ary conditions are given, the transformation and linearization of the equations are presented, and the finite
difference form of the equations at a stagnation point, tip of sharp body or along a body (initial profiles)
are formulated., The derivation of the species boundary conditions corresponding to various surface materials
is described in Chapter III. A general form of the boundary condition for each species equation is used
where two parameters (Pi and Qi) are required. Additional boundary cénditions can be readily added to the pro-
gram by providing the evaluation of these two parameters. The boundary conditions at the outer edge of the
layer are described in Chapter IV. For the boundary layer solution along a blunt body, the swallowing of the
inviscid flow can be taken into account by the proper specification of the edge conditions. 1In this chapter,
the evaluation of quantities which are a function of the distance along the surface is given and various body
geometries considered. Also the method of changing the step-size smoothly along the surface is described.
Finally, in this chapter the shock layer edge conditions are presented in terms of the transformed coordinate
with shock slip effects included. The methods for evaluating transport properties, thermodynemic properties
and chemical kinetics are given in Chapter V. In addition, the properties for an air gas model are tabulated.
After the boundary layer or shock layer solutions are obtained, various properties of the flow are determined
from relations described in Chapter VI.

For a person interested in solving problems with the program, the appropriate place to start is Chapter

VII where the program options, input and output are described. With an understanding of this chapter, the




program can be utilized to obtain boundary layer and shock layer computations. To help set up input data and

understand the usage of the program, three sample problems are presented. For these problems the input data
is given and some of the computer output is also given., If greater details of the programming are required,
Appendix D is available to provide this information.

While the program was being developed, the question arose whether the finite difference procedure being
employed was as good as the nonlinear overrelaxation method for solving the initial profiles. An investigation
of the solution of the boundary layer equations at a stagnation point for a binary gas mixture was performed.
The results of this study are presented in Appendix B and indicate the finite-difference method is slightly
preferable to the nonlinear overrelaxation method.

The choice of whether the flow is in local chemical equilibrium or in nonequilibrium has been included
in the initial profile part of the computer program. The case of equilibrium is a special case of the non-
equilibrium problem and only requires slight modification to the method of solution and is described in
Appendix C. This option is of interest in predicting the boundary layer on cones far downstream where the
equilibrium and locally similar assumptions are reasonable. Also, in the stagnation region at low altitudes,
the assumption of chemical equilibrium becomes valid., In these cases, it should be noticed that it is neces-
sary to assume that the flow is in equilibrium at the surface which implies certain restrictions on the surface

chemical reactions.




II. Solution of Governing Equations
Conservation Equations

The general equations for a multicomponent nonequilibrium gas are given in Reference 8 and these equations

for the boundary layer along a body and the stagnation point thin shock layer become the following:

Continuity
d J d J\ Z "
= (purb) i ("”b) =0 (1)
Tangential Momentum
dp
du du _ e 3 du
pu§§+pv§_-a-+ﬁ<u$’-> (1v)
Normal Momentum
2 =0 boundary 1
== oundary layer
(1e)
a—P -%n_pPu =0 shock layer
Yy c
Energy
NI NI
dp 2
- 3T | = T _ E du ) aT § 3 E :
cppus;(--bcpva—udxw‘u(E) By(ay)' pi'jiby hiwi (14)
i=1 =1
Species Continuity
aci Bci 3
Puss+tprgr=-s(y)+wy 1=1,2, .. (NI~ 1) (1e)

There are only (NI - 1) independent species continuity equations (le) with the NIth species determined from
NI

the relation ey = 1. For two-dimensional flow, J = O and for exisymmetric flow, J = 1. The expression
i=1

for the relative mass flux Ji in a multicomponent mixture of perfect gases is given in Reference (8) and be-

comes the following for the boundary layer:

NI T
4 = - M ‘g ack o LL E’_I'_ (2)
o4 Pr ik Dy T oy =4
k=1
where
i Ley i=k
By = _
Aby, 1 #k




I NI

If the binary Lewis-Semenov numbers, iii’ are constant for all of the species or if a trace species is being

considered, the term Aﬁik is zero. In the above Equation (2), the pressure diffusion term is neglected due

to the boundary layer assumption; and the forced diffusion term is assumed zero. The equation of state is

also required and is written as

=1

Pe ?E_! (3
RT R

P — =
RT iZ::1 (ci/Mi)

where it is assumed the gas consists of a mixture of chemically-reacting perfect gases with the pressure change

across the boundary layer and stagnation point shock layer neglected as a result of Equation (le).
The stoichiometric relations for a multicomponent gas with NI distinct chemical species and NR simulta-

neous chemical reactions are

N.T kf NJ
r 5 — o N (L)
arixi =¥ Brixi r=1, 2, ... NR (4)
i=1 i=1
r

The quantities Xj represent the chemical species and catalytic bodies and Crg and Bri are the stoichiometric

coefficients, The summation limit NJ is equal to the number of species plus the number of catalytic bodies.

The net mass rate of production of species

as

"i" per unit volume, P is written as

A Al .
e My z :(ﬁri - j‘ri>(L'.f‘ = Iy ) (5)
r=1 e 4

where
N.J
Q. = a . -1
r rj
J=1
NJ
B = B . =1
r rj
J=1
o, NJ b
L, =k, P m (y.) ™
: 4 f : J
r r J=1




5(gm/cm3) = 0.,51536 p(slug/ftS)
The mass concentration Yj for the NI species is

. = ¢, /M, j = 1, 25, eee NI
YJ J/ 3 dJ s

whereas for the catalytic bodies, the following expression is used:

NI

= i = NJT (6)
yj Z(j-NI)i Ys 3 (NI + 1), eoe NJ (6)
3T,

The quantity Z is the third body efficiencies relative to argon and are determined from the reactions

(3-NT)1
being considered.

The production term can be written as

.~ _ 0 1 -
wi/p =W, =W ey (7)
where
NR
w0 - i T
B Mi ri Lfr Tl Lb
r=1 *
NR
1 +
Wy =§ :[ri (Lb /Yi> * T <Lf /Yi)]
r=1 ¥
i’ (Bri B 0’ri) . <Bri B ari> * &
® &
Ty =
0 if (B, - 0,) S0
i 0 if (Bri - ari) 20
Fri =
-(Bri - OLri) i (sri - ari) <0

It should be noticed that W 0 and Wil are positive quantities and the quantitiesg Lb and L, in the rela-
T

i f
P

tion for Wil will contain Y1 to a power one or greater depending upon the chemical reaction, The term wio is

not a function of the mass frection ey but W L can be a function of the mass fraction c,.

i i
The conditions at the surface and outer edge of the boundary layer or shock layer determine the necessary
boundary conditions for the foregoing equations. At the wall, 1t is assumed that the tangential velocity is

zero and the surface temperature 1s specified and these conditlions are expressed as

u(x, 0) =0 (8a)

11




T(x, 0) = T, (x) (8b)

In addition, the boundary condition on the mass flux of a species "i" at the surface, (pivi)b’ is
(Pyvydy = my = (egPv)y + (3;5)y (i=1,2, ... 0N8) (9)
The mass flux at the surface of all of the NI species cannot be specified arbitrarily as the net mass flux of

any chemical element normal to the surface must vanish at the surface, except for the surface elements and

this is true whether chemical reactions take place there or not. These restrictions are written as

NT

k k Mk o

a (pv)b = ai M. (mi) k=1, 2, ... NE (lo)
i=1 * .

where 1k is the ratio of the mass flux of element k to the total mass flux at the surface and is known from
the chemical composition and characteristics of the wall material, With this relation, NE of the species mass
flux at the surface, (ii) , are known; the remaining species mass flux are determined from the chemical reac-
tions (catalytic recombingtion, oxidation, sublimation, etc) and transpiration mass transfer occurring at the
surface as is discussed subsequently.

The total mass flux at the surface can be determined from

NI
pv = E (rhi) (11)
=1 b

and this is the boundary condition employed with the continuity equation.
The flow at the edge of the boundary layer is determined from the inviscid non-equilibrium flow around

the body and is discussed in more detail in Chapter IV. The boundary conditions at the outer edge of the

boundary layer are

3

u - (12a)

g (12v)

¢y = ey (12¢)
e

For the shock layer solution, the above relations must be satisfied where the edge conditions correspond
to the properties behind the shock wave, In addition, the distance from the body to shock must be adjusted
until the normal velocity from the shock layer solution matches the normal velocity behind the shock wave.
These boundary conditions are expressed as

u(ysh) = ug, (13a)

T(Vg) = Ten (130)

Il
=
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e,(y.,) =ec, (13¢)
sh

(13d)

—
it
<

sh sh

B. Transformation of equations

The boundary layer equations (1) are transformed with the Mangler, Gortler, Howarth-Dorodnitsyn, Levy,
and Lees transformation in order to obtain them in a form more appropriate for numerical solution. The new

independent variables introduced are

X
- 23
5(x) = fo (pu), u, 7p° ax (1ba)
J
n(x,y) = ——7—ue rbl - fy ody (1kb) |
T 28) 0 \
and the derivatives become
9 _ 2j 9 o 3
5= = (), U, Ty ErTm: (£58)
J
& Pu, Ty 3 (150)
Ay n ° ‘
e (28)
When the new dependent variables
J
ov T
v —E—y 5 (e ¥ % - —1b72 (16a)
(o), Y Ty (2g)
£' = u/fu A (16b)
8 =1T/1, (16c)

are introduced and the transformetions are applied, the boundary layer equations become the following in the

transformed plane:

Continuity

] Fd'n
25£+La_v+ff(l+2;_s) -0 (178)
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Tangential Momentum Equation

’ ’ ’ M 2.1
2,%{_+(u)ni%t‘_+a it df LT . (17b)
o= £ le M em £’ £/ n, o
Normal Momentum
ap E fpd "ne _
ST - (Kc u, Mg VZ,/rb)(f‘ =0 Shock Layer
(17¢)
é_p =0 Boundary Layer
on
Energy Equation
- 1\ 2 l\}
oge’ By (v rasn) 280 3}, (Lap2+8)er
% c Ty M n ok e Me
D e
NI
- 5 2 W,
.8 s (2, e h_(_1)=o (172)
n2& a n9 \M o * WP
e p e pe i=1
Species Equations (i =1, 2, ... NI-1)
3e (v - b)) 3c b e a 2 al a, 2 w
pep! oL, 3/ 9%y 3 2% i 3% 130, 1 i)t@) g e(i)_o
> -=r R - _9 {_aacns? . Tiihcaiiamensien Sy  HRdil sl . — - = - - o -
e e M n? an° ename Me M 52 \g%/\9" 1 g
e e e (17¢)
NI
ey =1 - ! (a7t
i=1

3
J £12 NI
Dt | 26
d5/dx ﬂePr I i
k=1
and where
éL? e Lle.
5. = math a8 = ._1_ a c B, = 2
i Pr d - i Yp,  ? i Pr ’
c % i
p i=l
NI ¢ b,
P, 1
b= - E — s
i=1 %
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il
e
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The boundary-layer equations, with the exception of the continuity equation and the normal momentum equa-

tion, are of the following form:

=’

[+
QU
Q.

W 5
g+a2w+a3+ahc

|
n
o

3
%

Y Il
ﬁe on e

Ui

e
z

[s]
U

no|
=3

where W represents any of the dependent variables. The coefficients in the above equation are obtained after

the boundary-layer equations (17) have been linearized, with the following relations:

m,n m,n
’
L W= (fl) + W - (ll) £ (19b)
’ ’ ! ! ’
¥ o m,n E m,n £ /m,n m,n
NI NI % aCl NI
- F 9 i = 2 i A -
= h, (w,/0) = W. Ah, -ebh, =— | =] -W. 17 86 " + 8 W, C, T
it i io8 p i e myn 9B 171 e
i=]1 i=1 “m,n i=1
aC
cen, 2(2) spr 0 ot (19¢)
i936 \p i“e “myn 38 |, .
“m,n
W
i . -0 il P g
i - Wie, and W, = e(wi/p) (194)

In the above and subsequent coefficients, the quantities without subscripts are evaluated at the point
(m + ®,n). The quantities in the bracket in equation (19c) should all be evaluated at (m + ®,n) except the
quantities which are a function of 6§ and these should use Sm 7 The term acl /38 has been neglected in the

’
subsequent development as it is usually & small term, =

=
n




The coefficients in equation (18) become

Mo

um Equation

a == (V- LY/ (20a)

&y == zﬁfl;’n/!; - F/fI;,n (20b)

Gy = % [_ (fr;,n)g + IZ?_B] +F (20c)
eM

@, = - f‘r;’n/% (204)

where

o = [5’-Ep <v+d+b\] c (20e)

o1l

0
n
1
el
he}
y
I
Q
W
=l
= 1:1;
1
@
S—
1
=
(=
—
=|
i
Q
i
+
)
»—al o
e
o
P
I =
n
gt
| S—
D
ol
—~
n
o
&
-~

i=1 m,n
NI
2
~:—~‘;”f‘12:—,F -
%g Cp al (re ;n) - ﬁ [Wi ;hi - :erl = (‘_)J /E‘ (20g
i=1 8
m,n
& = . flg —
4 p/c (20h)
where
NR
w. M Cl x 103
=|l=] =+ B, -a.)][ca + = ' 1
od \ o B ri i v 4 i S
r=1 K r

16




o == (Vv - bi')/b (201)
o, = - ewi/bi (203)

a. = (ew® + 8’ }[b (20k)
35\ i)l°1 4
oy = = f'/bi (201)

For boundary layer flow, equation

The value of & is determined from the normal momentum equation (17c).
Therefore, e is constant

(17c) shows that the pressure gradient in the x-direction is only a function of x.
across the boundary layer and equal to -1 when the flow at the edge of the boundary layer is determined from

When swallowing of the inviscid flow is taken into account, the value of e is

the inviscid body streamline,
For the stagnation

determined from the edge conditions and the definition of € in terms of these quantities.
point shock layer, the pressure is constant across the layer. However, there is a variation of the rate of
change of the tangential pressure gradient across the layer at the stagnation point, which can be determined
from Equation (17c). When the pressure is solved from Equation (17c) and differentiated with respect to x,
the following is obtained at the stagnation point where the velocity gradient behind the shock (see Appendix
A, equation Al2) has also been used.

For the stagnation point shock layer
n -1

ae, dp _ 1 (1 - e)D2 n

where

For boundary layer flow along a body

-1 without swallowing
e = (22a)
due/dx
Pt m with swallowing
17




du
L 75? = 0, then the combination of e with B is required which gives

= ¢ B
e = —_ 2b)
B/e P U, ax (22t

C. Finite Difference Procedure

The boundary layer or shock layer is divided with a grid of variable size Ann and AF (see Figure 1.1). It
is assumed that f£’, 6, and ci's are known at the grid points in the mth column and unknown in the (m + 1\th
column., In the present implicit scheme, the derivatives are replaced with linear difference quotients, and
the partial differential equations are evaluated at (m + ®,n). The equations are written with a parameter G

which will give the various finite-difference schemes as indicated below:

Explicit (not in program)

Crank Nicholson

D

I
—
 ne O

Tmplicit

o+
=]
H
(o)
R

With the function W(%,n) representing the dependent variables, the difference quotients are writte

iable step size in the n-direction at the point (m + ®) as

- e KNOWN POINT
Al
n —e n * UNKNOWN POINT
A
nn-l
n-1-

ot -l

n=3 4 n=1
n=2:
0 n-=1 : %é
m m+1

FIG. 1.1 GRID SYSTEM
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§¥ b (alwm+l,n+l ’ blwm+l,n * Clwm+l,n-l) +{1-8) (alwm,n+1 N blwm,n N Clwm,n-l) (230)
éfﬂ =0 (% W + bW + e W ) + (1 -8) (a W + bW + ¢l > (D3¢
e 2 m+l,n+l 2'm+l,n 2'm+l,n-1 7\"2"myn+1 ~ "2'm,n = "2 m,n-I R
where
oy = Lhn-l/(aﬂn ’ ﬁ“T)

Also the function W is evaluated at (m + @) as

W= mwm+l,n + (1 - @)wm’n (24)
When the above difference quotients and expressions are used with the partial differential equations (18), the

finite-difference equations become the simultaneous (involving only one dependent variable across the layer)

linear algebraic equations

Anwm+l,n+l ¥ anm+1,n N anm+l,n—l =Dy (25
where
n=2, 3, ess N =1
Momentum Equation Ww=£
Energy Equation W=28
First Species Equation W=e¢e
Second Species Equation W= s

Sresssscrsss st snsnron sesee

NI - 1 Species Equation W=




The coefficients in the sbove equations with LiT =0(a, = a = 0) are
A =®AP (26a)
n n
B =585 +@B P (26b)
n n
c, = 6P (26¢)
By = me,n -~ 3 - ®)P(fnwm,n+l * B¥m,n n m,n-l) " Me OL3PAnnmn-l (86a)

where

lav}

"+ m¥l M

o
=

m " column of grid points across the boundary layer. In the relation (20g) it was found necessary to express

the following derivative in the energy equation as

e
af! 7 ’ e ’ 2
2 ) s - # . A
( on ) (f m,n+1 £ m,n-l) ( m+1,n+1 % m+l,n-l) /4

It should be noted that the momentum equation is solved before the energy equation in order that the values of
£’ at the (m + 1\th column are available for the above expression.

From truncation error considerations, the mass fraction in relation (19d) would be evaluated as shown;
however, such a form can encounter stability problems. Although stability is usually considered to be practi-

9

cally unaffected by lower order terms as discussed by Richtmyer”, in actual computetions with finite step size
these terms can control the stability. As considered by Richtmyer, stability is concerned with what happens
in the limit as the mesh sizes approach zero. Therefore, such stability analyses cannot be completely satis-

factory when finite mesh sizes are employed. If wg and wi were constants, then it appears that stable




solutions are obtained without any restrictions on the step sizes. However, Wg and wi are not constant and
stability problems can occur if the step size becomes too large, but the formulation below appears to minimize
unstable solutions, In relation (19d) the mass fraction is evaluated at (m + 1) for all difference schemes

and the evaluation of relation (20j) must be changed. For the species equation, the value of e becomes

- e wi/(@bi) in B
a, = (27)

o] in Dn

The relations (7) for wg and wi are not the appropriate form to employ. The following discussion indicates

how these terms are modified for several gas models. For a binary mixture of oxygen, the only reaction is the

first of Hquation (87) and relations (7) become

0 -
W, =2M k. PY. Y (28a)
0 07f, 70, My

W =2 62 YA Y. (28b)
0 kbl o M

For the case of an air mixture, reactions 4, 5, 6, and 7 contribute to the chemical production term of
atomic oxygen., In each reaction, either the forward or backward term involves the mass fraction of atomic
oxygen and allows the chemical production term to be expressed as relation (19d). Similar comments can be
made about the production term for other species, For stability and convergence of the finite-difference
solution, it is desirable that the terms Wg and wi be as nearly constant as possible. For the case of oxygen,

0
the value of wo is proportional to Yo and when the oxygen is highly dissociated, the value of Yo changes
2 2
rapidly for a small change in Yoo since YO = (1 - co)/MO « Therefore, it was found better to write the terms
2 2

wg and wé for oxygen as

i b =
=2M. k. pY, Y. +=v ) =k, Py, (29a)
0 fl Ml ( O2 2 0 fl Ml

ke Py (290)

Yo Ml

For the case of the air mixture, the terms wg and wi were expressed in a similar manner to relations (28).

Then the w? and W% for atomic oxygen were modified by adding M k. PY,, Y~ and k ﬁy , respectively, to
i i f Ml (0] fl Ml

these terms, as has been done in relations (29).
A carbon-air gas mixture with the air reactions (§7) and the additional reactionms,

)

8:CO+0+ M,4 = 002 + Mh

9:CO, +0=CO+0,

is now considered. The parameters for the production terms for CO and CO2 as determined from Equation (7) are

O)
W =M, Y. W
(007 co co, 1
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(%)

7

=p Yy tE Yo]=W
(1%8 Mh f9 O) 1

The above parameters are modified by adding quantities which give terms involving the following
c
Y = Yeo * Yoo,

Since yc is the mass concentration of the element carbon, in any small region of the flow this quantity will

be nearly constant. The production term parameters become

o _ [0 _ C )
Yoo = <wco>7 * Moo Yoo M1 = Mo Yy (30e)
1 3
Vog ™ (wco> + Wy (30b)
7
0 c
W = (W + M Y W, =M YW, (30c)
co, (cog) co, Yco, "2 = Meo, Y 2
7
1 [ .
Yoo, = (wco ) % ¥y (30a)
2 2/,

The above production term parameters are more nearly constant and numerical results are obtained without
stability problems.

To complete the system of Equations (25), the boundary conditions are required and are written in the form

. = \
Bi¥im1,1 * M1 Y Yea 30 (31a)

+ CW B W =D (31b)

: -
wm+1,N-2 N m+l,N-1 N m+l,N N

A (] B,. and D for the various governing boundary conditions is given in

The determination of B ‘N By N

1° 1 Dl’

Chapters IIT and IV.

The difference equations (25) and the boundary conditions (31) form a system of linear algebraic equations
of the tridiagonal type. These are readily solved with the standard technique which has been discussed by a
number of authors. The particular relations employed in this study are now presented. The boundary condition

parameters at the wall Al, Bl and Dl are determined, the boundary condition parameters at the outer edge B

CN and DN are determined, and the coefficients An, Bn’ Cn’

for N =2, 3, «.o N=-1, The following parameters are determined from the wall to the outer edge of the layer:?

N’
and D are determined, from (26) across the layer

2L

Lo hankine




=1 o)
By =- (Ce - AeBl) (Bz = AEAl) (322)
e. =(c, -a3. )t (b, -ap (32b)
1 i o = A0

-1
= - ( )
En (CnEn-l * Bn) An (32¢
n=2,3, oo (N-1)

-1 .
e, = (CnEn-l + Bn) (Dn - Cnen-l) (324)

The dependent variables are then obtained from the following relations where the solution starts at the outer
edge and proceeds toward the wall:
-1

Wal,n = I:( -1 CN-lBN) * (BN-l ' CN—lcN) EN-l] [(DN-I - CN-1DN> B (BN-l - CN—ICN>GN-1] (332)

= = N-1, N- )
Moiin = B¥med,ne T O P oNLE 2, iy L (33b)

For the case that relations (31) are replaced with

A

By¥e1,1 * Ame1,2 =01

C W D (3kp)

Nm+1,8-1 By, n = Dy

The relations (32a), (32b) and (33a) become

El = - Bl Al (352)
o s Al
e, =8, D (35b)
- -1 ! I~
me1,n = By * Cyfya) (P - Cyeyy) (35¢)

When the conservation equations are uncoupled and the dependent variables are solved one at a time, the
order in which the variables f', 8, and ci's are solved must be chosen, The present investigation has shown
that the species equations should be solved before the energy equation. The mass fraction of species obtained
from the solution of the species equations are used in Equation (19d) to evaluate the chemical production term
which is required in the energy equation. The terms WS and wi are not recalculated in Equation (194).

The transformed velocity V remains to be determined and is obtained from the continuity equation which is

written in finite-difference form as

=3
_ m® B ! ' &
Vm+®,n a Vm+®,n-l - Zmn-l( At 2 U) (f ml,n 2 m+l,n-l)( e)m+’-‘

o

E'm+® (1 -0) ’ ’
LS (7‘5_ . 2 U) (f m,n i m,n-l) (ne)m+(~‘ (36)
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e:

aE %m/'}m)r e rsz RN]

In the foregoing finite-difference procedure, the coefficients aps Oy, O and o), (see Egs. 20) have quanti-

ties which should be evaluated at (m + ®) but must be determined with the knoan quantities at m. With this
procedure employed, the dependent variables at (m + 1) can be determined and the method is first-order accurate
{truncation error is of the order of the step size). The quantities at (m + @) can now be evaluated with the
use of equation (24) and the calculation of the dependent variables at (m + 1) determined again. If @ = 3,
this iteration procedure will make the method second-order accurate. This is only true if the modification
to a, as given by relation (27) is not made. Also for certain derivative type boundary conditions with @ = %,
stability problems can be encountered. Therefore, the present method does not use iteration at each step and
hence is of first—order accuracy. The program is set up to handle O < ® < 1 but generally a value of ® = 1 is
recommended,

To start the boundary layer solution along the body or to obtain the shock layer solution at the stagna-
tion point, profiles of the dependent variables are required across the layer. At a stagnation point or at
the tip of a sharp body F = O and the partial differential equations (17) become ordinary differential equations.
These equations can be solved with nearly the same finite-difference procedure employed for the partial dif-
ferential equations and the coefficients (26) of the difference equation (25) are the same except the following

quantities become
@M=P=1 , =0 , &andF=0 (37)

When £ = 0, the values of e and e are of indeterminate form and require special consideration which gives

0 (tip of sharp body)
29

e - i - (382)
ued~ dax )
ri—:_373527?— (stagnation point)

where for a blunt body

(ue/x) (boundary layer with swallowing)

edge table

=

du 3
e .
= = = [2 (pes - pm) /QES:l (boundary layer-Newtonian pressure) (38v)

7 [s(l -e) + €] (shock layer)

N
Vw
R D
— due ¢
e=-[:se N & /(gpz)] -

and P, is defined by

N =

o [2©)]? EEXC)

P, =P, ~Pp (x/RN)2 ¥ g
s




In the evaluation of ;, the value of ug and Pe at the sixth entry in the edge table is employed. For a sharp
body the quantity B/Z should be employed and this is determined when £ = O from equation 22b.
The evaluation of V for the initial profiles requires that equation (36) be modified. The continuity

equation (17a) with § = 0 is integrated to give

1,
V = Vb - Mg b £ dn .

In finite-difference notation and consistent with equation (36), the above becomes

(39)

v n=2,3 s N

Vo,n41 = Vo,n ~ % MefMna1 (fé,n+l * fé,n)

When the difference equations are solved for the initial profiles of the dependent varisbles, initial
estimates of the dependent variables, W, are required to evaluate the coefficients Qps O and a, as given by
equations (20)., The terms with subscript (m) and the other quantities which should be evaluated at (m + O)
are all evaluated with the initiel estimate of the variebles. For a first estimate of the profile variables,
the procedure given below can be used if better values are not available, For the velocity profile f', the
Blasius result can be assumed or some previously determined profile employed. The transformed velocity V is
determined from equation (39). The temperature in the boundary layer is estimated from a second degree poly-
nomial, The coefficients of the polynomial are specified such that the edge and wall temperature conditions
are satisfied and the temperature gradient at the outer edge of the boundary layer is assumed zero., With
these conditions, the temperature profile is obtained from

6 =6, +(1-8) (,—;l) (2 - n/ng) (40)
e

The species profiles for the non-equilibrium case are determined by assuming the flow is frozen (wi/n = 0) and
| local similarity applies. In addition, binary type of diffusion is assumed and L = Pr = Le = 1 which allows
the following relation to be obtained

(]
e, =c¢, +[e, =¢ f . (h1)
ARIRLY

The mass fraction of specles at the wall, cib, in the above relation is determined corresponding to the bound-
ary condition being employed.

Since the calculated variablea, W, will most likely be different from the initial estimates, W, the solu-
tion is repeated with the coefficients (20) evaluated with the calculated variables, This procedure is re-
peated until the difference between the calculated and assumed variables is a small number., This is expressed

|1 - @l <e

where W is any of the dependent variebles, For some problems it is necessary to weigh the assumed and calcu-
. lated solutions to obtain a new assumed solution for the next iteration as follows:

Me = T+ (W - . (42)




raln

The weight factor w should be 1 for fast convergence of the iteration procedure but

ly 0.1 are required for some cases to make the procedure stable.

The method of nonlinear overrelaxation (see Appendix B) has also been used to solve Equation

investigation was made for a binary gas of oxygen to compare the nonlinear overrelaxation method wit

It appears that the finite-difference procedure generally conver

finite-difference procedure.

one would expect. For example, for a linear ordinary differential equation, the finite-differen

would give the solution directly, while the nonlinear overrelaxation method would still require

ases

procedure. The nonlinear overrelaxation method, however, will probably give convergent solutions for

where the finite-difference method diverges.
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IITI. Species Boundary Conditions at the Wall

A, General Relations

The appropriate form for the boundary conditions has been given in equations (31) or (34). The boundary
conditions for the momentum and energy equations [conditions (8a) and (8b)] are readily written in the

(34). The boundary condition at the wall for the species equations was given (Equation 9) as

mi = CipV + ji (4‘3)

where all terms are evalusted at the surface., The mass flux of species i at the wall is expressed as

m =P +Q (ci)b (4h)

where the values of Pi and Qi depend on the surface material characteristic and are considered subsequently.

The relative mass flux with LiT = 0 is written as

Le, dc¢
1 i 3
3 =-:§__ +Ab§ (45)
i il e n i
where
0 (tip of sharp body)
Pr, V28 )
—ﬁ— at § =0 3 W=
L (ou), 7y ug cu

(Pr/&)b/ (1 + J)(W)r —d—x?- (stagnation point)

o - b, (ack)
1 & M, \7M

e myl
k#d
For a trace species (e:L < 10'“), the term Abi is neglected in relation (L45). The derivative in the above
expressions is written as
(ac1> 1 Y.
By 2y "0 YO, R B Mg S (46)

where
oy = - (amg + zAnl)/z:ml(Anl + anp)

b3 . (Aﬂl * Aﬂe)/Aﬂl Aﬂg
og = = &my/bng (any + &np)

The above relations (43) through (L6) can now be employed to determine the wall boundary condition coefficients
Ays Bl and Dl in relation (31) for the species equations, These same coefficients for the momentum end energy
equation for relation (34) are also given below.
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langential Momentum
Ay =0 , B, =1 ad D =0 (472)
Energy Use with Eq. 34
A) =0 , B, =1 and D =T/1, (k7o)
Species
A, = - (1 +8n,/m,)2
1 20
an, an, new
B, Tﬁ 2+W+E(ml+m2)(pv-%) (47e)

Mg AUQ i
D, = E Eﬁ; (&n, + an,) (W Py + 4b,)

The above coefficients are used with relation (31). The quantities in the above relation should be evaluated
1) but are determined at (m) to avoid an iteration process.

The boundary condition that is used with the continuity equation (36) is

NES (pv)y,

" Pty S %l
(Qi)r ue rb

vy (48)

s flux (:v\b is determined from the sum of the individual species mass flux as given by equation
(11) where equation (44) is used to determine ﬁi.

he mass flux of a species at the surface can be due to the phenomena illustrated in Figure 3.l.

FIG. 3.1 =~ SURFACE PHENOMENA

(1) Catalytic reactions with no net mass transfer such as recombination of atoms.
(2 Heterogeneous reactions such as the oxidation of carbon or metals by oxygen.
(3) Mass transfer through the surface as oceurs with transpiration cooling and pyrolysis gases.

(4) Vaporization and sublimation of the surface material,

Catalytic Surface Reactions

The chemical kinetics of heterogeneous catalytic reactions is exceedingly complicated, and knowledge of .

the details of the phenomena is inadequate. With the exception of certain atom recombinations on a limited



number of materials as obtained from experimental results, the relations required to predict the mass flux of
the various species at the surface are not availeble, The usual procedure employed in fluid mechanic investi-
gations has been to assume the wall is non-catalytic or "fully" catalytic,which gives the two extreme condi-
tions, with the actual situation in between these limits. For a non-catalytic wall, the mass flux of all the
species, ﬁi, are zero. The appropriate conditions for a "fully" catalytic wall and a clear definition of
what this expression means is not given in the literature.

Therefore, a fully catalytic recombination surface for a diatomic gas is such that every dissociated and
ionized species that strikes the surface is converted to a molecular species due to the heterogeneous reactions.
The gas near the surface tends to be undissociated and un-ionized according to this definition of a fully
catalytic surface. It should be noted that some materials under certain conditions atomize molecular species
upon contact with the surfacelo so that one could also consider fully catalytic dissociation surfaces.*

For a wall at low temperature, the asbove definition of a fully catalytic wall is nearly in agreement
with other relations employed, such as, the gas is completely undissociated or the gas composition corresponds
to the equilibrium value at the surface temperature. For higher wall temperatures, the later type of relation
can be substantially different from the present proposed relation for a fully catalytic well.,

The boundary conditions on species mass flux at the surface for air for the two extreme cases can be

expressed as

Non-Catalytic Wall

Fully Recombined Catalytic Wall

0 (NO is non-catalytic with surface)

o

RTb 3
h, = - (Pey) R i =0,N,NO (50a)
b ]
aij Mj
s Al . iy
nﬁ E 5 iy h, 02, N2 (50b)
4
where
a,' = amount of element J in species i

For a pure air boundery layer flow with a "fully" catalytic recombination surface, the heterogeneous

reactions are expressed phenomenologically in the following form:
-
20 O2
2N = 1‘12

ono” + 2e” > 0, + N,

With the use of (43), the values of P, end Q; become

' *The fully catalytic recombination should only be used when the wall temperature is sufficiently low
that the equilibrium composition for this temperature is much less than the composition at the surface.
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b i RT,
r = = -
0 % o\ 2 T My
RT,
P =0 = e b
N Sy ®b Z
o = © Qo = ©
RT (51)
0 = =¥ b )
= + °F o
NO Q‘NO " % MNO+
Fo, = 7 %% " “no” %" Q =0
2
B, =~ %% - °no* ot =0

.
T\JE

If a fully catalytic dissociation wall is defined as a surface where molecular species that hit the sur-

face are dissociated (O2 = 20 and N, = 2N), the above relations become

Po:'cozqog Q =9
PN:'CN2 QN2 Qy =0
Py = © %o = ©
Pyot = © Aot = ©
=
. Sk %, =" P V2 :bMoe
PNQ =0 Q”z % gRibI'%x

[f a catalytic wall is interpreted as the condition where the gas is in chemical eguilibrium, the boundary

condition cannot be written in terms of Pi's and Q_i's. The relations (L7c) are replaced with the following:

A = 0
B, = -
Fl =cy
€q
The quantities c, are determined from the equilibrium composition of the gas corresponding to the surface

E *
eq
temperature, The exact application of this condition is difficult to apply since the element composition

is not known generally at the surface.

C. Heterogeneous Reactions ‘

The appropriate heterogeneous reactions that can occur at a surface depend on the surface material compo-

sition and the chemical species available in the boundary layer flow,
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For a graphite surface, the following oxidation reactions are considered:

(1) 2c(s) + 0, = 2co
(2) c(s) +0~>co

The detail chemical kinetic mechanisms occurring are not understood for this relatively simple system and many
additional chemical species can produce gasification of graphite.

The mass flux of the chemical species at the surface are zero except for the following:

0, RT,
B =-==c P c (532)
0, o 0, D 2TrM02 0,
M RT
0 b
dy == =€, P c (53p)
0 L, 0ObVamu, 0
M
- . _Co
By =~ My moz + mo) (53¢)

where

_ flux of carbon atoms away from surface (1

€4 = ~Collisfon flux of 1 with the surface

There have been a large number of experimental papers concerned with the oxidation of carbon or grephite, but

adequate information to estimate the oxidation probabilities co and co is not available. The best information

available on these quantities can be obtained from Rosner and AElendorfll, but the range of applicability is
limited,
The paremeters in equation (L44) become
By =Q = 0 (all i except 0y, O and co)
Mo R,
P. =0 = - € ]
o, %, o ‘o P VBT,
” i (5)
Po=0 QOE'—C_POD T,
Moo
Pco"To'(%g"'oa*Qo"o) %0 = °

For non=volatile oxidation of a metal the oxygen in the boundary layer flow is absorbed, If it is assumed
that only oxygen in the form of atomic and molecular oxygen will react with the metal, then the mass flux of
these species can be expressed as

b -
by = = eof \/ 7 o %o (55a)
RTb
)ho = - i.‘o D.b R o) (Ssb)
2 2 0, 2
In this relation cl is the flux of specles 1 ebsorbed on the metal divided by the collision flux of species
' i with the surface. The mass flux of all the other species is zero, The parameters in equation (Lk4) become
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By =q = 0 (for all i except O and 02)
RT,
F0=0 5 =-%Mh\Vzwm (56)
RTb
P = 0 $ ==-€_p ———
02 Q02 02 b 2Tm M02

D. Injection of Gases

Some types of materials decompose and form pyrolysis gases which are injected in the boundary layer flow.
The amount and composition of these gases are assumed known and can be obtained from an ablation program. The
present approach is to uncouple the boundary layer problem from the ablation problem but an iteration proce-
dure could be employed to couple the present nonequilibrium boundary layer program with an ablation program.
The species mass fraction of the pyrolysis gases is determined by assuming the gas is in equilibrium at the
surface temperature, with the amount of the various material elements in the pyrolysis gas determined from
composition of the original material, With the total mass flux of the pyrolysis gas assumed known and the
composition determined from the equilibrium composition, the mass flux, ﬁi, of the various species of the

pyrolysis gas can be determined at the surface from

B, = (cieq) (pv), (57)
P

When the composition of the pyrolysis gases are known from experimental results, the above relation (57) can

be replaced with this informetion. The parameters in equation (44) become

P, = (ci > (OV)p
eq Yy

(58)
Qi =0

When a surface uses transpiration cooling, the mass flux of the individual species can be determined as-
suming the injected gases are in chemical equilibrium, Again it is assumed the total mass flux of the gas in-

jected is known.
E. Evaporation

The sublimation of a material results in the evaporation of a surface species which is written as

. ai pe ﬂb
Wy = e (cisv - c.@) (59)

:
Ve m Mi RTb

®, = condensation coefficient

e, = mass fraction of species i corresponding to the equilibrium vapor pressure

B
]

correction factor for non-equilibrium evaporation

The usual relation employed for non-equilibrium evaporation is the above relations with $ = 1. A more
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X : 12 1 . , . .
appropriate relation is the expressions3’ 3 which is considered in detail in Reference 3. The parameter &

is introduced to modify the relation that is usually applied to obtain the number of molecules hitting a sur-

at the surface to the case with surface mass transfer, In the first case, the Max-

wellian distribution function is for a gas at rest while a more proper form is the Maxwellian distribution for

moving gas. The parameters in equation (L44) become

ai pe Mb ciS

(60)

L
«
n
2= |
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IV. Boundary Conditions at the Outer Edge.
A. Boundary Layer

The conditions at the outer edge of the boundary layer depend upon the shape of the body and the resulting

inviseid flow field, The present work is concerned with slender bodies with a sharp tip or with a blunt nose.

For a sharp conical body, the edge conditions can be determined from perfect gas solutions as given by Kopal;h,
Sims15 and Jonesl6, or equilibrium solutions as given by Romig17 and.Hudginslg. For slender cones at velocities

below 25,000 fps, the inviscid flow is only slightly dissociated and perfect gas or equilibrium solutions give

nearly the same edge conditions. The conical solutions give edge conditions which are constant along the body.
For a blunted body, the edge conditions for the classical boundary approach (inviscid streamline along body

is used as edge conditions) can be obtained from the non-equilibrium inviscid flow or from the following equa-

tions, which govern the inviscid chemically reacting flow for a streamtube:

au _ 1 ap
el : (51e)
NI .
@ 1 s [, 13 ;
&7 |&s /"7 <hi ’ T) (610)
D i= 1
de W,
i1
T - 5<T1> (63}
P
.- (610)
LAy
RT Z E
i=1

The initial conditions for these equations are the temperature, pressure, and equilibrium composition at the
stagnation point,which can be obtained from Lomax and Inouyel9 for a number of cases. These equations then
can be solved along the body if the pressure distribution is known., As a first approximation, the Newtonian
pressure can be employed and more appropriately the pressure obtained from an inviscid flow field solution
should be used. The chemical model employed for the flow field solution will only have a small effect an the
pressure distribution.

The employment of the classical boundary layer approach is especially questionable for chemically reacting
flows on blunted conical bodies. When the body streamline flow is determined for this type of body, the gas
will remain dissociated and ionized at large distances downstream from the nose. The appropriate boundary
condition at the edge of the boundary layer at large distances downstream is the same as the sharp cone edge
conditions of undissociated and un-ionized air. Therefore, the appropriate edge conditions on a blunt conical
vehicle require that the swallowing of the inviscid flow be considered with the appropriate non-equilibrium
solutions of the streamlines entering the boundary layer employed.

The point at which a streamline crosses the shock wave, rsh’ is determined by matching the mass flow in

the boundary layer with the mass flow entering the shock wave which gives (see Figure L.1)

J 1 3 .
. 2 22 0 y cos 8 5| X y
) et / £ {15 mgtal] @y o2 (ov), 5 dx (62)
sh PV 0 Ty owVw 0 b b
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FIG. 4.1 - BODY GEOMETRY




The right side of this equation is evaluated at x =

line enters the boundary layer.

There are a number of ways to obtain the non-equilibrium inviscid flow.

X1, which is the location along the body where the stream-

The simplest method is to assume

the pressure across the shock layer is given by the Maslen relation and use the pressure behind an assumed

shock-shape and the body pressure to estimate the pressure along streamlines,

s,, can be estimated as

The length of the streamline,

A \/A*e + (%, - xsh)2

where

= shock wave stand-off distance
A¥ = A =B

= distance along body where the streamline

X distance along body where the streamline

The conditions behind the shock-wave which are
used as initial conditions to start the solution of

the streamline is obtained to s

,» The conditions at

boundary layer thickness at stagnation point

enters the boundary layer

crosses the shock wave,

obtained from the frozen Rankine-Hugoniot relations are
the streamtube equations (61). When the solution along

the edge of the boundary layer will be known at XBL' The

total velocity along the streamline U is known and the desired boundary condition is u, which can be obtained
from

u = U2 -V -

e e

The value of Vg is obtained from the boundary layer solution with the relation

drShl+j
dx * peue

pm Vm d‘ye
Oeve - dx

- iy - (63)
2Y (rb + ¥, cos eb)J

A more accurate procedure would be to employ an inviscid flow field solution to estimate the length and

pressure distribution along streamlines. Then this procedure would follow the approach given above. The most

accurate procedure is to employ a nonequilibrium flow field program to obtain the inviscid flow where the
thickness of the boundary layer is added to the body to give an effective body shape. Also, there is mass
transfer across this effective body shape such that the mass flow between streamlines is conserved. From such
a solution, the edge conditions for the boundary layer flow along a blunted vehicle is determined again and

a new value of the mass flux in the boundary layer is obtained. If the mass flux is nearly the same as the
previous result, the solution is considered converged. Otherwise, new edge conditions are determined and a
new boundary layer solution is obtained. This process is repeated until convergence is obtained.,

The conditions at the edge of the boundary layer Uy Te’ P> and s 's (air species only) are generally
e

a function of x, As analytical expressions are not usually available, a table of the edge conditions as a

function of x is employed. The Lagrange's interpolation formula (parabolic form) is used to obtain the edge

conditions and the derivatives of the edge conditions. Let y represent any of the edge conditions and sub-
script "i" will indicate the position of the variables x and y in the table, The Lagrange interpolation
formula gives
Fla) » (xy = %) (% =% ,,) &~ & (2 = % )=y = %) _— (g = 2 1) (% - %) v
yix,) = e = - = = i - ~
W TR i = Fegd T KR SR g B T (B S X g SR T
(6ka)
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The edge conditions at (m + %) are required for the evaluation of the parameters that are employed in the

inite difference procedure.
and it should be noticed that this point is not the same as (xm + % Ax):

<
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~
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Additional quantities which are required and are a function of the edge conditions are the following:

e = Be + (1 - @)em

m+1

10", then relation (66d) is replaced with e = =1,

Therefore the following approximation is made for the edge conditions at £

1

(65a)

\J

¢ C‘v"‘ e)




B. E and rb

In solving the boundary layer equations, the finite-difference procedure is applied in the transformed
€, M coordinate system. The results must be related back to the physical x, y coordinate system. Also the
edge conditions are given as a function of x and are required for the finite-difference solution as a function
of £, The procedure of specifying Ax(x =% * Ax) and then finding AF has been employed. The transformed

m+1 T
coordinate £ is related to x by the ordinary differential equation

dag _ 2] ”
= = (M), u, 7 . (67)
For & sharp cone of half angle ;c’ the radius of the body is
= in 8 68)
r, =% sin g (68)
and for a flat plate or sharp cone the following is obtained:
1 ’ 2] _1+2j
F o= ) .
o7 () v, (sin 8 )™ x :

e

In this relation the conditions at the edge of the boundary layer are assumed constant (no interaction with
the invisecid flow is considered) and (qJ\r is evaluated at the edge.

For a spherically blunted conical body of nose radius RN’ the body radius is

ry = Ry sin (x/RN) for 0 < x < Ry, (692

r =R_(singp_ =-c¢_sinf ) + x sin8_for x> R (69b)
b N s s e e n's

where
% -8,
Ps T 57.29578 *

For a hyperboloid with nose radius RW and asymptotic half-angle 8 the radius of the body must be ob-

1 A’
tained from the numerical solution of the following ordinary differential equation:

ol

2
ji_rﬁ = |14 (rp/Ry) (70)
= 1+ (r/Ry)° tan® o, ‘

The solution can be obtained with any of the standard methods, such as the Runge-Kutta or Predictor-Corrector.
For the value of £ as a function of x, the ordinary differential equation (67) has to be solved numeri-

cally for most body shapes. When the Runge-Kutta method is applied to this equation the following is obtained:
E . =E + A§ (71a)

where

(71p)
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m
X =X

AMx ) = [(Du)r ug rij] . (71c)

The value of € at (m + %) can be obtained from

E 1 =FE + 3AE i (72)

C. Step-Size Ax Specification

An indicated earlier, the step-size Ax is specified and then Af is determined. For many problems it is
adventageous to change this step-size in order to reduce the computation time. An automatic procedure has not
been developed to change the step-size; but from experience, the following procedure has been successful:

Axm+l = Axm + € m=0, 1, 2, «es M (73)

- X

= (%41 = %)

In order to obtain the solution at various values of x, the distance along the body is broken into major in-
tervals with coordinates denoted by X and 1 =0, 1, 2, ,»s I. At Xi the solution of the governing equations
is obtained, Between Xi and Xi+1 the interval is divided into Mi steps which are of variasble size as given
by relation 73 and this is illustrated in Fig. 4.2. The value of X and Axm are obtained from

Xyoom, =X T By OX 4 e m, (m, - 1) m =0, 1,2 40 M (Tha)
o1 (<] o
MR = ORp o FE(my - 1) mo=1, 2, v (M +1) (7hd)
o 1 o
The number of steps Mi between Xi and xi+l must be chosen eand, of course, must be an integer, Therefore, the

parameter ¢ must be chosen such that the interval between XL and xi+l is divided into an even number of steps,
The velues of Mi and € are determined by specifying the xi and estimating the Axm i1 desired at the beginning

of the interval, The following equetion is obtained from (74b) where b is introdficed as indicated;

¢ M Xy 4,41
8 == -1l= e -2 (75)
,xm°+l [
Est
Equation (74a) is used to obtain
My o= (2B + 1+ 85.)/(3 + 8p) (76)
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The above relation for Mj will not give an integer value; therefore, the calculated value is rounded off to

an integer. With M known, equation (76) is used to determine § as

5 =(28 +1 - 3Mi) / (Mi - 1) 7
The step sizes between X, and X, , are determined with the use of (7kb) and (75) to obtain
_ 5+1 B
Axmo+mi = [1 + M—l— (m:.L - l):, AXmOJrl m, = 1,2,...(Mi +1) (78)

The result of applying the foregoing relations is illustrated in Table I-IV. The values in the second inter-
val cannot be determined until the values in the first interval have been calculated.
A geometric progression has been used previously to vary the step size and this can be recovered by

taking

8 + 1 = 2M.,
2

Then the step size becomes

mgni = (2mi -1) Axg m, o= 1,2, e (Mi + 1)

and the total distance along the body becomes

D. Shock Layer

The flow at the edge of the shock layer is obtained from the modified Rankine-Hugoniot relations.
These relations have been given by Cbengeo and correspond to a one dimensional shock wave with gradients of
the flow properties behind it. It has been shown by Cheng21 and Tolstykhg2 that these relations are also
valid for a curvilinear shock wave if the shock thickness is much less than the radius of curvature of the

shock, This requires that Re >> 1 for the following relations to be appropriate:
s

_ 2 O
Pen = P * 0. Vo ( _ 5"_) 4 Sp (792)
sh
5 \2
_ ko8 -
Bsp "Bt 5 Vo [1- (o‘s;) Sy (790)

T = - c, An; c.c
sh sh = (G 1§l A li (79¢)

Ooc pu:TSh Mu:
sh PgpTMan

(794)
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where the slip terms are

NI NI
cT 4 1 de - de
5, = Sp/osh + ﬁ 28 h, |Le - £b, _k
sh'e Pr dn Pr = dn = dn
kAL s

The sbove slip terms are not known until the viscous shock layer solution has been determined and thus an
iteration procedure is required in the solution. In order to locate where the above modified Renkine-
Hugoniot relations (79) are to be applied, the interface behind the shock transition zone is defined as where
the usual Rankine-Hugoniot pressure jump is completed as used by Cheng.21 The foregoing relations (79) are
solved with Sp = Sh = 0, An iteration process is used to solve these equations where, initially, (Om/osh) is
assumed zero and the denominator in Equation (79c) is taken equal to 7000. For this solution the mass frac-
tion of species across the shock are taken constant and provide the usuel Rankine-Hugoniot pressure. For
the viscous shock layer solution, the sbove equations (79) are employed with Sl'1 included but with equation
(79a) replaced with the previously determined Rankine-Hugoniot pressure. The velocities behind the shock are
Yy = -(o/ Osh) V, end u, = 0., The mass fraction of chemical species is also required at the interface
which requires the solution of the species conservation equations across the shock transition zone. When
chemical reactions are neglected in the shock transition zone, a relation for the mass fraction of a chemical
species at the interface is readily obtained and has been given by Cheng;.20 The present analysis neglects
the chemical reactions and pressure and thermal diffusion effects in the shock transition zone. For air

flows, the neglect of the chemical reactions is a reasonable assumption as the results of Lee and Z:'Lerterzg3

2k

and Chung have shown. Also Chung states that the thermal and pressure diffusion of atoms are in opposite
directions and the neglect of these effects does not imply an excessive approximation. The transformed

velocity Vsh behind the shock has been determined in Appendix A, and its value and the other boundary condi-
tions at the outer edge of the shock layer become

3
v(ng) = - {e Re D/(1 + J) [s(1-e) +€]}2 (80a)
r'(n,) =1 (80b)
(80c)
B(ng) =1
NI
de = de \’\'!Oli\
e,(ng) =¢, - Pmlv Le, — + E by, —
® e sh dan ) dn -
k#1
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is determined from
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the relation

(80e)




4
M =4
x| i Xi1
AX
m Axmo+Mi+1
P
+—>
Axmgl
— ]

X X X X
m m + + - +M. +M.+
" o1 m°2 m°3 m(’MI moMll

FIG. 4.2 - VARIABLE STEP SIZE NOTATION

TABLE 1-1V
VARIABLE STEP SIZE

AXy +1 AX

X ( Mo )EST et | B M, P Mo *+ 1

0 0.010 0.010
0.5 | 10 6 | 0.60

0.1 0. 025 0. 026
0 5.4 |1l [-0.12

0.5 0. 050 0. 049
0 10.02 | 7 | 0.067

L0 0.100 0.101




V. THERMODYNAMIC AND TRANSPORT PROPERTIES AND CHEMICAI KINETICS

The relations presented in this chapter generally apply for an arbitrary gas model. The data required to
apply these relations is given for the case of a 7 species slightly ionized air mixture.

A. Enthalpy and Specific Heat

The thermodynamic properties of enthalpy and specific heat of a species "i" are obtained from tabulated

values. A table of Cl and 02 as a function of temperature is obtained from the tabulated values of enthalpy
i - §

and specific heat as given by Brcwne25°27 where
o = 49686 (H - H*)
1i 1.98726Mi T
49686

%2, ~ T.58726m; °F

The variation of the enthalpy and specific heat of the various species with temperature is given in Figures
5.1 and 5.2 as obtained from Browne, The enthalpy and specific heat of species i is obtained from the fol-
lowing relations$

F

hi = T-Cl + Ahi (£t-1b/slug) (81a)
i
¢. =c¢, (ft-1b/slug °R) (81b)
D, 2,
i i
where a second~degree Langrangian interpolation is used in the table look-up for Cl and 02 . The heats of
i i

formation are given in Table 5-I.

B. Viscosity and Thermal Conductivity

The viscosity and thermal conductivity of the gaseous mixture is calculated from Wilke's semiempirical

relations (see references 8 and 28 for this and other approximate expressions).

NI
=2, 57— (.00208855) (fzf‘s‘ﬁc) (82a)
=1 Z
NI Xk,
k= ), st (103.873k2k) ( = ) (82v)
i=1 2: ¥ sec R
=3 3%43
where
X1 = ciIVI/M1
14 2 =
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i M,

M
c. L+12s| , (——gm'mle)
n P. R cm sec

1

It has been pointed out by Fayzg that the above mixture rules are inappropriate for partially ionized gases.
Therefore, only slightly ionized gases are considered, The viscosities of the individual species i are obtained

from a curve fit relation
W=e ; e (83)

where A , B , and Cu are curve fit coefficients and are given in Table 5-IT for the various chemical spe-
i i -5

cies. The data that these coefficients are based upon was obtained from references 30 to 33. Since the gas

is only slightly ionized, the amount of No+ is small and it will not effect the mixture properties. The var-

iation of the species viscosity with temperature is given in Figure 5.3.

C. Multicomponent Diffusion

The multicomponent Lewis-Semenov numbers were obtained from relations given in Reference 34, which are

written as

!l

L, . $4
1J 1J

(8k)

| E

ii

The quantities Fij are coefficients in a matrix which is the inverse of the matrix with the following coef-

ficients:

Fa=g—tM Y gy  L#3 (852)

F,. =0 1=3 (85p)

The binary Lewis-Semenov numbers are obtained using the definition and binary diffusion coefficients which are

expressed as

byy = (By,/B) 1.0764 x 1073 (£t%/sec) (86)

where

D = pressure in atmospheres

Eij =& TK(A 1n. BX # B) (cm2 atm/sec)

The above expression for ﬂij was used to curve-fit tabulated binary diffusion coefficients given by Yosjo. A
+

revised table of values was used for the NO-NO interaction as given in a later paper by Yos3l. The collision

cross sections for the atomic and molecular interactions in these results were obtained from calculations of

Mason, et a1.32’33 Some of the interaction cross sections were calculated as averages of the other interaction
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cross sections, while the cross sections for the interactions N-O2 and N

. i -NO were assumed the same as N'NZ'
Also, the interaction cross sections for WO' with a neutral species have been taken the same as the N-0" and

+ . *
O-N cross sections. The curve-fit coefficients for the various binary diffusion coefficients are given in
Table 5-III.

D. Comparison of Thermodynamic and Transport Properties
The thermodynamic and transport properties based on the air model employed in this paper have been compared

to the results of several other authors. These properties have been determined for an equilibrium composition
at a pressure of one atmosphere and a temperature up to 20,000°K. The thermodynamic properties of enthalpy and
frozen specific heat are given in Figures 5.4 and 5.5. The present results for enthalpy are compared with pre-
dictions of Predvodir.elev36 and Hansen37. These authors are in close agreement except at temperatures around
4000°K. The present frozen specific heat at constant pressure is compared to the results of Hansen in Figure
5.5. The present results are in good agreement with the predictions of these authors except at temperatures
above 10,000°K. This is expected as the present gas model is only valid when there is a slight amount of
ionization., To improve the thermodynamic properties at the higher temperatures it is necessary to include

the thermodynamic properties of these species in the gas mixture calculations,

s
The present frozen thermal conductivity and viscosity of equilibrium air at one atmosphere pressure are

compared to results of Hansen37 and Yos30 in Figures 5.6 and 5.7, respectively. The present results for the
transport properties are not appropriate when the temperature is greater than approximately l0,000oK. Again
these properties can be improved at the higher temperatures by including additional chemical species as
discussed above,

The thermodynamic and transport properties employed in the shock-layer solutions are more accurate than
is indicated by the equilibrium properties. When the temperature behind the shock is very high, the predominant
species are molecular oxygen and nitrogen which are included in the gas model with reasonable accuracy. The
temperature decreases toward the body, and probably no significant amounts of ionized atomic and molecular
species have time to be produced. Therefore, the present gas model is considered reasonable for the cases in-

vestigated in this paper.

E. Chemical Reactions and Rates

The net mass rate of production of chemical species per unit volume is obtained from the usual relations

as given by equation (5) or (7). The following chemical reactions are used for the pure air gas model:

r=1 0, + M, =20 + M
2 =2
2 N2+M2 2N+M2
3 N2 + N 22N + N
L NO + My N +0+ My (87)
5 NO+0 =0,+N
) N2 +0 =2NO+ N
+ -
T N+0 =DNO +e

In these reactions the following chemical species are employed and are numbered 1 to 7 in the order indicated:

Ops N5 O, N, MO, NO', e

(NI = 6 as electrons are a special case)

*:A slightly different approach for obtaining the No' neutral collisions has been given by Moore35.
This quantity should not be confused with the equilibrium or total thermal conductivity.




The stoichiometric coefficients for these reactions are given in Table 5-IV.

The forward and backward rate constants ere written as:

A 3 -0,
ca, (1n co, = CL, x 10°/TK) 1 i T "
k, =TK " e Ty 3 (88a)
r cm
3 -8
p2, (in DO, - D1, x 10 /) 1 fmole\ T .
kb = TK e oy ——3— (88b)
T cm

with the coefficients given in Table 5-V taken from Reference 38, These reaction rate coefficients use the
catalytic bodies as determined from expression (6). The quantity Z(i-NI) is the third body efficiencies rela-

tive to argon, given in Teble 5-VI and based on Reference 39,

TABLE 5-1

MOLECULAR WEIGHTS AND HEATS OF FORMATION
AT ABSOLUTE ZERO FOR SPECIES

- M, He (:—g‘r;-) AR (ft-Ibislug)
0, 32. 000 0 0
N, 28, 016 0 0
NO 30,008 21477 0.3225 x 10°
No' 30, 008 235, 836 3,531 x 10°
0 16. 000 58,9725 Le6l x 10°
N 14, 008 112,507 3,619 x 10°
e 0. 000549 0 0

apf.03mx 1

23.053 M

i

L7
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TABLE 5-11

VISCOSITY CURVE FIT CONSTANTS
(TEMPERATURE 1000°K TO 30000°K)

SPECIES A B, G
0, 0. 0449290 -0, 0826158 - 9, 2019475
N, 0. 0268142 0.3177838 -11.3155513
0 0. 0203144 0. 4294404 -11. 6031403
N 0. 0115572 0. 6031679 -12. 4327495
NO 0. 0436378 -0, 0335511 - 9.5767430
NO* 0. 3020141 -3.5039791 - 3,7355157

FOR SUTHERLAND'S LAW, COEFFICIENTS ARE THE SAME FOR
ALL SPECIES AND ARE

i

Bi’

A, = - 0.1045186

1. 9790489

C - -16. 48024




TABLE 5-111

DIFFUSION CURVE FIT CONSTANTS

INTERACTION A B |1
N-0 -0, 0043383 19119177 -11.891342
N-N, 0. 0191055 1. 4904448 -10, 358828
N-0, 0. 0191055 1, 4904448 -10, 358828
N-NO 0. 0191055 1, 4904448 -10, 358828
0-0, 0. 0216586 1. 3875747 - 9,7389971
0-N, 0. 0168907 1.5276702 -10. 629306
N, 0, 0. 0435927 0. 9784219 - 8.3354916
0-NO 0, 0183441 1. 4750189 -10, 265935
0,-NO 0. 0410864 1. 0124720 - 8,4455480
N, N 0. 0315955 1. 2225368 - 9, 4862934
0-NO 0. 0003467 1. 8941393 -12. 978394
N-NO" 0. 0003467 1. 8941393 -12. 978394
02-N0+ 0. 0003467 1. 8941393 -12, 978394
NZ-N0+ 0. 0003467 1. 8941393 -12. 978394
NO-NO™ 0. 0039930 1. 5689336 -11. 441502

k9




STOICHIOMETKIC COEFFICIENTS

TABLE 5-1V

FORWARD
. +
o 0, Ny | O | N | NO | NO M, ;
i=1| 2| 3 |4 |5 6 10
r=1 1 , 1
2 1 j 1
3 1 1 | 1
4 A 1 1
: | 2
5 1 L1 | 1
- 1 1 1
7 1 |1 1
BACKWARD
+
P 0, Ny | O | N | NO | NO M, ,Br
ri i=1, 2 3 | 4 5 6 10
r=1 2 2
2 2 2
3 3 2
4 1 |1 1 2
5 1 1 1
6 1 1 1
7 1 1

NOTE: ALL BLANKS ARE ZERO.
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TABLE 5-V
REACTION RATE COEFFICIENTS

REACTION colr) cur | car) DOIr) D) | D2r)
r=1 | 3.61x108 | 594 | -Lo | 300x10° | o0 0.5
2 Lzx107 | .1 | 05 | Lo9x10® | o -0.5
3 | anx10? | w1 | -L5 | 2:2x1f | o -15
4 | 3ox10® | .6 | -Ls | Lox10® | o L5
5 38x10° | 197 | Lo | e.@xwt | 36 | 05
6 | 6mx10® | 35 | o | Lsox10® | o 0
7 0o.8x10° | 324 | o5 | rLeox10? | o -1.0

TABLE 5-VI

THIRD BODY EFFICIENCIES RELATIVE TO Ar

0, [ N, [ O [ N [ NO| NO

Z(-N1)i i=1| 2 |3 | 4] s 6
(- NI) = 1

e 0 0 0 0 0 1
2

M, 9 2 5 | 1| 1 0
3

M, ] 25 | 1| o] 1 0
4

M, 1 1 20| 201 20 o

51




(H -TH‘) cal/gmol

52

1

| |
5000 10000 15000 20000
TEMPERATURE (°K)
FIG. 5.1 - ENTHALPY OF CHEMICAL SPECIES




CP (cal/gmol °K)

18
No "
16} : N2
14}
12+ i
N
10} 0,
0
8 =
SFo
e
4 L ] ] J
0 5000 10000 15000 20000

TEMPERATURE (°K)
FIG. 5.2 - SPECIFIC HEAT OF CHEMICAL SPECIES




5L

(gm/cm - sec)

"ui

SPECIES VISCOSITY

10
102
10
NO ™
..... SUTHERLAND'S VISCOSITY
LAW FOR AIR
3
10 | | |
10° 10° 10* 100

TEMPERATURE (°K)
FIG, 5.3 - VISCOSITY OF AIR SPECIES




ENTHALPY (joule/mg)

100 -

PREDVODITELEV, ET AL
(REF. 29) \}___

HANSEN /

(REF. 30~/
/7
#

PRESENT
RESULT

1 ATMOS PHERE
EQUILIBRIUM COMPOSITION

10000 20000
TEMPERATURE (°K)
FIG. 5.4 - ENTHALPY OF AIR

55




FROZEN SPECIFIC HEAT, Cp (joule/gm °K)

56

3.0

2.9

2.0

L5

L0

0.5

1 ATMO'PHERE

PRESENT RESULT

EQUILIBRIUM COMPOSITION

| | I
5000 10000 15000
TEMPERATURE (%K)

FIG. 5.5 - FROZEN SPECIFIC HEAT OF AIR

J
20000




FROZEN THERMAL CONDUCTIVITY (watts/m °K)

10

L0

0.1

0.01

HANSEN
(REF. 30) \’}’// YOS (REF, 32)
7
7

PRESENT RESULT

1 ATMOSPHERE
EQUILIBRIUM COMPOSITION

| |

10000 20000
TEMPERATURE (°K)

FIG. 5.6 - FROZEN THERMAL CONDUCTIVITY OF AIR

57




VISCOSITY (millipoise)

58

1[11’Tllll|

PRESENT RESULT
1 ATMOSPHERE am———
EQUILIBRIUM COMPOSITION ’ AN

A}

\
!
\
\o__ HANSEN
\y (REF. 30)
\
\

\

\ YOS
\ (REF. 32)

-
- -

Il

o

1
5000 10000 15000 20000
TEMPERATURE (°K)

FIG. 5.7 - VISCOSITY OF AIR

N,
X
O




VI. Boundary Layer Characteristics

After the solution to the boundary layer or shock layer equations has been obtained, there
are a number of quantities that should be determined which characterize the flow. Their quan-

tities are discussed and defined below.

A. Heat Transfer
The hea® or energy flux from the gas to the surface in a multi-component gas mixture for

stationary coordinates is approximately

NI
q=-k % > h g, + pvil (89)
¥ 1A

where the Dufour effect (usually considered small), work of the shear stresses (occurs when there
is slip at the wall), and radiation are neglected. The above expression includes the energy
transported by conduction, diffusion, and convection. For boundary layer flows without mass
transfer, the last term in the above expression is zero. For an energy balance at the surface a
similar expression as given above (without the diffusion term) is written for the energy flux

into the condensed phase and this must be equal to the energy flux from the gas to the surface,

The Nusselt number is defined in terms of either conditions at the body or at the edge of
the boundary layer or shock layer as follows:
qgxc
Pe

Nue“k—(a—:@

(Edge Nusselt No.) (90a)

R, = - E%fTﬁ;‘i‘EET (Body Nusselt No.) (90b)

where

with the Reynold's numbers defined as:

Poe X/Ll

Pole X/t
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the Nusselt numbers become:

Nu_ Pr % ord 1220 | ‘ . ¥
e _ e e b = b k
S T, T - En 2% ["pem "; ; = }b (91a)

and

i, =Pi Pele Ni (91b)
o N VR

In the above expressions the energy flux due to convection is not included and thermal diffusion
effects have been neglected. The square root term in (9la) is of indeterminate form at x = O but

the appropriate values are:

T R VG::’ Blunt Body
\fpw u r29x/(2g) = (92)
¥y

Sharp Body

The derivatives in relation (9la) are evaluated at the body with equation (46). If more grid
points are used to evaluate the derivatives at the surface one expects a more accurate evaluation.
However, this is not necessarily correct; in fact, the relation using four grid points has given

the wrong sign for the derivative for certain cases,

Another parameter which is used to characterize the heat transfer is the Stanton number

which is defined as:

Sy qu T (93)

The Stanton number is related to the Nusselt number by the relation:

i 1 peue Nue

S 5 s ammf o= E) O 9l
Pre omVep /ReXe /Rexe (9k)

where at x = O:

du
e :
u d—
PaPs _N\fPete Fx Blunt Body

e © Sharp Body




B. Local Skin Friction and Drag

The local skin friction is defined as:

T -
¢ = —3 (952)
or
T
b —-
cp = 3 5 (95b)
€ joeue

where the shearing stress is:

The parameters to describe local skin friction are the following:

&) = 2'1 (3 _af_‘_ __l__ v‘fvﬂ
cp \/Rexe = 24 (pu)eueerxKZ‘) <aﬂ >b ey (96=)

e

and:

u
e 1 7
c = . m—— 2] Re (96b)
fw L '\/'\== /R:Xe < fe\/ xe>

where at x = O:

0 Blunt Body
@ Sharp Body

In relation (96a) the square root at x = O is determined from relation (92) while the derivative

is evaluated with relation (L46).

The drag of a body due to the pressure and shearing stress at the surface with length x, is

written in terms of a drag coefficient as:

. % .

_ Dreg  _ (em)? e o i :

Cph = = T cp cOS B +——ps sin Hb]Lb dx (97)
Dmm

(o) B

nj-
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where the reference area is the cross sectional area at x and is

x flat plate
Ty reference length when j = O

2
ﬁrb reference area when j = 1

term results from the pressure acting on the surface.

C. Boundary Layer Normal Coordinate

is obtained from the transformed coordinate relations (14).

These are written as

J(E’ﬁ) - \/2_2 ne /ﬂ dn
By

where
X
23
F = 1 ol
- f (pw) u 7 "dx
(c}

D. Displacement and Momentum Thicknesses

The displacement thickness is defined as:
(6]

while the momentum thickness is defined as:
e

%w = - (1 - ~—)Oy

(o] pee

In the transformed coordinate system, these relations become:

5* \/2—5"'%

f(—e-f)dn+ f(w)
PeVle b LUTy (x A
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The distance along the normal from the surface of the body to the edge

e 0 1 X()
6*=f (l-“g“pu)d“mf (pv)y, =
e e e’'e b o 5

The first term in the integral results from the shearing stress at the surface while the second

of the boundary layer

(98)

(992)

(99v)

(100a)




D
=

ven :
= —%3 f £'(L - £') an (100b)

|
nw
Pe”e™b (¢}

At x = 0, the following term is indeterminate numerically but has the values shown:

0 For Sharp Body
VA -
P UL T; ¢
eeb
(pu,
For Blunt Body
(1+3) 2 due
1 B S
dx
E. Mass Flow Rate in the Boundary Layer
The total mass flow rate ( slug ) in the boundary layer at x or F is:
6079 sec
M= (2m? V2 n P11 +L cos )Y dn (101a)
Ty b !
o
ile the mass flow rate of species "i" is:
1
M. = (DW)J\/9E " f e, f' (1 +¥— os 9,[)'] dn (101b)
b

n

The mass flow rate of species "i" in particles per seconds is obtained from (10lb) by the

relation:

M‘ ( particles

i 1-3

By
) = 1.45939 x 10° M, N/M, (102)
sec ft\° * -

~ - 23 . N
N = 6.025 x 10~ (molecules/gm-mole)

The total mass flow rate in the boundary layer is related to L, (the radical distance from the

axis to the streamline in the freestream which enters the boundary layer where the mass flow is
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being determined) and the mass transfer at the surface by:

g

F. Electron Density

X

3 ” =
e o Sh (Wrsh) £ (2‘")‘] f (pv)}\ rLJ o

(0]

To indicate the amount the gas is ionized, it is useful to determine the electron density.

It is obtained from the mass fractions of the ionized species by the following relation:

where:

The value of Z, is determined from the linear dependence of the electrc
j

3 (em/cmd)

Ne=p N Ye_

= 0.51536 p(slug/Tt”)
NI
Ye© = Z:V’
Y

J
species and is based on the conservation of charge.

G. Mass and Energy Flux Densities at the Surface

The mass flux density of species '

where

The energy flux at the

contributions:

i" at the surface was given in relation (L43) and is:

D
pve, + J. (slug/ft° - sec)

- j
(pw.c. T ur
iens. M. (Conduction)
/25. rb an
NI
z: 1 (Diffusion)
i=l =

(10k4)

ms on the NI chemical

(105)

(1062)

(106b)




G 2 ov(h + %ve) (Convection) (106¢)

where:

2 3
a(Btu/ft -sec) = 1,28509 x 107> q(£t-1b/Tt

H. Total Enthalpy
The total enthalpy is often used as one of the dependent variables rather than the temper-

ature and is defined as
H=h+3u +3V (107)

2 S .
The term %v has been neglected in the evaluation as it is generally small in the boundary

layer. The enthalpy in other units can be obtained from

H(Btu/1b) = 3.99417 x 107 H(ft-1b/slug)

H(Joule/kg) = 9.2903 x 1072 H(ft-1b/slug)

I. Chemical Reaction Parameters

Since the chemical model for many gas mixtures is not well understood, it is of value to
know the importance of the various chemical reactions employed. A useful parameter to have

available is the following:

= wi/ [DMi(eri - cri)] = (L ~L ) (108)

x i3 r

where the various quantities are defined in equation (5). The above relation for Xr gives

the effectiveness of reaction r in producing certain chemical species. The production of
species i from the various chemical reactions is obtained by multiplying Xr by (eri - Qri)'
The relative size of these terms determines which reactions are important in the production of

species 1i.

J. Relation for Normal Velocity

The normal velocity is obtained from the relation (16a) which defines the transformed normal

velocity V. Before this relation can be used, the terms %%L must be determined. Since

n = n(x,y), the following relation is obtained with dn = O:
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an . o W
28 &

dax ln = constant

When equation (14b) is employed in this relation and the differentials are written in finite-
difference form, the partial derivative becomes

w .

Lo T 4 =¥
m_ __eb m+l,n  “m,n (109)
o2 ﬂe;;zﬁ 41~ Tm

derivative used in equation (16a), the normal velocity becomes

+u f
e

o
®
olg

t(+r - _ .
("m+l,n "m,n)/(xm+1_ Ym) (110)




VII. Computer Program
A, Introduction

The purpose of this chapter is to describe the computer program with only sufficient detail to allow op-
eration as a "black-box". This type of operation is not advocated by the authors and can lead to misuse of
the program. However, as an initial step in the use of this program an understanding of the input and output
is a logical place to start. This part of the program is discussed in this chapter and the remaining details
of the program are given in Appendix D.

The program is written with the idea to be as general as possible within reasonable limitations. The
program solves the boundary layer equations along a body and always starts at £ = O for an arbitrary (this
will be described subsequently) multi-component gas mixture. At a stagnation point or the tip of a blunt
body, the similar boundary layer equations are solved to obtain initial profiles. At a stagnation point the
thin viscous shock layer equations with shock slip are solved as determined on OPIN card. The program will
not solve the thin viscous shock layer along a body. The program will handle either two-dimensional or axi-
symmetric bodies of the type: flat plate, blunt wedge with cylindrical leading edge, and hyperbola or cone,
sphere-cone, and hyperboloid respectively. In addition, bodies of arbitrary shape can be handled with the use
of a table of values of the body radius given as a function of the distance along the surface. Also the nose
radius or reference length for a flat plate or cone, RN, must be specified. To complete the body geometry,
the half-angle or asymptotic half-angle for the blunt body is required.

The program will handle solutions in an arbitrary freestream where the velocity, pressure, temperature
and species mass fraction define the environment. For the shock layer solution, no additional information
is required. For a boundary layer solution, the conditions at the outer edge must be specified consistent
with the freestream conditions., The determination of the boundary layer outer edge conditions are to be made
by the user. The pressure, tangential velocity, temperature and mass fraction of the various species are
required as a function of the distance along the body. The usual relation between the pressure gradient and
velocity gradient is not used since swallowing of the inviscid flow can be taken into account. Another com-
puter code has been developed to obtain edge conditions and is described in Reference 4O and has been used in
the examples in the next chapter.

At the wall a variety of boundary conditions have been included in the program and have been discussed in
Chapter III. If gas models other than a binary mixture of oxygen, air or carbon-air are employed, special
care should be taken to be sure the boundary conditions employed are appropriate. The subroutine QPR should
be investigated to be sure the desired species boundary conditions are being satisfied as this subroutine is
not general., For all cases it is assumed that the wall temperature is known as a function of the distance
along the body in tabular form., The case of an energy balance or a specified heat transfer have not been con-
sidered but could be handled with suitable changes in the program. For the first four wall options the mass
transfer at the surface is zero. For the case of mass transfer of ablation products, the surface mass flux
density must be specified as a function of the distance along the body in tabular form. For the remaining
wall options, the program will determine the surface mass flux density as part of the solution.

To start the solution along a body or to generate initial profiles, values of the tangential velocity,
temperature and species mess fractions must be read in. If OPIN(4) is INITIAL, an iteration procedure is
performed to obtain initial profiles. If OPIN(4) is BODY CAL, one iteration is performed on the initial pro-
files and then the solution proceeds along the body. If a first estimate of the profiles for the iteration of
initial profiles is not available, the program will generate profiles for 6 and ci's where the value f' read
is set equal to 0.2328 and c, is set

1 2
equal to 0.7672. If the sum is not zero, the wall values of the ci's read in are used in determining the

in is used. If the sum of the first two species at the wall is zero, c
species mass fraction profiles.

In the iteration procedure employed to obtain the initial profiles, a choice is available on the proce-

dure to be followed. There is always an iteration performed where the momentum equation is solved first with
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the species equations solved next and finally the energy equation is solved, This iteration is stopped when-
ever the convergence tolerance (TOL) has been satisfied or KOPE iterations have been performed. An iteration
of each equation within this larger iteration is possible depending on the values of KOPT, AMOM, AENE and
ASPE. 1In this iteration, a fixed number may be performed or a convergence criterion can be utilized. In the
iteration for initial profiles it is necessary in many cases to weigh the calculated solution with the assumed
solution as was discussed at the end of Chapter II. The appropriate values to employ can be determined only
from experience.

The gas model allowed in the program has been set up as general as possible., The multi-component gas
mixture can consist of as many as 30 species and 30 homogeneous chemical reactions. For each chemical species
certain thermodynamic and transport properties are required. The specific heat and enthalpy of each species
is required and must be given in block data. Data for the following species are presently stored in the pro=
gram: 0, N,, O, N, NO, No', co, CO,, CN, Cys Cps Cg N, N2+, H, H,, OH, H,0, A and A", The viscosity of
each species and the binary diffusion coefficients between the various species is determined from curve fits.
For each curve fit three coefficients are required and values of these parameters that have been used are given
in Tables 5-IT and 5-ITII. Additional information such as the molecular weight and heats of formation of each
species is required. For each chemical reaction, the names of the species involved in the reaction are read
in and also six coefficients to determine the reaction rate coefficients. For reactions involving third bodies
and with reaction rates only differing by a constant for the various third bodies, the use of third body effi-
ciencies reduces the amount of computing and is the recommended procedure to be employed. The subroutine CHEMFR,
which utilizes the reaction rate data and determines the chemical production terms, is not a general subroutine.
It must be used with care, especially for gas models different from ones presented in the examples in this re-
port. Since the computing time nearly doubles when multi-component diffusion coefficients are being used as
compared to Fick's law, these two options are available, For multi-component diffusion, the binary diffusion
coefficient information must be supplied for interactions between species. When Fick's law is being used, the
value of the Lewis-Semenov numbers for each species is required., In addition to the solution of flows with
finite chemical reactions, frozen flows (chemical product terms are zero) can be solved., Also for similar
boundary layer solutions with constant Lewis-Semenov numbers, solutions can be obtained for the gas in local
chemical equilibrium, If this option is used, the appropriate EQUIL subroutine must be used to determine the
equilibrium composition.,

Finally, certain information for the finite-difference procedure is required in the input. For many cases
the thickness of the boundary layer in terms of the transformed m coordinate is nearly constant., For cases
where the thickness changes along the body, the value of Ne 88 @ function of x/RN is required in tabular form,
The step-sizes along the body and across the boundary layer or shock layer are required input. The appropriate
values to be used depends upon the desired accuracy and are determined from experience with the program. Typi-
cal values employed are given in the sample problems. The program also has an option where the step-size across
the boundary layer or shock layer can be variable. A variable step-size can be read in or the program can be
used to generate a variable step-size as indicated in the input write-up. Other options such as when profiles
of the dependent variables are printed and when to punch on cards the final iteration of the initial profiles

are available,
B. Input

The necessary information for setting up the data cards is given in this section., First some general com-
ments are given below about the input. Then the input for the program is given in the order that it is read
into the program. For each card the FORTRAN name of the input quantity is given, format used, location on the
card and a brief description of the quantity.

All Read statements are written without designating a unit, which normally will default to the standard
logical input unit. All Read statements are in subroutines INPUT and INPBOD.
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All Write statements (Print) are on logical unit NTO, which is set to 61 by a data statement in subroutine
INRUT.

The Write statements (Punch) are on logical unit IP, which is set to 62 by a data statement in subrou-
tines PCH and BIC.

All input is read from the data cards and all cards must be supplied for each problem, except the values
of DN, (An). The cards are read only when "k", on second input card, is equal to O.

Multiple problems can be done in one run, but, as noted, all input cards must be supplied for each problem.

Columns 1 through 5 are used for card name, These card names are not checked by the program, so any
characters are acceptable. These were chosen for convenience, with the two exceptions of (1) the binary dif-
fusion coefficient cards where these five columns should contain the "interaction" (see sample output), and
(2) the cards containing the forward and backward rate coefficients must have the chemical reaction descrip-

tion in columns 1-29 (see sample input).
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Input for Program - The information required on all cards in the input data deck is described below:

Card Name Fortran
Col. 1-5 Name Format Column Description
TITLE TITLE 9A8 6-77 Problem name - Any information to be printed on output.
LIMTS NMAX 15 6-10 Nunmber of points across the boundary layer < 50.
NI i i 11-15 Number of species < 30,
NR 15 16-20 Number of reactions < 30.
NJ I5 21-25 Number of reactants (includes electrons if present) plus catalysts < L4O.
TOL F10.0 26-35 ¢, test for convergence tolerance (initial profiles).
0 - read in DN's
CK F10.0 36-45 k, factor for computing Am, 1.0 - calculate constant DN
> 1.0 - calculate DN's using k
k - 1.0
when k > 1,0, DN(1) = ————-—— , and DN(N) = DN(N¥ - 1)+k.
¥t - 10
SPNA SPN(J) 15A5 6-10 Nemes of Species, Electron (FL) and Catalytic bodies (ML, M2, ...) in the order
11-15 that the rest of the data is given. The species must come first and the second
NI
ete. species is the one which will be adjustable so that Z ey = 1.0, Names must
be left-justified in the field. j =1, NJ i=l
DNS DN(N) E10.C 6-15 An's across the boundary layer., N = 1, NMAX - 1., (These cards should only be
16-25 included in the "data" deck when CK = 0,)
ete.
CONTR IFRT 15 6-10 Print every "IPRT" iteration (initial profile).
IPUN 15 11-15 0, don't punch initial profiles; 1, punch initial profiles.
IREAD i 16-20 1, use first estimate of profiles read in; O,use f' read in and compute the
ci's and 8 for first estimate of profiles.
KOPE 15 21-25 Maximum iterations allowed for initial profiles.
KOPT I5 26-30 1, Initial profiles may be iterated KMOM times; 2, Initial profiles iterated
till converged (AMOM).
AMOM F5.1 31-35 Convergence criterion for Momentum equation. XMOM = AMOM, if XKOPT = 1.
AENE F5.1 36-40 Convergence criterion for Energy equation, KENE = AENE, if KOPT = 1.
ASPE F5.1 L41-U45 Convergence criterion for species equation. KSPE = ASPE, if KOPT = 1.




Card Name Fortran
Col. 1-5 Name Format Column Description
1 - non-catalytic wall
2 - catalytic wall equilibrium (Subroutine EQUIL used)
3 - fully catalytic dissociation wall
4 - fully catalytic recombination wall Species NO is non-
catalytic
5 - mass transfer of ablation products {RVPT(K) and Sub-
routine EQU2 are used}
6 - oxidation of graphite, EIO and EIO2 are oxidation
CONTR e 15 46-50 Wall Condition prelihiRivs
(cont'd) Switech 7 - oxidation of metals, EIO and EIO2 are needed and are:
E. = flux of species i absorbed on metals
i collision flux of species i with surface
8 - vaporization of surface carbon
9 - mass transfer of ablation products with oxidation of
graphite (5 + 6)
10 - oxidation of graphite with vaporization of surface
(6 + 8)
11 - oxidation of metals with vaporization of surface
(7 +8)
~ Where these two numbers have different meaning depending
B0 E20.8 51-60 %o on the wall condition option (IWC). If TWC = 6, TWC = 9
o and IWC = 10, they are the oxidation prohibitives for O and
E102 E1D.0 61-70 €0e 02. TIf TWC = 7 or TWC = 11, they are the values of
_  flux of species i absorbed on metals
i ~ collision flux of species i with surface
where i is O or 02,
OPTN OPTN(1) A8 6-13 EQUILIBR or NON-EQUI - All words describing options are to be left-justified.
OPTN(2) A8 16-23 FROZEN or NON-FROZ
‘ OPTN(3) A8 26-33 BOUNDARY or SHOCK LA
OPIN(L4) A8 36-43 INTTTAL or BODY CAL
CONE
SPHERE C
HYPERBOID j =1 (j is set in program)
SHARP AX
B AX
OPTN(5) A8 46-53 AR
FLAT PLA
BLUNT WE
HYPERBOLA j=20
SHARP 2D
BLUNT 2D

L




=1 Card Name Fortran
Col. 1-5 Name Format Column Description
CAL LEWIS, calculate Lewis numbers
OPTN OPTN(6) A8 56-63 CAL ILEWI or CON LEWI
(cont'd) CON LEWIS, use constant Lewis numbers
NOTE: If OPTN(1l) is EQUILIBR, OPTN(6) must be CON LEWIS and IWC = 2. (These
are forced by the program regardless of input values on cards.)
SIZE RN F10.0 6-15 Nose radius or reference length (ft).
RS 710.0 16-25 Radius of shock (ft).
Used for shock layer calculations only.
DELTA F10.0 26-35 Shock stand-off distance (ft).
TKW F10.0 36-45 Temperature at wall (°K).
FRSTR VINF F10.0 6-15 Freestream velocity (ft/sec).
PINF F10.0 16-25 Pressure in freestream (psf).
TKINF F10.0 26-35 Freestream temperature (°K).
WFACS WFA(k) F5.2 6-10 Weight factors, - lst for momentum (f') ard 2nd for energy (8), then one for
N each species. K =1, NI + 2,
76-80
FPRIM FPRIME (N) TE10.0 6-15 First estimate or initial profile of au— , N =1, NMAX. Seven values per card.
. e
- These cards always used to start calculation
66-75
THETA THETA (V) TE10.0 6-15 First estimate or initial profile of TT— , N =1, NMAX.
. e
66-75
CLIL CLIL(N,I) TE10.0 6-15 First estimate or initial profile of Chi N=1, NMAX: I =1, NI. Start
>
* new I value on new card.
66-75
CINF CINF(T) T7E10.0 6-15 Species mass fraction in freestream, I = 1, NI.

6675




Card Name Fortran
Col. 1-5 Name Format Column Description
HEAT HF(I) TE10.0 6-15 Heats of formation of species, T = 1, NI
66-75
LEWIS FLET(T) TE10.0 6-15 Lewis number of species, I = 1, NI.
66-75
MOLWT FMOLWT (I) TE10.0 6-15 Molecular weight of species, I = 1, NI.
66-75
XHXKX AMD (K) 3E10.0 6-15 The three coefficients for approximation to a binary diffusion coefficient on
2
BMD(KX) 16-25 one card. KKM = NI—Z_—NI— . K =1, KkM. The card name from these cards
(Xxxxx) is printed as the "INTERACTION" with the coefficients so the two
CMD(K) 26-35 species names should be here., Since Dij = D'i and Dii's are not used, only
the upper triangular matrix without the diagonal is required. This matrix is
read in as an array with one subscript by taking the elements of the first row,
- then the second row, then the third row etc., until (NI - 1) rows are
included.
Ve AMU(T) 3E10.0 6-15 Curve fit coefficients for SPECIES VISCOSITY. One card for each SPECIES in
BMU(TI) 16-25 the order that SPECIES are named. SPECIES name may be punched in Cols. 3-5.
cMu(T) 26-35
No card AR(1,K) Al 1-4
Name AR(2,K) AL 6-9 Species names (left-justified) on left side of reaction K. K = 1, NR
AR(3,K) Al 11-14
AR(k4,K) Al 16-19
AR(5,K) Al 21-2k4 Species names (left-justified) on right side of reaction K.
AR(6,K) AL 26-29
co(K) E10.0 31-ko
c1(K) F5.0 L1-45 Forward rate coefficients for reaction described in Cols. 1-29, (See Eq. 88a)
c2(x) F5.0 L6-50
DO(X) E10.0 51-60
ad D1(K) F5.0 61-65 Backward rate coefficients for this reaction (see Eg. 88b)
w ,
D2(K) F5.0 66-70




o Card Name Fortran
Col. 1-5 Name Format Column Description
NOTE: The stoichiometric coefficients are computed using the AR's.
AR(1,K), AR(2,K), AR(3,K) to compute oy ; and
%
AR(L4,K), AR(5,K), AR(6,K) to compute BN ;o
50
Z z(1,2) I5F5.2 6-10 Third body efficiencies relative to argon. I =1, NI; 4 =1, W - NI.
11-15
76-80
NWC NTP I5 6-10 Number of entries in four following tables, 3 < NTP < 50.
XRN XRN(X) TE10.0 6-15 Table of X/RN.
66-T75
TWT TWT (K) TEL0.0 6-15 Temperature %k at wall vs. X /RN
66=75
RVPT RVPT (K) 7E10.,0 6-15 (pv) of pyrolysis gas vs. X/RN.
. (used when TWC = 5)
. K =1, NTP
66-75
TETE TETE(K) 7E10,0 6-15 Mg V8. X/RN.
66-75
XRB XRB(K) 7E10.0 6-15 optional: these cards
. needed only if geometry
. - is an arbitrary body;
. T, VS« X/RN i.e., SHARP AX, BLUNT
TLUNT
66-75 AX, SHARP 2D, BLUNT

2D. /




Card Name Fortran
Col, 1-5 Name Format Column Description
BODSP NDX 15 6-10 Number of XDELT AND DEIXT (step) cards to read. NDX < 20,
IPRTB I5 11-15 Print body profiles every "IPRTB'"th time.
XMAX E10.0 16-25 Distance along the body at which solution is to be terminated (ft).
ANGIC E10,0 26-35 Cone half angle or asymptotic half angle of hyperboloid (degrees).
STEP XDELT E10.0 6-15 vValue of x/RN at which Ax step size is to be changed (ft). ?
1st value must be 0.0. "NDX" of
these cards
DELXT E10.0 16-25 New value of Ax till next XDELT is reached (ft).
PTMRO PO E10.0 6-15 Pressure to be used with PA(ND) such that PE is in psf.
TO E10.0 16-25 Temperature to be used with TA(ND) such that TE is in °R.
Uo E10.0 26-35 Velocity to be used with VA(ND) such that UE is in fps.
NED I5 36-40 Number of entries in following edge tables. 6 < NED < 110.
SURXA %(ND) 7E10.0 6-15 Distance along surface X/RN.
66-75
SURPA PA(ND) 7E10.0 6-15 Pressure at edge PE/PO.
66-75
SURVA A(NWD) 7E10.0 6-15 Velocity at edge UE/UO.
. ND = 1, NED
66-75
SURTA TA(ND) 7E10.0 6-15 Temperature at edge TE/TO.
66-75
SURCA CA(ND,J) TE10.0 6-15 Species mass fraction:
3 All CA(ND,1). ND =1, NED, j = 1.
. Then CA(ND,2). ND = 1, NED, j = 2.
. Till CA(ND,j). ND =1, NED, j = NI.
66-75

NOTE: The first vaelue in each of the edge tables must be for X/RN = 0.0
(value at stagnation point), and the 6th value of X/RN =~ .1.




C.

Output

The quantities that are printed out from the program are now described. The first information in the

output is & print-out of all the input data. In addition, the stoichiometric coefficients are determined from

the reactions in the gas model and this is included in the input data. The initial profile information is

next in the output. There is a slight difference in the output depending on whether a boundary layer or shock

layer solution is being obtained. Also, there is a choice on whether to print all of the information or a

limited amount of information for each iteration, For the boundary layer solutions along the body, additional

information is obtained in the output and this is next discussed. The program also punches certain information

on cards and this is described in the final section,

1.

76

Initial Profile OQutput - The following output is obtained while the iteration procedure is being applied

to the initial profiles for both a boundary layer and shock layer: The first estimates of profiles are

printed where the columns are:

I - sequence number of points across the boundary layer,
ETA, - mn, value of this quantity across the boundary layer,
FPRIME - f' or u/ue, for each 7,

THETA - 6§ or T/Te at m

2

o ci, mass fraction of each species at 1 .

NO

4

The following five variables are printed and are constant for the initial profile (x = 0) for a boundary
layer,

SMALIE - e

DUEDX - du_/dx (1/sec.)

HO - h + % Vof , total enthalpy (ft-1b/slug)

ETE - 71,

CTH - @

RHOMUREF - (pu), (slugg/ft“-sec)

REYN NO(S) - Reynolds number = pmeRN/“e

When IPRT, on card named CONTR, is > 1, the entire print for an initial profile iteration is printed only

every IPRT-th iteration., When the entire print is skipped, one line of information is written which gives:

ITERATION - iteration number

STANTON NO.
useful as an indication of rate of convergence; defined in Subroutine BLC.

SKIN FRICTION
TIME LEFT - the time left for this run. If IPUN > O and the time left is less than 10 seconds, the

profiles are punched, They can be used for restarting the problem,
The entire initial profile iteration print consists of’:

PROFILES AFTER _ XX ITERATIONS, where XX is the number of iterations done.
X(K) - Production terms from the chemical reactions at x

X(reaction number) Ly B (Lf - Iy ) for each reaction (k) at each 7 across the boundary layer.
k k

Profile Print - I, ETA, FPRIME, THETA, and s at each point across the boundary layer.




Also, for each point across the boundary leyer,

I - sequence number

ETA -1

Y/RN - Boundary layer thickness/nose radius

V - transformed normal velocity

BETA/EBB - B/e

DENSITY - o(slug/ft3)

ELECTRON DENSITY - number of electrons per cubic centimeter
TOTAL ENTHALPY - h + % w2 (ft-1b/slug)

Single valued variables printed are:

TIME LEFT - number of seconds left for machine run,

QCOND - energy flux at the surface due to conduction
QDIFF - energy flux at the surface due to diffusion

(f+-lb/ft2-sec)
QCONV - energy flux at the surface due to convection :
QTOTAL - total energy flux at the surface

QTOTAL(BTU/FT2-SEC) - total energy flux at the surface in units shown
STANTON NUMBER - St

RHO V - pv (slug/fte-sec)

Nu
e

Rex

HEAT TRANSFER -

HEAT TRANSFER, BODY -
Re
*o

*
DISPLACEMENT THICKNESS/RN - & /RN
MOMENTUM THICKNESS - 6 (£s)

(o),
2 at body - GO
L

SKIN FRICTION - Cf Rex
e e

Finally the WALL MASS FLUX (slug/ftQ-sec) is printed for each species.

When the solution for a shock layer is being obtained, some additional information is in the output. Some
quantities which are constant for a boundary layer solution change with each iteration in the shock layer solu-

tion and appear in the output. The additional output for the shock layer is:

PE - Pgs pressure at shock
TE = Te’ temperature at shock
RHOE =~ pe, density at shock

UE = Ue, tangential velocity at shock
RHOMUREF and REYN NO(S) - same as above
VS - vsh’ transformed normal velocity at shock from shock relations

SH - S, shock slip term (see Eg. 79)
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8

DUEDX - same as above
TS1 - s(1 - ¢) + ¢, shock shape parameter (see Eq. 21)
EPSI - e, density ratio across shock

ETE - L1

Output along the body - For this case the initial profile output quantities are given again. In addi-

tion, other informetion is included which is a function of the distance along the body. Since the finite-
difference method along the body can either be the Crank-Nicholson or implicit type and is determined

by the value of ®, this quantity is given by the value of CTH in the output. The body output is printed
every IPRTB~th step along the body and gives the following information:

M - TH BODY PROFILE S = XXXX
where M is the sequence number of profile and S is X/RN.

When the initial profiles are converged, the full profile is printed with the information that the
profiles are converged. When less than 10 seconds are left for the computer run, the entire profile print
is printed with the information that the time is about gone. Also when KOPE profiles have been done, a
message is printed and the entire profile printed. In any of these three situations, the profiles are
punched if requested (IPUN = 1), and the calculation of body profiles is attempted (except for a shock
layer problem),

§ 2} L
RHOMUREF - (pu)_ 8t m + s (slug”/ft " -sec)
INTERPOLATED EDGE CONDITICNS:

FE - p, (psf)

ek

TE - T (°R)
e .1
m3

UE - u (fps)
Cm+d

dp 2

e
B - e b =
DPEO - — > (1b/ft°)

m
dp
DPEL - —— (1b/£t%)
T ax N N
m+1l
BEB - €
ETE - 1
X0 - x
m
X 1/2 « X1 distance along surface of body (ft.)
/ ik
X1 - Xm+l
RBO - rb \
m
RB 1/2 - r radial distance to body surface (ft.)
bm_‘%
RBl - r
bm+1




~

De

LAMBDA - A N

IAMBDA 1/2 - A_ .1 (ou). u
m+s r e'b

IAMBDA + 1 - A
m+1
BETA -~ Bm%
MU - (u, mixture viscosity)mll (slug/ft-sec.)
+5

RHOE - p_ (slug/ft3)

m+1
E - A&
DRTXL m+1
XI0 - E
~ /n -4
XTI l/d :I.'H%
X1l - S+l
SMALL E - e_

m+s

EBAR - € .1

o
RHOMUREF - (oW), &t m + 1 (slug‘/ft”-sec)
s BT, @, s for each point across the boundary layer.

n, Y/RN, V, B/g, P, ELECTRON DENSITY and TOTAL ENTHALPY for each point across the boundery layer.

The single value variables, in addition to those printed for the initial profiles, are:

(1+

) )
RS¥*(1+J) - f_, total mass flow in the boundary layer (slug/ft'" °’sec)

REYNOLDS NUMBER - Rex
e

CF-INF - C,
I
@

T DRAG COEF - drag resulting from the shearing stress at the surface
AG COEF - drag resulting from the pressure acting on the surface

Al
TOTAL DRAG - sum of the above drags
For each species there is a print of:

WALL MASS FIUX - mi (slug/ftz-sec)
TOTAL MASS FLOW - Mt (slug/ftl'J-sec)

. 13
FLOW (PAR/SEC) - M, (perticles/ft J_sec)

Punched Output - In order to have a collection of the best available initial profiles for the solution of
problems, the profiles and some information to identify the problem can be punched. When IPUN = 1, the

following cards will be punched in the correct format to be used as input.

TITLE

DNS
CONTR
OPTN
SIZE
FRSTR
WFACS
FPRIME

~3
\O




THETA
CLIL
BODSP

The following card will be punched for each step along the body (except the last step). FORMAT (I5,5E15.7)

M - sequence number

*/Ry

(1+3)
I‘sh

v
Dee

g

m

(v/Ry)

This information is used in another program that determines the edge conditions for a blunt body.

D, Sample Input and Output

To illustrate the program input and output, the results for three sample problems are presented., For
each example a listing of the data deck cards is given, then the listing of the print-out of the input quanti-
ties is given, and finally a listing of the output of the program, For these examples only a part of the list-
ing is given to keep the length within reason. For all three cases the freestream conditions are for an alti-
tude of 100 kft (standard atmosphere), undissociated gas mixture, and a velocity of 20 kfps.

(1) Example 1 - This problem corresponds to the calculation of the thin viscous shock layer at the stagnation
point on a blunt body. It is assumed that the shock is concentric with the body and this requires RSh = RN +A
and gives S = 1, Also with RN = Rsh and A = 0, S = 1 and the program performs the calculation for the shock

concentric with the body. The gas model is a binary mixture of oxygen atoms and molecules with one chemical
reaction., The wall temperature is lOOOoK and the wall is catalytic with the gas in chemical equilibrium. For
the first estimate of the initial profiles f' is assumed, then 6 and ci's are estimated by the program. After

49 iterations the solution converges and requires ~ 17 seconds of central processing time on the CDC 6600.
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TITLE

LIMTS
SPNA O
CONTR __

50 2

02 M1

.20 1

1 3

0 100

OPTN NON=EQUI NON=FROZ

BINARY GAS MODEL

00002

1 1.0

SHOCK LA

060
226498

3903192
45110891
5958723
06769560

07615213

«8480165
09362524

02673927
¢3002663
03234915
«3177661
«3167640
03167264
3166743

24676795
¢7581731
«8790202
¢8560212
«8517864
«8517211
08514663

05323205
02418269
¢1209798
«1439788
+14R2136
«1482789
01485337

~94739

04294404 ~11,60314

3¢61418 5944 =1s

5040
10004
e 001
S5ab
1040

le0
204
4564
196004
16654
040

 SIZE 408333333 408333333
FRSTR 200004 21405
WFAC 140 140 160 140
FPRIM 040000000 42266449
FPRIM 44833311 44974342
FPRIM 5728817 +5844873
FPRIM 46529361 6649799
FPRIM 7371207 #7493025
FPRIM 8231189 48355504
FPRIM 49108707 «9235460
FPRIM 140000000
THETA 40624120 42270027
THETA 42929277 42966701
THETA 43171348 43204070
THETA 3140556 43148291
THETA 3168275 43162704
THETA 3165830 43166866
THETA 3167056 «316679%4
THETA 1.0000000
cLiL 0000000 +1540315
CLIL 47036516 7324477
CLIL ¢8531607 48670587
CLIL 08395497 48425188
CLIL 8522998 48496421
CLIL _ 8510761 48514988
eLIL «8516070 48515032
CLIL 00107477
CLIL 140000000 +8459685
cLIL 02963484 42675523
CcLIL 01468393 41329413
CLIL 01604503 41574812
CLIL ¢1477002 41503579
CLIL 01489239  ,1485012
CLIL ¢1483930 41484568
CLIL 09802523
CINF 040 140

L HEAT 14661 F8 040
LEWI1S led let
MOLWT 16 32
O 02 ¢N216586 1428757
ve 0 e N203144
VC 02 #0449290 =40826158 = 9420105

02 M1 =0 +0 +M1
bd 25s O
NWT 4
XRN o0 104
TWT 1000 1000,
RVPT 0001 001
TEIE S5ab 54
BODSP 10 1 540
STEP1 ) 401
STEP? ol 0025
STFP13 5 W08
STFP4 140 o1
STEPS 3,40 025
STEP6 640 o5
STEP7 10, 140
STEP8 2540 240
STFPQ9 504 540
STP10 2404 104
PTMRO  1e0 140

_XAEDG 0,0 104
PAFDG 456, 4564
VAEDG 196004 19600
TAFDG 16654 16654
CA O Ne0 060
CA 02 140 140

1.0

SHOCK LAYER

1e0

1e0 140

INITIAL

10000

84174480
¢5240831
e6071622
+6888359
+7737608
8605154
¢9489970

02802845
03036725
03258550
3178155
03168553
«3166247
63166992

5930016
+7807302
8875703
«8567580
08523352
+8512532
8515533

04069984
02192698
01124297
01432420
01476648
1487468
81484467

2504

1000,
2001
504

6
30,
4564
196004
166654
040
1s0

2

HPERBOID

04338277
05367945
06183517
2 7008249
» 7860399
#8730557
$9617712

02819829
«3071065
03264769
3159941
31564910
3166988
03167698

06089173
08016964
«8900144
18485864
28506699
+8515671
08513254

03910827
01983036
01099856
01514136
1493301
01484329
¢ 1486746

454

4560
19600,
16654

Ne0
160

CON LEWI

4522379
+5490583
e6296167
e7129191
27983724
08856234
09745813

02849162
03104409
03238877
«3160771
02166804
03166937
03184227

06356604
+8203809
¢8814784
8485890
28514480
8515708
08493654

03643396
01796191
01185216
01514110
1485520
01484292
¢1506346

3401+15 Qo

604
4564
19600,

16654

140

4680812
¢5611276
«6410856
27250234
«8107230
«8982318
« 9874054

2890939
3137871
3183319
3172002
3167798
«3166530
«3462670

06721221
8375286
«8597449
8537341
«8519676
«8513726
«8148769

03278779
01624714
«1402551
01462659
+ 1480324
01486274
«1851231
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28

BINARY GAS MODEL

SHOCK LAYER

INPUT 07713770
NMAX = 50 IWC = 2 K = 1.00 RN = ,083333330 VINF = 2G6000,0000 NON-EQUILIBRUM
NI = 2 IPRT = 20 ToL = .J00203 RS = ,083333330 PINF = 21.0500 NON-FROZEN
NR = 1 IPUN = 1 DELTA =0.000000000 TKINF = 226.3800 SHOCK LAYER
N = 3 IREAD = O AMOM = 1.J002 TKW = 1000.0000 COMPUTE INITIAL PROFILE
KOPE =100 AENE = 1.0000 EO0= -0.0000 HYPERBOLOID
KOPT = 1 ASPE = 1.00012 E 02 = -3.0000 CON LEWIS NOS.
K INTERACTION AMD BHD CHD
i 0 o02 2.16586E-02 1.38757E+400 -9,73900E+00
WFAC
GAS MODEL 1. 00(FPRINE)

SPEC HF FLEJ FMOL WT AMU BMU GMU 1.00(THETA) CINF

0 1.66100E+08 1.40000E+00 1.60000E+01 2.03144E=-02 4.29440E-01 -1.16031E+01 1.00 .

02 0. 1.40000E+00 3.20000E+01 4.49290E-02 -B8.26158E~02 -9.20195E+00 1.00 1.000G0E+CD
K REACTION co c1 c2 Do o1 02 CSALPH CSBETA
1 02 M1 =0 0 M1 3.610E+138 59.40 =1.00 3.010€E+15 .00 =50 t.00 2.00

STOICHIOMETRIC COEF.
FORWARD = CALPH(NRyNJ)

NJI/NR i

0 0.00

1 4 1.00

M1 1.00

BACKWARD - CBETA (NR,NJ)

NJ/NR 1

0 2.00

02 0.00

N 1.00

THIRD BODY EFFECIENCIES = Z(NI,NL)

NL/MNI i 2

M1 25.0000 3.0000

K X/RN T=-WALL RV{PYR) ETA(EDGE)

1 0. 1.00000E+03 1.00000E-03 5.40000E+00
2 1.00000E+01 1.00000E403 1.00000E-03 5.40000E+00
3 5.00000E+01 1,00000E+03 1.00000E-03 5.40000E+00
L) 1.G0000E+03 1.00000E-03 5.40000E+00

2.50000E+02




13

IPRTB = 1 XMAX = 5
CONE ANGLE = 13
X = 0.00 «10 «50 i1.00 3.0
DELT X = + 010 « 025 « 050 »100
XA PA VA TA
i 0, 4.5600E+02 1.9600E+04 1.6650E+03
2 1.0000E+01 4.5600E+02 1.9600E+04% 1.6630E+03
3 2.0000E+01 4.5600E+02 1.9600E+04 1.6650E+03
4 3,0000E+01 4.5600E¢02 1.9600E+04 1.6650E+03
5 4, 5000E+01 4.5600E+02 1.9600E+04 1.6650E+03
6 6.0000E+01 4.5600E+02 1.9600E+04 1.6650E+03
NOTE ==~ XA; PAy; TA AND VA
XA(K) =
PA(K) =
VA(K) =
TA(K) =
PE = 1.15797E+04 Te =

BODY DATA
«00000
00000
0 6,00 10.30 25
«250 +500 1.000
EDGE TABLES
0 o2
Oe 1.0000E+00
0. 1.0000E+00
Oe 1.0000E+00
0. 1.0000E+00
0. 1.0000E+00
0. 1.0000E+00

NORM SH PRESS = 1.0000
NORM SH TEMP = 1.0u00
NORM SH VEL = 1.0000
000 50.00 240.00
2.000 5.u0. 10,000
CA(SPECIES)

ARE CHANGED IN SUBROUTINE INPBOD

XA(K) *®
PA(K) *#
VA(K) ®
TA(K) *

NORM SH PRESS.

SH VEL.

NORM SH TEMP.

END OF INPUT

2.90286E+04

RHOE = 2.56914E-04
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50

ETA
G.0000
« 0204
«0408
«0612
«.0816
1020
« 1224
«1429
+1633
+1837
+ 2041
e 2245
e CL4S
+ 2653
« 2857
« 3061
» 3265
« 3469
« 3673
« 3878
<4082
« 4286
e 4490
» 4694
«4898
« 5102
+ 5306
«5510
o 5714
«5918
« 6122
» 6327
« 5531
« 6735
+6939
o« 7143
« 7347
#7551
o 7755
» 7959
«8163
« 8367
« 8571
«8770
» 8980
9184
« 9388
«9592
9796
1. 8000

FPRIME
0.
2.2664E-01
3.9032€-01
4.,1745E-01
4,3383E-01
4.5224E-01
4.6808E-01
4.8333E-01
4.9743E-01
5.,1109€E~-01
5.2408E-01
5.3679E-01
5.4906E-01
S.6113E~-01
5.7288E-01
5.8449E-01
5.9587E-01
6.0716E-01
6.1835E-01
6.2962E~-01
6.4109E-01
6.5296E-01
6.6498E~01
6.7696E-01
6.8884E-01
7.0082E-01
7.1292E-01
7.2502E-01
7.3712E-01
7.4930E-01
7.6152E-01
T«7376E-01
7.8604E-01
7.9837E-01
8.1072E-01
8.2312E-01
8.3555E~01
8.4802E-01
8.6052E~01
8.7306E-01
8.8562E-01
8,9823E-01
9.1087E-01
9.2355E-01
9.3625E~-01
9.4900E-01
9.6177E-~01
9.7458E-01
9.8741E-01
1.0000E+00

THETA
6.2008E-02
9.9903E~-02
1,3702E-01
1.7335E-01
2.0890E-01
2.4367E-01
2.7766E-01
3.,1086E-01
3.4329E-01
3.7493E-01
4.0580E-01
4.3588E-01
k.6518E~-01
4,9370E-01
5.2143E~-01
5. 4839E-01
5.7456E-01
5.9996E-01
6.2457E-01
6.4840E=-01
6.7145E-01
6.9372E~-01
7+1520E-01
7.3591E-01
7.5583E-01
T.7498E~01
7.9334E-01
8. 1092E-01
8.2772E~01
8.4373E- 01
8.5897E~01
8.7342E-01
8.8710E-01
8.,9999E-01
9.1210E-01
9.2343E-01
9. 3398E-01
F.4374E-01
9.5273E-01
9.6093E-01
9.6836E-01
9.7500E-01
9.8086E-01
9,8594E-01
9,9023E-01
9.9375E~-01
9.9648E-01
9.9844E-01
9.9961E-01
1.0000E+0u

INITIAL

02
1.0000€E+00
1.0000E+00
1.,0000E+00
1.0000E+00
1.000C0E+00
1.0000E+00
1.0000E+030
1.0000E¢00
1.0000E+00
1.,0000E400
1.,0000E+00
1.0000E+030
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€¢00
1.0000E¢00
1.0000E+0D
1.7800E+00
1.0000E+00
1.0000E+00
1.,0000E%00
1.0000E+20
1.0000E+00
1.0000E+00
1.0000E+00
1.000CE+0C
1.000CE+D0
1.000C0E+00
1.0000E+00
1.0000E+40
1.0000E+00
1.0000E+30
1.0000E+00
1.0000E+00
1.,0000E+00
1.0000E«00
1.0600£+00
1.0000€+00
1.000CE+0D0
1.0C00E+30
1.0000E+00
1.000CE+J0
1.0600E#00
1.000CE+20

PROFILE
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SHMALLE

RHOMUREF
ETE

RHOMUREF
PE

SH

ETE
ITERATION

RHOMUREF
PE

SH

ETE
ITERATION

RHOMUREF
PE

SH

ETE
ITERATION

RHOMUREF
PE

SH

ETE
ITERATION

RHOMUREF
PE

SH

ETE
ITERATION

[ H

Honn

2.08333E-06

1.64871E-09
3.42753E+01

1.64871E-09
1.15797E+04
1.98343E+02
4.53506E+01

1.64871E-09

1.15797E+04
~1.,13496E+07

3.27907E+01
2

1.55482E-09

1.15797E+04
=1.64983E+07

3.11271E+01
3

1.53216E-09

115797 E+04
-1.64990E+07

3.12847E+01
4

1.53375E-09

1.15797E+04
=1.42251E+07

3.39758E+01
5

DUEDX = 2.40000E+05

REYN NO(S)

REYN NQ(S)
TE
DUEDX

STANTON NO.
REYN NO(S)
TE

DUEDX
STANTON NO.
REYN NO(S)
TE

DUE DX
STANTON NO.
REYN NO(S)
Te

DUEDX
STANTON NG.
REYN NO(S)
TE

DUEDX

STANTON NO.

n nun [} W nh " Wonn ] nown

nonn

8.61788E+03

8.61788c+03
2.90285E+04
2.39819E+05

2.14162E-02
8.61789E+03
2.74601E+04
2+39254c+05
1.30987c-02
8.63478E+03
2.73266E+04
2.39771c+405
2.53683E-02
8.58845E+03
2.73631E+04
2.39885c+05
2.64800c-02
8.58605c+03
2.7T4952E+04
2+ 39853405

2.40100E-02

HO = 2,02207E+08

VS

Vs
RHOE
TS1

SKIN FRICTION
Vs

RHOE

TS1

SKIN FRICTION
Vs

RHOE

TS1

SKIN FRICTION
VS

RHOE

TS1

SKIN FRICTION
Vs

RHOE

TS1

SKIN FRICTION

oo ] [ [ 1] ] nuh n o L] nown

=2035909E+01

=2435909E+01
2456914E-04
1.u0000E+00

4e28926E~-01
=2.35909c+01
2.71589E~-04
1.u0000E+ 00
6.83804E-01
=2.36140E+01
2+:43945c-04
1.00000E+00
7.04689E~-01
-2.29055E+01
2.37620E-04
1.u0u00E+00
7.33797c-01
~2+41652E+01
2036974E-04
1.u0ul0E+DD

6.24178E-01

TIME

TIHE

T1ME

TINME

TiME

ETE = 5.40000E#00

UE
EPSI

LEFT
UE
EPSI
LEFT
Ut
EPSI
LEFT
UE
EPSI

LEFT

" n

W

fn " [ 1] "

CTH = 1.00000E+0

Q.
1.29158E-11

58.101 SEC
0‘
1.29157E-11

57.898 SEU
0.
1.22179E-01

57.693 SEC
u'
1.36024E-01

57.4391 SEC
0.
1.39645E-01

57.285 SEC




PROFILES AFTER

ETA
J.0000
« 0204
«0408
«0612
0816
«1020
1224
« 1429
+1833
10 .1837
11,2041
12 ,2245
13 2443
14 2653
15 .2857
16 .3061
17 .3265
18 .3469
19 .3673
20 .3878
21 .4082
22 . 4286
23 . 4490
24 L4694
25 .4898
26 .5102
27 .5306
28 .+5510
29 5714
30 5918
31 .6122
32 .6327
33 .6531
34 .6735
35 .6939
36 J7143
37 S 7347
38 .7551
39 7755
40 +7959
41 .8163
42 .8367
43 .8571
Lkt ,8776
45 .898¢0
46 9184
&7 .9388
48 .,9592
49 ,9796
50 1.0000

SNV FANEZ

1
~8.,3304E-28
~4,5706E+02
-1.0231E+03
~1.2224E+403
~L.5224E+02

3.1194E+01
1.4637E+02
1.3288E+02
8.,2973E+01
4.0743E+01
1.6748E+01
5.6924E+00
1.4951E+400
2.5005€-01
~1.6225E-02
~4,7558E~02
“442317E-02
~3.5302E-02
-2+9625E-02
=2.5025E=-02
~241224E-02
~1.8037E-02
-1.5329€E~02
~1.,3001E-02
~1.0975E-02
~9.1801E-03
~7.5273E~-03
~5.,8436E~03
~3.7006E-03
4.5864E-05
8.4586E-03
2.9565E-02
8.3850E-02
2.2217E-01
5.6739E-01
1.4086E+00
3.4088E+00
8.0521E+00
1.8583E+01
4.,1949E+01
9.2739E+01
2.0119€+02
4,297 3E+02
9.0902€E+02
1.9263E+03
4.1885E+03
9.8775E+03
2.9437E+04
1.8766E+05
£.9233E+06

49 ITERATIONS.

++++++++PROFILES CONVERGED*+++++++

X(K)
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WeNoOVSTuNnNeEeZ

ETA
J. 0000
« 0204
« 0408
.0612
«0816
«1020
«1224
01429
21633
«1837
« 2041
° 2245
s 2449
«2653
2857
» 3061
3265
« 3469
3673
« 3878
» 4082
« 4286
e 4490
« 4694
« 4898
«5102
«53006
«5510
«5714
«5918
«6122
6327
« 06531
«B735
+ 6939
o 7143
o 7347
« 7551
« 7755
« 7959
« 8163
« 8367
8571
« 87706
+8980
29184
»9388
9592
» 9796
1. 0000

FPRINME
6.7463E-02
1.5142€-01
2.4050E-01
3.2214E-01
3.8704E-01
4,3218E-01
4,6075E-01
4.7912E-01
4.,9287E-01
5.0509E-01
5.,1696E-01
5.2882E-01
5.4073E-01
5.5271E-01
5.6475E-01
5.7686E-01
5.8902E-01
6.0124E-01
6.1351E-01
6.,2584E-01
6.3821E-01
6.,5063E-01
6.,6310E-01
6,7562E-01
6.8817E-01
7.,0078E-01
7.1342€-01
7.2611E-01
7.3884E-01
7.5161E-01
T.6L4L2E-DL
T.7727E-01
7.9016E-01
8.,0308E-01
8.,1605E-01
8.2906€~-01
8.4210E-01
8.5518E-01
8.6829E-01
8.8145€-01
8.9463E-01
9.0786E~-01
9,2111€E-01
9.3439E-01
9.4768E-01
9.6098E~-01
9.7424E-01
9.8738E-01
1.0000E+00

THETA
6.5772E-02
1.2385E-01
1.8851e-01
2.4241E-01
2,7303E-01
2.,9083E-01
3.0426E-01
3.1481E-01
3.2205E~01
3.2603E-01
3.2774E~-01
3.2830E-01
3.2845E-01
3.284B8E-01
3. 2848E-01
3.284LB8E-01
3.2848E~-01
3.2848E-01
3.2848E~01
3.2848E-01
3.2848E-01
3.2848E-01
3.2848E-01
3.2847E-0D1
3.2847E-01
3.2847TE~-D1
3. 2847E-01
3.2847E-01
3.2847E-01
3.2847E-01
3.2847E-01
3.2847E-01
3.2847E-01
3.2847E-01
3.2848E-01
3.2848E-01
3.2848E-01
3.2849E-01
3.2852E-01
3.2858E-01
3.2871E-01
3.2899E-01
3.2957E-01
3.3075E-01
3.3319E-01
3.3818E-01
3.4882E~01
3.7382E~-01
4.5098E~-01
1.0000E+00

0
bo7615e~-11
6.3947E-22
1.5362E-41
2.7138E-11
4.1207E-01
5.5063E-01
6.6493E-01
7T.4481E~-01
7.9150E-31
8.1424E-J1
8.2340E-J1
8.2641E-01
8.2720E-01
8.273%E-41
8.2737E-01
8.2736c-J1
8.2736E-ul
8.27306E-31
8.2735E-J1
8.2735€-01
8.2735E-1J1
8.2735£-01
8.2735c-11
8.2735E-01
8.2734E-01
8427 34E-11
8e2734E~-J1
8.2734E-01
B802734E-01
8.2734E-01
8.2734E-J1
8.2734E-01
827 34E-J1
8,2734E-01
842734E-J1
8.2733€-01
8.2733E-01
8,2731E-01
8.2728E-31
8.2721E-01
8.2706E-01
8.2675E-01
8.2608c-11
8.2471E-01
8.,2191e-01
841614E-31
8.,039JE~J1
7«7529E-01
6.8805c-31
8.8527E-02

02
1.0000E+J0
3.3605E-01
8.4638E-01
7.2862E=-01
5.8793E-01
4o4937E-01
3.3501E-J1
2.5519e=-01
2.0850E-31
1.8576E-01
1.7660E-31
1.7359E-01
1.7280€E~01
147265E=01
1.7263E-01
1.7264E=-01
1.7264E-01
1.7264E~01
1.7265E-01
1.7265E-01
1.7265E~01
1.7265E-01
1.7265€-01
1.7265E=01
1.7266E-01
1.7266E-01
1.7266E-01
1.7266E-01
1.7266E-01
1.7266E~01
1.7266E-131
1.7266E-01
1.7266E-01
l.7266E-01
1.7266E-01
1.7267E-01
L.7267E-01
1.7269E-01
1.7272E-01
1.7279E-01
1.7294E-01
1.7325E-01
1.7392€-01
1.7529€E-01
1.7809E-01
1.8386E-01
1.9610E=-01
2.2471E-01
3.1195E-01
9.1147E-01
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-
DO NOWNF WNZ

il o
OENO W& WN

NN
Wik

NN NN
~NoWwn &

wnNnN
[V

(S

W
F@wn

ETA
0.0000
<0204
« 0408
«0612
« 0816
»1020
01224
01429
«1633
«1837
2041
e 2245
02449
22653
« 2857
e 3061
¢« 3265
+ 3469
« 3673
« 3878
4082
« 4286
« 4490
« 4898
«5102
« 53086
«5510
5714
«59318
«6122
« 6327
« 6531
« 6735
+ 6939
o Ti43
o 0347
e7551
o8 199
» 7959
+ 8163
» 8367
« 8571
287706
« 8980
9184
« 9388
+ 9592
« 97936
1. 0000

Y/RN

0.

1.8227E-04
5.0917E-04
1.0045E-03
1.6573E~-03
2.4437E-03
3.3441E-03
4,3372E-03
5.3960E~03
6+4936E~03
7.6100E-03
8.7335E-03
9.8593E-03
1.0986E-02
1.2112E~02
1.3238E-02
1.4365E~02
1.5491E~02
1.6618E-02
Le7744E-D2
1.8870&~02
1.9997E-22
2.1123E-02
2.2249E~02
2.3376E~02
2.4502E-02
2.5629E~02
2.6755E~02
2.7881E~-02
2.9008E~-02
3.0134E-02
3.1260E-02
3.2387E-02
3.3513E~-02
3.4640E-02
3.5766E~02
3.6892E~02
3.8019E~-02
3.9145E-02
4.0272E~02
4.1399E~02
4.2526E-02
4 .3654E-02
4.4785€E-02
4.5920E-02
4.7065E-02
L.8228E-02
4,.,9432E-02
5.0733E~-02
5.2432E~02

v
0.
-2.4002E-02
-1.,0487E-01
-2.5069E~01
-4 ,6041E-01
~7.2466E-01
=1.0295E+00
=1.3614E+00
=1.7102E+00
=2.0708E+00
=2, 4410E+00
=2+8201E+00
=3.2080E+00
=3.,6047TE+00
-4,0162E+0y
“4o4247E+0u
“ko8481E+0U
-5.,2805E+04
=5, 7220E+90
=6+ 1725E+00
=6.6322E+00
~7.1011E+00
=7 .5791E+00
-8, 0663E+00
=8.5629E+00
=5, 0687E+00
=9,5839E+00
-1.01C8E+01
~1.0642E+01
-1.1186E+01
~1.1738E+01
=-1.23G1E+01
=1.2873E+01
=1.3454E+01
~1.4045E+01
~1.6645E+01
~1.5256E+01
-1,5875E+01
-1.,6505E+01
=1.7144E+D1L
-1.7793E+01
-1.8452E+01
=1.9120E+01
-1.,9799E+01
~-2.0487E+01
-2.1185E+01
-2.1893E+01
=-2.2611E+01
-2.3338E+01
=2.4075E+01

BETA/EBB
=1.6406E-01
=1e6400E-J1
=1.6403E-01
=1.6395E-01
=1.6379E-31
-1.6352E-01
-1.6318E-01
-1.6277E-21
=1.6232E-11
=1.61 84E-J1
-1.6133E-31
-1.6079E-31
-1.6023E-01
=1.5965E-31
=1.5904E-21
~1.584uE=J1
=1.5774E-01
=1.5704c=-31
=1.5632E-u1
~1+5557E~11
=1.5478E=-01
=1.5396c-31
-1.5312€-01
=1.5224E-01
=1.,5132€~11
=1.5037E~-31
-1.4938E-31
-1.4836£-J]1
~1.4731E~-01
-1.4621E-21
~1e4507E-21
=1.4390E-21
~1.4269E-J1
=leki43E-31
~1e45014E=-31
~1+.3880E~31
=1,3742E~-01
=1.3%99c-J1
~1e3452E~iL
-1.330uE-31
=1.3144E-01
~1.2983c~11
=1.2817E-01
=1.264bE-11
=1.2470E-01
-1.2283E-1J1
-1.2103€E-01
~1.1912E~-01
=-1.1715e-31
=1.1514E-21

DENSITY
4,1433E~03
2.0680E-43
1.2531E-03
8.8420E-04
7.0682E-04
b+ 0428E=04
5.3793E~04
4e9611E-04
4.7232E-04
4 o6071E~04
4.5601E~ 34
4 ,5LLTE=-D4
445407E=04
4oS5LUCE=04
445399E=~04
445399E-04
445399E-04
4o 54JLE=-D4
4.5400E~04
445400E=04
4.5400E~04
4o.5400E~-14
4.5400E=04
445400c~04
4.5400E~04
4¢5400E=34
45400E=04
4o 5H400E~04
4 +5400E~04
44 5400E=-04
4¢540CE=04
4¢5400E~D4
4¢2400E~00
4e5400c=34
4o5400E=-04
4e54UCE~D4
4.5399E~04
453386~ d4
4+5395E~34
4e5389E~04
be537UE=T4
4o 5344LE~14
4+5281E~04
4,5152E=04
4s4892E-04
4.4 368E~04
4¢3307E-04
4,1063c~34
3.5796E~04
2,5035€E-34

ELECTRON
UENSITY
0-
0.
0.
0.
D.
D.
0.
0.
0'
0.
00
Do
0.
0.
0.
0.
Ga
0.
Q.
U.
u.
0'
0.
0.

TOTAL
ENTHALPY
1.0485E+07
3.2022E+07
5.9725E+07
9.0578E+07
1.2114E+08
1.4893E+08
1.7169E+00
1.,8787E+ 00
1.9757E+08
2.0239E+08
240435E+00
2.0500E+00
2.0517E+08
2.0520E+00
2.0520E+0s
2.0520E+08
240520E+0s
2.0520E+08
2.0520E+08
2.0520E+04
2.0520E+048
2.0520E+ 00
2.0520E+00
2.0520E+0¢8
2.0520E+00
2.0520E+008
2.052UE+08
2.0520E+08
2.0520E+008
2.0520E+00
2.0520E+Cs
2.0520E+08
2.0520E+00
2.0520E+00
2.0520E+08
2.0520€E+0s
2.0520E+00
2.0520E+0s
2.0520E+08
2.0520E+00
2.0520E+00
2.052UE+Ds
2.0520E+008
2.0521E+Ds
2.0522E+038
2:0524E+006
2.0529E+00
2.0541E+008
2.0577E+00
2.0417E+00
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TIME LEFT

QCOND

QDIFF

QCONV

QTOTAL
QTOTAL(BTU/FT2~SEC)
STANTON NUMBER

SPECIES WALL MASS FLUX"
0 =9.,19647E-03
02 9.19647E-03

47.837 SEC
=1.24327E+06
=1.55904E+06
o.
-2.80231E+06
-3.60122E+03
2.20245E-32

RHO V¥

HEAT TRANSFER

HEAT TRANSFER, BODY
OISPLACEMENT THICKNESS/®N
MOMENTUM THICKNESS

L AT BOuY

SKIN FRICTION

END OF THIS PROBLEM

LU LI L O T T [}

0.
5.68186E-01
3.53301E-01
=1.38637E=02
1.44790E-03
2.65813E+00
6.00163E-01




(2) Example 2 - This problem is for the solution of the boundary layer equations along & sphere-cone body with
1-inch nose radius and 10° half-angle cone. The gas model for this case is air with the species O,, Nz, o, N,
No, NO+, and e~. Seven homogeneous chemical reactions are used and multi-component diffusion coefficients are
employed. The wall temperature is 1000°K and constant along the body. The wall is taken as fully catalytic
recombination except for NO which is non-catalytic. The first estimates of the initial profiles are profiles
available from a previous computer solution. The profiles are iterated 87 times before convergence. The
entire profiles are printed-out every 40 iterations. The solution proceeds until x is 20 ft. and this requires
95 steps along the body with vaerisble step-sizes employed. The edge tables are for the case where the inviscid
flow is being swallowed into the boundery layer with the mass flows matched. Central processing time for this
solution on & CDC 6600 computer was 3 minutes , 38 seconds.




TITLE 10 DEGREE SPHERE CONE 20 KFP 100 KFT ALT
LIMTS 28 6 7 10 «000200 14000000

SPNA 02 N2 O N MO NO+ EL M1 M2 M3

CONTR 40 1 1 100 114000140001 ,4000 4

OPTN NON=EQUI NON=FROZ BOUNDARY INITIAL SPHERE C CAL LEWI

SIZE 408333333 4083333330400000000 100040000

FRSTR 20000eN00 2342719 22649800

WFACS o450 450 450 o450 &50 450 450 450

FPRIM 040000000 40643218 1364384 42139848 42948325 43768725 4579282
FPRIM 5357512 +6081539 46733539 47302951 47786597 48187091 8511347
FPRIM 8769247 8972275 49132174 9259825 49364512 49453598 9532551
FPRIM 49605197 «9674074 9740782 9806284 498711329 49935655 140000000
THFTA o1437240 «2144035 42913007 3731785 44586296 45456635 46311686
THETA «7104272 7773516 48288073 48675993 48978728 49221016 9415112
THETA 49568691 49688110 49779159 49847113 49896682 49931960 49956453
THETA 49972993 49983864 49990807 49995112 49997697 49999190 140000000
cLIL 02526824 42302043 42033737 W1724144 41375319 40994559 40610320
cLIL e0293145 40112070 0043302 +0022060 40014750 40011420 +0009514
CLIL «0NNB27T «000T420 +0006807 #0006365 40006044 40005813 «0005648
cLIL ¢0005533 40005454 20005401 0005366 40005343 40005330. 0005322
CcLIL 6824520 +6859462 46911066 6977529 47056856 47144820 7231980
cLIL 67296557 47297318 47204656 «7039980 6845349 46650329 46470453
cLIL 06313429 46182577 #6078206 5998431 45929948 45898791 45870960
CLIL o5852864 ¢5841543 45834724 45830768 45828555 45827357 45826728
CLIL «0015748 40201073 0411806 0647545 0908062 41190747 1483681
GLIL 41753753 41956996 #2084989 ¢2164326 42218741 42259155 2289408
CLIL 02310983 #2324971 42332636 2335444 42324855 42332353 42328910
cLIL 02325340 42322116 ¢2319462 2317429 42315964 42314963 42314300
CLIL =40000000 40000005 +40000031 40000191 40001055 40004990 «0019976
CLIL «0N65015 40162835 «0313204 #0492943 40679881 40860547 41027118
cLIL 01174787 41300894 41404686 «#1487068 41550184 41596912 +1630387
cLIL 01653616 ¢1669246 41679452 41685924 41689912 41692302 «1693700
cLIL 00632907 40637386 0643293 40650476 «0658526 40664603 40653610
CLIL 00590854 0469723 40352256 «0278455 40238355 40214949 40199280
CLIL «0187745 40178893 40172040 0166775 40162792 40159835 0157689
CLIL «0156166 40155113 40154402 0153935 40153637 40153452 +0153350
cLIL «0000002 40000032 0000067 0000115 +0000181 40000280 0000433
CLIL 00000676 +0001058 40001593 40002237 40002924 40003600 0004227 ‘

CLIL «0004780 «0005247 +0005624 #0005918 40006137 40006296 0006406
CLIL e0006480 40006529 0006560 0006578 0006589 40006596 0006600

CINF ¢2328 07672

HEAT 0e0 060 14661E+08 34619E+08 43225E+08345341F+08
LEWIS 1lae4 leb le& led led le&
MOLWT 32 284016 16 144008 304008 30008

N2 02 ¢0435927 49784219 =843354916
0O 02 40216586 143875747 =947389971
N 02 ¢0191055 144904448 =104358828
NO 02 40410864 140124720 =B 4455480
NO+02 0003467 148941393-124978394
O N2 4N168907 145276702 =104629306
N N2 «0191055 144904448 =104358828
NO N2 40315955 142225368 =944862934
NO+N2 40003467 148941393-124978394
N 0-40043383 149119177 =114891342
NO 0 +0183441 144750189 =104265935
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NO+ 0 «N0N3467 148941393=124978304
NO N «0191055 144904448 =104358828
NO+ N 40003467 148941393=12,4078394
NO+NO 40039930 145689336 =114441502
VC 02 «0449290 ~40826158 = 9420195
VC N2 40268142 43177838 =11,431555
VCE 0 0203144 44294404 =11460314
VC N 00115572 46031679 =12443275
VC NO 40436378 =40335511 = 9,57674
VCND+  43N20141 =24503079 = 3,73552

02 +M1 =0 +0 +M1 3061+18 59e4 =14 3401415 08 =e5
N2 4+M2 =N +N +M2 1492417113s1 =45 1409416 0a =o5
N2 #NT =N +N +N 441542211361 =145 2032421 Oe =145

NO  +M3 =N +0 +M3 3497420 7546 =145 1401420 0« =15
NO 40 =02 +N 3418 +9 197 1 2.63+11 346 o5
N2 40 =NO +N 6e75+12 37«5 0o 145 +13 0o o0
N +0 =NO+ +EL 9403 +9 3244 o5 1e8 419 08 =140

Z E= 040 040 040 0840 040 140

Z M1 940 240 2540 140 140 040

Z M2 140 2¢5 140 040 140 040

Z M3 140 140 2040 2040 2040 040

NWT 4

XRN o0 104 50,60 25N,

TWT 10004 1000, 10004 10004

R\—/PT ) .h‘ - lr\ 00 on

TETF 640 bal 640 6e0

RONSP 10 1 204 10,

STEP1 0 e01

STFP? o1 025

STEP? 5 05

STEP4 1.0 ol

STFP5 340 025

STFP6 6al +5

STEP7 124 1e0

STEPR 2640 2a0

STEPO 50a 50

STP1N 2404 1N

PTMRO 1e¢0 160 1.40 74

XAEDGO o 1eN0NNE=N234B00NE=D27 4666TE=02142600E-01148422E=0125073E=01

XAEDG342553E=01440862E=01540000E=01640514FE=017¢4046E-01940594FE=01140000E+00
XAEDG1e1016E+00142150FE+00143403E+001 ¢47T74E+00146263E400147871E+00149596E+00
XAEDG2 ¢ 1440E+00243403FE+00245484E+002 4 7683E4+003,0000E+00342436FE+00345096E+00
XAEDG347980E+004e108SE+00444422E+004¢7980E+00541762E+00545769FE+00640000E+00
XAEDG6e4455E+00649464FE+00T7¢5025E+00841139FE+00847805E+00945025E+00140280E+01
XAEDG1e2000FE+01142943E+01142088E401145134F+011463R2E+01147731E+01149182E+01
XAEDG240734E+01242388F+012e6000E4+01247958F4+01340407E+01343346F+01346TT4E+01
XAEDG440693E+01445101F+0154 0000E+01640997F+01646826E+01749)42E+01845630E+01
XAFDG949265E+01140641E+02142137E402142917F402144545E+02145391F402147150E402
XAEDG1eB8063E+02149954F+02241933E+02242956F+02

PAEDGLe2754E+04142752F+04102730E+041 42661F+04142512E+04142249E404141836F404
PAEDG1e1244F+041e0449E+04944503E+03842018FE+403645404E+03446217E+03346733E+03
PAEDG2e7932E+031¢9960E+03143306E+031 ¢0605E+039,9558E+029¢3344F+028¢T425E+02
PAFDGB8¢1888E+027¢6737FE+02742013E+02647669F+02643666E+0264N008F+02546520E402
PAEDGS543232E+02540104FE+0244T409E+024 ¢4893E+024,2625E+02440596E+02348794E+02

PAEDG3e 7207E+02345732E+02364396E40232231E+023,2261E+02341449E4+02340805E+02




PAEDG340020E+02249884E+02209914E402340081E+023,0235E+02340696E+02341368E+02
PAFDG342329E+02343505E+02346722E+02348637E+0244108BE+02443850E+02446464E+02
PAEDGLaB29TE+0244898B7E+024a8575E+02467013FE+02446630E+024e6509E+02446592FE+02
PAEDG4e6TO0E+024 4 68B3E+024060TSE+02446000FE 40244, T014E+0244TNLTE+D244T016E+02
PAFDG4eT018E+02447021F+02447025E402447029F+02
VAEDG 040 964212 365461 737463 1212427 1772642 2412432
TVAFDG3 . 1TT2E+03349632E+0344R106E+03547601E+036.9412E+03843042E+03940291E+03
VAFDG94T653F+03140525F+04141286E+04141685F+04141815E+04101939E4+04102063E+04
VAEDGLle2185E+04142306E+04102423E+04142538E+04142650E+04142759E+04142869E+04
VAEDG142980E+04143090E+04143198E404143309E+04143419E+04143523E+04143623E+04
VAEDG143720E+04143812FE+04143917E+0414402T7E+04144138E+04104253E+04104370E+04
VAEDGLle4616E+041e47L5E+04144804E+04145045E404145212E+04145384FE+04145559E+04
VAFDGLa5727E+04145901F+04146287E+04146523F+041,6824E+0414T7201E4041a7601E+04
VAEDG1e7964E+04148279E+04108554E+04148980E+04149126FE+04149339E+04149414E+04
VAFDG149529E+04149571E+04109612E+041e0627E+04149654E+04140664E+04149684E+04
VAEDG1e9692E+04149707F+04149708E+041 49705E+04
TAEDGLe2524F+04142524FE+04142521FE404142511FE+04142493E404142458E+04142403E+04
TAEDG1e2320E+04142199E+04142030E+04141784E+041,1363E4+04140678F+04140191E4+04
TAEDG945918E+03848524E+037¢9840E+03705374E+0374333E4+03763264E4+03742181E+403
TAEDG741105E+03740036FE+03648998E+03647989FE+0364700N1E+03646061F+03645105E403
TAEDG6e4158E+036432235E+03642346E+03641498E+03640694E+03549951E+403549268E+403
TAEDG548644E+0354827TE+035e7726E4+03547253E+403546795E403546410E+03546089E+03
TAEDG545665FE+03545560E+03545355E+03545410E403545443E+03545595E+03545484FE403
TAFDG544658F+035e4005E+03543351E403543296F+035,3376E+03544111E4+03545195E403
TAEDG544071E+03449700E+03443609E+03343152E+03249415E+03243820E+03241785E403
TAEDG1e86N6E+031e7400E+03146237E+03145774E+031,4953E+03144622E+03104048E403
TAFDG1l43798F+03143398F+03142381E+03143463F403
02 EG543219E=04543229E=04543388E=04543824FE=045,3870E-045e4050FE=04543944E=04
02 EG5e3726E=04543202FE=04502457E=04540643E=04446419E-043sTN97E=04249501E=04
02 EG2e1165E=04143033E=04742520E=054s7327E=05442890E-05440870E=05349571E=05
02 EG348135E=05346918F=05345924E=05345345E=053,5108E-05344213E=05243784E=05
02 EG3¢3546E=05343417E=05343521E=05343817FE=053,4225E-05344678E=05345278E=05
02 EG346034E=05348582E=05400294E=05442580FE=054,5365E-0544750TE=05501198E=05
02 EG642B81NE=N5742283E=05842462E=05140324E=04145175E-04241878E=04145840E=03
02 EG6eB8T19E=03144665E=02307T02E=02542361E=02746041E-02141919E~01187519E=01
02 EG241542E=01243046E=01293263E=01243280E=012,2280E-01243280E=01243280E=01
02 EG2+3280E=01243280FE=01243280E=01243280FE=012+3280E~01243280E=01243280F=01
02 EG243280E=01243280E=01243280FE=01243280E=01
N2 EG548267E=01548267FE=01548262E=01548252E=01548334E-01548456E=015¢8690E=01
N2 EG549026E=01549481E=01600067E=01640827E=01641873E~01643081FE=01643725E=01
N2 EG6e4329E=016448B0F=N1645338E=01645633E=01645817E-01645989E=01646157E=01
N2 EG646326E=01696496E=0164666TE=01646838E=0164,6976E~01607184E=~01647363E=01
N2 EG6eT548E=C1647738E=01647937E=01648152E=01648379E~01648600E=01608823E=01
N2 EG6e9052E=01649244F=01649510E=01649779FE=01740080E-01740485FE=01740881E=01
N2 EGTal777E=01742285FE=01702868E=01743568E=01744283F-017¢5013F=01745595E=01
N2 EG745539E=01745307E=01704496E=01703947E=017¢3479E~01703956E=01745413E=01
N2 EGTab4B60E=01746T0BE=01T7a6T20E=01746720E=01T46720E~01746720E=01T06720E=01
N2 EG746720E=01746720E=017¢6720E=01746720E=017e6720E~01706T720E=~01746720E=01
N2 EGTeb6T20E=01746T20E=01T7a6720FE=N1746720E=01
£G2e3143E=01243145F=01223171E=01243246FE=012,2252E-01243297E=01243304E=01
EG243322E=01263358E=01203415E=01243508F=01242666E-01204099E=01244315E=01
EG2s4537E=01244T73TE=012048R2E=01244957E=012,4971E-01244976FE=01244981E=01
EG2e4987E=01244900FE=01244993E=01244993E=012e5049FE-012e498TE=01204984E=01
EG2449T78E=012449T74FE=012¢4965E=01244957FE=01244945E-01244935E=01244923E=01

EG2e4908E=01245108E=01245120NE=01245162E=01245183E-012¢5065E=01245016E=01

OO0O000O0
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EG2449N2FE=0124829E=012s4591E=012¢4430E=012,4320E~01244223E=012¢3796E=01
EG242658E=01241210E=01147286E=01105106E=011,2043E~01841885E=02442475E=02
EG1e4371E=02201994E=03106493E=04146219E=072:9064E~092649816E=13244848BE=15
EG249537E=19440002E=~20346950E=20445746E=205,2968E~20742996E=20547342E=20
EG562219E=20346101E=20249099E=202¢9665E=20

EG1e6937E=01146936E=01146912E=01146842F=01146755E~01146591E~01146359E~01

EGLe6020E=01145551F=01144046F=01144159FE=011,3084E~01141702E=01141039E=01

EGleN430E=01949268E=N2945244FE=029¢42628FE=029,0849E~02849199E=02847560E=02
EGBe5909E=02844263E=028¢2609E=028¢0957E=027,9068E~027e4767T7E=027e¢5975E=02
EGT7a4219F=027424N3Em0274N538E=02648490F=026,6369E~02604283F=02642194E=02
EG6eD06BE=N2546144E=02543368E=02540266FE=024,T04BE~02444178E=02440705E=02
EG342862E=022484BCE=022¢469REm02]149536E=02143308E~02643980E=03141474E-03

NO
NO
NO
NO
NO
NO
NO
NO

EG2a7078E=04145844E=04Be5187E=05606592E=05446954E~05206446E=05842071E=06
EGle06T71E=064¢6354E=08605391E=109¢0495E=15146340E~17144077E=-23101135E=~26
EGle1794E=32147771E=342414T1E=35145006E=35143534E~35144964E=35148546E=35
EG240669E=35244813FE=35245019E=352 ¢4068E=35

EG145335E~021¢5337E~021e5354E=02145400E=0214538B8E~02145375E~02145299E=02

EG1e5174F=02144968E=02104641E=02104054E=02142862E~02140470E~02846309E=03

EG645059E=034¢2469E=032243401E=03143307E=03141441E~03140346E=039+4851E=04
EG8e5842E=04707600F=04T740410E=04644828E=045,7552E~04544030F=04449138E=04
EG4e4927E=04441071F=0434R0ROE=04345455E=043,2067E~043s0873FE=04209131F=04
EG24s7T748E=0424T7642F=04246920E=042¢644)1E=042.6072E~042e5678E=04245868E=04
EG2e7817E=042049985E=043¢1927E=043¢7463E=045,0317E~04941996E-043¢3511E=03
EGle0886E=02240000E=02443386E=02547038E=02648687E~02549332E-02248206E=02

NO
NO

-NO

EG546083E=03246700F=04346439E=06349404F=115,4261E~147411326=-20546340E=20
EG540982E=20546320E=20640304E=20747018E=209,0586E~20142815E=19948790E=20
EG849182E=20549121E~20405810E=20446881E~20

NO+EG645998E=046459004E=0464593TE=046¢5T48E=04645299E~04604496E=04643206E-04
NO+EG6e1303E=0454864TE=045451T6E=0450048T7E=04443T704E~04344226E=04248863E=04
NO+EG2¢3401E=04148038E=04143374E=04]140098E=048,4T7T75E~05745093E=05648211E=05

NO+EG642578E=05547668E=05542265E=05449342E=054,5715E~05442420E=05349228E~05
NO+EG346223E=05343403E-05340822E=05248422E=05246202E~05244189E=~05242373E=05
NO+EGZ240T25E=05149381E~05147854E=05146448FE=05145064E~05143836E~05142674E~05
NO+EG1l e 0573E=05945932E=068¢576TE=06T46139E=06644898E~06541311E=06347291E=06
NO+EG249939E=06245789E=06149771E=06147150E=06143289E~06644863E~078e5033E~=08

_NO+EG242752E=09543620E=12143874E=15140000E=20140000E~20140000E=201400C0E=20

NO+EG1e0000E=201¢0000E=20140000E=201 ¢0000E=2014000CE~20140000E=20140000E=20
NO+EG140000E=20140000E=~20190000E=2014C0C00E=20




g6

NMAX

NR

SPEC

NOWMEWN X

Wouwnn

10 DEGREE SPHERE GONE 2) KFP 100 KFT ALT
INPUT 06/18/70
28 IWNC = & K= 1,00 RN = .083333330 VINF = 20000.0000 NON-EQUILIBRUM
6 IPRT = 40 FoL = .000200 RS = 083333330 PINF = 23.2719 NON-FROZEN
7 IPUN = 1 DELTA =0.000000000 TKINF = 226.9800 BOUNDARY LAYER
10 IREAD = 1 AMOM = 1,0000 TKW = 1000.0000 COMPUTE INITIAL PROFILE
KOPE =100 AENE = 1.0000 E 0= ~0.0000 SPHERE CONE
KOPT = 1 ASPE = 1.3000 E 02 = ~0.0000 CAL LEWIS NOS.
K INTERACTION AMD BMOD CMD
1 N2 02 4435927E-02 9.78422E-01 -8.33549E+00
2 0 02 2.16586E-02 1.38757E+00 -9.73900E+00
3 N 02 1.91055E-02 1.49044E+00 -1.03588E+01
o NO 02 5,10864E-02 1.01247E+00 -8.44555E+00
5 NO+02 3.46700E~04 1.89414E+00 -1.29784E+01
6 0 N2 1.68907E-032 1.52767TE+00 -1.06293E+01
7 N N2 1.91055E-02 1.49044E+00 ~1.03588E+01
8 NO N2 3.15955E-02 1.22254E+00 -9.48629E+00
9 NO+N2 3.46730E-04 1.89414E+00 -1.29784E+01
10 N 0 -4433830E-03 1.91192E+00 -1.18913E+01
11 NO O 1.836L1E-02 1.47502E+00 -1.02659E+01
12 NO+ O 3.46700E-04 1.89614E+D0 -1.29784E+01
13 NO N 1.91055E-02 1.49044E+00 -1.03588E+01
14 NO+ N 3.46700E-04 1.89414E+00 -1.29784E+01
15 NO+NO 3.99300E-03 1.56893E+00 -1.14415E+01
HFAC
GAS MODEL «S50(FPRINE)
HF FLEJ FMOLWT AMU BMU cHu +50(THETA) CINF
0. 1.40000E+00 3.20000E+01 4.49290E-02 =-8.26158E~02 ~-9.20195E+00 +50 2.32800E-01
U. 1.%40000E+00 2.80160E+01 2.68142E-02 3J.17784E-01 -1.13155E+01 «50 7.67200E-01
1.66100E+08 1.40000E+00 1.60000E+01 2.03144E-02 4.29440E-01 -1.16031E+01 «50 -0.
3.61900E+#08 1.,4%0000E+00 1.40080E+01 1.15572E-02 6.03168E-01 -1.24327E+01 «50 -0.
3:.22500€E+07 1.40000E+00 3.00080E+01 4.36378E-02 -3.35511E-02 ~9,.57674E+00 +50 -0.
3.534106+08 1.40000E+00 3.00080E+0L 3.02014E-31 -3.50398E+00 -3.73552E+00 «50 -0
REACTION co c1 c2 Do D1 D2 GCSALPH CSBETA
02 M1 =0 0 M1 3.610E+13 59.40 -1.00 J.010E+15 8.00 =+50 1.00 2.00
N2 M2 =N N M2 1.920E+17 113.10 -.50 1.090E+16 0.00 -¢50 1.00 2.00
N2 N =N N N Lko150E+22 113.10 -1.50 2.320E+21 0.00 ~1.50 1.00 2.00
NO M3 =N 0 M3 3.970E+20 75.60 -1.50 1.010€E+20 0,00 ~1.50 1.00 2.0¥
NO 0 =02 N 3.180E+09 19.70 1.00 9.630E+11 3.60 «50 1.00 i.00
N2 0 =NO N 6.750E+13 37 .50 0.00 1.500E+13 0.00 0.00 1.00 1.00
N 0 =NO+ EL 9.030E+09 32.40 «50 1.800E+19 g.00 ~1.00 1.00 1.00




STOICHIOMETRIC COEF.
FORWARD = CALPH(NR,NJ)

NJ/NR i 2 3 4 5 6 7

)2 1.00 0.00 0.00 0.00 0.00 J.00 0.00
N2 0.00 1.00 1.00 0.00 0.00 1.00 0.00
) 0.00 0.0 0.00 0.00 1.00 1.00 1.00
N 0.00 1.00 0.00 0.00 J.30 1.00
00 0.0 1.0u i.00 J«00
) K‘,,‘i ,‘1' "l»’;‘
) .0 ] d 0
4 ) ( ) 1}
4
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1. 0000E-D2
3. 8000E-02
7. 6667E-02
1.2600E-01
1., 8422E-01
2507 3E-01
3. 2553E-01
4. 0862E-01
5 0000E-01
6. 051 4E~01
7.4046E-01
9. 0594E-01
1.0000E+00
1.1016E+00
1. 2150E+00
1.3403E+00
1. 4774E+00
1.6263E+00
1. 7871E+00
1.9596E+00
2.144L0E+0DD
2. 3403E+00
2.5484E+0D0
2. 7683E+00
3.0000E+00
3. 24636E+00
3.5096E+00
3. 7380E+00
4o 1089E+00
4o 4422E+00
4+ 7980E+00
5. 1762E+00
5. 5769E+00
6.0000E+00
6e 4455E+00

0 «10

CONE

50

<010 025 =050

PA
1.2754E+04
1.2752E+04
1.2730E+04
1.2661E+04
1.2512E+04
1.2249E+04
1.1836E+04
1.12L4LE+04
1.0649E+04
S.4503E+03
8.2018E+03
6e5404LEYD3
Lo 6217E+03
3.6733E+03
2.7932E+03
1.9960E+03
1.3306E+03
1.0605E+03
9. 9558E+02
9.3344E+02
80 T425E+02
8.1888E+02
7.6737E+02
7.2013E+02
6.7669E+02
6.3666E+02
6.0008E+02
5.6520E+02
5.3232E¢02
5.0196E+02
4o 7409E+02
4,.4893E+02
4, 2625E+02
4.,0596E+02
3.8794E¢02
3.7207E+02

VA

0.

9.6212E+01
3.6561E+02
7.3763E+02
1.2123€E+03
1.7724E+03
2.4123E+03
3.1772E+03
3.9632E+03
4.8106E+03
5.7601E+03
6.9412E+03
8.3042E+03
9.0291E+03
9.7653E+03
1.0525E+04
1.1286E+04
1.1685E+04
1.1815E+04
1.1939E+04
1.2063E+04%
1.2185E+04
1.2306E+04
1.2423E+04
1.2538E+04
1.2650E+04
1.2759E+04
1.2869E+04
1.2980E+04
1.3090E+04
1.3198E+04
1.3309E+04
1.3419E+04
1.3523E+04
1.3623E+04
1.3720E+0%

XMAX = 20,

ANGLE =

1.00 3.00

«100

TA
1.2524E+04
1.2524E+04
1.2521E+04
1.2511E+04
1.2493E+04
1.2458E+04
1.2403E+04
1.2320E+04
1.2199E+04
1.2030E+04
1.1784E+04
1.1363E+04
1.0678E+04
1.0191E+064
9.5918E+03
8.8524E+03
7.9840E+03
7.5374E+03
7.4333E+03
7.3264E+03
7.2181E+03
7.1105E+03
7.0036E+03
6. 8398E+03
6.7989E+03
6.7001E+03
6.6061E+03
6.5105E+03
6. 4158E+03
603235E+03
6.2340E+03
6.1498E+03
6.0694E+03
5.9951E+03
5.9268E+03
5.08644E+03

BODY DATA

goog0o0

10.00000

6.00

12.00 26,
«250 -500

1.000

EDGE TABLES

02
56¢3219E~-04
5.3229E~04
5.3388E-04
5.3824E-04
5.3870E~04
544059E~-04
5 «3944E~04
5.3726E-04
5¢3292E-04
5 .2457E-06
5.0643E~04
4.6419E-04
3.7097E-04
2.9501E-0%
2.1165E-04
1.3033E-064
7 .2520E-05
L o7327E~-05
4.,2890E-05
4.0870E-05
3.9571E-05
3.8135E-05
3.6918E-05
3.5924E-05
3.5345E-05
3.5108E-05
3.4213E-05
3.3784E-05
3.3546E-05
3.3417E-05
3.3521€E-05
3.3817E~-05
3.4225E-05
3.4678E-05
3.5278E-05
3.6034E-05

N2
5.8267E~01
5.8267E-01
5.8262E-01
5.8252E-D1
5.8334E-01
5.8456E-01
5.8690E-01
5.9026E-01
5.9481E-01
6.0067E-01
6.0827E-01
6.1873E-01
6.3081E-01
6.3725E-01
6.4329E-01
6.4880E-01
6.5338E~01
6.5633E~-01
6.5817E-01
6.5989E-01
6.6157E-01
6.6326E-01
6.6496E-01
6.6667E-01
6.6838E-01
6.6976E-01
6.7184E-01
6.7363E-01
6.7548E-01
6.7738E-01
©.7937E-01
6.8152€E-01
6.8379E-01
6.8600E-01
6.8823E-01
6.9052E-01

NORM SH PRESS
NORM SH TEMP
NORM SH VEL

00 50,00
2.000

5.000

240,00

CA(SPECIES)
N

2.3143E-01
203145E-01
2.3171E-01
20.3246E-01
2. 3253E-01
2.3297E-01
2.3304E-01
2.3322E-01
2.3358E-01
2. 3415E-01
2.3508E-01
2.3666E-01
2.4099E-01
2.4315E-01
2.4537E-01
2.4737E-01
2.4883E-01
2.4957E-01
2.4971E-01
2.4976E-01
2.4981E-01
2.4987E-01
2.4990E-01
2.4993E-01
244993E-01
2.5049E-01
2.4987E-01
2. 4984E-01
24 4978E~01
26 4974E-01
2.4965E-01
2.4957E~-01
2.4945E-01
2.4935E-01
2.4923E-01
2.4908E-01

1.6937E-01
1.6936E-01
1.6912E-01
1.6842E-01
1.6755E-01
1. 6591E~-01
1.6359E-01
1.6020E-01
1.5551E-01
1.4946E-01
1.4159E-01
1.3084E-01
1.1702E-01
1.103%€E-01
1.0639E~-01
9.9268E-02
9.5244E~-02
9.2628E-02
9.06849E-02
8.9199€-02
8.7560E-02
8.5909e-02
de 4263E-02
8.2609€E-02
8.0957E-02
7.9068E-02
7.7677E-02
7.5975€E-02
7T.4219E-02
7.2403E-02
7.0538E-02
6. 8499E-02
6.6369E~-02
6.4283E-02
6.2194E-02
b.0068E-02

1.
i.
i.

10.000

0000
0000
0000

NO
1.5335E-02
1.5337E-02
1.5354E-02
1.5400E-02
1.5388E-02
1.5375E-02
1.5299E~02
1.5174E-02
1.4968E-02
1.4641E-02
1.4054E-02
1.2862E-02
1.0470E-02
8.6309E~-03
645059E-03
4.2469E-03
2+3401E-03
1.3307E-03
1o1441E-03
1.0346E-03
9.4851E-04
8.5842E~04
7.7690CE-04
7.0410E-04
6. 4828E-0D4
5.9552E~-04
5.4030E-0&
4.,9138E-04
4e4927E-04
4.1071E-04
3.8089E~-04
3.5455E~04
3.3067E-04%
3.0873E-04
2.9131E-064
2.774LBE-04

NO+
6.5998E~04
6+5994E-08
6.5937E~0%
6.5748E=06
6.5298E~04
644 96E-04
603206E-04
6.1303E-06
5,8647E-04
5.5176E=04
5.0487E-04
4.3704E=-04
3.4226E-04
2.8863E-04
2.3401E-04
1.8038E-04
1.3374E-0b
1.0098E-06
8.4775E-05
7.5093E-05
6+8211E-05
6.2578E=05
5.7668E~05
5.3265E-05
4.9342E-05
4.5715E-05
4,2420E=05
3.9228E-05
3.6223E-05
3.3403E-05
3.0822E-05
2.8422E-05
2.6202E-05
2.4189E-05
2.2373E-05
2.0725E-05




g6

6e 9464E+00
7.5025E+00
8.1139E+00
8.7805E+00
9.5025E+00
1. 0280E+01
1.2000E+01
1.2943E+01
1.3988E+01
1.5134E+01
1.6382E+01
1.7731€+01
1.9182E+01
2. 0734E+01
2,2388E+01
2.6000E+01
2. 7958E+01
3. 0407E+01
3. 3346E+01
3.6774E+01
4 0693E+01
4.5101E+01
5. 0000E+01
6. 0997E+01
6. 6326E+01
7.9142E+01
8. 5630E+01
9. 9265E+01
1.0641E+0D2
1.2137E+02
1.2917E+02
1.4545E+02
1.5391€+02
1.7150E+02
1. 8063E+02
1. 9954E+02
2 1933E+02
2. 2556E+02

3.5732E+02
34 4396E+02
3.3231E+02
3.2261E+02
30 1449E+ 02
3.0805€E+02
3.0020E+02
2.9884E+02
2.9914E+02
3.0081E+02
3.0235E+02
3.0696E+02
3.1368E+02
3.2329E+02
3.3505€+02
3.6722E+02
3.8637E+02
4,1088E+02
4,3850E+02
4. b4bLE+Q2
4. 8297E+02
4.8987E+02
4L.8575E+02
4,7013E+02
4.6630E+02
4o B509E+02
4. 6592E+02
4.6799E+02
4.6883E+02
4,6975E+02
4+6999E+02
4.7014E+02
4o 7017E+02
4,7016E+02
4,7018E+02
4,7021E+0Q2
4,7025E+02
4.7029E+02

NOTE ==-

1.3812E+04
1.3917E+04
1.4027E+04
1.4138E+04
1.4253E+04
1.4370E¢04
1.4616E+04
1. 4745E+04
1.4894E+04
1.5045E+04
1.5212E+04
1.5384E+04
1.5559E+04
1.5727E+04
1.5901E+04
1.6287E+04
1.6523E+04
1.6824E+04
1.7201E+04
1.7601E+04
1.7964E+04
1.8279E+04
1.8554E+04
1.8980E+04
1.9126E+04
1.9339E+04
1.9414E+DL
1.9529E+04
1.9571E+04
1.9612E+04
1.9627E+04
1.9654E+04
1.9664E+04
1.9684E+04
1.9692E+04
1.9707E+04
1.9708E+04
1.9705E+04

XA, PA,

5.8277E+03
5.7726E+03
5.7253E+03
5.,6795E+03
5.6410E+03
5.6089E+03
5.5665E+03
5.5560E+03
5.5355E+03
5.5410E+03
5.5443E+03
5.5595E+03
5.5484E+03
5.4658E+03
5.4005E+03
5.3351E+03
5.3296E+03
5.3376E+03
5.4111E+03
5.5195E+03
5.4071E+03
4.9700E+03
4,3609E+03
3.3152E+03
2.9415E+03
2.3820E+03
2.1785E+03
1.8606E+03
1.7400E+03
1.6237E+03
1.5774E+03
1.4953E+03
1.4622E+03
1.4048E+03
1.3798E+03
1.3398E+03
1.3381E+03
1.3463E+03

TA AND VA

XA(K)
PA(K)
VA(K)
TA(K)

3.8582E-05
4.0294E-05
4+2580E-05
4 «5365E=-05
4+7507E=15
5.1198E-135
6+2810E-05
7.2283E-)5
8.2462E-05
1.0324E~-04
1.5175E=-04
3.1878E-04
1.5840E-03
6.8719E-13
1.4665E-02
3.7702E-02
742361E-132
7.6041E-02
141919E-01
1.7519€-01
201542E~01
2 +3046E~-01
243263E-01
2+3280E-01
2+3280E-01
2.3280E-01
2+3280E~-01
243280E-01
243280E-01
2+3280E-01
2.3280E-01
23280E-01
2.3280E-01
2.3280E-01
2.3280E-01
2.3280E-01
2.3280E-01
243280E-01

ARE CHANGED

XA (K) *
PA (K}
VA (K) *
TA(K) *

RN

END

6.9244E-01
6.9510E-01
6.9779E-01
7.0080E-01
7.0485E-01
7.0881E-01
7.1777E-01
7.2285E-01
7.2898E-01
7.3568E-01
7.4283E-01
7.5013E-01
7.5595E~-01
7 .5539E-01
7.5307E-01
7.4L96E-01
7e3947E-01
7.3479E-01
7.3956E-01
7.5413E-01
7.6460E-01
7.6708E-01
7.6720E~-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E~01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01

2.5108E-01
2.5120E-01
2.5162E-01
2.5183E-01
2.5065E-01
2.5016E-01
2.4902E-01
2.4829E~-01
2.4591E-01
2.4430E-01
2. 4320E-01
2.4223E~-01
2.3796E-01
2.2658E-01
2.1210E-01
1.7386E-01
1.5106E-01
1.2043E-01
8.1885E-02
4.2475E-02
1.4371E-02
2.1994E-03
1.6493E-04
1.6219E-07
2.9064E-09
2.9816E-13
2.4848E-15
2.9537E-19
4.,0002E~-20
3.6950E-20
4.5746E-20
5.2968E~-20
7 .2996E-20
5.7342E-20
5.2219€~20
3.6191E-20
2.9099E-20
2.9665E-20

IN SUBROUTINE INPBOD

* NORM SH PRESS.
NORM SH VEL.
NORM SH TEMP.

OF INPUT

5.6144E-02
5.3368E-02
2.0266E£-02
4.7048E-02
4e4178E-02
4. (705E~02
3.2862E-02
2.8480E-02
2.4698E-02
1.9536E-02
1.3308E-02
6.3980E~03
1.1474E-03
2.7078E-04
1.5844E-04
8.5187E-05
0.6592E-05
4.B6954E-05
2.6446E-05
8.2071E-06
1.0671E~06
4+6354E~-08
6¢5391E~10
9,0495E-15
1.6340E~-17
1.4077E-23
1.1135E~2686
1.1794E~-32
1.7771E~34
2.1471E-35
1.5006E~35
1.3534E-35
1. 4964E-35
1.8546E~35
¢+0669E~35
2.4813E~35
2¢5019E~-35
2.4068E-35

2.7642E~04
2.6920E-04
2.6441E-04
2.6072E-04
2.5678E~-04
2.5868E~-04
2.7817E-0%
2.9985E-04
341927E-04
3.7463E-04
5.0317E-C4
9.1996E-04
3.3511E-03
1.0886E-02
2.0000E-02
4.3386E~-02
5.7038E~-02
6.8687E~02
5.9332E~02
2.8206E-02
5.6083E-03
2.6709E-04
3.6439E-06
3.9494E-11
5.4261E-14
7.1132E-20
5.6340E~-20
5.0982E-20
5.6320E-20
6.0394E~-20
7.7018E-20
9.0586E-20
1.2815E~-19
9.879(0E~-20
8.9182E-20
5.9121E-20
4.5819E-20
L.6881E-20

1.9381E-05
1.7854E-05
1.6448E-05
1.5064E-05
1.3836E-05
1.2674E-05
1.0573E-05
9.5932E~-06
8.5767E-06
7.6139E-06
6.4898E-06
5.1311E-06
347291E-06
2.9939E-06
2.5789E-06
1.9771E-06
1.715CE-06
1.3289E-06
6.4863E-07
8.5033E-08
2.2752E-09
5.3620E~12
1.3874E-15
1.0000€-20
1.0000€-20
1.0000E-20
1.0000E=-20
1.0000E-20
1.000C0E-20
1.000CE-20
1.0000E-20
1.0000E-20
1.0000€E~-20
1.0000E-20
1.000CE-20
1.0000€E-20
1.0000E-20
1.0000E-20
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ETA
0.0000
« 0370
o 0741
+1111
«1481
1852
02222
« 2593
2963
«3333
« 3704
k074
o bbbl
4815
»5185
+ 5556
« 5926
+6296
«6667
« 7037
« 7407
« 7778
« 8148
«8519
+8889
9259
. 9630
1.0000

FPRIME
0.
6.4322E-02
1.364L4E-01
2.,1398E-01
24.9483E-01
3.7687E~01
4.5793E-01
5.3575E-01
6.0815E-01
6.7335€-01
7.3030E-01
7.7866E-01
8.1871E-01
8.5113E~-01
8.7692E-01
8.,9723E~-01
9.1322E-01
9.2598E-01
9.3645E-01
9.4536E-01
9.5326E-01
9.6052E~-01
9.6741E-01
9.7408E-01
9.8063E-01
9.8711E-01
9.9357E-01
1.0000€E+00

THETA
1,4372E-01
2. 1440E-01
2.9130E-01
3.7318BE-01
4.5863E-01
5.4566E-01
6.3117E-01
7.1043E-01
7.7735E-01
8.,2881E-01
8.6760E-01
8.,9787E-01
9.,2210E-01
9. 4151E-01
9.5687E-01
9.6881E-01
9.7792E-01
9.8471E-01
9.8967E-01
9,9320E-01
9.9565E~-01
9.9730E-01
9.9839E-01
9.9908E-01
9.9951E-01
9.9977E-01
9.9992E-01
1.0000E+00

SMALLE = 4.33071E-06

RHOMUREF =

1.59720€E-09

02
2.5268E-01
2.3020€E-01
2.0337E-01
1.7241E-01
1.3753E-101
9.9456E-02
6.1032E-02
2.9315E-02
1.1207e-02
4.3302E-03
2.2060E-03
1.4750E-03
1.1420E-03
9.5140E-04
8.2770E-04
7.4200E-04
6.8070E-004
6.3650E-04
6.0440E-04
5.8130E-04
5.6480E-04
5.5330E-04
5.4540E-04
S5.4010E-04
5.3660E-04
5.3430E~-04
5.3300E-04
5¢3219E-04

INITIAL PROFILE

N2
6.8245E-01
6.8595E-01
6.9111E-01
6.9775E-01
7.0569E-01
7e1448E-01
7 .2320E-01
7+2966E-01
7 .2973E-01
7.2047E-01
7.0400E-01
6.8453E-01
6.6503E~01
6.4705€E-01
6.3134E-01
6.1826E-01
6.0782€-01
509984E~-01
5.9399€-01
5.8988E-01
5.8710E-01
5.8529E-01
5.8415E-01
5.8347E-01
5.8308E-01
5.8286E-01
5.8274E-01
5.8267E~-01

DUEDX = 1.15454E+05

REYN NO(S)

1.47678E+04

0 N
1.5748E-03 ~0.
2.0107E-02 5.0000E-07
4.1181E-02 3.1000E~00
6.4754E-02 1,9100E-05
9.0806E-02 1.0550E-04
1.1907E-01 4&.9900E-04
1.4837E-01 1,9976E-03
1.7538E~01 6.5015E-03
1.9570E~01 1.6284E~-D2
2.0850E-01 3.1320E-02
2.1643E-01 4,9294E-D2
2.2187E-01 6.7988E-02
2.2592E-01 8.6055E-02
242894E-01 1.0271E-01
2.3110E-01 1.1748E-01
2.3250E-01 1.3009E-01
2.3326E-01 1.4047E-01
243354LE-01 1.4871E-01
203349E-01 1.5502E-01
2+3324E-01 1.5969E-01
2.3289E-01 1.6304E-01
2.43253E~01 1.6536E-01
203221E-01 1.6692E-014
243195E-01 1.6795E-01
243174E-01 1,6859E-01
2.3160E-01 1.6899E-01
2.3150E-01 1.6923E-01
2.3143E-01 1.6937E-01

HO = 2.,02460E+08

NO
6.3291E-02
6.3739E-02
6+ 4329E~-02
6.5048E~-02
6.5853E~-02
6.6460E-02
6.5361E-02
5.9085E-02
4.6972E~-02
3.5226E-02
2.7845E-02
2.3836E-02
2.1495€-02
1.9928E-02
1.8775E-02
1.7889E-02
1.720&E-02
1.6678E-02
1.6279E-02
1.5984E-02
1.5769E-02
1.5617E-02
1.5511E-02
1.5440E-02
1.539%E-02
1.5364E-02
1.5345E=-02
1.5335E-02

NO+
2.0000E-07
3.2000E-086
6.7000E-06
1.1500E~-05
1.8100E-05
2.8000E-05
4,3300E~-05
6.7600E-05
1.0580E~04
1.5930E-04
2.2370E-04
203240E-04
3.6000E-04
§,2270E~-04
4o,T800E~ D&
5.2470E~-04
5.6240E~04
5.9180E-06
6.1370E-04
65.,2960E~-04
6.4060E~-04
6.4800E-04
6.5290E-04
6.5600E~0%
6.5780E-0&
6.5890E-04&
6.5960E~-04

6.5998E-04 .

ETE = 6.00000E+00

CTH =

1.00000€200




00T

ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION

OOENOWNFEWN -

o
[

e
MiFEan

STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON
STANTON

NO.
NG.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO .
NO.
NO.
NO .
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NU.
NO .
NO.
NO«
NO .
NO.
NO .
NO.
NO.
NO.
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2.02413c-02
2.02413c-02
2.02414E-02
2.02414E-02
2.02415:=-02
2.02415E-02
2.02416E-02
2.02417E-02
2.02417E-02
2.02418E-02
2.02419E-02
2.02419E-02
2.02420E-02
2.02421c-02
2.02421E-02
2.02422E-02
2.02423€E-02
2.02424E-02
2.02424E=-02
2.02425E=-02
2.02426E-02
2.02426E-02
2.02427E-02
2.02428E-02
2.02429E-02
2.02429c~-02
2.02430E-02
2.02431E-02
2.02432E-02
2.02432E-02
2.02433c-02
2.02434E-02
2.02434E-02
2.02435E-02
2.02436E-02
2,02437E-02
2.02437E-02
2.02438E-02
2.,02639E-02

SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN

FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
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1./3549E+00
1.73549E+00
1.73550E+00
1.73550E+00
1,73551E+00
1.73551E+00
1.73552E+00
1.73552€+00
1.73553E+00
1.73553E+00
1.73554E+00
1.73554E+00
1.73554E+00
1,73555E+00
1.73555€E+00
1.73556E+00
1,73556E+00
1.73557E+00
1.73557E+00
1.73558E+00
1.73558E+00
1.73558E+00
1.73559E+00
1.73559E+00
1,73560E+00
1.73560E+00
1.73561E+00
1.73561E+00
1.73561E+00
1.73562E+00
1.73562E+00
1,73563E+00
1.73563E+00
1.73563E+00
1.73564LE+00
1.73564E+00
1.73564E+00
1.73565E+00
1.73565E+00

TIME
TiIME
TIME
TIME
TIME
TIME
TIME
TINE
TIME
TIME
TIME
TIME
TIME
TINE
TIME
TIME
TIME
TIME
T1IME
TIME
TIME
TIME
TIME
TiME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
T1ME
TIME
TIME
TIME
TIME
TINE
TIME
TIME

LEFT
LEFT
LEFT
LEFT
LEFT
CEFT
LEFT
LEFT
LEET
LEFY
LEFT
LEFT
LEFT
LEFT
LEPT
LEFTY
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LERT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT

=288.084
=287.070
=286.056
=285.043
=284.028
=283.012
=282.001
=280,994
=279.983
=278.,972
=277.958
=276.951
=275.939
=274.931
=273.921
=272.907
=271.890
=270.880
=269.868
=268.855
=267 846
=266.837
=265.824
=264.810
=263.798
=262.789
=261.773
=260.762
=259.750
=258.742
=257 .7 306
=256.723
=255.711
=254.703
=253.698
=252.688
=251.673
=250.659
=249.649

SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC




TOT
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i6
17
18
19
20
21
22
23
264
25
26
27
28

PROFILES AFTER

ETA
0.0000
«0370
« 0741
«1111
«1481
+1852
2222
«2593
« 2963
«3333
« 3704
4074
Cllll
4815
+ 5185
« 5556
«5926
«6296
« 6667
« 7037
o 7407
o 7778
«8148
«8519
. 8889
« 9259
« 9630
1.0000

1
-5.1877E-01
-3.5575E+01
=7 .8346E+01
-1.1628E+02
-1.4503E+02
-1.1861E+02

5.7679E+01
2.6327E+02
2.2724E+02
8.9491E+01
1.9984E+01
1.4388E+00
=5.3879E-01
1.0343E+00
2.6121€E+00
3.5162E+00
3.8410E+00
3.8154E+00
3.6246E+00
3.3831E+00
3.1505E+00
2.9518E+00
2.7937E+00
2.6735E+00
2.5849E+00
2.5205E+00
2.4748E+0D
2.4601€E+00

87 ITERATIONS.

2

1.7035£-39
-5.1196E~08
=9.3418E-07
-1.8550E-05
=3.2570E-04
-4,2292E-03
=3.2544E-02
-1.2536€£-01
=2.6472E-01
~4.8471E-01
-8.5117E-01
-1.1316E+00
=1.1086E+00
-8.3735€E-01
-5.0121€E-01
=2.3916E-01
=9.9233E-02
=6.7171E-02
-1.0580E-01
=1.7934E-01
-2.6236E-01
=3.4011E-01
-4,0586E-01
~4,5795£-01
-4,9749E-01
-5.2692E-01
=5.4924€E-01
-5.6838E-01

3
0.
=3.6348E-12
=3.0572c~10
-2.8733E-)8
=242258E-16
=1.1275E-14
~249280E-133
=-3.1355€-12
=1.4140E-01
-4,3596E-01
-1.,1251E+00
=1.9154E+00
=2.0277E+00
=1.1474E+00
3.4874E~-01
1.8624E+00
2.9866E+00
3.6041E+00
3.7919E+00
3.6977E+00
3.45993E+00
3.1774E+J 0
2.9080£+00
2.6785E+130
2.4952E+00
2.3533E+40
2.2418E+00
2.1425E+00

++++++++PROFILES CONVERGEOD++++++++

X(K)
4 5

642991E-24 3.8934E-06
=1.5370E-32 =1.1667E+00
-842965E-02 -8.,5217E+00
-3.9856E-01 ~4.2667E+01
=1.7011E+00 -1.9433E+02
-5 .6427E+00 ~-7.4289E+02
-1.0786E+01 =-1.9313E+03
=3.7725€+00 -2.8022E+03
1.4197E+01 -2.0074E+03
1.2153E+01 =7.7482E+02
=5.0124E+00 -2.1238E+02
~1.5849E+J1 -5.7669E+01
-1.6158E+01 -1.8090E+01
-1.0998E+01 -5.1225E+00
-5.1635E+00 3.4372E-01
-9,5020E-01 2.8110E+00
1.2157E+00 3.8124E+00
1.7726E+00 4.,07417E+00
1.3522E+00 3.9769E+00
447683E-01 3.7383E+00
-5.1328E-01 3.4651E+00
~1.4340E+00 3.,2099E+00
=2.2069E+00 2.9940E+00
=2.8159c+00 2.8223E+00
-3.2770E+00 2.6915E+00
-3.6198E+00 2.5933E+00
~3.8726E+#00 2.5087E+00
~4.,0246E+00 2.2821E+00

6
1.7874E~11
=1.5939E+0u
=7.3297E+00
~3.2195E+01
-1.0804E+02
=2.7216E+02
-6.5489E+02
-1.4758E+403
-2.0859E+03
-1.6263E+03
-8.2208E+02
=3.3447E+02
=1.2832E+02
-4,7295E+01
=1.2913E+01
2.7020E+00
9. 3929E+0u
1.1382E+01
1.0901E+01
9.2518E+0u
7.2014E+00
5.1769E+Gu
3.3923E+00
1.9286E+0u
7.8636E-01
-9.9511E-02
~9.8630E-01
=3.4031E+00

7
-1.2617E-03
=1.9015E-01
~4.5904E-01
=7.9141E-01
=1.2791E+00
=2.0886E+00
=3.4414E+00
=5.1347E+00
-5.8021E+00
-4,5989E+00
=2.7367E+400
=1.3110E+00
-4 .6557E-01

4.0210E-02
2.9216E-01
3.9770E~-01
4.1262E-01
3.7562E-01
3.1386E-01
2.4561E-01
1.8194E-01
1.2845E-01
8.6813E~-02
5.6302E-02
3.4760E-02
1.8709E-02
9.4373E-04
~4.3040E~02
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ETA
0. 03000
« 0370
« 0741
«1111
«1481
«1852
« 2222
« 2593
« 2963
« 3333
« 3704
4074
o bbbl
e 4815
«5185
«5556
«5926
«6296
« 6067
« 7037
e 7407
« 7778
«8148
« 8519
« 8889
« 9259
«9630
1.0300

FPRIME
0.
6.4367E-02
1.3654E-01
2.1414E-01
2.9504E-01
3.7713E-01
4.5822E-01
5.3605E-01
6.0843E-01
6.7360E-01
7.3050E-01
7.7883E-01
8.1884E~-01
8.5123E-01
8.7700E-01
8.9728E-01
9.1326E-01
9.2601E-01
9.3647E-01
S.4537E-01
9.,5327E-01
9.6053E-01
9.6741E-01
9.7408E-01
9.8063E-01
9.8712E-01
9.9357E-01
1.0000E+00

THETA
1.4372E-01
2.1455E-01
2.9161E-01
3.7367E-01
4.,5931E~-01
5.4653E~-01
643218E-01
7.1144E-01
7.7820E-01
8.2945E-01
8.6811E-01
8.9831E~-01
9.2249E-01
9.4186E-01
9.5717E-01
9.6906E-01
9.7812E-01
9.8488E-01
9.8980E-01
9.9330E~-01
9.9572E~01
9.9735E~-01
9.9842E-01
9.9910£E-01
9.9952E~-01
9.9978E-01
9.9992E~-01
1.0000E+00

02
2.5143E-01
2.2897c-01
240215€-01
1.7121€E-01
1.3635E-01
9.8325E-4J2
6.0049E-)2
2.8644E-02
1.0892E-02
4¢2135E-03
2.1596t-03
1.4514E-03
1.1274E-03
Jeb1blE-J4
8.2033E-J4
7.3653E-14
6.7666E~04
6.3340E-34
6.0212E-04
5.7963E-)4
5.6366E-04
545251E-24
5.4486E-04
5.3974E-04
5.3638E-04
5.3425E-04
5.3292c~-24
5¢3219E-04

N2
6.8398E-31
0.8748E-01
6+9265E-01
6.9931E-01
7.0726E2-31
7.1606E-01
7.2475E-01
7.3111E-01
7.3096E-01
7.2145E-01
7.0481E-131
6+8525E-01
6.6568E-11
be4763E-01
6.3186E-11
541870E-01
6.0819E-01
6.0014E-191
5.9423E-01
5.9005E-01
5.8722E-01
5.8537E-01
5.8421€-01
5.8351E-01
5.8310E-01
5.8286E-01
5.8274E-01
5.8267E-01

0
1.5726E-03
2.0086E-02
4.1139E-02
6. 4689E-02
9.0709E-02
1.1893E-01
1.4813E-01
1.7495E-01
1.3503E-01
2.0766E-01
2.1551E-01
2.2094E-01
2.2502E-01
2.2810E-01
2.3034E-01
2.3183E~-01
2.3270E-01
2.3309E-01
2.3313E-01
203296E-D1
243269E-01
2.3239€-01
2.3212E-01
2.3189E-01
2.3171E-01
2.3158E-01
243149E~01
243143E-01

N

0.

5.0132E-07
3.1827E-00
1.9601E-05
1.0814E-04
5:1181E~0«
2.0473E-03
6.6425E-03
1.6553E~-02
3.1686E~02
4,9698E-02
6.8390E~-C2
8.6436E~-0¢
1.0306E~01
1.1779E-01
1.3036E-01
1.,4070E-01
1.4890E-01
1.,5517e-01
1.5981E-01
1.6313E-01
1.6542E-01
1.6697E-01
1.6797E-01
1.6861E-01
1.6900E~-01
1.6923E-01
1.6937E-01

NO
6.3012E-02
6e.3457E~-02
6.4045E-02
6.4760E-02
6.5558E-02
6.6146E=-02
6e4981E-02
5.8588E-02
4.6451E-02
3.4837E~-02
2.7538E-02
2.3675E-02
2.1382E-02
1.9843E-02
1.8708E-02
1.7837E-02
1.7163E-02
1.6646E-02
1.6255E-02
1.5966E-02
1.5756E-02
1.5608£-02
1.5505E=02
1.5436E-02
1.5391E-02
1.5363E-02
1.5345E~02
1.5335E-02

NO+
1.7669E-07
3.1802E-06
6.7810E-06
1.1531E-05
1.8233E-05
2.8164E-05
4,3527E-05
6.8029E-05
1.0639t~-04
1.6002E-04
2.2444E~04
2.9311E-04
3.6060E-04
4.2314E~-D4
4,7832E~-04
5.2489E-04
5.6258E~-04
5.9188E~04
6.1381E-04
©+.2964E-04
6.4066E~-04
6.4808E-04
6.5292E-04
6.5597E-04
6.5784E~-04
6.5894E-04
6.5959E~-04
6.5998E-04
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ETA
0.0000
«0370
0741
«1111
«1481
«1852
2222
«2593
«2963
« 3333
« 3704
4074
o bbbl
« 4815
« 5185
+ 5556
« 5926
« 5296
» 6667
« 7037
o 7407
« 7778
«8148
«8519
8889
« 9259
+9630
1.0000

Y/RN

0.

6.7207E~05
1.6402E-04
2.9397E-04
4.6043E-04
6.6642E~-04
9.1423E-04
1.2044E-03
1.5343E-03
1.8987E-03
242915€£-03
2.7084E-03
3.1458E-03
3.6009E-03
4,0710E-03
4.5534E~03
5.0457E-03
5.5457E-03
6.0514E-03
6.5614E-03
7.0743E-03
7.5892E-03
8.1055E~-03
8.6227E-03
9.1404E-03
9.6584E~03
1.0177e-02
1.0695E-02

v
0.
-7.0073E-03
=2+9229E-02
-6.8133E-02
=1.2469E-01
=1.9939E-01
-249227€-01
-4.0284E-01
=5.3014E-01
=6.7274E-01
-8.2891E-01
-9,9677€E-01
=1.1744E+00
=-1.3601E+00
=1.5522E+00
=1.7495E+00
=1.9507E+00
=2.1551E+00
=2.3621E+00
=2.5712E+0u
-2.7822E+00
=2.9948E+00
=3.2090E+00
=3.4248E+00
=3.6419E+400
-3.8606E+00
-4,0807E+00

BETA/EBSB

0.
0.
n.
n.
u'
0.
o.
0'
o.
0'
0.
0.
u.
0.
n.
0.
0.
0.
n.
0.
0.
n.
ul
u.
u.
u.
o'

=4,3022E+400 -3.7571E-01

DENSITY
441372E-03
2e7244E-03
1.9662E-03
1.5022E-03
1.1942E-023
9.7900E-04
8.2462E-04
7+1390E-04
6.3688E-04
5.8431E-04
5.4691E-04
5.1861E-04
4.96L4LE-04
4 .7896E-04
4.6526E-04
4.5470E-04
4.4670E-04
4o4078E-04
4.3650E-04
443348E~04
40 3142E-04
4.3004E-04
4+2915E-04
4.2859E-04
4.2825E-04
4 +2804E-04
442793E-04
4.2787€E-04

TIME LEFT =200.642 SEC
QCOND = -1.48616E+06
QDIFF = =-1.04368E+06
QCONV = 0.
QTOTAL = =2.52984E+06
QTOTAL(BTU/FT2-SEC) = =-3.25107E+03
STANTON NUMBER = 2.02463E-02
SPECIES  WALL MASS FLUX
02 6.13720E-03
N2 -3.14773E-07
0 -6.13662E-03
N 2.27625E-07
NO -4.,38432E-09
" NO+ -4.86776E-07
CTH = 1.00000E+00, BODY PROFILES.

ELECTRON
DENSITY

7.3070E+12
8.3653E+13
1.3796E+14
1.7923E+14
242529E+14
2.8531E+14
3.7140E+1L
5.0253E+14
7.0112E+14
9.6752E+14
1.2702E+15
1.5729E+15
1.8524E+15
2.0971E+15
2.,3028E+15
2.4696E+15
2.6003E+15
2.6995E+15
2.7T724E+15
248242E+15
2.8599€E+15
2.8838E+15
248993E+15
2.9091E+15
249150E+15
2.9186E+15
2.9206E+15
2.9219E+15

TOTAL
ENTHALPY
1.3580E+07
2.3040E+07
3.3839E+07
4o5779E+07
5.8692E+07
7.2379E+07
B8.6545E+07
1.0072E+08
1.1437E+08
1.2719€E+08
1.3919E+08
1.5030E+08
1.6040E+08
1.6932E+08
1.7699E+08
1.8334E+048
1.8845E+08
1.9240E+08
1.9536E+08
1.9750E+08
1.9900E+08
2.0001E+08
2.0068E+08
2.0110E+08
2.0136E+08
2.0152E+08
2.0161E+08
2.0166E+08

RHO V

HEAT TRANSFER
HEAT TRANSFER,
DISPLACEMENT THICKNESS/RN
MOMENTUM THICKNESS
L AT BOOY
SKIN FRICTION

BOODY

(T T T [ T [ 1}

0.

7.13537E-01
5.00003E-01
6+59882E~-04
1.30894E-04
2.25551E+00
1.73579E+00
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1-TH BODY PROFILE.

RHOMUREF = 1.59693E-09

PE = 1.27520E+04

TE = 1.25240E+04

UE = 9.62120E+01

DPED = 0.

DPE1 = =4.24962E+03

BEB = =4.47121E-01

ETE = ©6.00000E+00

RHOMUREF = 1.59694E-09

ETA 1 2

0.0000 -5.2066E-01 1.7108E-39
«0370 -3.5623E+01 -5.1198E~08
« 0741 -7.8358E+01 -9.3275E-07
«1111 -1,1621E+02 -1.8507E-0>
e 1481 =-1.4L6TE+02 =3.2479E~-04
+1852 =1.1651E+02 =4,1964E-03
02222 6.3864E+01 -3.1606E-02
2593 2.7161E+02 -1.1490E-01
02963 2.3355E+02 -2.1419E-01
¢3333 9.3694E+01 ~3.5464E-01
« 3704 2.3180E+01 -6.2535E-01
«4074% 4.0721E+00 -8.,1872E-01
s 4444 1.6689E+00 -7.3316E-01
«4815 2.874L7E+00 ~-4.3304E-01
+ 5185 4,1225E+00 =-1.0277E-01
5556 4.7311E+00 1.2510€E-01
«5926 4.7965E+00 2.1296E-01
«5296 4.5493E+00 1.8577E-01
«5667 4.1750E+00 8.9247E-0c¢
«7037 3.7863E+00 -3.5311E-02
e 7407 3.4392E+00 -1.5979E-01
o 7778 3.1547E+00 -2.6888E-01
«8148 2.9346E+00 -3.5651E~01
«8519 2.7718E+00 -4.,2220E-01
«8889 2.6556E+00 -4%.6835E-01
«9259 2.5737E+00 ~4.,9903E-01
«9630 2.5131E+00 -5.2123E-01
1.0000 2.4872E+00 ~5.5224E-01

X0
X 1/2

R30
RB 1/2
RB1

3
u.
-3.6351E~12
~3.0510E~-10
~2.8645E-08
-2+2182E-16
=1.1184E-04
~2.8428E~)3
~2.8645€E~02
«1+1150E=71
-2+3625E~-71
=7.5543E-11
=1.2197E+10
=9.,7638E-)1
2.0508E-21
1.8788E+10
3.4182E+30
4o4327E+00
4eB4BBE+ID
4e7951E+13
4o4620E+J0
4,016JE+120
3.5689E+10
3.1814E+)10
2.8770E+030
2.6569E+10
2.5078E+20
243967E+J0
2.2305E+00

LU U L T TR 1}

S =

1.0000e-02

INTERPOLATED EDGE CONDITIONS

0. LAMBDA = 0.

4.16667E-04 LAMBDA 1/2 = 1.33381E-14

8,33333E~-04 LAMBDA + 1 = 1.06693E~-13

0. BETA = 5.,u0019E-01

4.16665E-04 MU = 3.73293E-06

8.33319E-04 RHOE = 4,27795E-04

X(K)

& 5 6 7
642937E-24 3.8999€E-06 1.7923E-11 -1.2538E-03
-1.5367E-02 -1.1683E+00 -1.5933E+00 -1.9158E-01
~842800E-02 -8.4968E+00 ~7.3214E+00 =-4.6190E-01
=349736E-01 -4.2219E+401 -3.2061E+01 =-7.9569E-01
=1.6939E+00 -1.9183E+02 -1.0655E+02 =1.2853E+00
=545817E+U0 =7.3479E+02 ~2.6405E+02c ~2.0976E+00
=1.0364E+401 -1.9131E+03 -6.2958E+02 ~3.4519E+00
=2e2013E+30 =2.7752E+03 =1.4240E+03 =5.1294E+00
1.7359E+01 ~1.9841E+03 -2.0097E+03 ~5.7242E+00
1.6428BE+01 =7.6244E+02 ~1.5391E+03 ~4.3676E+00
=4 oBUTOE=02 =2.0682E+02 =7+3793E+02 =2.2949E+00
=1.0396E+01 -5.4866E+01 ~2.6026E+02 ~-644319E-01
-1.0463E+]1 -1.6559E+01 -6.6023E+01 4.2350E-01
~543729E+00 ~4.3814E+00 2.9329E+00 1.0521E+00
F.0403E-02 5.4020E-01 2.5871E+01 1.3676E+00
3.7047E+30 2.6436E+00 3.1265E+01 1.4544E+00
541427E+400 3.4259E+00 2.,9372E+01 1.3813E+00
449394E+00 3.5790E+00 2.4581E+01 1.2100E+00
3.803CE+J00 3.4615E+00 1.9060E+01 9.9279E~-01
243048E+00 3.2565E+00 1.3895E+01 7.6979&-01
340777E-31 3.0505E+00 9.5644E+00 5.6711E-01
=5,0121€-01 2.8790E+00 6.2105E+0u 3.9827E-01
=1.5532e+00 2.7531E+400 3.8095E+0u 2.6730E-01
-2.3468E+00 2.6738E+00 2.2786E+00 1.7227E-01
=2.9147E+10 2.6408E+00 1.5260E+00 1.0832E-01
-3.3060E+00 2.0556E+00 1,3932E+00 6.9082c-02
=3.584LE+00 2,7114E+00 1.1574E+00 4.3741E-02
=3.8054c+00 2.4690E+00 -3.5183E+0u ~2.0409E-03

DELXI

xI 172
XI1
SMALL E
EBAR

LU I T [ T 1}

2.22286E-17
0.
1.11143€-17
2422286E-17
4.33087E-06
=2.25115E-05
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N ETA
1 0.0000
2 0370
3 0741
& 1111
5 1481
6 .1852
7 .2222
8 .2593
9 .2963
10 .3333
11 3704
12 4074
13 . buus
14 4815
i5 .5185
16 .5556
17 .5926
18 .6296
19 .6667
20 .7037
21 <7407
22 .7778
23 .8148
24 .8519
25 .8889
26 .9259
27 .9630
28 1.0000

FPRIME
0.
6.7411E-02
1.4279E-01
2.2358E-01
3.0747E-01
3.9224E~-01
4.7562E-01
5.5530E-01
6.2908E-01
6.9519E-01
7.5267E-01
8.0126E-01
8.4130E-01
8.7353E-01
8.9895E-01
9.1873E-01
9.3404E-01
9.4596E-01
9.5541E-01
9.6312E-0C1
9.6963E-01
9.7530E-01
9.8037E-01
S.8499E-01
9.8924E-01
9.9315E-01
3.9674E~-01
i.0000€+00

THETA
1.4372e-01
2.1480E-01
2.9213E-01
3.7447€-01
4.6037E-01
5.4778E-01
6.3355E-01
7.1286E-01
7.7961E-01
8.3082E-01
8.6940E-01
8.9950E-01
9.2357E-01
9.4281E-01
9.5799E~01
9.6975E-01
9.7869E-01
9.8532E-01
9.9014E-01
9.9354E-01
9.9589E-01
9.9747E-01
9.9850E-01
9.9915E-01
9.9956E-01
9.9980E-01
9.9994E-01
1.0000E+00

02
2.5103E-91
2.2856E-11
2.0174E-01
1.7080E-901
1.359E-11
9.7981E-22
5.9794E-02
2.8507E-12
1.0843E-32
4.2003E-23
2.1566E-33
1.4505E-03
1.12740E-33
Se411bE-14
8.2020E~-04
7.3640E-04
6+7657E~04
6.3334E-04
6.0207E-74
5.7960E-24
5.6364E-04
5.5243E~04
5.4485E-04
5.3973E-14
5.3638E~-04
5.3424E-34
5.3293E-04
5.3229E-04

N2
6.8461E-01
6.8787E-01
6.9299E-01
6+.9960E-01
7.0748E-01
7.1620E-01
7 «2479E-01
7+.3104E-01
7.3083E-01
7.2127E-01
7 . 0459E-01
6.8499E-01
0+6539E-01
6.4733E-01
6.3156E-01
6.1842E-01
0« 0794E-01
5.9993E-01
5.9405€-01
5.8991E-01
5.8712E-01
5.8530E-01
2.8416E-01
5.8347E-01
5.8308E-01
5.8286E-01
5.8273E-01
5.8266E-01

0
1.5763E-03
2.0135E-02
4.1239E-02
6.4842E-02
9.0913E~-02
1.1917€E-01
1.4838E~-01
1.7518€E-01
1.9521E-01
2.0777E-01
2.1558E-01
2.2099E-01
2.2504E-01
2.2812E-01
2.3035€E-01
2.3184E-01
2.3270E~-01
2.3308E-01
2.3312E-01
2.3296E-01
2.3269E-01
2.3239E~-01
2.3212€E-01
203189E-01
243171E-01
2,3158E-01
2.3150E-01
2.3145E-01

N
0.
5.0210E-0G7
3.1878E-06
1.9634E~09
1.0835E-04
5.1297E=04
2.0528E-03
6.6629E-03
1.6608E-02
3.1794E-02
4.9866E~02
6.8614E=-02
8.6701E-02
1.0335E-01
1.1809E-01
1.3065E-01
1.4096E-01
1.4912E-01
1.5536E-01
1.5995E-01
1.6324E-01
1.6550E=-01
1.6702E-01
1.6801E-01
1.6863E~-01
1.6901E-01)
1.6923E-01
1.6936E-01

NO
6.2982E-02
6e3428E-02
6.4015E-02
6.4729E-02
6.5526E-02
6.6110E-02
6.4939E-02
5.8539E~-02
L.b6404E~-D2
3.4803E-02
2.7579E-02
2+3665E-02
2.1375€-02
1.9839E-02
1.8705E-02
1.7835€E~-02
1.7161E-02
1.6644E-02
1.6254E-02
1.5965E~02
1.5755E=-02
1.5607E~02
1.5505E-02
1.5436E£-02
1.5394E-02
1.5362E-122
1.5345E~-02
1.5337e-02

NO+
1.7154E~07
3.1963E~06
6.8152E-06
1.1589E-05
1.8322E-05
248297E-05
4,3717E-05
6.8290E-05
1.0673E-0%
1.6042E-04
2.24LBBE~04
249356E~04
3.6103E-04
4o235LE-04
4,7868E-04
5.2520E~04
5.6283E~04
5.9208E~04
6.1397E-04
6.2975E-04
6.4074E~-04
6.4814LE~04
€.5296E~-04
6.5599E~0¢4
6.5785E~04
6.5895E~04
6.5958E~-04
6e5994E~-04




90T

ELECTRON TOTAL
N ETA Y/RN v BETA/EQ3 DENSITY DENSITY ENTHALPY
1 0.0000 O 0. 0. 41363E~03 7.3417E+12 1.3580E+07
2 +0370 6.7265E-05 =-7.6592E-03 0. 2.7205E-03 849977E+13 2.3071E+07
3 0741 1.6425E-04 =3.1532E-02 0. 1.9621E-03 1.3837E+14 3.3906E+07
4 1111 2.9449E-04 -7.3112E-02 0. 1.4985E-03 1.7969E+14 4.5883E+07
5 <1481 4.6136E-04 -1.3333E-01 0. 1.1910E-03 2.2580E+14 5.8831E+07
6 41852 6.6789E-04 -2.1261E-01 0. 9.7640E~04 2.8589E+14 7.,2546E+07
7 +2222 9.1633E-04 -3.1084E-01 O, 8.2253E-04 3.7208E+14 B8.6729E+(07
8 42593 1.2072E-03 =-4.2743E~-01 Q. 7+1224E-)4 5.0328E+14 1.0092E+0d8
9 .2963 1.5379E-03 -5.6124E-01 0. 6.3552E-04 7.0184E+14 1.1456E+08
10 .3333 1.9029E-03 -7.1073E-01 O, 5.8316E-04 9.6803E+14 1.2740E+Co
11 .3704 2.2965E-03 -8.7403E~-01 0. 5.4592E-04 1.2703E+15 1.3940E+08
12 4074 2,7140E-03 ~-1.0492E+00 0. 5.1774E=-04 1.5727E+15 1.5052E+08
13 4444 3.1521E-03 =-1.2342E+00 O, 4.956B8E~04 1.8517E+15 1.6062E+08
14 4815 3.6079€E-03 -1.4272E+00 0, 4.7828E-04 2.0961E+15 1.6954E+0d
15 .5185 4.0786E-03 -1.0266E+00 0. 4,6468E-04 2.3016E+15 1.7719E+0s
16 .5556 4.5615E-03 -1.8310E+0u 0, 4e5421E-J4t 2.4683E+15 1.8353E+048
17 5926 5.0543E-03 -2.0392E+00 Q. 4e4629E~04 205991E+15 1.8861E+04
18 .6296 5,5546E-03 -2.2503E+0u 0, 4o 4044E=-04 2,6984E+15 1.,9254E+0»
19 .6607 6.0607E-03 -2.4638E+00 O, 4o 3622E~04 2.7713E+15 1.9547E+0d
20 7037 ©6.5709E-03 -2.6790E+00 0. 4e3326E~04 2.8233E+15 1.9759E+08
21 7407 7.0840E-03 -2.8956E+00 Q0. 4e3124E-04 2.8591E+15 1.9906E+04
22 «T7778 7.5991E-03 =-3.1134E+00 0. 422990E-04 2.8831E+15 2.0006E+04
23 8148 B8.1156E-03 -3.3323E+0u0 0. 4+2903E-04 2.8987E+15 2.0071E+0s
24 .8519 B8.6328E-03 -3.5520E+00 0. 4e2849E-04 2.9085E+15 2.0112E+0s
25 .8889 9.1506E-03 ~-3.7724E+00 0. 4.2816E-04 2,3145E+15 2.0138E+00
26 .9259 9.6687E-03 -3.9935E+00 0. 4+2797E-04 2.9180E+15 2.0153E+08
27 29630 1.0187E-02 -4.2151E400 O, 4«2785E-04 2.,9201E+15 2.0161E+0d
28 1.0000 1.0705E~02 =4, 4371E+00 ~4.4712E-01 4.2780E-04 2.9213E+15 2.0166E+00
TIME LEFT =198.883 SEC RHO Vv = 0.

QCOND = =1.49118E+06 HEAT TRANSFeR = 7.15624£-01

QDIFF = -1.04586E+06 HEAT TRANSFER, BOOY = 5.,01497E-01

QCONVY = 0, DISPLACEMENT THICKNESS/RN = 4.57427E-04

QTOTAL = =2.53705E+36 MOMENTUM THICKNESS = 1.21446E-04

QTOTAL(BTU/FT2~-SEC) = -3.26033cE+33 L AT BOUY = 2.25519E+0C

STANTON NUMBER = 2.0304b6E-]2 SKIN FRICTIUN = 1.82051E+00

RS** (1+J) = 8.88355E-08 T DRAG COceF = 1.03786E~06

REYNOLDS NUMBER = 9.18832E+10 P DRAG COEF = 1.92781c+00

CF=INF = 1.79761E-04 TOTAL DRAG = 1.92781E+0C

TOTAL

SPECIES WALL MASS FLUX MASS FLOW FLOW(PAR/SEC)
02 6.13653E-03 2.14485€-09 5.89351E+17
N2 1.30869E-035 1.16188E-07 3.64655E+19
0 -6.14960c-03 3.99648E-08 2.19627E+19
N 2.27942E-07 2.17920E-08 1.36788E+19
NO 2. 43424E-07 4.44513E-09 1.30249E+148
NO+ ~4483116E-07 8.74800E-11 2.56330E+10
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95-TH BODY PROFILE.

RHOMUREF = 1.44158E-10

PE = 4.70344E+02

TE = 1.36105E+03

UE = 1.96995E+04

DPED = 5.,46378E-02

DPEL = 7.06100E-02

BEB = 1.05483E-05

ETE = ©6.00000E+00

RHOMUREF = 1.43658E-10

ETA 1 2
0, 0000 -9.4399E-07 1.3196E-40
« 0370 -3.8672E-04 -5.8261E-14
«0741 1.2007E-02 2.9789E-10
«1111 3.6962E-01 2.968%4E-07
«1481 1.3579E+00 4.2695E-06
«1852 1.584L3E+00 5.7733E-06
#2222 7.9368E-01 1.3490E-0b
+2593 1.7354E-01 5.8750E-08
+2963 1.2662E-02 3,8726E-10
3333 -3.6167E-03 -3.0483E-12
« 3704 ~4.8648E-03 -1.3773E-13
« 4074 -5.3446E-03 -3.7026E-15
s b444 -5,4106E-03 -7.8938E-17
«4815 -4.9816E-03 -1.8560E~-18
+5185 -4,1426E-03 -1.5402E-19
+5556 =3.1077E-03 -8.5023E~-20
«5926 -2.1089E-03 -7.6523E-20
«6296 -1.3002E-03 -5.9379E-20
6667 ~7.3171E-04 -3.6156E-20
«7037 =3.7710E-04 -1.7195E-20
« 7407 -1.7815E-04 -6.4278E-21
o 7778 ~7.6945E-05 -1.8955E-21
«8148 -3.0131E-05 -%.3869E~-22
+8519 -1.0499E-05 -7.8097E-23
+8889 -3.1263E-06 -1.0205E-23
29259 -7 .2048E-07 -8.8534E-25
+ 9630 -9.2243E-08 -3.9316E-20
1.0000 3.2997E-26 1.6421E-56

X0
X 172

RBO
RB 1/2
RB1

3
o.
=1.1918E-19
1.1626E-14
6.0868E~-11
2.0107E-09
3.3716E-09
5.8893E-10
1.2646E~11
2.7285E-14
-5.0608E~-17
~4.3060E~-19
-1.8174E-21
-5.4355E-24
-1.8913E-26
-4.3862E~-28
-1.7546E-28
-1.4685E-28
-9.8810E-29
-4.6384E-29
-1.5073E-29
-3.4216E-30
-5.4517E-31
-6.0483E-32
~4.5321E-33
=2.1377E-34
-5.4591E-36
-5+1094E-38
9.8907E-89

LU L L [ T 1}

S = 2.4000E+02

INTERPOLATED EDGE CONDITIONS

1.91296E+01 LAMBDA = 3.25844E-05

1.95648E+01 LAMBDA 1/2 = 3.40194E-05

2.00000E+01 LAMBDA + 1 = 3.,54836E-05

3.38368E+00 BETA = ~4.,26453E-03

3.45926E+00 MU = 7.,18372E-07

3.53483E+00 RHOE = 2.00673E~04

X{K)

4 5 6 7
1.5771E-25 3.6536E-09 3.3615E~14 -1,7395E-11
=2 +8291E-08 -3.3969E-04 -1.0059E~-03 -1.7892E-08
7.3628E-06 -3.5969E-03 3.1541E-03 -3,5668£-08
6+ 0427E-04 =1.7914E-01 2.1019E-01 4.1115E-08
3.2578E~03 -6.6885E~01 7.3250E-01 6.1968E-07
3.7230E-03 =-9.4593E-01 9.4973E-01 9.8603E-07
1.2732E-03 -6.8806E-01 6.1133E-01 3.6681E-07
1.3542E~04 =2.8240E-01 2.0943E-01 -1.2941E-07
2+9107E-06 -6.7934E-02 3.6192E-02 -2.8500E-07
=4 o7808E-07 ~-1.0474E-02 2.3641E-03 -3.7093E-07
=1.2193E~07 =1.2706E-03 -1.3715E-04 ~-4.4850E~-07
~2+3164E-08 =1.4627E-04 -4.1092E-05 -5.0438E~-07
~3+7437E~-09 ~1.6522E-05 -4,8553E-06 ~5.,2075E~-07
~5+9972E-10 ~2.1563E-06 -5.1276E~07 -4.8995E-07
=1.6932E~-10 =5.9829E-07 -9.6850E~08 =4.1914E-07
=1.1555E-10 ~3.5417E-07 ~4.6018E~08 =3.2645E-07
-9 .4602E~11 -2.4508E~-07 -2.7365E-08 -2.3220E-07
“047838E~11 =1.6310E~-07 =1.47S0E-08 =-1.5136E-07
-4.0828E-11 -1.0129E~-07 -6.9127E-09 -9.0633E-08
-2.0647E-11 -5,.8353E-08 -2.7795€E~09 ~4.9894E-08
-8.8187E-12 -3.1069€E-08 -9.6140E-10 -2.5207E-08
=3.1862E~12 =1.5209E-08 -2.8544E~1u -1.1627E~-08
~9+6790E~13 =6.7868E~-09 -7.2149E-11 -4.8439E-09
-2.4257E-13 -2.7206E-09 -1.5224E-11 -1.7853E-09
-4.8019E-14 -9.5368E-10 -2.5693E~12 ~5.,5789E~-10
=647972E-15 -2.,7733E~-10 -3.1460E-13 -1.3365E-10
~5.1186E-16 -5.8626E-11 -2.0855E~-14 -1.7595E~-11
=5.9610E~51 =2.7205E-31 1.1486E~-34 =-2.7340E-31

DELXI
XI0

XI 172
XI1
SMALL E
EBAR

2+96142E-05
2.04776E-04
2¢19583€-0+
2434390E-04
6.70635E~14%
1.61642E-)1
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N ETA
i1 4.0000
2 «0370
3 0741
4 1111
5 <1481
6 1852
sl
8 .2593
9 .2963
10 «3333
11 3704
12 4374
13 G444
14 4815
15 +5185
16 .5556
17 .5926
18 .6296
19 .6667
20 .7037
21 <7407
22 7778
23 .8148
24 .8519
25 .838489
26 .9259
27 .9630
28 1.0000

FPRIME
0.
9.1765E-02
2.0029E-01
3.1676E-01
L.3464E-D1
5.4792E~01
6.5122E-01
7.4045E-01
8.1340E-01
8.6996E~-01
9.1176E-01
9.4139E-01
9.6169E-01
9.7524E-01
9.8411E-01
9.8985E~01
9.9352E~-01
9.9588E~-01
9.9741E-01
9.9841E£-01
9,.,9907E~01
9.9952E~01
9.9982E~01
1.0000E+00
1.0001E+00
1.0001E+00
1.0001E+00
1.0000E+00

THETA
1.3297E+00
2.5681E+00
3.6458E+00
beb132E+04
4.8095E+00
4.8586E+00
4.6285E+00
4.2024E+00
3.6759E+00
3.1384E+00
2.6511E+00
2.2430E+00
1.9187E+00
1.6699E+00
1.4833E+04
1.3452E+00
1.2439E+ 00
1.1699E+00
1.1160E+00
1.0768E+00
1.0485E+00
1.0281E+00
1.0138E+00
1.0043E+04
9. 3864LkE~01
9.9631E-01
9.9686E-01
1.0000E+00

02
2.1418E-11
2.1068E-31
2.0638E-11
2.0170E-31
1.3756E-01
1.9605E-31
1.9803E-21
2.0210E-71
2.0675E-01
2«d431E~21
2+1552E-01
2.1924E-11
242241E-31
2.2501E-11
2.2709E-131
2.2871E-01
242993E-)1
2.3084E-121
2.3149E-01
2+3195E-01
2.32206E-31
2.3247E-021
2.3261E-]1
243269E-131
2.3274E-11
2.3277E-11
243279E-01
2.3280E-11

N2
7.4809E-01
7.4886E-01
7.5005E-01
7 .5149E-01
7.5312e-01
7+5498E-01
7.5713E=-21
7.5938E~01
7.6137E-01
7.6292E-01
7.6402E~01
7.6479E-01
7.6533E-01
7.6573E-01
7.6604E-01
7.6629E-01
7 .6649E~01
7.6667E-01
7.6681E-01
7.6632E~01
7.6701€-71
7.6707€-01
7.6712E-01
7.6715E-01
7+6717E-01
7.6719E-01
7.6720E-01
7.6720E-01

0
6.0489E~05
2.7660E-03
5.8373E-03
9.0805E~-03
1.2087E-02
1.3909€-02
1.4184E-02
1.,3499g-02
1.2417E-02
1.1139E-02
9.7450E-03
8.3091E-03
6.9045E-03
5.5919E-03
4.4145E-03
3.3963E-03
2.5451E-03
1.8561E~03
1.3156E~03
9,0475E-04
6.0223E~04
3.8656E~-04
2.378B6E-04
1.3883E~04
7.5246E-05
3.6024E-05
1.,2900E~-05
3.3216E~-20

N

0.

1.9564E-00
5.2252E-07
3.3341E-06
B8.3662E-0b
1.0503E-05
7.4918E-00
3.3047E-06
9.6018E-07
1.9725E-07
3.1299E-00
4e1568E-09
4.9872E~-10
6.4215E-11
1.5936E~-11
1.0470E-11
9.0011E-12
7.3400E-12
5.3974E-12
3.5584E-12
2.1037E-12
1.1145E~12
5.2682E-13
2.1966E-13
7.8843E~14
243154E=14
4.8826E-15
242354E-35

NO
3.7666E£~02
3.7698E~02
3.7729€~02
3.7721E~-02
3.7223E~02
3.5039E~02
3.0050E~02
2.5019E~02
1.9453E~-02
1.4633E~02
1.0718E~02
7.6647E-03
5.3595E~-03
3.6671E~03
2.4551E~-03
1.6070E~03
1.0270€~-03
6.3981c~04
3.8770E~04
2.2810E~04
1.2990E~04
7.1370E-05
3.7630E-05
1.8863E~05
8.8190E~06
3.6683E-06
1.1538E-06
5.3543E-20

NO+
1.J606E-10
6.5776E-09
1.3466E-08
2.0467E-08
2.7153E-08
3.2678E~08
3.,6288E-08
3.8C44E~-08
3.8150E-08
3.6753E-08
3.4109E~-08
3.0581E~08
2.6564LE-08
242411E-08
1.8402E-08
1.4721E-08
1.1476E~-08
8.7118E-09
6b.4294E-09
4,6020E~-09
3.1844c-09
2.1205E-09
1.3496E-09
8.1158E-10
4.5113€E-10
2.2029E-10
79970E-11
1.0000€-20
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NN
@~NOWw

ETA
0.0000
«0370
0741
«1111
«1481
«1852
2222
«2593
2963
3333
« 3704
4074
o bbby
«4815
«5185
« 5556
+5926
+6296
«6667
«7037
o 740Q7
« 7778
« 8148
«8519
+» 8889
« 9259
« 9630
1.0000

Y/RN

0.

8.1178E-03
2.1113E-02
3.8007E-02
5.7373E-02
7.7690E-02
9.7618E-02
1.1613E-01
1.3261E-01
1.4683E-01
1.5888E-01
1.6904E-01
1.7768E-01
1.8511e-01
1.9164E-01
1.9749E-01
2.0284E~-01
2.0783E-01
2.1255E-01
2.1709E-01
2.2148E-01
2.2577E-01
2.2998E-01
2.3415E-01
2.3829€E-01
2.424L1E-01
2.4653E-01
2.5065E-01

v
0.
-1.1762E-02
-4,9394E-02
-1.1619E-01
-2.1303E-01
-3.3881E-01
-4,9068E-01
-6.6453E-01
=8.,5559E-01
-1.0592E+00
=1.2713E+00
-1.4888E+00
=1.7095E+00
=1.9321E+00
-2.1555E+00
=2.3795E+00
-2.6036E+00
~2.8277E+00
=3.0517E+00
=3.2757E+00
=3.4996E+00
=-3.7233E+00
=3.9469E+00
=4.1702E+00
=4,3934E+00
~4.6163E+00
-k, B8390E+00
=5.0614E+00

TIME LEFT

QCOND

QDIFF

QCONV

QTOTAL
QTOTAL(BTU/FT2=-SEC)
STANTON NUMBER

RS** (1+J)

REYNOLDS NUMBER
CF=INF

LI T T L O T I 1}

BETA/EBS
u.
0.
o.
0.
u.
nl
0.
u.
ul
u.
0.
BI
U.
O.
0.
0.
0.
0'
nl
0.
0.
G.
0.
0.
u’
0.
Un
1.0548E-035

78.574 SEC
=3.04700E+04
-1 .46366E+03
0.
=3.19337E+04
~4.19377E+21
2.54641E-04
3.20275E-01
1.10441E+08
4.68016E-04

DENSITY
1.5094E-04
7 «7954E-05
5.4751E-05
4.5090E-05
4+1257€E-05
4.0769E-05
%,2785E-05
4o.7154E-05
5.3965E-05
6.3285E-05
7.5016E-05
8.8789E-05
1.0393E-06
1.1956E-04
1.3476E-06
1.4873E-04
1.6097E~-04
1.7125E~06
1.7960E~-04&
1.8621E~04
1.9130E-04
1.9512E-04
1.9790E-06
1.9979E~-04
2.0093E~04
2.0141E-04
2.0130E-04
2.0067E-04

ELECTRON
DENSITY
1.6564E+08
5.3056E+09
7.6288E+09
9.5490E+09
1.1591E+10
1.3785€E+10
1.6065E+10
1.8562E+10
201303E+10
2.4067E+10
2.6476E+10
2.8096E+10
2.8567E+10
2.7727€E+10
2.5659E+10
2.2655E+10
1.9115E+10
1.5437E+10
1.1948E+10
8.8669E+09
6.3033E+09
4e2814E+09
2.7636E+09
1.6778E+09
3. 3795E+08
4.5910E+08
1.6657E+08
2.0764E-02

TOTAL
ENTHALPY
1.2558E+07
2.6795E+07
L. 4B605E+07
6.4946E+07
8.6858E+07
1.0923E+08
1.3072E+08
1.4999€+08
1.6607E+04
1.7857E+08
1.8764LE+08
1.9382E+08
1.9778E+08
2.0018E+03
2.0152E+08
2.0222E+08
2.0254E+08
2.0264E+08
2.0264E+08
2.0260E+08
2.0255E+08
2.0251E+08
2.0247E+08
2.0244E+D8
2.0242E+08
2.0241E+08
2.0239E+08
2.0238E+08

RHO V

HEAT TRANSFER
HEAT TRANSFER,
DISPLACEMENT THICKNESS/RN

Bouy

MOMENTUM THICKNESS

SPECI
02
N2
0
N
NO
NO+

ES WALL MASS FLUX

8.89339E-06
=2.87134E-07
-8.60665E~-06
8.28651E~-10
-3.28981c~-10
-1.10213E-11

L AT BOuy
SKIN FRICTION
T DRAG COcF
P DRAG COEF
TOTAL DRAG
TOTAL
MASS FLOW FLOW(PAR/SEC)
1.48829E-01 4.08945E+25
5.08938E~-01 1.59730E+26
3.05726E-03 1.68012E+24
S5.71424E=-07 3.58682E+20
4.78637E-03 1.40248E+24
1.01206E-08 2.96548E+18

L LI O T I T 1A T I [ I )

0.

3.36935E-01
3.58252E-01
1.60073E-01
6.48261E-04
9.04953E-01
8.35616E~01
3.10388E~03
7.11961E-02
7.42999E-02
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X/RN

3.

1.0000000E-~02
2.2666667E-02
3.80000uCE-02
5.6000000€E-02
7.6666667E-02
1.000000CE-D1
1.2600000E-01
1.5407273E-01
1.8421818E-01
2.1643636E-01
2.5072727E-01
2.8709091€E-01
3.2552727E~-01
3.6603636E~01
4.0861818E-01
4.5327273E-01
5.0000000E-01
5.4860000E~-01
6.0514286E-01
6.6902857E-01
7.4045714E-01
8.1942857E-01
9.0594286E-01
1.000000CE+0Q0
1.1016000E+00
1.2150303€+00
1.3402909E+00
1.4773818E+00
1.626303CE+00
1.7870545E+00
1.9596364E+00
2+1440485E+00
24 3402909E+00
2.5483636E+00
2.7682667E+00
3.0000000E+00
3.2435636E+00
3.5095697E+00
3.7980182E+00
4.1089091E+00
bo44s224L24E+00
4.7980182E+00
5.1762364E+00
5.5768970E+00
6.0000000E+00

RS**(1+J)
8.8835536E-08
4.5920021E-07
1.2873976E~06
247334619E-06
5.1888857E~u6
8.7746564E-06
1.3843959E-u5
2.0571127E-05
2.9217243E-u5
4.0048017E~-05
5.3247224E-05
6.8957037E-05
8.7539646E-05
1.0939356E~-04
1.3454446E~04
1.6292523E~94
1.9450216E-d4
2.2916457E~04
2.7076947E-04
3.1930507E-04
3.7424652E-04
4,3454540E-04
4.9858689E~04
5.6392208E~-04
6.2827528E=uk
6.9152110€E~-04
7.5133042E~ub
8.,0153468E~04
8.4126868E~-04
8.7770637E~04
9.1402139E-04
9.,5175693E-04
9.9144677E-04
1.0330666E-03
1.0764178E-03
1.1213238E-03
1.1676756E~-03
1.2173755E-u3
1.2702958E-03
1.3263349E-u3
1.3853727E-03
1.4471969E-03
1.5120268E-03
1.5803315€E-03
1.6523281E-03

REVE
-8.3728245c-02
-8.44b64955E-02
-8.4173077E~-02
-8.3573768c-032
-8.2806220E-32
-8.2056711E~-02
=8+1157215E-02
-8.01833J9E~-02
=7.9085173c=-02
=7.7763533E-32
-7.5926941=-02
-7.42606439:z-02
=7.3028866E~02
-6.9504658E-02
-6.4257835E~-02
-6.0284838<c-32
-5.628¢436E-02
~5.1208366E=02
=4.,5575131€~-02
-3.8784114c-02
-3.0722560E-42
=2.1477315E-02
=1.09654J1E-02

3.31506J9E-04
1.1048642:-02
2.17673053c-12
3.1615151€-02
3.0691534E-02
1.5160871£E-02
5.7815340E-023
5.9058848E-33
5.5109644E~03
4.9747371E-03
4.4052622E-33
3.8755210£-03
3.4239241E-03
3.0238558E-03
2.64b4516E-23
2.2935712€-03
1.9433936E-33
1.5838068c-03
1.2398838E-33
8.7234576E-04
5.7485043E-04
2. 9334887E-04
-3.5973558E-15

XI

g.

2.2228614E-17
5.8649808E-16
4.6284741E-15
2.1792988E-14
7.6349291E-14
2.2010754E-13
5.5105911E-13
1.2241832E-12
2.4778782E-12
4.6641085E-12
8.2730147€E-12
1.3978516E-11
2.2676675E-11
3.5417133E-11
5.3357179E~-11
7T.7837226E-11
1.1031301E-10
1.5221959€E~-10
2.1105175€-10
2.9111472E-10
3.9603897E~10
5.2762367E-10
6.8425070E-10
8.5993515E-10
1.0449534E-09
1.2329729€E-09
1.4009996E~-09
1.5649392E-09
1.7238057€-09
1.8945006E-09
2.0787046E-09
2.2768533E-09
2.4835608E-09
2.7176226E-09
2.9619739E-09
3.2236275E-09
3.5037513E-09
3.8162514E-09
4.1635398E-09
4e5484771E-09
4.9745274E-09
5.4459402E-09
5.9677731E-09
6.5456372E~09
718591 86E-09

YF (EDGE)
1.0694925E~02
1.0705289E-02
1.0719463E-02
1.0732869E-02
1.0748666E-02
1.0768917E-02
1.0796982E-02
1.0837111E-02
1.0890437E-02
1.0961033E-02
1.1053524E-02
1.1171980€E-02
1.1257909E-02
1.1358190E-02
1.1604294E-02
1.1941393E-02
1.2306607E-02
1.2747896E-02
1.3264437E-02
1.3964937E-02
1.4871499E-02
1.6121369E-02
1.7762662E-02
2.0115765E-02
2.3276747E-02
2.771647T4E-02
3.4362373E-02
4,4467292E-02
5.2416096E-02
5.6214047E-02
6.0095961E-02
6.4085344E-02
6.8212851E-02
7.2466908E-02
7.6814935E-02
8.1238983E-02
8.5731138E-02
9.0265166E-02
9.5004028E-02
9.9922291E-02
1.0493126E-01
1.0999823E-01
1.1499086E-01
1.1991855E-01
1.2479474E-01
1.2955430E-01
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o7
L8

50
51
52
53
Sk
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
L1]
89
90
91
92
93
9%
95

6.4455455€E+00
6.9463712E+00
7.5024773E+00
8.1138636E+00
8.7805303€E+00
9.5024773E+00
1.0279705€E+01
1.1112212€+01
1.2000000E+01
1.2943068E+01
1.3987677E+01
1.5133826E+01
1.6381515E+01
1.7730745E+01
1.9181515E+01
2.0733826E+01
2.2387677E+01
2.4143068E+01
2.6000000E+01
2.7958472E+01
3.0406978E+01
3.3345516E+01
3.6774087E+01
4. 0692692E+01
4.5101329€+01
5.0000000E+01
5.5388704E+01
6.0997230E+01
6. 6825580E+01
7.2873752E+01
7Te9141747E+01
8.5629565E+01
9.2337206E+01
9.9264670E+01
1.0641196E+02
1.1377907E+02
1.2136600E+02
1.2917275E+02
1.3719933E+02
1.4544573E+02
1.5391196E+02
1.6259800E+02
1.7150387E+02
1.8062957€E+02
1.8997508E+02
1.9954042E+02
2.0932558E+02
2.1933056E+02
2.2955537E+02

1.7282867E-03
1.8143633E~-03
1.9097941E-03
2.0153899E-03
2.1319952E-03
2.2608625E-03
2.4030859E-03
2.5598899E~03
2.7326028E-03
2.9227024E-03
3.14618187E-03
3.3954022E-03
3.6868410E-03
4.0202409E-03
4.4026837E-03
4oe8434390E-03
5.3538861E-03
5¢9406088E-03
6.6133863E-03
7.3834213E-03
8.4415121E-03
9.8615886E~-03
1.1727129E-02
1.4118896E-02
1.7115295E-02
2.0770912E-02
2.5133608E-02
3.0004343E-02
3.5413296E-02
4.14618023E-02
4,8081348E-02
5.5433276E-02
6.3512325E~-02
7.2352817E-02
8.1973227E-02
9.2390489E~-02
1.0353053E-01
1.1533638E-01
1.2790696E-01
1.4124662E-01
1.5537472E-01
1.7029762E-01
1.86064043E-01
2.0262574E-01
2.2007136E-01
2.3839992E-01
2.5762479E~-01
2.7768898E-01
2.9856903E-01

-2.0891881E-0¢6
-4,6882379E-04
-8.6107827E~04
-1.0798815E-03
-1.3235106E~03
-1.5029167E-03
-1.6834239c-03
-1.8737107E-03
-2.0494666E~-03
-2.2763981E-03
=2.4217726E-03
-2.3680870E-03
“2.4795954E-03
-2.7198106E-03
-3.1356782E-03
-3.4617448E-03
-3.5587723E-03
-3.8061657E-03
“%4,0104274E-03
~4.1909641E-03
-4,1958734E-03
-3.7693553E~-03
-3.4801947E-03
-3.7718158E-03
-4,0147027€E-03
-3.6495052E-03
-2.8862115E-03
-2.4100938E-03
~2.4736978E-03
-2.5384882E-03
=2. b496815E-03
-2.5104783E-03
-2.4644507E-03
-2.3638561E-03
-2.1808059E-03
-1.3544415E-03
-1.1784485E-03
-1.6589131E-03
-1.6107332E-03
=1.4754709E-03
-1.3605619E-03
-1.2888039E-03
-1.2137485E-03
-1.1488055E-03
-1.1371337e-03
=9.9827141E-04
-6.9048438E-04
-6.0998797E-04
-6.2248699E~-04

7.8961470E-09
8.7415685€E-09
9.7429854E-09
1.0929606E-08
1.2334713E-08
1.4000527€e-08
1.5977260E-08
1.8326450E-08
2.1124754E-08
2.4466678E-08
2.8668150E-08
3.3957143E-08
4,0593753E-08
4.8941319E-08
5.9490276E~08
7.2924819E-08
9.0151138E-08
1.1225006E-07
1.4071963E-07
1.7747390€-07
2.3503036E-07
3.2644764BE-07
4.6152642E-07
6.6686331E-07
9.6807824E-07
1.3993760E-06
2.0029431E-06
2.7867155E-06
3.7894510E-06
5.0623183E-06
6.6674387E-06
8.6695888E~-06
1.1146060E-05
1.4182960E-05
1.7869842E-05
2.2297683E-05
2.75287 32E-05
3.3650065E~05
4.0823421E-05
4.9174932E-05
5.8847014E-05
6.9992035E-05
8.2783757E-05
9.7406276E-05
1.1405898E-04
1.3294728BE-04
1.5426032E-04
1.7813968E-04
2.0477561E-04

1.3405477E-01
1.3912609E-01
1.4363891€E-01
1.4819215€E-01
1.5237621E-01
1.5639141E-01
1.6009774€-01
1.6349961E-01
1.6639476E-01
1.6896044E-01
1.7064727E-01
1.7268654E~-01
1.7485305E-01
1.7623703E-01
1.7693681E~01
1.7563814E~-01
1.7469275E-01
1.7316789E-01
1.7107053€E-01
1.6879380E-01
1.6586606E-01
1.6416832E-01
1.6530336E-01
1.6634358E-01
1.6565097E-01
1.6531953E-01
1.6742438E-01
1.7179314E-014
1.7589601E-01
1.7882500E-01
1.8188792E-01
1.8471276E-01
1.8693461E-01
1.8358570€-01
1.9184848E-01
1.9504208E~-01
2.0082586E-01
2.0424138E-01
2.0751060E-01
2.1081318E-01
2.1439048E-01
2.1790921E-01
2.2153887E-01
2.2513960E-01
2.2883578E-01
2.3226759E-01
2.3650609E~-01
2.4134436E-01
2.4589683E-01

END OF THIS PROBLEM




(3) Example 3 - This problem is for the solution of the boundary layer equations along a hyperboloid with

ablation of a carbon surface. The radius of curvature at the stagnation point is 1l-inch and the asymptotic
half-angle is lOo. The gas model for this case is a carbon-air mixture with 26 homogeneous reactions and

with the chemical species 02, N,, O, N, NO, NO+, co, COE’ Cl’ Cz, C, and CN. The surface is assumed to be at

s
a temperature of 3000°K and conitant along the body. The oxidation3probabilities are assumed equal to one
and the resulting mass transfer calculated in the program will be a maximum, The first estimate for the
initial profiles was obtained from a previous solution and the iteration on the initial profiles was stopped
after 50 iterations. The solution is close to a converged result. It should be noticed that a large value
of Ne is used and in the outer part of the boundary layer some ci are zero when others nearby are very small.
If any ey < 0, it is set to zero which explains why these occur. The step-size across the layer is too large
and a slight instability occurs; however, this has only a small effect on the results. Central processing

time for this solution on a CDC 6600 computer was 8 minutes, 25 seconds.
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TITLE 150K BOUNDARY LAYER  20KFPS CARBON OXIDATION
_LIMTS 28 12 26 21 4000200 1,000000
SPNA102 N2 O N NO NO+ CO CO2 C1 C2 €3 CN
__SPNA2M3_ __ M4 __M5 M6 _ MT M8
CONTR 20 1 1 50 1140001,400014000 6 140000 1
OPTN NON=EQUI NON=FROZ _BOUNDARY INITIAL_  HPERBOID CON LFWI
SIZE +083333332,083333332 ,0 30004
___FRSTR 200008000 2342719 22649800
WFACS 450 o450 o450 450 450 450 450 050 450 o450 450 450
‘‘‘‘‘ FPRIM 040000000 +1445466 42840606 «4075249 45069917 45798436
FPRIM 46621165 46853867 #7041943 47213040 7278796 7543124
FPRIM 7871057 48034983 48198903 48362814 48526714 48690601
FPRIM 49018318 490182130  +9345695 49509594 49673200 49836683
THETA +4274858 45814251 47179102 48285052 49059578 49524708
T THETA 49898347 49950197 49961997 49953995 499239455 49925944
THETA 49911544 49909747 49909773 49910584 49911698 49913109
THETA ¢9918062 49922543 49929204 49938930 49952902 49972660
___CLIL 040000000 40000018 40000109 +0000477 40001189 40001885
CLIL 00002977 0003475 40003985 40004410 40004767 40005014
CLIL 40005229 40005254 40005258 «0005258 40005258 40005263
CLIL 40005286 40005309 40005342 40005392 40005464 40005570
CLIL 46612069 6697346 46728263 +6702357 46623185 46506251
CLIL o 6244985 46131232 46036907 45962857 45908525 45872221
CLIL 05840393 45836565 45835997 5836540 45837199 45837732
CLIL 25838881 ,5839833 45841250 +45843326 45846311 45850514
CLIL  +0008802 40246247 40502644 40761953 © 41013708 41252550
cLIL «1675385 41852009 41999932 42115848 42199307 42253447
cLIL 02298866 2304016 42304732 2304049 42303323 42302884
CLIL 02302437 42302167 42301767 2301181 42300321 42299102
CLIL _ «0664385 40705408 o,0805900 40959386 41153561 41359072
CLIL 01659163 41722907 #1741863 41736014 41721895 41708991
cLIL 01696527 41695138 41694974 41695105 41695124 41694916
CLIL 01693702 41692541 41690807 1688266 41684607 41679426
_ CLIL =40000000_ +0002380 40012711 40037365 40067900 40092089
CLIL 00119242 40128322 40136042 +0142288 40146853 40149787
oo CLIL. 0152143 40152397 40152452 Q152467 40152515 40152622
CLIL 00153103 40153552 40154224 60155210 40156639 40158710
CLIL 40000319 40000468 40000902 40001688 40002735 40003827
CLIL «0005508 40006003 40006301 0006460 40006533 40006563
. CLIL 40006577 _ 0006578 40006579 40006580 40006581 40006583
CLIL 20006591 40006598 40006609 40006625 40006648 40006679
CLIL  +2663558 42295541 91893423 41476649 41077454 40731401
cLIL 00267216 40141927 40068198 40029265 40011063 40003633
. CLIL __ 40000241 40000047 40000007 40000001 40000000 40000000
cLIL 20000000 40000000 40000000 40000000 400CC000 40000000
CLIL __ +0004450 40004077 40002808 40001601 o40NN0818 40000405
CLIL 40000105 40000054 ,0000026 +0000011 40000004 40000002
cLIL 40000000 40000000 40000000 400N0000 40000000 40000000
GLYL 20000000 40000000 40000000 0000000 40000000 (0000000
 CLIL 40043427 40043718 40043115 40042812 40041536 40036660
cLIL «0018370 40010304 40004996 0002112 40000783 40000255
CCLIL 40000018 40000004 40000001 40000000 40000000 40000000
CLIL 0000000 40000000 40000000 40000000 40000000 ,0000000
cLil 40000003 40000003 40000001 0000001« 40000001 40000000
cLIL 20000000 ,L,0000000 0000000 40000000 40000000

¢ 0000000

EL M1

20000

¢50 450
«6292875
« 7707122
«8854471
140000000
«9774781
+9916564
«9915092
10000000
+0002468
«0005160
0005272
«0005745
e6373765
«5850877
«5838235
«5856134
01474313
«2284240
¢2302641
¢2297200
¢1536611
«1700625
«1694458
«1672300
0108031
«0151406
«0152808
«0161900
«0004780
20006573
+0006586
«0006721
00460294
«0001021
«0000000
040000000
+0000205
+0000000
+«0000000
00000000
«0028067
«0000072
20000000
040000000
«0000000
20000000

M2

13




114

CLIL 20000000 0000000
CLIL 0000000 40000000
CLIL 20000000 ~ 40000000
CLIL «0000000 40000000
cLil 0000000 40000000
cLIL «0000000 40000000
CLIC 2s0N02985 0004795
o K 0007049 40003767
cLIL 0000006 40000001
CLIL «0N0000D 40000000
CINF 42328 07672
CINF 040 040
HEATI 0e0 040
HEAT2 =94621 +7 64362 +8
LEWS1 le& let
LEWS2 let 1eb
MOWT1 324 284016
MOWT2 444011 126011

N2=02 40435927 49784219
0 =02 40216586 143875747
N =02 ¢0191055 144904448
NO=02 ¢0410864 140124720
NO+02 #0410864 140124720

CO 02 40179165 145005201
CO202 40179121 145005975
Cl 02 +0205877 143928589
C2=02 040 148333333
C3=02 NeO 148323333
CN=02 0s0 1483323333

O =N2 40168907 145276702

"N «N2 «0191055 144904448

NO=N2 80315055 1,22253&8
NO+N2 40315955 1,2225368
CO N2 40179097 145006422
COZN2 40179116 145006011
C1-N2_ 40N96732 146240559

C2=N?2 Ne0 1.8333333
C3=N2 Ne0 148333333
CN=N2 Ne0 148333333

N =0-40043383 1,9119177
NO =0 ¢0183441 144750189
NO+=0 0183441 144750189
CO O 40185204 144822549
CO2 0 «N185187 144826300
C1 0 =40022221 148127319

C?2 =0 N0 148323333
C3 =0 Ne0 148333333
CN =0 040 168333333

NO =N 0191055 1+44904448
NO+=N 90191055 144004448

CO N 40151224 145510012
CO2 N 0151780 145499748
Cl1 N 40000066 147905907
C2 =N _ 0s0 148333333
€3 =N 0s0 148323323

" 0000000
2 0000000
« 0000000
+ 0000000
« 0000000
« 0000000
«0N10124
00001770
«ONOONDO
« 0000000
(WYal
NaN
le661 +8
34718 +8
le&
les
164
244022
-R43354916
=04720007]
=1N435882¢P
- g 4655480
-fl g LL55L80
-1“.718170
«1N3gRBOB5E
=94701582
=1Ne334
=10e583
-100620
~10a629306
=1N0e358828
~044862934
=04 4RA2934L
=10s751745
=1N¢883928
=104915004
=104726
=104619
=104679
=114891242
=10s765028
=10e265935
=104287700C
=]1Ne381458
=114142012
~1N4364
-101288
~104230
-1Ne358828
-10s358828
=10a528562
~10e619403
=1161R8052
~10e381
=1N4282

" ¢0000000

« 0000000
« 0000000
s 0000000
« 000000
2 0000000
00015711
0000734
o« 0000000
+ 0000000
Ne0

NeD
34619 48
20426 +8
let

let
144008
364033

20000000
+00C0GC00
00000000
¢ 0000000
00000000
e 0000000
s 0017934
2 0000269
o 0000000
20000000
Ol

00
3e¢225 +7
14787 +8
led

les
30,008
264021

+ 0000000
«0000000
« 0000000
+0000000
« 0000000
s 0000000
¢ 0015860
«0000087
« 0000000
¢ 0000000
NDe0

34534148
let

304008

¢0000000
040000000
«0000000
+0000000
«00C0000
040000000
«0011465
20000025
«00C0000
Ce0000000
Oe0

-44376 +7
let

284011




©CONO 40179125 145005508=104738503

CN =N
NO+NO

040 148333333 =104340
00039930 145689336 =114441502

=104689

_CO2NO_ 40179054 145007142«104886634
C1-NO 40195488 1,4285126= 94922271
C2=NO 040 148333333  =10,5
T3=NO 0e0 148333333 =104599
CN=NO 040 148333333

=104647

" CONO+ =40000019 149000299=134334293

___CO2NP_=40000075 149001235=134438822
CINO+ =40000123 149002157=134073044
C2NO+ 040 0e0 040
C3NO+ 060 De0 Ne0
CNNO+ 040 040 040
COCO02 40179117 145006043=104854986
C1.CO. __ 40094772 146372346=104878790
C2=CO Ne0 148333333 =104726
C3=COo 00 148333333 =104619
CN=CO 040 148333333 =104679
C1C02 40096961 146336592=10:971066
C2co2 040 148333333 =104992
C3C02 040 148333333 =104867
CNc02 040 18333333 ~104937
C2=C1 040 148333333 =104406
C3«C1 040 148333333 =104279
CNaCl 040 168333333 «104357
C3=C2 040 148333333 =104683
CN=C2 040 108333333 =104772
CN=C3 0e0 148333333 =104646

. V€ 02 0389680 40094176 =9455024

VC N2

80482203 =30203515 =9,399159

VC 0 __ 40184896 4455811 =1146927
VC N 40083995 4649178 =12¢5921
VC NQ 00425 = =401887 =462
VCNO+ #0425 -401887 =062

. VC CO=a03242 = 1a1434 =14417
VCC02=405772 145429 =15476
VC C1 =+00611 073858 =12471
VC C2 =402729 140639 =14403

I, (= o [N ¢ [ «8333 =134516
VC CN =402572 140395 =13486

O SNL =0 #Q - #M]-

N2 +M2 =N +N +M2

N2 __+N____=N__ _4#N  #N
NO +M3 =N +0  +M3
....... CO2_+M&4 _=CO 40 +Mé4_
CO +M5 =Cl1 40  +M5
C2 4M6  =C1 +C1 4M6 _  44¢50+1870493
C3 +M7 =C1 +C2 +M7
_CN__+M8 =C1 +N _ +M8
NO  +0 =02 +N
__N2__+0 __=NO _+N
N2 +C1 =CN +N
CO _+N _=CN +0 )
CO2 +N  =CN +02

146041687448
542041994414
34184091947
6¢75+133745
240041031456
2+00+104548
340040849456

3461+18 5944 =140
109241711361 = 45
44154221131
3497420 7546
152041136485
845041912940

=145
-1le5
5
=140
=140
140
=140
le¢0
s 0
le0
le0
le0

3¢01415 o0 =45
1409416 o0 =45
2032421 40 =145
101420 e0 =145
1450+06=2604 1425
2040418 o0 =140
1e00416 40 =45
1400416 o0 =5
Tet0418 4412 =140
9663411 346 5
1e50413 40 o0
TeT70409 8433 140
2670410 7ol «75
6670405 6496 1425
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N2 +CO0 =CN +NO 1400+0392401 240 361040215459 1475
_CO _+4NO =CO2 +N 140040320498 240 1480407 8475 1le25
C02 +0 =C0 +02 3.00+0818421 1,0 542040514430 1450
. Co_+CO_ =C02 +Cl1 140040372439 240 2:00406 6497 1425
cO +0 =02 +C1 2400+106945 140 100410 o0 140
CO +N =Cl +NO_ . 94004165342 =140 1600416 o0 =140
CN  +0 =C1 +NO 14004121445 o0 $§400+411 40 «0
__CoO_ +CO =C2 +02 9420+1116343 475 3480+133642 «0
CO +C1 =C2 +0 441041059479 5 5:00+112401 5
L2 +CO0 =C3 +0 1e2041343424 s 0 54004112401 ¢5
C3 +C1 =C2 +C2 147040919458 145 54004113402 o5
N +0 =NO+ +EL_ = 9403+093244 o5 1480419 o0 =140
Z EL O Ne Os Oe Oe le Oe 0 Oe Oas Ne (o1
Z M1 9 28 25a le 1 Oe 2 Se la la le le
Z M2 1 2¢5 1l O le O 2e 5e 1le le 1. ls
Z M3 1. le 204 204 20, O 20 5e la le ls le
Z M4 2 20 2e 2e 2 Oe 2 S5e ls la 1. 1e
Z M5_ le le. . 1le_ .l le O le le 1, ls le 1ls
Z M6 1. le le le 1. Oe le 1. le 1le le
Z M7 1. le le le ls Oe le ls ls ls le le
Z M8 1l le le 1ls la O le 1. 1. le le le
NWT 12
XPN Alo 035 o6 1.0 leb 1e8 2¢b
XRN 340 5¢0 1040 2040 5540
TWT 3000, 3000, 30004 30004 3000 30004 30004
TWT 30004 3000, 30004 3000 30004
RVPT « 001 «00089 « 00075 « 00056 e 000425 « 00034 «00026
RVPT «00021 «000131 « 000075 « 0000485 20000368
TETE 1540 1540 1540 1540 1540 1540 1540
TETE 1540 15,40 1540 1560 1540
BODSP 10 1 540 1040
STEP] o0 01
STFP? o1 eN25
STEP3 ") 805
STEP4 140 ol
STERS 340 i 025
STEPS 6a0 5
STEP7T 12, 140
STFP8 2640 240
STEPQ._....50» 50
STP10 2400 104
BPTMRO.__ 140 . 10 140 72
XAEDGO s 1e0000E=0224266TE=02348000F=0254,60N0E~02746667E=02140000F=01

XAEDG182600E=01145407E=01148422E=012¢1644E=01245073E-01248709E=01342553E=01
XAEDG346604E=01440862E=0144532T7E=01540000E=01544880E-01640514E=01606903E=01
XAEDG784046E=01841943E=01940594E=01140000E+00141016E+00142150E+001a3403E+00
XAEDG1e4T7T4E+00146263E+00147871E+00149596E+0024144L0E+00243403E+00245484E+00
XAEDG27683E+003¢0000E+00342436E+003¢5096E+00347080E+004¢1089E+004e4422E+00
XAEDG4e T9BOE+00581762F+00505769E+006¢NCO0E+006¢4455E+00640T95E+007¢6020E+00
XAEDGB843129E+00941122E+001a0000E+011¢0976E+01142030E+01143161E+011¢4370E+01
XAEDGLe5656E+01147020F+01148461E+011¢9979E+01241575E+0123249E+01245000E+01
XAEDG2¢6820F+01249027E+01341597E+01364537E+0134784TE+01441527E+01445579E+01
XAEDG5e0000E+01544792E+01

PAEDGLe2646E+041264TE+04142630E+04142626F+04142603E+04142566E+04102511E+04

PAEDGle2433E4N4142328E+04142106E4+04142034F+04141841FE+04141616F+04141361E+04




'

PAEDGLs10T3E+04140761E+04100424E+04140066E+04946939E403942700E+03848054E+03
PAEDGBABI14E+O37.8021E+037|2732E+036.7579E+036.2507E+035.7588E+035|2818E+03

PAEDGLe5482E+031 44459 +03103537E 4031 ¢ 2710F+03141063E403141203F 40310 0462E+03
_ PAEDG947622E+02941198E+028¢5388E+02840186E+02745645E+02741652E+02648168E+02
PAEDG6e5140E+026062519E+02640259E+02548302E4+025,6610E+025,5163E+02503895E+02
_ PAEDG542790E+02541T01E+02540675E+024 ¢9T5TE+024 4 8514E+024 ¢ T464E+0240656TE+02
PAEDG4s5B96E+024¢5529E+02
VAEDG____ 040 133407 301463 505467 745419 1020021 133047
VAEDG1e6431E+03149917E+03243566E+03247399E+03341412E+03345571E+033¢9863E403
VAEDG4¢4246E+03448673E+03583144E4035,7626E+03642082E+03646963E+03702141E+03
VAEDG747515E+03842975E+03848501E403943923E+03949231E+03140450E+04140967E+0%
_ VAEDG1e1466E+041s1942E+04102392E4+04142812F+041,3203E+04193567E+04103903E+04
VAEDGLe4212E+04144510E+041047T78E+041 45038E+04145291E+04145530E+04145758E+04
VAEDG1e5971E+04146174E+0410636TE+04146550E+04146723E+04146908E+04107098E+04
VAEDGIs7287E+0414T469E+0410T639E4041 ¢ T796E+04147937E+04148062E+041048172E+04
VAEDG1e8269E+04148350E+0414843BE+041¢8519E+041,8504E+04148662E+04148726E+04
VAEDG1eB8T85E+041¢884TE+04148911E+04148966F+04149031E+04149091F+04109146E+04
VAEDG1e9196E+041¢9240F+04
TAEDG1e2632E+04142626E+04102612E404142589E+041,2568E+04142548E+04142530E+04
TAEDG1e2514E+04142490E+04142461FE+04142427F+04142389E+04102344E+04142292E+04
TAEDGI42232E+04142165E+04102089F+04142007E+04141917E+04141811F+04141687E+04
TAEDG1e1548E+04141393E+041s1214E+04141037E+04140839E+04140629E+04100401E+04
TAEDG1e0160E+04949094E+03946452E+039¢3680E+039, 0833E+038.7947E+038.5027E+03

TAEDGé¢6564E+03605059E+036 3691E+036, 2687E+036 1438E+036a0481E+035n9644E+03
TAEDG548949E+03548286E+03547519E+03506492E+03545144E+03543495E403541644E+03
TAEDG4e9T722E4034 ¢ 7T844E+0344596TE403444160E+03442446E+03440835E403349319E403
TAEDG3e7896E+03346373E+03304807E+03343311E+033¢1717E+033e0214E+03248814E403
TAEDG2e7542FE+03246416FE+03

02 EG546167E=04506060F=04546130E=04516278E=045+6701E~04507232E~04507027E=04
02 EG548567E=04549392E=0464039TE=04641707E=04643146E~04665015E=04647532E=04
02 EG649656E=04T42899F=0474T7283E=04842135E=048,79T74E~04945698F=04140597F=03
—__ 02 EG142068E=03143850E=03186541E=03240769E=03246853E-03346112E-03540681E=03
02 EG743023E=0310934E=02145527E=02241512E=02248459E-02344809E=02446060E=02

02 EG5¢5543E=02645364E=027+5649E=028¢6696FE=029,8737E~02141398E=01143198E=01

02 561.52065-011.7239E-011.ooa7s-012.05835-012 1662E-01242354E=01242763E-01
02 562.32735-012.32795-012.32805-012.32505-012 3280E-01243280E=01203280E~01
2 =01

N2 565.85625-015.85555-015.85555-015.85545-015.84545 015¢8488E=01548475E=01
N2 EG640055E=01640428E=01640837E=01641283E=01641771E-01642329F=01602027E01
} NZnEGQ;35?]5-01594&Q1E9916152395-016 6062E=01646920E~01647807E=01648704E=01
2 EG649532E=01740437E=01741237E=01741913E=017,2573E-01743121E=01743537E=01
N2 EG743813E=017¢3962E=01743994E=01743954E=01743860E~01743719E=01743551E=01
N2 EG7¢3376E=01743211E=01743087E=0173051E=01743126E~017¢3370E=01743806E=01
______ N2 EG744408E=01745073E=01745681E=01746146E=01746441E~01746599E=01746673E=01
N2 EG746703E=017¢6715E=01746718E=01746720E=01746720E~01746720E=01746720E=01
N2 EG7e6720E=017¢6720E=01746720E=01746720E=01746720E-01746720E=01746720E=01

N2 EGTe6720E=01746720E=01
_ 0 EG242972E=01242972E=01242960E=01242945E=01243108E~01243098E=01223198E=01
O EG2e3231E=01243232E=01243235E=01243237E=01243241E~01263249E=01243259E=01
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"0 EG2e3265E~01243273E=01243286E=01203299F=01243316E~01243338E=01263415E=01

|
i
i

22222222 =2Z20,0

O EG2e3375E=01243394E~01243406Em=0124344T7F=012,3455F-01243462E=01202448E=01
0 EG2¢3479E=01243342E=01263249Em01263165FE=012,2928E~01242599FE=01242157E=01
O EG2¢1581E=01240797E~01149946E=01148954E=011,7896E~01146696E=01105415E=01
O EGle4147E=01162879E=01181640E=01160435E=019,2839E~02840155E=02607056E=02
O EG543859E=02441206E=02249779E=022¢0168FE=02142852E-02767811E=03405546E=03
"0 EG2468TBE=03146328E=03841653E=04309504E=04148549E~04844721E=05307640E=05
EGleb302E=N5640488E=06149390Em067¢1471E=07147528E~07248855E=08749339E=09
EGla5331E=N0248809F=10

EGle6723E=01146736E=01146761FE=01146700F=011,6734E-01146722E=01146631E=01
FGleb533F=01146428F=011462808F=01146111F=011.5201F-01125628F=01105323F-01
EG1e4980E=011¢4595E=01144170E=011¢3703F=01143189E~01142600E~=011841911E=01
EG1s1195E=01140308E=01045653Em02846782E=02747875E~02648598E=02509293E=02
EG5400N4E=02441531E=02343254Em022¢5514F=02148907E~02143471F=029¢1913E=03
EG6e0B4TE=03343002E=03244651Fm=03]45040F=03140717E~037e24T4E=045¢0034F=04
EG3e5791FE=0424585TE=04148750Fm04] 43655E=049,9042F-05648101E=05444053F=05
EG246580E=05144T723E=~05740693E=06300847E=06142225FE-0640b112F=07106976E=07
EG549988E=08242359E=0864B8970E=09149617E=095,3535E-10144122E=10245994E=11
EGBe5530Em12146662E=12245347E=13443440Fm144,4023E~-15348604E=163¢0511E=~17
FG2420N5F=18146419F=19

EGleb6190E=021e6136E=02106006FE=02145801FE=02145817E~02145709E=02105742E=02
EG1le5783E=N2145742E=02145722E=02105711FE=02145735E-02145765E=02145810E=02
EGle5837E=02145879FE=02165922FE=02146011F=021,6097E~02146205E=021e6341E=02
NO EGleb415E=02146559E=021867ARE=02106983F=021e7203E-02107500E=02187903E=02
NO EG1e8501E=02149142E=02240112E=02241535E=02243322E-02245666FE=02248759E=02
NO EG3e2642F=02347652E=02442585E=024s7798E=02542894E-02508314E=026843768E=02
NO EG648871F=027434T6E=02746800E=D27e8299F=027.7060E-02742098E=02642857E=02
NO EG449969E~02345656E=02292528E=02102484E=02641194E~03246914E=03140843E~03
NO EG4¢1790E=04145914E=04541327E=05145627E=054,5225E-06142498E=063e3011E=07
NO EGB843653E=08146467E=08245565E=09328361E=102,9034E-113423823E=12245718E=13
NO FGls7970E=14142127F=15

NO+EG66 720 TE=04647125E=04646913E=04bs6551FE=04646305E-04645933FE=04645600E=04
NO+EG685194E=04644601E=04643876E=04643005E=04641994E~0464081T7E=04509467E=04
NO+EG54 791 TE=N4546213E=04544350FE=0454236T7E=045,0212E~04447T756E=0440eL94TE=04
NO+EG4¢1920E=04348692E=04385480E=04341004FE=04248557E~04245064E=04241659E=04
NO+EG1e8368FE=N4] 45372E=04142521FE=042408980F=05746336E-05547547E~05442421FE=05
NO+EG3e 09L1E=N5242030E=05166338E=05142338E=059,6243E-067e5793FE=06600139E=06
NO+EG44T7812F=06347205E=06248116E=062e02590FE=06142828E-06843004E=07403286E=07
NO+EG149203E=NT7741777E=082s24R5Em0B548347E=09142769E-09242069F=10349676E=11
NO+EG601615E=12041814E=13140264Em13]140328Em149,4562E~16700420E=17601308E=18
NO+EG4¢4602E=19249109E=20140530E=20140012E=20140000E~-20140000F=2014C00COE=20

222
o000

__NO4EG140000E=20140000F=20

CO EG 040 0s0 040 D0 Ne0 040 040
CO EG 000 O‘O (\.('\ O.f‘ ﬁoo 0.0 0.0
CO EG 0s0 Ne0 040 Ne0 060 040 0s0
CO EG 040 040 060 0e0 Ne0 040 040
CO EG 040 0e0 060 040 0s0 040 040
e GO EG 030 080 060 Ne0 Ne0 0e0 0e0
CO EG 0.0 0e¢0 0.0 0.0 0.0 0.0 050
CO EG De¢0 00 NeN Ne0 Ne0 0s0 0e0
CoO EG Ne0 0s0 00 080 0«0 0a0 0e0
CO EG 0e0 00 0e0 040 0e¢0 00 0e0
€O ESG 0s0 0e0
CO2EG __ _0a0 0e0 Ne0 00 0e0 040 040
CO2EG 040 040 060 0s0 Ne0 0e0 060
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0ct

NMAX
NI
NR
NJ

28 IWC
14 IPRT
26 IPUN
s IREAD
KOPE
KOPT

150K

LU T O [ L 1}

BOUNDARY

o

K
TOL

n
=]

AMOM
AENE
ASPE

v
O e

INTERACTION
N2-02
0 -02
N =02
NO=-02
NO+02
Co 02
co202
C1 02
c2-02
c3-02
CN=-02
0 =N2
N =-N2
NO=-N2
NO+N2
CO N2
CO2N2
C1 N2
C2-N2
C3-N2
CN=N2
N =0
NO -0
NO+-0
CoO o
co2 ©
cL O
c2 -0
c3 -0
CN -0
NO =N
NO+-N
CO N
C02 N

LAYER 20KFPS CARBON OXIDATION
INPUT
= 1.00 RN = .083333333
= .000200 RS = .083333333
DELTA =0.000000000

= 1.0000 TKW = 3000.0000

= 1.0000 E 0= 1.0000

= 1.0000 E 02 = 1.0000

AMD BMD CMD

4.,35927E-02 9.78u422E-01 -8.33549E+00
2.16586E-02 1.38757E+00 -9.73900E+00
1.91055E-02 1.49044E+00 -1.03588E+01
4.10864E-02 1.01247E+00 -8.44555E+00
L.10BB4E-02 1.01247E+00 -8.44555E+00
1.79165E-02 1.50052E+00 -1.07182E+01
1.79121E-02 1.50060E+00 -1.08809E+01
2.05877E-02 1.39286E+00 -9.70158E+00
0. 1.83333E+00 -1.03340E+01
0. 1.83333E+00 -1.05830E+01
0. 1.83333E+00 -1.06200E+01 -
1.68907E-02 1.52767E+00 -1,06293E+01
1.91055E-02 1.49044E+00 -1.03588BE*01
3.15955E-02 1.22254E+00 =9.48629E+00
3.15955E-02 1.22254E+00 ~9.48629E+00
1.79097E~-02 1.50064E+00 -1.07517E+01
1.79116E-02 1.50060E+00 -1.08839E+01
9.67320E-03 1.63406E+00 -1.09150E+01
0. 1.83333E+400 -1.07260E+01
0. 1.83333E+400 -1.06190E+01
0. 1.83333E+00 -1.06790E+01

~4,33830E-03 1.91192E+00 -1.18913E+01
1.83441E-02 1.47502E+00 -1.02659E+D1
1.83441E-02 1.47502E+00 -1.02659E+01
1.85294E~-02 1.48225E+00 -1.02578E+01
1.85187E-02 1.48263E+00 -1.03815E+01

-2.22210E-03 1.81273E+00 -1.11429E+01
0. 1.83333E+00 -1.03640E+01
0. 1.83333E+00 -1.02880E%#01
0. 1.83333E+00 -1.03300E+01
1.91055E-02 1.49044E+00 -1.03588E+01
1.91055E-02 1.4%9044E+00 -1.03588E+01
1.51224E-02 1.55100E+00 -1.05286E+01
1.51780E-02 1.54997E+00 -1.06394E+01

VINF
PINF
TKINF

07/14/70

20000. 0000

226.9800

NON~EQUILIBRUM

23.2719 NUN=FRUZEN

BOUNDARY LAYER

COMPUTE INITIAL PROFILE

HYPERBOLOID
CON LEWIS NOS.




et

1.66100E+08
3.61900E+08
3.22500E+07
3.53410E+08
~4.37600E+07
=9.62100E+07
6.36200E+08
3.71800E+08
2.42600E+08
1.78700E+08

35 Ci N
36 C2 -N
37 C3 =N
348 CN =N
39 NO+NO
40 CO NO
41 CO2NO
42 Ci NO
43 C2-NO
Lt C3-NO
45 CN-NO
46 CONO+
47 CO2NP
48 CiNO+
49 C2NO+
50 C3NO+
51 CNNO+
52 cocoz2
53 Ci1 Cco
54 c2-Cco
55 C3-Co
56 CN-CO
57 cicoz2
58 cz2coz
59 c3coz
60 CNCO02
61 c2-C1
62 c3-C1
63 CN-C1
64 C3-C2
65 CN-C2
66 CN-C3
FLEJ
1.40000E+00
1.40000E+00
1.40000E+00
1.4000DE+0D
1.%0000E+00
1.40000E+00
1.40000E+00
1.40000E+00
1.40000E+00
1.40000E+00
1.40000E+00
1.40000€E+00

6.60000E-06 1.79059E+00 -1.11881E+01
0. 1.83333E+00 -1.03810E+01
0. 1.83333E+00 -1.02820E+01
0. 1.83333E+00 -1.03400E+01
3.99300E-03 1.56893E+00 -1.14415E+01
1.79125E-02 1.50059E+00 -1.07385E+01
1.79054E-02 1.50071E+400 ~-1.08866E+01
1.95468E-02 1.42851E+00 -9.92227E+00
0. 1.83333E+00 -1.06890E+01
0. 1.83333E+00 -1.05990E+01
0. 1.83333E+00 ~1.06470E+01
-1.90000E-06 1.90003E+00 -1.33343E+01
-7.50000E-06 1.90012E+00 -1.34388E+01
-1.23000E-05 1.90022E+00 -1.30730E+01
0. 0. 0.
0. 0. 0.
0. 0. 0.
1.79117E-02 1.50060E+00 -1.08550E+01
9.47720E-03 1.63723E+00 -1.08788E+01
0. 1.83333E+#00 -1.07260E+01
0. 1.83333E+00 -1.06190E+01
0. 1.83333E+00 -1,06790E+01
9.69610E~03 1.63366E+00 ~-1.09711E+01
0. 1.83333E+00 -1.09920E+01
0. 1.83333E+00 -1.08670E+#01
0. 1.83333E+00 -1.09370E+01
0. 1.83333E+00 ~1.06060E+01
0. 1.83333E+00 -1.02790E+01
0. 1.83333E+00 ~1.03570E+01
0. 1.83333E+00 -1.06830E+01
0. 1.83333E+00 -1.07720E+01
0. 1.83333E+00 -1.06460E+01
GAS MODEL
FMOLNWT AMU BMU CMU
3.20000E+01 3.89680E-02 9.41760E-03 -9.55024E+00
2.80160E+01 4.82203E-02 -2.035156-02 -9.99159E+00
1.60000E+01 1.34896E-02 4.55811E-01 -1.16927E+01
1.40080E+01 8.39950E-03 6.49178E-01 -1,25921E+D1
3.00080E+01 4.25000E-02 -1.88700E-02 -9.62000E+00
3.00080E+01 4.25000E-02 -1.88700E-02 -9.62000E+00
2.80110E+01 -3.24200E-02 1.14340E+00 ~-1.4%1700E+01
4.40110E+01 ~5.77200E-02 1.54290E+00 -1.57600E+01
1.20110E+01 -6.11000E-03 7.38500E~-01 -1.27100E+401
2.40220E+01 -2.,72900E-02 1.06390E+00 -1.40300E+D1
3.60330E+01 0. 8.33300E-01 -1.35160E+01
2.60210E+01 -2.57200€E-02 1.03950E+00 -1.38600E+01

WF AC

« 50 (FPRIME)
« S0(THETA)
» 50

« 50

050

« 50

« 50

«50

« 50

« 50

« 50

«50

« 50

« 50

CINF
2.328UDE-T1
7.67200E-01
u.

0.

0.

u.

O.

0.

0.

00

0-

o.




et

OWENOWFEWN =X

REACTION
ML =
M2 =
N =
M3 =
M4 =CO
M5 =C1
M6 =C1
M7 =C1i
M8 =C1
0 =02
0 =NO
€1 =CN
N =CN
N =CN
CO =CN
NO =C02
0 =Co
co =co02
0 =02
N =C1
0 =C1
co =c2
Cc1 =C2
co =C3
c1 =C2
0 =NO+

OZZZZoOhooo=ZzzZ20
nN -

P = |
omn

o
n

C1

co
3.610E+18
1.920E+17
4.150E+22
3. 970E+20
1.200E+11
8.500E+19
4.500E+18
1.600E+16
5.200E+19
3.180€E+09
6.750E+13
2.000E+10
2.000E+10
3.000E+08
1.000E+03
1.000E+03
3.000E+08
1.000E+03
2.000E+10
9.000E+16
1.000E+12
9.200E+11
4.100E+10
1.200E+13
1.700E+09
9.030E+09

C1
59.40
113.10
113.10
75.60
36.85
129.00
70.93
87 .48
S4.14
19.70
37.50
31.56
45,80
49.56
92.01
20.98
18.21
72.39
69.50
53.20
14.50
163.30
59.79
L3.24
19.58
32440

c2
-1.00
~«50
=150
-1.50
«50
-1.00
-1.00
1.00
-1.00
1.00
0.00
1.00
1.00
1.00
2.00
2.00
1.00
2.00
1.00
-1.00
0.00
«75
<50
0.00
1.50
.50

Do
3.010E+15
1.090E+16
2+320E+21
1.010E+20
1.500E+06
2.400E+18
1.000E+16
1.000E+16
7.400E+18
9+630E+11
1.500E+13
7.700E+09
2.700E+10
6+70DE+D5
3.100E+02
1.800E+07
5.200E+05
2.000E+06
1.000E+10
1.000E+16
6.000E+11
3.800E+13
5.000E+11
5.000E+11
5.000E+11
1.800E+19

D1
g.00
0.00
0.00
0.00
-26.40
0.00
0.00
0.00
4.12
3.60
0.00
8.33
7.10
6+96
15.59
8475
14.30
6.97
0.00
Q.00
0.00
36.20
2.01
2.01
3.02
0.00

D2
-.50
~«50
-1.50
-1.50
1.25
-1.00
-«50
=+50
-1.00
«50
0.00
1.00
75
1.25
1.75
1.25
1.50
1.25
1.00
-1.00
0.00
0.00
«50
«50
«50
-1.00

CSALPH
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1‘00
1.00
1.00
1.00
1.00
1.00

CSBETA
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
i.00
1.00
1.00
1.00




€2t

1
1.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

16

0.00
0.00
0.00
9.00
1.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2

0. 00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00

17

0.00
0.00
1.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
D. 00
0.00
0.00
0.00
0.00
0.00
0.00

3
0.00
1.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

18

0.00
0.00
0.00
0.00
0.00
0.00
2.00
0‘00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00

19

0.00
0.00
1.00
0.00
0.00
0.00
i1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00

20

0.00
0.00
0.00
1.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

STOICHIOMETRIC COEF.
FORWARD - CALPH(NRyNJ)

6
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.0D

21

0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00

22

0.00
0.00
0.00
0.00
0.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

8
0.00
0.00
0.00
0.00
0.00
0.00
u.uu
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00

23

0.00
0.00
0.00
0.0D
0.00
0.00
1.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9
0.00
g0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.00
1.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.00
1.00

24

0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.30
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10

0.00
0.00
1.00
0.00
1.00
0.00
u.uu
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0
D.00
0.00

25
0.00

V.00

0.00
D.0D
0.00
0.00
0.00
0.00
1.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

11
0.00
1.00
1.00
0.00
0.00
0.00
U.00
0.00
0.00
0.00
0.00
0.00D
0.00
0.00
0.00
0.00
0.00
0.00
“0.T0
0.00
0.00

26
0.00

T0.00

1.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

12

UOW
1.00
0.00
0.00
0.00
0.00
0. 00
0. 00
1.00
0.00
0.00
0.00
0. 00
0. 00
0.00
0.00
0. 00
0.00

VLU —

0.00
0.00

13 14 15
0.00 T0.00 U©.00
0.00 0.00 1.00
0.00 0.00 0.00
1.00 1.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
1.00 T.UU I.00
0.00 1.00 0.00
0.00 0.00 0.00
0.00 0.00 0,00
0.00 0.00 0.00
0.00 0.00 0.00
.00 UL.00  ©0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0,00
0.00 0.00 0.00
T.0U U000  U0.00
0.00 0.00 0.00
0.00D 0.00 0.00




et

NJ/NR

y
0.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
G.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

16

0.00D
0.00
0.00
1.00
0.00
.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

&
0.00
0.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
G.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
D.00
0.00
0.00

T

1.00
0.00
0.00
0.00
0.00
.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
1.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5
0.00
0.00
1.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00

20

0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
D.0D
0.00

6
0.00
0.00
1.00
0.00
0,00
0.00
0.00
0.00
1.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0,00
0.00
0.00

21

0.00
0.00
0.00
0.00
1.00
.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
G.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00

2

1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0D
0.00

8
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
1.00
1.00
0,00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
1.00
0.00

23

0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

BACKWARD - CBETA(NR,NJ)

9
0.00
0.00
0.00
1. 00
D.DD
0.00
0.00
0.00
1.00
0. 00
0.00
0.00
0.00
0.00
0. 00
0.00
0. 00
0,00
0. 00
0.00
i.00

24

D. 00D
0.00
1.00
0. DU
0.00
0.00
0.00
u' Du
0.00
0.00
1.00
0.00
0.00
0. 00
0.00
0.00
0.00
0.00
0.00
0.00D
0.00

10

1.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

£5

D.00
0.00
0.00
0.00
0.00
G.00
0.00
0.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00D
0.00

i1

0.00
0.00
0.00
1.00
1.00
0.00
0.00
D.0D
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

26

0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

12

0.00
0. 00
0.00
1.00
0.00
0.00
0.00
0.00
D.00
.00
0.00
i.00
0.00
0.00
0.00
0.00
0.00
0. 00
0. 00
0.00
0.00

13

0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0D
0.00
0.00

14

1.00
0.00
0.00
0.00
0.00
0.00
0.00
n.un
0.00D
g.00
0.00
llnu
0.00
0.00
0.00
0.00
0.00
.00
0.0D
0.00
n.on

15

0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
g8.00
0.00
1.00
D.00
0.00
0.00
0.00
0.00
0.00

0.0

0.00
0.00




Ser

NL/NI

WONOUNHFWN =X

1
0.0000
9.0000
1.0000
1.0000
2.0000
1.0000
1.0000
1.0000
1.0000

X/RN

0.

3.50000E-01
6.00000E-01
1.00000E+00
1.40000E+00
1.80000E+00
2.40000E+00
3.00000E+00
5.00000E+00
1.00000E+01
2.00000E+01
5.50000E+01

THIRD BODY EFFECIENCIES = Z(NI,LNL)

2 3 &
0.0000 0.0000 0.0000
2.0000 25.0000 1.0000
2.5000 1.0000 0.0000
1.0000 20.0000 20.0000
2.0000 2.0000 2.0000
1.0000 1.0000 1.0000
1.0000 i.0000 1.0000
1.0000 1.0000 1.0000
1.0000 1.0000 1.0000

T-WALL RV(PYR)

3.00000E403
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03
3.00000E+03

1.00000E-03
8.90000E-04
7.50000E-0&
5.60000E-04
4.25000E-04
3.40000E~-04
2.60000E-04
2.10000E-04
1.31000E-04
7.50000E-05
4.85000E-05
3.68000E-05

5
0.0000
1.0000
1.0000

20,0000
2.0000
1.0000
1.0000
1.0000
1.0000

ETA{EDGE)
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01
1.50000E+01

6
1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

7
0.0000
2.0000
2.0000
2.0000
2.0000
1.0000
i.0000
1.0000
i.0000

8
U.0000
5.0000
5.0000
5.0000
5.0000
1.0000

1.0000

9
0.0000
1.0000
1.0000
1.0000
1.0000
1.0000
i.0000
1.0000
1.0000

10 11

0.0000 " 0.0000
1.0000 1.0000
i.0000 1.0000
1.0000 i.0000
1.0000 1.0000
1.0000 1.0000
i.0000  1.0000
1.0000 1.0000
1.0000 1.0000

12

0.0000

1.0000
1.0000
1.0000
1.0000
i.0000

“1.0000

1.0000
1.0000




et

BODY DATA

NORM SH PRESS
NORM SH TEMP
NORM SH VEL

XMAX
CONE ANGLE

5.00000
10.00000

1.0000
1.0000
1.0000

"
waumn

26,00 50.00 240.00
2.000 5.000 10.000

‘10
« 025

«50 1.00 3.00 6.00
«050 100 «250

12.00
«500 1.000

>
nou

EDGE TABLES

CA(SPECIES)

WERENOWVMFWMNP-

XA

n.

1.0000E~-02
2.2667E-02
3.8000E-02
5.6000E-02
7.6667E-02
1.0000E-01
1.2600E-01
1.5407E-01
1.8422E-01
2.1644E-01
2.5073E-01
2.8709E-01
3.2553E£-01
3.6604E-01
4.0862E-01
4.5327E-01
5.0000E-01
5.4880E-01
6.0514E-01
6.6903E-01
7.40646E-01
8.1943E-01
9.0594E-01
1.0000E+00
1.1016E+00
1.2150E+00
1.3403E+00
1.4774E+00
1.6263E+00
1.7871E+00
1.9596E+00

PA
1.2646E+04
1.2647E+04
1.2639E+04
1.2626E+04
1.2603E+04
1.2566E+ 04
1.2511E+04
1.2433E+04
1.2328E+04
1.2196E+04
1.2034E+04
1.1841E+04
1.1616E+04
1.1361E+04
1.1073E+04
1.0761E+ 04
1.0424E+0%
1.0066E+04
9.6939E+03
9.2700E+03
8.8054E+03
8.3114E+03
7.3021€E+03
7.2732E+03
6.7579E+03
6.2507E+03
5.7588E+03
5.2818E+03
4.8344LE+03
Le4194E+03
4,0365E+03
3.6899E+03

VA

0.

1.3307E+02
3.0163E+02
5.0567E+02
7.4519E+02
1.0202E+03
1.3307€+03
1.64L31E+03
1.9917E+03
2.3566E+03
2.7339E+03
3.1412E+03
3.5571E+03
3.9863E+03
4.424%6E+03
4.8673E+03
5.3144E+03
5.7626E+03
6,2082E+03
6.6963E+03
7.2141E+03
7«7515E+03
8.2975E+03
8.8501E+03
9.3923E+03
9.9231E+03
1.0450E+04
1.0967E+04
1.1466E+04
1.1942E+04
1.2392E+04
1.2812E+04

TA
1.2632E+04
1.2626E+04
1.2612E+04
1.2589E+04
1.2568E+004
1.2548E+04
1.2530E+04
1.2514E+04
1.2490E+04
1.2461E+04
1.2427E+04
1.2389E+06
1.2344E+04
1.2292E+04
1.2232E+04
1.2165€+04
1.2089E+D4
1.2007E+D4
1.1917E+04
1.1811E+04
1.1687E+04
1.1548BE+04
1.1393E+04
1.1214E+04
1.1037E+04
1.0839E+04
1.0629E+04
1.0401E+04
1.0160E+04
9.9094E+03
9.6452E+03
9.3680E+03

02
S.7T454E-04
S.TL74E~-DL
5.6417E-04
5.5309E~04
5.5786E-04
5.5266E-04
5.5727E-04
5.6167E-04
5.6060E~04
5.6130E-04
5.6275E~-04
5.6701E~-04
5.7232E-04
5.7927E~04
5.8567E~04
5.9392E-04
6.0397E-04
641707E-04
6.3146E-04
6.5015E~-04
6.7532E-04
6.9656E-04
7.2899E-04
7.7283E-04
8.2135E-04
8.7974E-04
9.5698E-04
1.0597E-03
1.2068E-03
1.3850E-03
1.6541E-03
2.0769E-03

N2
5.8562E-01
5.8555E-01
5.8555E-01
5.8554E-01
5.8454E-01
5.8488E-01
5.8475E-01
5.8536E-01
5.8645E-01
5.8785E-01
5.8961E-01
5.9176E-01
5.9428E-01
5.9719E-01
6.0055E-01
6.0428E-01
6.0837E-01
6.1283E-01
6.1771E-01
6.2329E-01
6.2927E-01
6.3677E-01
6olltylE-DL
6.5239E-01
6.6062E-01
6.6920E-01
6.7807E-D1
6.8704LE-D1
6+9532E-01
7.0437E-01
7.1237E-01
7.1913E-01

0
2.2972E-01
2.2972E-01
2.2960E-D1
2+2945E-01
2.3108E-D1
2.3098E-01
2.3198E-01
2.3231E-01
2.3232E-01
2.3235E-01
2.3237E-01
2+3241E-01
2.3249E-01
2 3259E~01
2,3265€-01
2.3273E-01
2.3286E-01
2+3299E-01
2.3316E-01
2,3338E-01
2+34L15E-01
2.3375E-01
2.3394E-01
2.,3406E~-01
2+344L7E-01
24 3455E-01
2+3462E-01
243448E~-01
2,3479E-D1
243342E~-01
2.3249E~-01
2.3165E-01

N
1.6723E-01
1.6736E-01
1.6761E-01
1.6799E-01
1.673%E-01
1.6722E-01
1.6631E-01
1.6533E-01
1.6428E-01
1.6288E-01
1.56111E-01
1.5891E-01
1.5628E-01
1.5323E-01
1.4980E-01
1.4595E~-01
1.4170g-01
1.3703E-01
1.3189E-01
1.2600E-0D1
1.1911E-01
1.1195E-01
1.0398E-01
9.5663E-02
8.6782E-02
7.7875E-02
6.8598E-02
5.9293E-02
5.0004E~-02
4.1531E~02
3.3254E~-02
2.5514E-02

NO
1.6190E-02
1.6136E-02
1.6006E-02
1.5801g-02
1.5817E-02
1.5709E~02
1.5742€E-02
1.5783E-02
1.5742E-02
1.5722E-02
1.5711E-02
1.5735e-02
1.5765E-02
1.5810E-02
1.5837E-02
1.5879E-02
1.5932E-02
1.6011E-02
1.6097E-02
1.6205E-02
1.6341E-02
1.6415E-02
1.6559E-02
1.6765E-02
1.6983€E~02
1.7203E-02
1.7500E-02
1.7903g-02
1.8501E-02
1.9142E~-02
2.0112E-02
2.1535E-02

NO+
6.7207E-04
6.7125E-04
6.6913E-0%
6.6551E~04
B.B63U5E-T4
6.5933E-04
6.5600E-04
6+5194E-04
6.4601E-04
6.3876E-0k
5.3U05E-04
6.1994E-04
6.0817E-04
5.9467E-04
5.7917E-0%
5.6213E-04
5.4352E-T4
5.2367E-04
5.0213E-04
4.7756E-04
Le4OL7E-D4
4.1920E-04
3.8692E-04
3.5480E-04
3.1994E-04
2.8557E-04
2.5064E-04
2.1659E-04
1.8363E-04
1.5372E-04
1.2521E-04
9.8980E-05




L3t

2.1440E+00
2.3403E+00
2.5484E+00
2.7683E+00
3.0000E+00
3.2436E+00
3.5096E+00
3.7980E+00
4.1089E+00
be4422E+00
L.7980E+00
5.1762E+00
5.5769E+00
6.0000E+00
6.4455E+00
6.9795E+00
7.6020E+00
8.3129E+00
9.1122E+00
1.0000E+01
1.0976E+01
1.2030E+01
1.3161E+01
1.4370E+01
1.5656E+01
1.7020E+01
1.8461E+01
1.9979E+01
2.1575E+01
2.3249E+01
2.5000E+01
2.6829E+01
2.9027E+01
3.1597£+01
3.4537E+01
3.7847TE+D1
4.1527E+01
L4o5579E+01
5.0000E+01
5.4792E+01

3.3777E+03
3.0966E+03
2.8450E+03
2.,6211E+03
2.4213E+03
242429E+03
2.0778E+03
1.9260E+03
1.7874E+03
1.6618E+03
1.5482E+03
1.4459E+03
1.3537E+03
1.2710E+03
1.1963E+03
1.1203€E+03
1.0462E+03
9.7622E+02
9.1198E+02
8.5388E+02
8.0186E+02
7.5645E+02
7.1652E+02
6.8168E+D2
6.5140E+02
6.2519E+02
6.0259E+02
5.8302E+02
5.6610E+02
5.5163E+02
5.3895€+02
5.2790E+02
5.1701E+02
5.0675E+02
4.9757E+02
L.3514E+02
LeT4LBLE*+D2
4.6567E+02
4.5896E+02
4.5529E+02

1.3203E+04
1.3567E+04
1.3903E+04
1.4212E+04
1.4510E+04
1.4778E+04
1.5038E+04
1.5291E+04
1.5530E+04
1.5758E+04
1.5971E+04
1.6174E+04
1.6367E+04
1.6550E+04
1.6723E+04
1.6908E+04
1.7098E+04
1.7287E+04%
1.7469E+04
1.7639E+0%
1.7796E+04
1.7937E+04
1.8062E+04
1.8172E+04
1.8269E+D4
1.8350E+04
1.8438E+D4
1.8519E+04
1.8594E+04
1.8662E+04
1.8726E+04
1.8785E+04
1.8847E+04
1.8911E+04
1.8966E+04
1.9031E+04&
1.9091E+04
1.9146E+04
1.9196E+04
1.9240E+04

9.0833E+03
B847947E+03
8.5027E+03
3.2124E+D3
7.9115E+03
7 «6514E+D3
7.4119E+03
7 .1998E+03
7.0010E+03
6+8192E+03
6+6564E+03
6.5059E+03
6.3691E+03
6.2487E+03
6.1438E+03
6.0481E+03
5.9644LE+D3
5 .8949E+03
5.8286E+03
5.7519E+03
5.6492E+03
5.5144E+03
5 .3495E+03
5.16L4LE+D3
4.9722E+03
4 .7844LE+0D3
4.5967E+03
4.4160E+03
b .2L4LBE+D3
4.0835E+03
3.9319E+03
3.7896E+03
3.6373E+03
3.4607E+03
3.3311E+03
3.1717E+03
3.0214E+03
2.8814E+03
2.7542E+03
2 ,6416E+03

2.6853E-03
3.6112€-03
5.0681E-03
7.3023E-03
1.0934g-02
1.5527E-02
2.1512€-02
2.8459E-02
3.6809E-02
4,6060E-D2
5.5543E-02
6.5364E-02
7.5649E-02
8.6696E-02
9.8737E-02
1.1398E-01
1.3198E-01
1.5206E-01
1.7239E-01
1.9087g-01
2.0588E-01
2.1662E~01
2.2354E-01
2.2763E-01
2,2988E-01
2.3106E-01
2.3195E-01
2.3239%E-01
2.3261E-01
2.3271E-01
2.3276E-01
2.3278E-01
2.3279E-01
2.3280E-01
2.3280E-01
2.3280E-01
2,3280E-01
2.3280E-01
2.3280E-01
2.3280E-01

7.2573E-01
7.3121E-01
7.3537E-01
7.3813E-01
7.3962E-01
7.3994E-01
7+3954E-01
7.3860E-01
7.3719E-01
7.3551E-01
7.3376E-01
7.3211E-01
7.3087E-01
7.3051E-01
7.3126€E-01
7.3370E-01
7.3806E-01
7.4408E-01
7.5073E-D1
7.5681E-01
7.6146E-01
7.6441E-01
7.6599E~01
7.6673E~01
7.6703E~-01
7.6715E-01
T+.6718g-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720g-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01

2.2928E-01
2,2599e-01
2.2157€-01
2.1581E-01
2.0797€-01
1.9946E~-01
1,8954E-01
1.7896E-01
1.6696E-01
1.5415E-01
1.4147E-01
1.2879E-01
1.1640E-01
1.0435E-01
9.2839E-02
8.0155E-02
6.7056E-02
5+3859E~-02
%.1206E-02
2.9779E-02
2.0168E-02
1.2852E-02
7.7811E-03
4.5546E-03
2.6678E-03
1.6326E-03
8.1653E-D%
3.9504E-D4
1.8549E-04
8.4721E-05
3.7640E-05
1.6302E-05
6. 04B88E-U6
1.9399E-06
Te1471E-07
1.7528E-07
3.8865E-08
7.9339E-09
1.5331E-09
2+8899E-10

1.8907E-02
1.3471E-02
9.1913E-03
6.0847E-03
3.8002E-03
2.4651E-03
1.5949E-03
1.0717E-03
7.2LTLE-DG
5.0034E-0%
3.5791E-04
2.5857E-04
1.8759E~04
1.3655E-04%
9.9042E-05
6.8101E-05
4.4053E-05
2.6580E-05
1.4723E-05
7.0693E-06
3.0847E-06
1.2236E-06
4e6112E-07
1.6976E~-07
5.9988E-08
2.2359E-08

2.3322€-02
2.5666E-02
2.8759E-02
3.2642E-02
3.7652E-02
4.2585E-02
4.7798E-02
5¢2894E-02

7.6336E-05
S5.754TE-05
4.2421E-05
3.0941E-05
2.2030E-05
1.6338E-05
1.2338€E-05
9.6243E-06

5.8314E-02 7.5793E-06

6+3766E-02
6.8871E-02
7.3476E-02
7.6890E-02
7.8299E-02
7.7060E-02
7.2098E-02
6+2857E-02
4.9969E~-02
3.5656E~02
2.2528E~02
1.2484E-02
6+1194E~03
2.6914E~03
1.0843E~03
4.1790E~04
1.5914E-04

6+.0139E-06
4,7812E-06
3.7285E-06
2.8116E-06
2.0259E-06
1.3828E-06
8.3004E-07
4e3286E-07
1.9203€-07
7.1777E-08
2.2485E-08
5.8347E-09
1.2769E-09
2.3969E-10
3.9676E-11
6+.1615E=12
9.1814E~-13

6.8970E-U9 5.1327E-U5 1.UZ6GE-13

1.9617E-09
5.3535E~-10
1.4122E-10
3.5994E-11
8.5539E~-12
1.6662E=12
2¢5347E-13
be3L49E~-14
4.4023E-15
3.86604E-16
3.0511E-17
2.2005E-18
1.6419E-19

1.5627E~05
%.5225E~06
1.2498E-06
3.3011E-07
8.3653E~08

1.0328€E~-14
9.4562E-16
79420E-17
6.1308E-18
4.4602E-19

1.6%67E~08 Z.9109E-20

245565E-09
3.8361E-10
3.9034E~-11
3.3823E~12
2.5718E~13

1.0530E-20
1.0012E-20
1.0000E-20
1.0000E-20
1.0000E-20

1.7970E-1% 1.0000E-20

1.2127€E-15

1.00080€e-20
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co

co2

c1

c2

CA(SPECIE)

0.
0.
0.
0.
0.
o.

C3

CN




62t

XA,

PA, TA AND VA

XA (K)
PA(K)
VA (K)
TA(K)

nuwunn

ARE CHANGED IN SUBROUTINE INPBOD

XA (K)
PA(K)
VA (K)
TA(K)

END

RN

NORM SH PRESS.
NORM SH VEL.
NORM SH TEMP.

* X % %

OF INPUT
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OCENONFWNREZ

ETA
0.0000
«0370
0741
<1111
«1481
«1852
2222
«2593
«2963
«3333
«37004
4074
cllilhly
«4815
5185
+5556
«5926
«6296
«6E67
« 7037
<7407
o 7778
8148
«8519
.8889
9259
«9630
1.0000

FPRIME

0.

1. 4455E-01
2.8406E-01
4e 0752E-01
5. 0699E-01
5.7984E-01
6. 2929E-01
6+.6212E-01
6. 8539E-01
7.0419E-01
7.2130E-01
7.3788E-01
7.5431E-01
7.7071E-01
7.8711E-01
8.0350E-01
8. 1983E-01
8.3623E-01
8+5267E-01
8+ 6G906E-01
8. 8545E-01
9.0183E-01
9. 1821E-01
9. 3459E-01
9.5096E-01
9.6732E-01
9. 8367E-01
1.0000E+00

THETA
4.,2749E~01
5.8143E-01
7.1791€-01
8.2851E-01
9.0596E~-01
9.5247E-01
9.7748E-01
9.8983E-01
9.9502E-01
9.9620E-01
9.9540E-01
9.9395£-01
9.9259c-01
9.9166E~-01
9.9115E-01
9.9097E-01
9.9098E~-01
9.9106E-01
9.9117€E-01
9.9131€E-01
9.9151E~-01
9.9181g~-01
9.9225E~-01
9.9292E-01
9.9389E-01
9.9529E~-01
9.9727£-01
1.0000E+00

‘02

D'

1.8000E-06
1.0900E-05
4. 7700E-05
1.1690E-04
1.8850E-04
2.4680E~04
2.9770E-0%
3. 4750E-04
3.9650E-04
Lo 4100E-00
L,7670E-04
5. 0140E-04
5.1600E-04
5.2290E-0%
5.2540E-04
5.2580E-04
5.2580E-04
5.2580E-04
5.2630E-04
5. 2720E-04
5.2860E-04
5.3090E-04
5. 3420E-04
5. 3920E-04
5. 4640E-04
5.5700E-04
5. 7454E-04

INITIAL PROFILE

N2
6.6121E-01
6.6973E-01
6.7283E-01
6.7024E-01
6.6232E-01
6.5063E-01
6.3738E-01
6.2650E-01
6.,1312E-01
6.0369E-01
5.9629E-01
5.9085E-01
5.8722E-01
5.8509E-01
S.8404E-D1L
5.8366E-01
5.8360E-01
5.8365E-01
5.,8372E-D1
5.8377E=01
5.8382E-01
5.8389E-01
5.8398E-01
5.,8413E-01
5.8433E-01
5.8463E-01
5.8505E-01
5.8562E-01

0
8,8020E~-04
2.4625E-02
5.0264E-02
7.6195E-02
1.0137E-01
1.2526E-01
1e4743E~-01
1. 6754E~01
1.8520E-01
1.9999E-01
2.1158E-01
2¢1993E-01
2.2534E-01
2.2842E-01
242989E~-01
2.3040E-01
2.3047E-01
2+3040E~01
2.3033E~-01
2.3029E-01
2.3026E-01
2.3024E-01
2.3022E-01
2.3018E-01
2.3012E-01
2.3003E-01
242991E-01
2.2972E-01

N
6.6438E-02
7.0541E-02
8.0590€E-02
9.5939E~-02
1.1536E-01
1.3591E-01
1.5366E-01
1.6592g~-01
1.7229E-01
1.7419E-01
1.7360E-01
1.7219E-01
1.7090g-01
1.7006E-01
1.6965E~01
1.6951E~01
1.6950E-01
1.6951e~-01
1.6951E-01
1.6949E~01
1.6945E-01
1.6937E~01
1.6925E~01
1.6908E~01
1.6883E-01
1.6846E-01
1.6794E-01
1.6723g-01

NO
=0
2.3800E-04
1.2711E-03
3.7365E-03
6.7900E-~D3
9.2089E-03
1.0803E-02
1.1924E-02
1.2832E-02
1.3604E-02
1.4229E-02
1.4685E~02
1.4979E-02
1.5141E-02
1.5214E-02
1.5240E-02
1.5245E-02
1.5247€E-02
1.5251E-02
1.52862E-02
1.5281E-02
1.5310E-D2
1.5355E-02
1.5422E-02
1.5521E-02
1.5664E-02
1.5871E-02
1.6190E-02

NO+
3.1900E~-05
4.6800E-05
9.0200E-05
1.6880E-04
2.7350E-04
3.8270E-04
4.7800E-04
5.5080E~0%
6.0030E~04
6.3010E-04
6.4600E-04
6.5330E~-04
6.5630E~04
6.5730E-04
b6.5770E-04
6.5780E~04
6.5790E-04
6.5800E-04
6.5810E~-04
6.5830E-04
6.5860E-UG
6+5910E-04
6.5980E-04
6.6030E-04%
6.6250E-04
5.6480E~04
6.b6790E-D4
6.7207E~-04

co

2.6636E~01
2.2955E-01
1.8334E-T1
1.4766E-01
1.0775E-01
7.3140E-02
4.6029E-02
2.6722€E-02
1.5193E-02
6.8198E-03
2.9265E~03
1.1063E-03
3.6330E-04
1.0210E-04
2.4100E-05
4. 7000E-06
7T.0000E-07
1.0000E-07
0.

u.

0.

a.

0.

Be

0.

8.

Dl

a'

coz
4+4500E-04
4e0770E~04

2. 8UBGE-T&

1.6010E-04
8.1800E-05
4.0500E-05
2.0500E-05
1.0500E~-05
S.4000E-06
2.6600E-0B
1.1000E-36
4.0000E-07
2.0000E-07
n‘

g

n.
8.
0.
0.
0.
u' B
0.
n.
n.
g.
u‘
0.
0.




T€T

VENOVIFEWNR»Z

ETA c1 c2 c3 CN

0.0000 %.3427E-03 3.0000E-07 0. 2.9850E-04
«0370 4%.3718€E-03 3.0000E-07 0. 4.7950E-04
«0741 4,3115E-03 1.0000E-D7 O. 1.012%E-03
«1111 4.2812E-03 1.0000E-07 0. 1.5711E-03
«1481 4.1536E-03 1.0000E-07 O. 1.7934E-03
.1852 3.6660E-03 0. 0. 1.5860E-03
02222 2.8067E-03 0. 0. 1.1465E-03
«2593 1.8370E-03 0. 0. 7.0490E-04
«2963 1.0304E-03 0. 0. 3.7670E-04
#3333 4.9960E-04 0. 0. 1.7700E-04
«3704 2.1120E-04 0. 0. 7.3400E-05
4074 7.8300E-05 0. 0. 2.6900E-05
sl 2,5500E-05 0. 0. 8.7000E-D06
«4815 7.2000E-06 0. 0. 2.5000E~-06
«5185 1.8000E-06 0. 0. 6.0000E-07
«5556 4.0000E-07 O. 0. 1.0000E-07
«5926 1.0000E-07 0. 0. 0.
.6296 0. 0. 0. 0.
.6667 0, 0. 0. 0.
«7037 0. 0. 0. 0.
« 7407 0. 0. 0. 0.
«7778 0. 0. 0. 0.
«8148 0. 0. 0. 0.
.8519 0. 0. 0. 0.
.8889 0. 0. 0. 0.
«9259 0. 0. 0. 0.
<9630 0. 0. 0. 0.

1.0000 0. 0. 0. 0.

SMALLE = 3.13118E-06 DUEDX = 1.59684E+05
RHOMUREF = 1.62512E-09 REYN NO(S) = 1.43052€+04

ITERATION i STANTON NO. = 1.86342E-02
ITERATION 2 STANTON NO. = 1.86259E-02
ITERATION 3 STANTON NO. = 1.86178E-02
ITERATION o STANTON NO. = 1.86098E-D2
ITERATION 5 STANTON NO. = 1.86018E-02
ITERATION 6 STANTON NO. = 1.85940E-02
ITERATION 7 STANTON NO. = 1.85862E-02
ITERATION 8 STANTON NO. = 1.85784E-02
ITERATION 9 STANTON NO. = 1.85707E-02
ITERATION 10 STANTON NO« = 1.85630E-02
ITERATION 11 STANTON NO. = 1.85553E~02
ITERATION 12 STANTON NO. = 1.85477E-02
ITERATION 13 STANTON NO. = 1.85401E-02
ITERATION 14 STANTON NO. = 1.85326E-02
ITERATION 15 STANTON NO. = 1.85251E-02
ITERATION 16 STANTON NO. = 1.85176E-02
ITERATION 17 STANTON NO. = 1.85101E-02
ITERATION 18 STANTON NO. = 1.85027€-02
ITERATION 19 STANTON NO. = 1.84954E-02

HO

SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN
SKIN

= 2.02460E+08

FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION
FRICTION

L T T I T T T T T A T T [ [ L 1}

ETE

1.02571E+00
1.02535E+00
1.02497E+ 00
1.02457E+00
1.02417E+00
1.02376E+00
1.02335E+00
1.02294E+00
1.02254E+00
1.02213E+00
1.02172E+00
1.02131E+00
1.02091E+00
1.02050E+00
1.02010E+00
1.01969E+ 00
1.01929€E+00
1.01889E+00
1.01849E+0D

= 1.50000E+01

TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME

LEFT
LEFT
CEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT
LEFT

CTH = 1.00000E+00

=623.723
=620.002
=6lb.272
=6l12.511
=608.775
=605.031
=bl1.281
=597.538
=593.787
=530.055
=586.313
=582.571
=578.820
=575.058
=571.309
=567.563
=563.790
=560.027
=556.259

SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC
SEC




2ET

VDoNOOMHsFwuneZ

PROFILES AFTER

ETA
0.0000
L0370
0781
132
1481
.1852
2222
.2593
«2963
+3333
L3704
4074
NN
4815
+5185
.5556
.5925
.6296
<6667
.7037
7407
7778
.81438
.8519
.8889
.9259
+9630
1.0000

ETA
0.0000
0370
0741
«1132
.1481
«1852
2222
«2593
«2963
«3333
«3704
<4074

;|
=6.5196E~-03
-3. 6743E+00
~1.1797E+01
=2. 0242E+01
=2.0529E+01
=1.1522E+01
-2.4079E+00

2.5222E+00
Lo 1956E+00
4e 2162E+00
3.6397E+00
3.0403E+00
2.6452E+00
2. 4632E+00
2e 4211E+00
2.4522£+00
2.5285E+00
2. 6563E+00
2. 8656E+00
3.2053E+00
3. 7T459E+00
4. 5877E+00
5.8723E+00
7.8004E+00
1. 0649E+01
1.4812E+01
2. 0887E+01
3. 0362E+01

i1
2.2863E-01
=1.7531E+02
-2.8184E+02
=24 3772E+02
=9, 4C4L0E+D1
2.5281E+01
8.2803E+01
9.3480E+01
7.8819E+01
5« 4961E+01
3. 2219E+01
1.5472E+01

50 ITERATIONS,

2
-1.1646E+02
~5.9742E+01
-4 ,2891E+01
=3.5659E+01
-2.4721E+01
-1.0998E+01
-2.0763E+00

1.2661E+00
1.6820E+00
1.1140E+00
4,3190E-01
=7+4215E-02
-3.6618E-01
-4,9701E-01
-5.,3380E-01
=5.2466E~01
-4.,91256~-01
-4 ,3434E-01
~3.4155E~-01
-1.9131E-01
L.7611E-02
4b.1947€-01
9.8655E~01
1.8357E+00
3.0875E+00
4.9086E+00
7.5286E+00
1.1235E+01

12
-2.8057E+01
-2.2605E+01
-3.8036€E+00
~2.0883E+01
-6.3248E+01
-8.1562E+01
-6.5500E +01
-3.7694E+01
-1.6750E+01
-6.1309€+00
~1.9962E+00
-6+1952€-01

3
-4.5028E+02
-1.8347E+02
-1.2338E+02
=1.0793E+D2
-8.4103E+01
=44 1659E+01
-5.7861E+00

1.1007E+01
1.4091E+01
1.1421E+01
7.7317E+00
4. 8918E+00
3.2336E+00
2.4869E+00
2.2751E+00
243246E+00
2.5112E+00
2.8292E+00
3.3476E+00
L.1863E+00
5.5190E+00
7+5903E+00
1. 0743E+01
1.5448E+01
2.2353E+01
3.2332E+01
L4.6556E+01
6.6419E+01

13
5.2070E-02
=9.0930€E+00
=9.7388E+00
2.7497E+01
7.8042E+01
9.1009E+01
6.7916E+01
3.7229E+01
1.6037E+01
5.7960E+00
1.9170E+00
6.2141E-D1

esesess s MAXIMUM NUMBER OF ITERATIONS DONEsseocces

X (K)

e 5
~8.8906E+00 -4.6512E+00
-1.1582E+02 -8.8937E+00
~1.5644E+02 -2.3384E+00
~1.8230E+02 1,9585E-01
-1.5797€E+02 6.7105E-01
~8.4073E+01 4.3690E-01
-1.9109E+01 1.9697E-01

1.1915E+01 7.3940E-02
1.8526E+01 2,4639E-02
1.4245E+01 7.5162E-03
7.3888E+00 2.1788E-03
1.7485E+00 6.2735E~04
-1.6709E+00 1.7965E-04
-3.2314E+00 &4,7975E-05
-3.6632E+00 1.1006E~05
-3.5338E+400 2.0320E-06
-3.1002E+00 2.8514E-07
~2.3633E+00 2.8191E-08
-1.1605E+00 1,6989E-09
7.8765E-01 4.1868E~-11
3.8849E+00 0.
8.7032E+00 -4.4130E~14
1.6046E+01 0.
2.7031E401 -5.2876E~16
4,3203E¢D01 0.
6.6701E+01 -1.1687E~17
1.0059E+02 0.
1.5011E+02 0.
ik 15
2.4905E-06 6.7236E-11
1.6218E-04 =6.1359E~07
1.2526E~03 -6.6505E~06
2.9605€-03 -1.1077E-05
3.1408E~03 1.2506E-05
1.96165E-03 3,1017e-05
8,9220E-04 2.3067E-05
3.3411E-04 B.4647E-D6
1.0831E-04 3.5939E-07
3.1414E-05 ~1.5546E-06
8.7272E-06 -1,0976E-06
2.5354E~06 -4.6517E-07

6 7 8 9 10
-2.1723€E-01 -2.1780E-01 =5.9094E-06 =1.1W90E+0T 0.
~2.4876E+00 -1.0388E~01 -2.0999E~06 ~7.0648E+00 -4.0351E+00
~2.6149E+00 -5,3258E~02 6.6429E-06 -5.0236E+00 -1.2794E+01
“2.3140E+00 =4.0419E=02 2.1173E=~05 =3.8343E+00 -1.7799E+01
=1.5610E+00 =3.0101E-02 2.7254E~05 -2.244SE+00 -8.4703E+00
-7 4387E-01 -2.,0389E~-02 1.7583E~05 -6.5115E-01 B8.3360E+00
~3.3448E-01 ~1.0985E~02 6.3337E-06 6.7874E-02 1.9331c+01
=1.9672E-01 ~4.4503E~03 1.4192E-06 1.5876E-01 2.1754E+01
~1.2832E-01 -1.3419E-03 2.1U28E-07 8.7401E-02 1.B8817E+01
=7+3290E-02 -3.0332E~04 2.1162E-08 3,2410E-02 1.3935E+01
=3.4319E-02 ~5,1797E~05 1.4547E-09 9.6177E-03 9.2916E+00
~1.3180E-02 ~6.6794E-06 6.7472E=11 2.5454E=03 5.8789E+00
~4+1958E-03 -6.4186E-07 2.0490E-12 6.4982E-04 3.8334E+00
=141123E-03 ~4.4706E-08 3.8850E-14 1.60D07E-04 2.8434E+DD
~2.43B3E-04 -2.1614E-09 4.3094E-16 3. 5400E-05 2.4865E+00
=4 43264E=05 ~6.8173E=-11 2.5801E-18 6.4752E-06 2.4301E+00
-5.9795E-06 ~1.2810E-12 9.7852E-21 9.1595E-07 2.4915E+00
~6+0006E~07 -1.2350E~14 2,5025E-22 9.2678E~08 2.6102E+00
~3.7693E~08 -~4.,5363E~17 1.3921E-23 5.8022E-09 Z2.7954E+#00
-9.5033E-10 -2.6196E-20 3.0192E-25 1.4531E-10 3.0895E+00

0. 0. A Oe 3.5555E+00
~448629E~13 2.0178E-26 1.7104E=28 9.7963E~14 4,2812E+00
0. 0. 0. 0. 5.3888E+00
~4.,1402E-15 1.0078E-29 1.4003E-30 1.2055E-15 7.0488E+00
0. 0. : U. 0. QLR ITIEFOD
~8e5727E=17 1.8874E~32 3.0122E<32 4+H6435E-17 1.3046E+01
0. 0. 0. . 1.7860E+01
0. 0 0. 0. 1.8383E+01
16 17 18 19 20
-B.9452E-01 1.2702E-03 -1.1668E-02 2.2766E~06 1.7650E~02
~1+9419E+00 1.5097E=01 ~2.0722E=02 ~-4,5384E~01 =2.1577E+00
~2+3349E400 4,7937E-01 -2.0125E-02 -1.7487E+00 -3.9832E+00
~1.8568E+00 b6.0724E~=01 =1.3053E~02 ~4.2581E+00 -4.4562E+00
~1.0127E+00 442047E~01 -5,8011E~03 ~7.4169E+00 -4<0LT2E+0DD
-4,0038E-01 1.9397E-01 =1.8317E-03 =3.7011E+00 -3.8334E+00
-1.1946E=-D1 6.8876E-02 -4.5236E-04 ~9.7L09E+00 -3.5420E+00
~2+43978E-02 1.9770E-02 =9.7517E-05 ~7.7825E+00 -2.8277E+00
1.5908E-04 4.2213E-03 =1.9781E-05 =5.0798E+00 -1.871%E+00
3+1408E~03 3.6865E-04 ~3.7340E-06 =2.7411E+00 -1.0177E+0D
1.9057E-03 -1.9358E~04 =6.0606E-07 ~1.2311E+00 -4.5654E~01
7.7514E-04 -1.2398E~-04 =-7.8215E~-08 =-4.6313E-01 ~1.7047E~01




€ET

bl
4815
«5185
5556
«5926
«6296
«6667
. 7037
«7407
<7778
«8148
8519
.8889
«9259
9630
1.0000

ETA
0.0000
0370
<0741
«1111
«1481
«1852
.2222
«2593
«2963
«3333
« 3704
<4074
bbby
«4815
5185
«5556
«5926
+6296
«6667
« 7037
<7407
7778
«8148
8519
.8889
«9259
9630
1.0000

5.4535E+00
6. 3264E-01
-1.0923E+00
~1.3734E+00
-1.1112E+00
-6.0321E-01
1.8520E-01
1. 4371E+00
3+ 4229E+00
6+ 5139E+00
1.1222E+01
1.8247E+01
2.8505E+01
4. 2899E+01
5.9272E+01
Le 1842E+N1

21

2.8215E-03
=3.9740E-01
=7.7930E-01
-8.1732€-01
-5.0998E~-01
=2. 7145E-01
-2.0300E-01
-1.8555E-01
-1.4576E-01
-8.96693E-02
~4e 3392E-02
-1.6869E-02
~5.3707E-03
-1.4155E-03
=3.0792E~-04
=5« 4182E-05
=7+4012E-06
=7.2990E-07
-4, 4942E-08
-1.1277E-09
0.
-5.2017E-13
0.
-4.5363E~-15
0.
-1.0413E~-16
0.

0'

-1.8481E-01
-5.0048E-02
-1.1461E-02
-2.0970E-03
-2.9095E-04
=2.8324E-05
-1.6561E-06
-3.6656E-08
Do
-1.9040E-11
0.
-1.2590E-13
n.
-1.9703E-15
0.
0.

22
6. 40LLHE-1T
-1.2363E-09
5.2174E-08
2.9699E-06
1.7907E-05
2.8676E-05
2.0562E-05
8.9163£-06
2.6997E-06
6.0710E-07
1.0376E-07
1.3483E-08
1.3097E-D9
9.2130E-11
L.4833E~-12
1,4162E-13
2.6461E-15
2.5121E-17
8.9851€E-20
4.9768E-23
0.
-6.7280E-29
-3.0754E-32
0.
-5.7646E-35
u.
0.

1.9424E-01
5. 4052E-02
1.2391€-02
2.1918E-03
2.7376E-04
2.0712E-05
6.6251E~-07
4.7417E-10
u.
-2.2097E-11
0.
-3.3821E-13
u.
-1.0199E-14
0.
u.

23
~4.26412E~-03
-1.0027E-01
-6.,7959E-02
~4.2764E-02
-3.0382E-02
~2.0719E-02
-1.1513E-02
-4,8192E-03
-1.4993€E-03
-3.5012E-04
-6. 2081E~-05
-8.3912E-06
-8.5763E-07
~6.4862E-08
-3.5032E-09
-1.2849€-10
-2.9815E-12
=3.9194E~-14
-2.3935E-16
-4e 1443E-19

0.
-1.0201E-23
0.
-4, 0270E-27
0.
-7.1728E-30
0.
0.

7.6663E-07
2.1586E-07
5.0803E-08
9.2960E-09
1.2293E-09
1.0541E-10
L.7929E-12
7.6018E-14
u‘
-2.9995E-16
n.
-3.7653E-18
u.
-9.9892E-20
0.
0.

24
-3.8104E-08
=1.9104E-06

6.3678E-06
2.0802E-05
2.7106E-05
1.7527E-05
6.3214E-06
1.4179E-06
2.1026E-07
2.1173E-08
1.4557E-09
6.7477E~-11
2.0457E-12
3.8660E-14
4.2614E-16
2.5045E-18
6.8566E-21
1.4362E-24
-3.3812E-25
-7.3683E-27
0.
-4.1482E-30
0.
-3.3478E-32
0.
-6.9855E~-34
D.
0.

-1.4646E-07
-3.6992E~-08
=7.7950E-09
-1.3959-09
~2.1253E-10
=2.5717E-11
-2.0266E~-12
-6.1513E~-14
u.
-4.6879E-17
n.
-5.1166E~-19
ol
-1.3587e-20
0.
u‘

25
=3.1291E-07
-2.5926E-08

2.7200E-07
1.3096E-07
Le7744E-08
1.1636E-08
1.8443E-09
1.9979E-10
1.4719E-11
7.0145E-13
2.0458E-14
3.4785E-16
3.2770E~-18
1.6024E-20
3,7197E-23
3.6942E-26
2.9786E~-29
1.6749E-31
5.8134LE~-34
3.0675E-37
n.

8.2188E-44
u.

5. 4b6BLE-LS
u.

2.4826E-51
0.

0.

2.4705e-04
6+4385E-05
1.3818E-05
2.4020E-06
3.2483E-07
3.1746E-08
1.9353E-09
4.6946E-11
u'

7.5858E~14
0.

7.9138E-16

1.,9033e-17
0.
Du

26
=4.0929E+00
=4.0918E+00
=4.9534E+00
-4,0011€+00
=1.5588E+00

5.1974E-01
1.4656E+00
1.6051E+00
1.3414E+00
9.2732E-01
5.3860E-01
2.6523E-01
1.1161E-01
3.9845E-02
1.0544E-02
=1.5074E-03
-8.7855E-03
=1.6889E-02
~2+8935E-02
-4.7790E-02
=7.7057E-D2
-1.2165E-01
-1.3830E~-01
-2.8601E-01
-4.2598E-01
-6.1860E-01
-8.5895E-01
-1.0886E+00

-4 ,2781E~-05
-1.0851E-05
-2+.1889E-06
-3.5880E-07
-4.6932E-08
-4,5957E-09
‘2-9110E'10
=7.2086E-12
u‘
=3.3531E~14

0.

-3.7098E~16

0.
-9.108BE-18

n.

0.

~7.6124E-09
=5.3660E-10
-2,6217E-11
~B43754E~-13
=1.6077E-14
-1.6060E-16
~6.2046E-19
~3.8743E-22

-2.2128E~30
ﬂ.
1.6449E-33
ul
1.0651E~36

0.

~1.4650E-01 ~5.3390E-02
-3.8681E-02 -1.4038E-02
~8.55026-03 -3.0680E-03
=1.5197E-03 -5.4458E~04
~2.0950E-04 -7.5512E~05
-2.0850E-05 ~7.6277E~06
-1.2927E-06 -4.6396E-07
-3.2208E-08 -1.2358E-08
0. u.
-1.6210E-11 -6.57 01E~12
2. a.
~1.4118E-13 -5,9708E-14
o. o.
=3.2364E~15 ~1.4032E-15
. o.
0. 0.
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HET
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ETA
0.0000
.0370
« 0741
<1111
<1481
1852
2222
«2593
«2963
«3333
« 3704
40704
s bbbG
« 4815
5185
«5556
«5926
«6296
«6667
«7037
<7407
7778
«8148
«8519
.8889
«9259
9630
1.0000

FPRIME
0.
1.4167E-01
2, 7931E-01
4.0222E-01
5.0222E-01
5. 7615E~01
6.2671E-01
6.6036E-01
6. 8412E-01
7.0318E-01
7.2042E-01
7.3707E-01
7.5357E-01
7.7002E-01
7.8647E-01
8.0291E~-01
8.1935E-01
8.3579E-01
8.5223E-01
8.6867E-01
8.8510E~-01
9.0154E-01
9.1797E-01
9.3439E-01
9.5081E-01
9.6722E-01
9.8362E-01
1.0000E+00

THETA
4,2749E-01
5.7486E-01
7.0866E-01
8.1885€E-01
8.9697E-01
9.4434E-01
9.7006E~-01
9.8308E-01
9,8908E~-01
9.9130€E-01
9.9174E-01
9.9154E-01
9.9127€-01
9.9111E~-01
9.9105E-01
9.9105E-01
9.9108E-01
9.9112E-01
9.9120E-01
9.9132E-01
9,9151£-01
9.9180E-01
9.9225E-01
9+9291E~01
9.9388E-01
9.9528E-01
9.9726E-01
1.0000E+00

02
0.

2.8884E-06
1. 6479E-05
6. 9653E-05
1.6880E-04
2.6721E-04
3.3906E-04
3.9120E-04
4. 3290E-04
4. 6683E-04
4.9232E-04
5.0904E-04
5.1837E-04
5.2269E-04
5.2432E-04
5.,2483E-04
5.2503E-04
5.2524E=04
5.2559E~04
5.2618E-04
5.2713E-04
5.2860E-04
5.3084E-04
5.3421E-04
5.3917E-04
5.4640E=-04
5.5698E-04
5. 7T4S5LE-04

N2
6.3145E-01
6.4162E-01
6.,4722E-01
6.4727E-01
6.4181E-01
6.3234E-01
6.2110E-01
6.1016E-01
6.0088E-01
5.9386E-01
5.8911E-01
5.8625E~-01
5.8473E-01
5.8405E-01
5.8381E-01
5.8374E-01
5.8373E-01
5.,8374g-01
5.8376E-01
5.8379E-01
5.8383E-01
5.8389E-01
5.8398E-01
5.8412E-01
5.8433E-01
5.8463E-01
5.8505E-01
5.8561E-01

0
1.0096E-03
248434E-D2
5.8110E-02
8.8121E-02
1.1703g-01
1.4386E~-01
1.6762E-01
1.8754E~01
2.0320E-01
2.1458E~-01
2.2211E-01
2.2654E-01
2.,2883€E-01
2.2983E-01
2.3018E-01
2.3028E-01
2.3029E-01
2.3029E-01
2.3028E-01
2.3027g-01
2.3026E-01
2.3024E-01
2.3022E-D1
2.3018E-01
2,3012E-01
2.3003E-D1
2.2991E-01
2.2972E-01

N
5.9875E-02
6+3669E-02
7.2699E-D2
8.6896E-02
1.0538E-01
1.2548E-01
1.4347g-01
1.5668E-01
1.6461E-01
1.6838E-01
1.6967E-01
1.6987E-01
1.6975E-01
1.6964E-01
1.6958E-01
1.6956E-01
1.6955E-01
1.6954E-01
1.6953E-01
1.6950E-01
1.6945E-01
1.6937€-01
1.6926E-D1
1.6908E-01
1.6883E-01
1.6846E-01
1.6794E-01
1.6723E-01

NO

0.

2.7714E-04
1.4563E-03
4.3084E-03
7.8736E-03
1.0646E~-02
1.2340E-02
1.3360E~-02
1.4040E-02
1.4522E-02
1.4850E-02
1.5052E-02
1.5160E-02
1.5209E-02
1.5228E-02
1.5235E-02
1,5238E-02
1.5242E-02
1.5250E-02
1.5261E~-02
1.5280E-02
1.5310E-02
1.5355E~-02
1.5422E-02
1.5520E~-02
1.5663E-02
1.5870E-02
1.6190E~-02

NO+
3.1010E-05
Le5624E-05
8.8248E-D5
1.6636E~-04
2.7206E-04
3.8354E~04
4.8086E-04
5. 5441E-04
6.034DE-04
6+3216E-04
6.4700E-04
6.5374E-04
6.5644E-04
6. 5741E-04
6.5773E-04
6.5784E-04
6.5791E-04
6.5799E~04
6.5811E-04
6.5831E-04
6.5862E-0%
6¢5910E-04
6.5983E~04
6.6091E~04
6.6249E-04%
6.6L7T4E-D4
6.6788E-04
6.7207E-04

co
3.0341E-01
2.6159E~-01

2.1583E-01"

1.6828E-01
1.2252E-01
8.2655E~02
5.1364E-02
2.9216E-02
1.5087E-02
7.0028E-03
2.8883E-03
1.0451E-03
3.2699E-04
8.6928E-05
1.9196E-05
3.4134E-06
4.6683E-07
%4.5538E~-08
2.7326E-09
6+5576E-11
2.9985E~14
0.

2.3693E-16
u.

%.94k37E-18
n.

0.

coz
6.6645E-04
641303E-D4
4.2661E-D4
2+4516E~04
1.2477E-D4
6.0629E-05
2+.9450E-05
1.4354E-05
6.8387E-06
3.0714E-86
1.2572E-06
4.5635E- 07
1.4364c-87
3.8392E-08
“ 8.5109E-09
1.5171E-09
2.0775E-10
2.0272E-11
1.2159E~-12
2¢9194E-14
o
1.0642E-17
0.
7.5646E~20
u.
1.5118€E-21
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ETA
0.0000
0370
07041
«1111
«1481
.1852
2222
2593
«2963
«3333
«3704
4074
clhlilsly
4815
«5185
+5556
«5926
«6296
6667
«7037
7407
« 7778
«8148
8519
.8889
«9259
«9630
1.0000

C1

3. 3297E-03
3.3680E-03
3.3521E-03
3. 3736E-03
3.3261E-03
2.9743E~-03
2.2919E-03
1.4993€-03
8.3545E~04
4. 0002E-04
1.6579E~04
5. 9592E~05
1.8478E-D5
4.8775E-06
1.0727€-06
1.3058E-07
2.6140E-08
2.5695E-09
1.5614E-10
3.8024E-12
n‘

1.8064E-15
0.

1. 4829E-17
0.

3.1975€-19
0.

0.

c2

1.8069E-07
1.5295E-07
6.2630E-08
4L.8679E-08
4.6435E-08
3.3570E~08
1.7200E-08
6.4409E-09
1.8167E-09
3.9313E-10
6.5743E-11
8.4562E-12
8.2176E-13
5.8506E~-14
2.9224E-15
3.6637E-17
1.9525E-18
2.1316E-20D
1.0131E-22
1.2628E-25
0. '
2.4968E-30
0.
9.,8417E-34
0.
1.7535€-36
0.

0.

C3

2. 4342E-11
2.0919E-11
9.6933E-12
2.7118E-12
9.2133E-13
2.9572E-13
7.5075E-14
1.4194E-14
1.9477E-15
1.9056E~-16
1.3028E~-17
6. 0578E-19
1.8458E-20
3.5068E-22
3.8924E-24
2+ 3302E-26
8.8181E-29
2.2432E-30
1.2465E-31
2.6992E-33
0.

1.5197E-36
0.

1.2268E£-38
0.

2.5613€E-40
0.

n.

CN
2.2873E-04
3.7215E-04
7.9343E~D4
1.2686E-03
1.4853E-03
1.3322E-03
9.6598E-04
5.9078E-04
3.1235E-04%
1.4449E-04
5.8726E-05
2.0913E-05
6.4627E~06
1.7050E-06
3.7514E-07
6.6686E-08
9.1498E-09
8.9943E-10
5.4639E-11
1.3291E-12
0.
6.3398E~-16
0.
5.2160E-18
0.
1.1341E-19
0.
ﬂo
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ETA
0.0000
.0370
07061
1111
«1481
.1852
2222
«2593
+2963
«3333
«3704
4074
bl
+4815
«5185
+5556
5926
«6296
«6667
«7037
7407
7778
8148
«8519
.8889
9259
«9630
1.0000

Y /RN v BETA/EBB
0. 8.9576E-02 0.
4.5575€E-04 5,0037E-02 0.
1.0551€-03 -6.7584E-02 0.
1.7907E-03 -2.5796E-01 0.
2.6445E-03 -5,1040E-01 0.
3.5909E-03 -8.1103E-01 0.

4. 6040E-D3 -1.1459€+00 0.
5.6625E-03 -1.5039E+00 0.
6. 7500E-03 -1.8776E+00 0.
7.8543E-03 -2.2630E+00 0.
8+ 9675E-03 -2.6585E+00 0.
1.0085E-02 -3.0634E+00 0.
1. 1204E-02 -3.4775E+00 0.
1.2324E-02 -3.9007E+00 0.
1.3443E-02 -4,3330E+00 0.
1. 4563E-02 -4.7745E+00 0.
1.5683E-02 ~-5.2252E+00 O,
1.6803E-02 -5.6849E+00 0.
1.7923E-02 -6.1538E+00 0.
1.9043£-02 -6,6318E+00 0.
2.0164E-02 -7.1190E+00 0.
2.1284E-02 -7.6153E+00 0.
2.2405E~-02 -B8.1207E+00 0.
24 3526E-02 -8.6352E+00 0.
2. 4648E-02 -9.1589€+00 0.
2.5771E-02 -9.6917E+00 0.
2.689E-02 -1.0234E+01 O,
2.8022E-02 -1.0785E+01 -1.8226E-01
TIME LEFT =439.613 SEC
QCOND = =1.15002€E+06
QDIFF = =6.91222E+05
QCONV = 1.02844E+05
QTOTAL = -1.73840E+06
QTOTAL(BTU/FT2-SEC) = -2.23400E+03

STANTON NUMBER

1.82902€-02

DENSITY
1.2400E-03
9.0142E-04
7.1079E-04
5.9567TE~-04
5.2565E-04
4.8330E-04
4,5763E-04
L.L217E-D4
4.3324E~-04
4.2847E-04
4.2616E-04
4.2518E-04
4.2481E-04
4.2468E-04
4o 24BUE=-D4
4.2463E~04
4.24B1E-04
4. 24LH0E-04
4,245TE-04
4.2453E-04
Le244LTE-04
L.2437E-04
4.2423E-04
4.,2401E-04
4.2369E-04
4.2323E-04
4.2259E-04
4.2171E-04

CTH =

1.00000E+00,

SPECIES WALL MASS FLUX
02 2.55276E-07
N2 -8.62125E-07
0 =2.72395E-03
N 5.49916E-07
NO 1.80228E-05
NO+ 2.84433E-10
co 4.75122E~-03
coz 6.06793E-09
Ci 3.06552E-08
c2 1.67377E=12
Cc3 2.26254E-16
CN 2.10576E-09

BODY PROFILES.

ELECTRON
DENSITY

3.9788E+14
L.2555E+14
6.4905E+14
1.0254E+15
1.4798E+15
1.9181E+15
2.2770E+15
2+.5366E+15
2.7050E+15
2.8027E+15
2.8531E+15
2.8761E+15
2+8855E+15
2.88B9E+15
2.8900E+15
2.8904E+15
2.8906E+15
2.8908E+15
2.8912E+15
2.8918E+15
2.8928E+15
2+8942E+15
2.8964E+15
2.8997E+15
2.9044E+15
2.9111E#15
2.9205E+15
2.9327E+15

TOTAL
ENTHALPY
5.0284E+07
7.3213E+07
9.7545E407
1.2183E+08
1.4422E+08
1.6317E+08
1.7784E+08
1.3815E+08
1.3468E+08
1.9836E+08
2.0021E+08
2.0102E+08
2.0134E+08
2.0145E+08
2.0148E+08
2.0149E+D8
2.0149E+08
2.0149E+08
2.0149E+08
2.0149E%08
2.0149E+08
2.0150E+08
2,0150E+08
2.0150E+08
2.0150E+08
2.0151E+08
2.0152E+08
2.0152E+08

RHO Vv

HEAT TRANSFER
HEAT TRANSFER, BODY
DISPLACEMENT THICKNESS/RN
MOMENTUM THICKNESS

L AT BODY

SKIN FRICTION

o onouw N

2.04528E-03
5.43769€E-01
4.BBUBLE-D1
5 «94924E-D3
3.74320E-D4
1.37684E+00
1.00718E+00
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27
28

1~TH BODY PROFILE.

RHOMUREF = 1.62528E-09
PE = 1.26470E+04%
TE = 1.26260E+04
UE = 1.33070E+02
DPEC = 0.
DPE1 = =-2.67292E+03
BEB = -1.49107E-01
ETE = 1.50000E+01
RHOMUREF = 1.62561E-09
ETA 1 2
0.0000 -6.5383E-03 -1.154L9E+02
«0370 -3.7053E+00 -5.9473E+01
<0741 -1.1930E+01 -4.2767E+D1
«1111 -2.0559E+01 -3.5701E+01
<1481 -2,1019E+01 -2.51D03E+01
«1852 -1.1954E+01 -1.1485E+01
22222 =2.5990E+00 -2.3438E+00
«2593 2.5411E+30 1.2215E+00
«2963 4.2699E+00 1.6896E+0D
«3333 4.1892E+00 1.0315E+00
«3704 3.4273E+00 2.0883E-01
4074 2.6472E+00 -4.1959E-01
eblblbly 2.1250E+00 -7.8964E-01
«4815 1.8770€+00 -9,5791c-01
«5185 1.8107E+00 -1.0067E+00
«5556 1.8380E+00 -9.9825E-01
«5926 1.9171E+00 -9.6257E-01
6296 2.0491E+00 -9.0339E-01
+6667 2.2631E+00 -8,0868E-01
7037 2.6084E+00 -6.5665E-01
«7407 3.1558E+00 -4.1606E-01
«7778 4.0059E+00 -4.3124E-02
«8148 5.2996E+#00 5.2331E-01
«8519 7.2337E+00 1.,3677E+00
8889 1.0081E+01 2.6053E+00
«9259 1.4222E+01 4.3931E+00
«9630 2.0211E+01 6.9458E+00
1.0000 2.8805E+01 1.0580E+01

X0

X 172
X1

RBO

RB 172
RB1

3
=4s LYSLE+D2
-1.8212E+02
-1.2273E+02
-1.0778E+02
-8.5199E+04
-4,3514E+01
=7.0229E+00
1.0733E+01
1.4092E+01
1. 0345E+01
6. 4784E+0Q0
2.9549E+00
8.6017E-01
-9.5200E-02
-3.7338E-01
-3.2757€E-01
~1.2799E~-01
2.0328E-01
7.3321E-01
1.5834E+00
2.9276E+00
5. 0086E+00
8.1629E+00
1.2851E+01
1.9692E+01
2.9510E+01
ke 3401E+01
6. 2930E+01

LU LI T N 1}

S =

1.0000E-02

INTERPOLATED EDGE CONDITIONS

DELXI

0. LAMBDA = D. =

4.16667E-04 LAMBDA 1/2 = 1.87729E-14 XI0 =

8.33333E-04 LAMBDA + 1 = 1.50187E-13 XI 1/2 =

0. BETA = 4.99996E-01 XI1 =

4,16665E-04 MU = 3.85228E-06 SMALL E =

8.3331%E-04 RHOE = 4.21900E-04 EBAR =
X (K)

4 5 6 7 8
-8.8470E400 -4.7015E+00 ~2.1607E~01 ~2.1488E~01 -5.7572E-06
-1.1602E+02 -9.1100E+00 -2 ,4875E+400 ~-1.0291E-01 -2.0651E~06
-1.5718BE+02 -2.4426E+00 -2.6219E+00 -5.8825E-02 6.2305E~-06
~1.8387E+02 1.4836E-01 -2.3301E+00 -4.0153E-02 2,0238E-05
-1.6083E+02 6.,5597E-01 -1.5859E+00 -2.9917E-02 2.6436E-05
-8.7032E+01 4.3361E-01 -7.52B7E-01 -2.0283E-02 1.7272E-05
-2.0603E+01 1.9523E-01 -3.2048E-01 -1.0950E-02 6.2797E-06

1,1891E401 7.1694E-02 ~1.7549E-01 -4.4510E-D3 1.4153E-06
1.8829E+01 2.2370E-02 -1.1189E-01 -1.3485E-03 2,1030E-07
1.3733E+01 5.7883E-03 -6,3826E-02 -3.0660E-04 2.1185E-08
5.5588E+00 1.133%E-03 -2.9709E-02 -5.2712E-D5 1.4564E-T3
-1.2827E+00 1.1126E-04 -1,1176E-02 -6.8479E~06 6.7533E-11
-5.4937E+00 -3.1376E-05 -3.4155E-03 -6.634LE~07 2.0504E-12
~T«4438E+4+00 ~2.3740E-05 ~8+4681E-04 -%.6645E~08 3,.8873E-14
-8.0065E+00 -9,1381E-06 -1.B6743E-04 -2.2813E~09 4.3101E-16
-7.8907E+00 -2.5666E~06 —=2.5271E-05 -7.3051E~11 2.5608E-18
~7.4367E+00 -5.4193E-07 -2.6358E-06 -1.4L021E~12 7.2253E-21
-6.6759E+00 -8.3043E-08 ~1.3634E-07 -1.3989E~14 B8.1055E-24
-5.4492E+00 -8.4884E-09 5.8047E-09 -5.5253E~17 4 . 47156-27
-3.4749E+00 -4.7403E-10 1.2682E-09 -4.1719E~20 4.0118E-29
-3.4800E-01 -3.1998E-12 4.4349E-12 8.4292E~24 1.9138E-31
4,5011E+00 1.1978E-13 -9.0970E-13 -1.7574E~27 2.3360E-32
1.1868E+01 -4.3778E-15 1.7933E-14 6.1906E~28 0.
2.2850E+01 1.1543E-15 =-9.5216E-15 -2.2734E~-31 1,.9619E~34
3.8948E+01 0. 0. 2.9301E~31 0.
6.2197E+01 1.9060E-17 -1.8956E-16 -1.2367E~34 4.2549E-36
9.5318E+01 0. 0. 3.5109E~34 0.
1.4156E+02 D. 0. 0. De

3.12886E-17

0.
1.56443E-17
3.12886E-17
3.13116E-06
-6.51601E-04
9 10
-1.,1362E+401 0.
-7.0088E+00 -%.0860E+80
~%+9939E4+00 -1.3128E+01
=3.8275E400 ~1.9135E+01
=2.,2726E¥DD ~-1.0847E+D1
~-6.8533E~01 6.3109E+80
5.0678E~02 1.8520E+01%
1.5253E~01 2.1792E¢@1
8.3494E~02 1.8853E4+01
2.9055E~02 1.3325E+01
T.3551E~03 7.8569E+¢00
1.3956E~03 3.7887E+00
1.6834E~04 1.3707E+00
8.6718E-06 2.3349E-01
~5.7134E~06 -1.5161E-01
-2.7003E~06 -1.9756E~01
~7<2481E~07 -1.2462E-01
-1.3161E~07 -2.8897E-83
~1.5794E-08 1.7742E-04
-1.1058E-09 %.5773E-01
-3.7852E-12 8.9906E-01
9.7890E~13 1.5823E+00
0. 2.6184E+00
5¢0100E-15 L.1575E+00
0. 6,3950E+80D
9.9180E-17 9.5369E+00
0. 1.3457E+01
0. 1.7042E+01
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8€T

OV NODONFWN = Z

ETA
0.0000
.0370
0741
443
J1481
.1852
2222
+2593
+2963
+3333
. 3704
40Tk
cblbll
L4815
<5185
+5556
+5926
.6296
.6667
L7037
7407
7778
«81438
.8519
.8889
.9259
+9630
1.0000

ETA
0.0000
0370
0741
«1111
«1481
1852
2222
«2593
«2963
«3333
3704
lbbly
«4815
«5185
5556
5926
«6296
«6667
«7037
«7THO7
7778
«8143
+8519
.8889
9259
+9630
1.0000

11
2.2758E-01
=1.7775E+02
=3.0240E+02
=2.9505€E+02
=1.7323E+02
-3. 8635E+01
4.9514E+01
8.3400E+01
7.5067E+01
4o 3783E+01
7.9692E+00
~2.0703E+01
=3.8470E+01
~4,6964E+01
-4, 9782E+01
-5.0051E+01
-4,9533E+01
=4, 3828E+01
=he 7929E+01
~4.6632E+01
=4, 4674E+D1
~4e 17L6E+D1L
=3.7475E+01
-3.1430E+01
-2.3187E+01
=1, 2358E+01
2.5883E+00
3. 9675E+01

21

2.7988E-03
~4.0063E-01
-8.0102E-01
-8.6766E-01
-5.6767E-01
-3.1441E-01
-2+ 3101E~01
-2.0610E-01
~1.6200E-01
-1.0128E-01
-5.0325E-02
-2.0288E-02
-6.7730E-03
-1.8961E-03
~4o 4494E~DL
-8.6192E-05
-1.3358E-05
-1.5734E-06
-1.2893E~-07
-6¢ 1740E-09
-2.3530E-11
3.2401E-12
n.
1.2280E-14
0.

1. 4902E-16
U'

0.

12
-2.7678E+01
-2.2964E+01
-7.1436E+00
-2.7327E+01
-6+9382E+01
-8,4055E+01
-6.4649E+01
-3.5667TE+D1
-1.4998E+01
=5.0136E+00
-1.,3916E+00
-3.3280E-01
~6+6526E=02
-8.3962E-03

8.0381E~-04
B8.5556E~04
2.7313E-04
5,3333£-05
6.6187E=-06
4.6653E-07
1.6493£-09
-3.,9575E-10
D
-1.B141E~-12
De
-2.7275E~-14
0.
0.

22
6.4169E-17
=152156E~09
4,8554E~-08
2.8365E-06
1.7566E~05
2.8908E-05
2.1225E-05
9.3861E-06
2.8909E-06
6.6136E-07
1.1533E-07
1.5374E-08
1.5437E-09
1.1336E-10
5.8331E-12
1.9847E-13
4.1128E-15
4.56852-17
2.1616E-19
245357E~22
-2.3061E-26
D‘
-1.8505€E-30
4.8709E-36
-8.8522E-34
1.8583E-38
-1.0819E-36
0.

13
5. 4510E-02
-9.1593E+00
-1,1025E+01
2« b4 4BE+01
7.7692E+01
e 7S5TLE+D1L
7.9337E+401
4.874L0E+01
2. 4666E+01
1.1081E+01
L. 6820E+00
1.8789E+00
6.,9053E-01
2.2182E-01
6. 0014E-D2
1.3260E-02
2+ 3094E-03
3.0172E-04
2.7202E-05
1. 4075E-06
5. 4349E-09
-5.1229E-10
8. 0190E~-12
-4, 0327E-12
0.
-7.3842E=-14
0'
0.

23

-4, 1622E~-03
-9. 8486E-02
-6.7000E-02
-4.2627E-02
-3.0156E-02
~1.9922E-02
-1.0661E-02
-4+ 3211E-03
-1.3060E-D3
-2.9567E-04
-5. 0481E-05
-6.5045E-06
-642689E-07
~4.4306E-08
-2.2281E-09
-7.6663E-11
-1.7202€E-12
~2.3602E-14
=1+ 7775E=16
-5,6682€E-19
-3.6161E~21
u‘
-2+3979E-25
8. 8596E~-32
-1,1192E-28
1.2695E-34
-1.3038E-31
0.

14
2.5022E-06
1.5998E~-04
1.2335E-03
2+9297E~03
3.1335e~-03
1.9779E~-03
9.1255E-04
3.4890E-04
1.1686E-04
3.5714E-05
1.0677E-05
3.3442E-06
1.0748E-06
3.1806E-07
8.0194E-08
1.6313E-08
2.5701E~09
2.9937E-10
2.4136E~-11
1.,1851€-12

~1¢3724E=15
=7.3404E-16
0.
-5.0410E-18
0.
-1.0998E-19
D.
0.

24
-3.3851E-08
-1.9042€E-06

6.0892E-06
2.0372E-05
2.68B5E-05
1.7576E-05
6.4037E-06
1.4506E~06
2.1729E-07
2.2129€E-08
1.5416E-09
7.2602€-11
2.2L44E-12
4.3465E~14
4.9455E~-16
3.0352E-18
8.9273E-21
1.0547€E-23
3.7004E-27
-7.4972E-31
~4.6803E-33
-5.6956E-34
2.0144E-43
~Le7146E-36
u.
=949185E-38
0.
0.

15
6.7039E~11
-6.1178E-07
~6.9698E-06
=1.4225E-05
7.6341E-06
3.2467E-05
3.,1182E-05
1.7747E-05
7.3219E-06
2.6005E-06
1.0267E-06
4.,8881E-07
2.2886E-07
9.0167E-08
2.8454E-08
7.0668E~-09
1,3506E£-09
1.9090E-10
1.8502E~11
1.0300E-12
3¢9351E~15
-4,2820E-16
6.2985E-18
-3.4241E-18
0.
-6.4869E-20
0.
0.

25
-3.0059E-07
~2.5506E-08

2.6277E-07
1.2798E-07
4.7088E-08
1.1598E~-08
1.8596E-09
2.0326E-10
1.5043E-11
7+1832E-13
2.0988E-14
3.5786E~-16
3.3845E~18
1.6623E-20
3.8690E~-23
3.7336E-26
1.2010E-29
7+9254E-34
6+9443E-38
5.1207E-41
1.0810E~45
5.9934E~-48
-3.5141E-56
5« 6741E-52
=7.6635E-63
2.8169E-55
-1.0424E-68
0.

16
-9.0153E-01
-1.9505€E+00
-2.3463E+00D
-1.8710E+00
=1.0237E+00
-4,0409E-01
-1.1811E-01
=2.0986E-02

2.8502E-03
4.9523€E-03
2.9172E-03
1.2557E-03
Lotl143E~-06
1.3074E-04
3.2658E~05
6.7543E~06
1.1167E-06
1.3947E-07
1.1929g-08
5.6261E-10
3.3760E-12
-9.8173E-14
4.1793E~15
~9.1244E~-16
0.
=1+3154E-17
0.
0.

26
-4,0742E+00
-4.0978E+00D
=5.0715E+00
-443995E+00
=2.2330E+00
-1.6896E-01

1.0230E+00

1.4529E+00D

1.3226E+00

8.3728E-01

2.5493E-01
-2.2335E-01
-5.2503E-01
-6.7493E-01
-7.3182E~-01
-7.4619E-01
~7.4720E-01
=7.4686E~01
-7.4873E-01
~7.5425E-01
=7.6549E-01
=7.8608E~01
=842174E-D1
-8.3050E-01
=9.7137E-01
-1.0950E+00
=1.2004E+00
-1.0002E+00

17
1.2864E~-03
1.5197E-01
4.8279E-01
6.1374E~-01
4.2651E-01
1.9664E-01
6.8852E-02
1.8656E-02
3.0352E-03
~4e9721E~-0Q4
~7.0070E-04
=J3«7116E-04
=1.4390E-04
~L,5479E~-05
-1.2013E~05
=2.6236E~06
-4.,5803E~07
~6.0388E-08
-5.4527E-09
-2.7235E-10
=1.7076E-12

5.4735E~14
-2.2050E-15

5.1578E-16

0.

7«76 08E~-18

n.

0.

18
-1.1732E-02
-2.0782E-02
~2.0205E-02
-1.3158E-uU2
=5.8713E~-03
-1,8428E-03
~be4b017E-04
~8.7556E-05
-1.5582E-05
-2.5015E-06
-3.,3479E-07
=3.2785E-08
=1.9055E-09
~1.4875E-11

7.0061E-12
5.6836E-13
2.U0284E~14
3.5025E~16
2.5208E-18
be7480E-21
1,0187E-25
=9.3194E-29
7+9503E-32
-1.1737€E-32

-5.6725E~-36
0'
0.

19

2.2631E-06
~4.5835E-01
-1.7857E+00
~4,4163E+00
=7.6165E+00
=3.6937E+00
=3.5105E+00
=7 .4904E+00
~4eB4LGBE+CO
=2+45966E+00
=1.1556E+00
-4.2883E-01
~1.3293€E-01
=3+ 4266E-02
=7.2334E~03
=1.2124E-03
=1.5288E~04
-1.3063E-05
“5.714LE~D7
3.5353E~09
-6+9513E~12
~2.0115€~-11

3.1708E-13
=2.17T44E-13

0.
~bed729E-15

0.

0.

20

1.7633E-02
=2.1755E+00
~4e1045E+00
=%.6357E+00
~4.1851E+D0
=3.7106E+00
~3.2317E+00
=2+.5055E+00
~1.6344E+00D
-8.7716E~-01
=3.8520E~01
~1.3867E~01
=4.0959E~-02
=Q.84L74E-03
-1,8736E~-03
~2.6814E~04
=247 39E-05
=6e5011E~0G7
1.6442E-07
2.0476E-08
T.2266E-11
-1.2835E-11
2.5724E-13
-1.3552E~-13
g.
=2.7820E~-15
D.

0.
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6€T

N ETA
1 0.0000
2 .0370
3 0741
4 .1111
5 1481
6 .1852
7 2222
8 .2593
9 «2963
10 .3323
11 3704
12 4074
13 bbby
14 4815
15 .5185
16 .5556
17 .5926
18 .6296
19 .6667
20 .7037
21 7407
22 7778
23 .8148
24 .8519
25 .8889
26 9259
27 .9630
28 1.0000
N ETA
1 0.0000
2 .0370
3 L0741
b o1111
5 «1481
6 .1852
7  .2222
8 .2593
9 2963
10 .3333
11 3704
12 4074
13 LUk
14 4815
15 .5185
16 5556
17 .5926
18 .6296
19 .6667
20 .7037
21 7407
22 .7778
23 .8148
24 .8519
25 .8889
26 .9259
27 +9630

28 1.0000

FPRIME
0.
1.3391E-01
2.6637E-01
2.8662E-01
4.8571E-01
5. 5965E-01
6.1053E-01
6. 4459E-01
6. 6878E-01
6.8830E~-01
7.0601E-01
7.2316E-01
7.4016E-01
7.5713E-01
7.7410E-01
7.9110E-01
8.0312E-01
8.2518E-01
8.4229€-01
8.5946E-01
8.7669E-01
8.9400E-01
9.1139E-01
9.2888E-01
9. 4648E-01
9.6419E-01
9. 8202E-01
1.0000E+00

Cc1
3.3056E-03
3.3440E-03
3. 3289E-03
3.3515E-03
3.3074E-03
2.9615E-03
2.2861E-03
1.4987€E-03
8. 372uE-04
4o 0204E-D4
1.6716E-04
6. 0301E-95
1.8772E-05
44 9779E-06
1.1010E-06
1.9708E-07
2.7317E-08
2.7 312E-09
1. 7210E-10
4e7992E-12
2.1251E-14
9.6077E-16
0.
1.0942E-17
0.
2.5589E-19
0.

ﬂ‘

THETA
4.2759E-01
5.7409E-01
7.0726E-01
8.1727€-01
8.9574E-01
9.4371E-01
9.6995E-01
3.8330E-01
9.8942E-01
9.9162E-01
9.9197E-01
9.9168E-01
9.9134E-01
9.9115E-01
9.9108E-01
9.9108E-01
9.9111€E-01
9.9116E-01
9.9124E-01
9.9136E-01
9.9156E-01
9.9186E-01
9.9231E-01
9.9298E-01
9.9396E-01
9.9535£-01
9.9729E-01
1.0000E+00

c2

1.7714E-07
1.4997E-07
6.1491E-08
4.7977E-08
4.5910E-08
3.3270E-08
1.7082E-08
6.4111E-09
1.8126E-09
3.9319£-10
6.5915€E-11
8.4983E-12
8.2776c-13
5.9087E-14
2.9618E-15
9.8494E-17
2.0113E~18
2.2530E-20
1.1611E-22
2.0812E-25
8.8430E-28
0.

5.8564E~-32
0.

2.7345E-35
0.

3.1883E-38
0.

02

u.

2.9330E-06
1.6696E-05
7.0475E-05
1.7070E-04
2.7000E-04
3.4217E-04
3. 9612E-04
4.3532E-04
4.6860E-04
Lo 934LLE-DL
5. 0965E-04
5.1863E-04
5.2278E-04
5. 2434E-D4
5.2483E-04
5. 2502E-04
5. 2523E-04
5.2559E-04%
5.2618E-04
5.2713E-04
5.2860E-04
5.3084E-04
5.3420E-04
5.3916E~-04
5. 4639E~-04
5.5687E-04
5. 7174E-D4

c3
2.3709E-11
2.0397E-11
9.5268E-12
2.6891E-12
9.1699E-13
2.9492E-13
7.4989E~-14
1.4198E-14
1.9510E-15
1.9113E-16
1.3083E-17
6.0893E~-19
1.8566E~-20
3. 5285E-22
3.9157E-24
2. 3265E-26
6.5620E-29
7.3566E-32
L, 0424E-35
3.6058E-37
1.7158E-39
2.0863E-4D

D.
1.7275€E~-42
0.
3.6364E-44
0.
0.

N2
6.2955E-01
6.3983E-01
6.4552E~-01
6.4561E-01
6.4022E-01
6.3090E-01
6.1990E-01
6.0922E-01
6.0020E-01
5.9342E-01
5.8885E-01
5.8611E-01
5.3467E-01
5.8403E-01
5.8380E-01
5.8374E-01
5.8373E-01
5.8374E-01
5.8376E-01
5.8378E~-01
5.8381E-01
5.8387E-01
5.8395E-01
5.8408E-01
5.8428E-01
5.8456E~-01
5.8496E-01
5.8554E-01

CN

2.2683E-04
3.6920E-04
7.8736E-0%
1.2603E-03
1.4774E-03
1.3266E-03
9.6285E-04
5.8948E-04
3.1201E-04
1.4451E-04
5.8799E-105
2.0961E-05
6.4832E-06
1.7116E-06
3.7685E-07
6.7021E-08
9.1968E-09
9.0392E-10
5.5000E-11
1.3634E-12
6.2975E-15
5.7109E-16
0.

4.8887E-18
u.

1.0621E-19
0.

0.

0
1.0104E-03
2.8469E-02
5.8204E-02
8.8328E-02
1.1738E-01
1.4431E-01
1.6812E-01
1.8801E-01
2.0359E-01
2.1487E-01
2.2229E-01
2.2664E-01
2.2887E-01
2.2984E-01
2.3018E-01
2.3028E-01
2.3029E-01
2.3029E-01
2.3028E-01
2.3027E-01
2.3026E-01
2.3024E-01
2.3022E-01
2.3018E-01
2.3012E-01
2.3003E-01
2.2991E-01
2.29726-01

N
5.9588E-02
6.3363E-02
7 .2337E-02
8.6462E-02
1,0488E-01
1.2496E-01
1.4297€E~-01
1.5627E-01
1.6431E-01
1.6820E-01
1.6958E-01
1.6983E-01
1.6974E-01
1.6963E-01
1.6958E-01
1.6956E~01
1.56956E-01
1.6955E~-01
1.6953E-01
1.6950E-01
1.6946E-01
1.6939E~-01
1.56928E-01
1.6912E-01
1.6888E-01
1.6854E-01
1.68U4E=01
1.6736E-01

NO

0.

2e7841E~-04
1.461BE-03
4.3253E-03
7.9057E-03
1.0689E~02
1.2384E-02
1.3399E-02
1.4071E-02
1.4543E-02
1.4863E-02
1.5059E-02
1.5163E-02
1.5210E-02
1.5228E-T2
1.5235E-02
1.5238E-02
1.5242E-02
1.5250E~-02
1.5261E-02
1.5280E-02
1.5310E-02
1.5354E-02
1.5421E-02
1.5520€E~-02
1.5662E-02
1°5864E=02
1.6136E-02

NO+ co coe
3.0926E-05 3.0561E-01 6.7516E-D4
4.5506E-05 2.6368E-01 6.2122E~-04
8.8027E-05 2.17B2E-01 4.3278E-U&
1.6601E-04 1.7017E-01 2.4916E-04
2.7163E-04 1.2426E-01 1.2706E~-Dk
3.8312E~-04 B8.4142E-02 bH.1817E-D5
4.8052E-04% 5.2530E-02 3.0035E-05
5.5416E-04 3.0049E-02 1.4633E-085
6.0323E-0% 1.5626E-02 6.9634E~-06
6.3206E-04 7.3168E-03 3.1308E-86
6.4695E-04 3.0509E-03 1.2830E-06
6.5372E-04 1.1191E-03 4.6684E-87
6.5643E-0k 3.5616E-04 1.4752E=0T7
645740E-04 9,6738E-05 3.9654E-08
B+.5773E-04 2.1953E-05 B.8620E<09
6+5784E~0% 4.D500E-06 1,5980E-09
6.5791E-04 5.8275E-07 2.2261E-1d
6+5798E-04 6.1386E-08 2.2347E-11
6.5811E-04 4.2215E-09 1.4187E-12
6.5830E-04 1.4501E-10 4.1000E~1%
B5.58b1E-0% ©b.1037E-1I3 1.2162E-16
6.5909€-04 0. 5.0216E-18
6.5982E-04 4.3982E-16 0.
6.6089E-04 1.9468E-17 5.6183E-20
BB24LE~T4 0. 0.
b+ 6463E-04 1.1695E-18 1,2590E-21
B.6758E-0UG Ue v. i
6.7125E-04 0. 0.
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ETA
0.0000
0370
« 0761
1111
1481
«1852
2222
«2593
«2863
« 3333
« 3704
4074
bbbl
« 4815
5185
+5556
«5926
«6296
6667
« 7037
«THO7
«7778
«8148
«8519
.8889
«9259
9630
1.0000

TOTAL
ENTHALPY
5.0065E+07
7.2894E+07
9.7143E+07
1.2139E+08
1.4383E+08
1.6287E+08
1.7763E+08
1.8803E+08
1.9462E+08
1.9834E+08
2.0019E+08
2.0101E+08
2.0132E+08
2.0143E+08
2.0146E+08
2.0147E+D8
2.0147E+08
2.0148E+08
2.0148E+08
2.0148E+08
2.0148E+08
2.0149E+08
2.0150E+08
2.0150E+08
2.0151E+08
2.0153E+08
2.0154E+08
2.0156E+08

RHO V

HEAT TRANSFER

HEAT TRANSFER, BODY

DISPLACEMENT THICKNESS/RN

MOMENTUM THICKNESS

Y /RN v

0. 8.9775E-02
4.5507E-04 5.3657E-02
1.0529E-03 -5.4655E-02
1.7864E-03 -2,3208E-01
2.6382E-03 -4.699LE-01
3.5829E-03 -7.5573E-01
4.5950E-03 -1.0762E+00
5.6530E-03 -1.4204E+00
6. 7402E-03 -1,7810E+00
7.8443E-03 =2,1537E+00
8.9573E-03 =2.5370E+00
1. 0074E-02 -2.9300E+00
1.1193E-02 -3.3327E+00
1.2312E-02 -3.7450E+00
1.3431E-02 -4.1668E+00
1, 4551E=02 -4.5982E+00
1.5670E-02 =5,03925+00
1.6790E-02 -5.4899E+00
1.7909E-02 -5,9502E+00
1.9029E-02 -6.4203E+00
2.0149E-02 -6.9001E+00
2.1269E-02 -7.3898E+00
2.2389E-02 -7.8893E+00
2.3510E-02 -8.3988E+00
2.4631E-02 -8.9184E+00
2.5754E-02 -9,44B1E+00
2.6878E-02 -9.98B1E+00
2.8004E-02 -1.0538E+01
TIME LEFT =4

QCOND =

QDIFF =

QCONYV =

QTOTAL =

QTOTAL (BTU/FT2-SEC) =
STANTON NUMBER =
RS**(14J) =

REYNOLDS NUMBER =
CF-INF =
SPECI

02

N2

0

N

NO
NO+

co
co2

¢1

c2

c3

CN

ELECTRON
BETA/EBB DENSITY DENSITY
0. 1.2408E-03 3.9705E+14
0. 9,0339E-04 4.2538E+14
0. 7.1281E-04 6.,4926E+14
0. 5.9731E-04 1.0260E+15
0. 5.2678E~-04 1.4806E+15
0. 4.,8398E~-04 1.9186E+15
0. 4.5798E-04 2.2771E+15
0. L.4234E-04 2.5364E+15
0. 4,3333E-04 2.7048E+15
0. 4.2855E-04 2.,8028E+15
0. 4.2629E~-04 2.8537E+15
0. 4.2534E~04 2.8771E+15
0. 4.2501E-04 2.8868E+15
0. 4.2490E-04 2.8903E+¥15
0. 4.2486E-04 2.8915E+15
0. 4.24B5E~04 2.8919E+15
0. 4.2483E-04 2.8921E+15
0. 4,2482E-04 2.8923E+15
0. 4.2479E~04 2.8927E+15
0. %.2475E-064 2,.8933E+15
0. 4o.246BE-04 2.8942E+15
0. 4.2458E-04 2.8956E+15
0. 4.,2443E-04 2.8977E+15
0. 4L.2420E-04 2.9009E+15
0. 4.2388E-04 2.9055E+15
0. 4.2342E-04 2.9119E+15
0. 4.2278E-D4 2.9205E+15
-1.4911E-01 4,2190E-04 2.9304E+15
34,991 SEC
=1.14246E+06
-6.92436E+05
1.02396E+05
-1.73250E+06
~2.22642E+03
1.81991€E-02
2.56375€E-07
1.21425E+01
1.52958E-04
TOTAL
ES WALL MASS FLUX MASS FLOW
2.57365E~07 2.56398E-10
-1.66116E-05 3.18302E-07
-2,72730E-D3 1.14385E-07
-3.21159E~08 8.65689E~-08
1.80542E-05 7.67010E-09
-1.66680E-11 3.26357E-10
4477092E-D3 9.39648E-03
-3.63889E-10 1.19976E-11
-1.78159E~09 2.57613E-10
~9.54721E~14 3.14391E~-15
-1.27784E~-17 1.99026E~19
=1+ 222506E+%10 9.82280E-11

L AT BODY

SKIN FRICTION

T DRAG COEF
P DRAG COEF
TOTAL DRAG

FLOW(PAR/SEC)

7.04517E+16
9.98988E+19
6.28604E+19
5.43392E+19
2.24746E+18
9.56275E+16
2.94961E+18
2439695E+15
1.88589E+17
1.15077E+12
4.85665E+07
3.31924E+16

L L T I A (A (A O

2.04528E-03
5.40967E-01
4.85605E=01
6+29083E+03
J84DSLE-D4
1.37714E+00
9.43909e~01
8.83083E-07
1.91171E+00
1.91172E+00
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45-TH BODY PROFILE.

RHOMUREF = 2.23181E-10

PE = 1.27100E+03

TE = 6.24870E+03

UE = 1.65500E+0%

DPEO = =2.55901E+03

DPEL = =-2.18313E+03

BEB = -4.41619E-02

ETE = 1.50000E+01

RHOMUREF = 2.24788E-10

ETA 1 2

0.0000 -8.7826E-05 -3.7940E-01
<0370 -1.2186E-01 -2.31595E-01
«0741 -5.4616E-01 -1.8009E-01
«1111 -1.4192E+00 -1,5995E-01
«1481 -2.8603E+00 -1.4839E-01
«1852 -4,7718E+00 -1.3651£-01
«2222 =-6.7871E+00 -1.2263E-01
«2593 -8.5041E+00 -1.0800E-D1
«2963 -9,7145E+00 -9,.3904E-02
«3333 -1.0416E+01 -8.0876E-02
«3704 -1.0708E+01 -6.8974E-02
«4074 -1.0708E+01 -5.8072E-02
elblihy -1,0509E+01 -4.7967E-02
+ 4815 -1,01756E+01 ~-3.8466E-02
«5185 =-9.7479E+00 -2.9478E-02
«5556 -9.2511E+00 -2.1108E-02
«5926 =-8.7008E+00 -1.3679E-02
«6296 -8.1041E+00 -7.6742E-03
«6667 =-7.4539E+00 -3.5326E~-03
«7037 -6.7185E+00 -1.2906E-03
« 7407 -5,8560E+00 -3.9853c-04
+7778 =-4,8653E+00 -1.2726E-04
«8148 -3.8216E+00 -5.0847E-05
«8519 =-2.8362E+00 -2.6044E-05
«8889 =-1.9824E+00 -1.5828E-05
9259 -1,2764E+00 -1.04B80E-05
9630 =-6.9887E-01 -6.7974E-06
1.0000 -2.2196E-01 -1.6076E-06

X0

X 172
X1

RBO

RE 172
RB1

3
-7.8911E-01
-4.0815E-01
=2.9706E-01
-2.5975€E-01
-2.3930€E-01
-2.1543E-01
=1.8549E-01
-1.5379e-01
-1.2418E-01
-9.8288E-02
-7.6373E-02
-5+ 8097E-02
-4e 2914E-02
-3.0323E-02
-2.0025€E-02
-1.1952E-02
-6. 1476E-03
-2.5511E-03
=7.8893E-04
-1.7335E-04
-2.9826E~-05
=5. 446LE-06
-1.4034E-06
=5.2779E-07
-2.5746E-07
=1.4344E-07

S =

6.0000E+00

INTERPOLATED EDGE CONDITIONS

2.52130E-07

-7.8580E-08 -1.4097E-02

-1.2163E-08

4.64741E-01 LAMBDA = DELXI = 9.10013E-09
4.82371E-01 LAMBDA 172 = 2.58191E-07 XI0O = B.43519E-08 F
5.00000E-01 LAMBDA + 1 = 2.63687E-07 XI 172 = 6.89020E-08
2.55110E-01 BETA = 1.75467E-01 XI1 = 7.34520E-08
2.61196E-01 MU = 2.06757E-06 SMALL E = 3.36626E-05
2.67188E-01 RHOE = 1.07944LE-0&4 EBAR = -2.91567E-01
X (K)
4 5 6 7 8 9 10
-4 ,2980E-02 =7.1441E-02 =2.9148E-D4 -2.9763E-05 =-1.1903E~-11 -7.%3506-03 0.
-1.1437E400 -3.6904E~01 =5.6875E-03 -1,7481E-05 -5.1161E-12 =5.2520E~03 =1.6779E~01
-2e1557E400 =-2,%121E-01 =7.7017E-03 -1.1349E-05 4.4273E-12 -4.0239E-03 -6.1990E-01
-3.4591E+00 -1.9149E-01 -8.4752E~03 -7.0880E-06 6.0484E-12 -3,1065E-03 ~1.4589E+00
+5.0577E+00 -1,7299E-01 -8.0912E-03 -3.8706E-06 1.9259E-12 -2.2495E~03 -Z2.8849E+0D
~6e6432E+00 ~1.4770E~-01 =6+5978E=-03 ~1.7437E-06 3.0134E-13 ~1.4593E~-03 ~4%.8056E+00
-7+.8506E+00 -1.0863E-01 -4.,5412E-03 -6.2704E-07 3.1172E~14 -8.3121E-04 -6.7879E+0D
-8.4808E+00 ~647846E-02 =2.6457E~03 =1.7708E-07 2.1122E~-15 =4e1359E-04 -8,4188E+00
-8.5881E+00 -3.6194E-02 =1.3134E-03 -3 ,8757E-08 6.8234E-17 -1.7925E-04 -3.5195E+00
-8+3146E+00 -1 ,6457E-02 =5.5544E~04 -6.4320E-09 -1.2613E-18 ~6.708B8E-05 -1.0110E+01
~7.7977E+00 -6.2865E-03 -1.9809E-04 -7.8168E-10 -1.9542E~19 -2,.1333E-05 -1.0298E+01
-7.1350E+00 -1.9696E-03 -5.8391E~05 -6.6250E-11 -6.8284E=21 =5.6224E-06 ~1.0195E+01
-6.3834E+00 -4.8932E-04 -1.3796E-05 -3.6638E~12 -1.0548E-22 -1.1856E~06 -9,8890E+00
~5.5709E+00 =9.1787E-05 -2.4938E-06 -1.,2D14E~13 -7.0246E-25 =-1.8979E-07 =-9.4429E+00
~4,7126E+00 =1.1996E-05 -3.1930E~-07 -1.9990E-15 -1.6236E-27 -2.1182E~-08 -8.9363E+00
-3.8240E+00 -9+2656E-07 -2.4770E-08 -1,2342E~17 -6.3042E-31 =-1.3939E-09 -8.5816E+00
-2.9319€+400 -2.3908E-08 -6.9731E-10 -1.0134E~-20 6.5401E-35 -3.1869E-11 -9,0030E+00
-2.0816E+00 0. 0. 0. 0. 0. ~1.1470E+01
=1.3368E+00 -2.6333E-11 =5.8043E-13 ~7.7074E=27 3.1062E-39 =1.3327E-14 =1.6778E+01
-7.6514E-01 1.6058E-14 0. 0. Ue 0. ~2.1971E+ 01
-3.9961E-01 =1.4323E-13 -1.56196~15 -6,2568E-32 5,1216E~43 =1.3218E~17 -2.1404E+01
-2.0656E-01 1.2715E-16 0. 0. 0. 8.8047E-23 -1.5401E+01
~1.1436E-01 -1.3689E~-15 —4.8625E-18 -6.7207E~37 2.3036E-46 =1.6532E-20 -9.2056E+00
-6.8402E-02 5,03156-19 0. 0. 0. 4¢5596E~24 ~5,2999E+00
~%.2536E-02 =1.2014E~17 =9.4679E-21 9.0263E-41 2.8958E-49 ~2,1843E-23 -3.4556E+00
~2.6084E-02 ~1.4345E~18 -5,0248E~-24 -1,2934E~48 0. 1.0235E-25 -2.8338E+00
3.7479E-21 0. 2.3063E~43 7.3994E-52 0. ~2.1859E+00
2.1991E-04 0. 0. 0. 0. 0. 6.3086E+00
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ETA
0.0000
0370
0741
«1111
<1481
.1852
2222
2593
«2963
«3333
« 3704
4074
bbby
<4815
«5185
«55586
5926
«6296
«6667
«7037
7407
7778
«8143
8519
.8889
9253
9631
1.0000

ETA
0.0000
«0370
0741
«1111
<1481
<1852
s2222
2593
«2963
«3333
«3704
4074
bbbh
4815
«5185
«5556
«5926
.6296
«6667
7037
7407
o 7778
<8143
+8519
.8889
«9259
«9620
1.0009

11

2.1798E-02
-2.6381E+00
=2.9042E+00
=44 1225E+00
=9.1823E+00
=1.5972E+01
=24 1642E+01
=2.5153E+01
=2 6710E+01
-2.6829E+01
=24 5865E+01
=2, 4464E+01
=2.2570E+01
-2.0503E+01
-1.8580E+01
=1.7506E+01
=1.8763E+01
=24 4124%E+01
-3.2858E+01
-2.8934E+01
=3.7J11E+01
-3.06543E+01
=2.5327E+01
-2.2083E+01
=2.0043E+01
=1. B434E+N1
=1.6321E+01
-842272€+00

21
4e4311E-05
-1.1495E-03
-3.9674£-03
-9, 0412E-03
=1, 3298E~-02
-1.3564E-12
-1.0538E-02
-6.5703E-03
=3+ 36831E=03
-1.4341E-N3
=5.0795E-04
=1.4846E~04
=3.5115E-15
-b.4319E-06
-B8+.3193E-07
=T 7262E=08
=2.7095E-09
0.
=5+ 8585E-12
0.
“4e8193E-14
1.1901E-17
-3.2374E-16
6. 20455-19
=9.9317~19
1. 3189FE=-20
Je
0.

12
-2.0398E-01
-7 «9455E-02

8.4126E=-02
2.3065E~-01
2.7657E-01
2.2822E-01
1.4880E-01
8.0559E-02
3.6662E-02
1.403%E-02
4.5053E-03
1.1982z-03
2.58285~0bk
4,3359£-05
5.2721E-06
39749c-07
1.0938==-048
0.
1.0026=z~-11
U.
25514514
-9,0243E-13
7«4790E-17
~2.7627E-19
1.59532-19
-4,7822E-21
Ua
0.

22
6.1160E~-18
2.5716E-15
J.3164E-12
J.4563c-12
5¢5629€-12
1.4892c-12
2.4242E-13
1.73852-14

=2 7085E=15
-1.0187=-15
-1.49952-16
=1 +J296E=17
=7+ 48635=19
-2.5838E-210
=4 :932505=22
~4.1367E=-24
~6.77435-27

~06.3093E-34
D.

-1.3064E-36
d.

-2.4532£-39
847385251

-9.516HhE-42
0.

13
1.9251E-02
-6.0733E-03
-1.2556E-01
~4.1005E-01
-5.3871E-01
-4.5413E-01
=2.9544E~-01
-1.5896E-01
-7.2005€E-02
=2.7503E-02
-8.8232E-03
-2.3533E-03
-5.1125E-04
-8,7222E-35
-1.0942E-15
-8.8229E-07
-3. 0334E~-08
0.
-1.9854E-11
0.
~Le1949E-14
Lo ALIIE=1H
2.1524E-18
=6e 3599E-17
1.1673E=20
-1.4188E£-18
0.
0.

23
-6.9632E-037
=2+ 2815E-05
=1.6742E-05
=1.1581E=05
-6.9371t-06
=3.2455E-06
=1+ 1F79E~06
=3.3196E-07
=7.1992E-08
-1.1807E-08
~1.4247E-09
-1.2143E-10
-6.8939E-12
=2+3920E-13
~4.4191E~15
~3.3248E-17
-4, 1594E-20

0.
-1.3137€-24
0.
-2.8628E-28
0.
-1.6405E-31
0.
=1.9113E=34
3.5973E~-4b
-4, 0846E-37
0.

14
1.4036E-07
2.7083E~06
8.7243E-06
1.0796E-05
7.8225E-06
4.2260E-06
1.9076E-06
7.3736E-07
2.4138E-07
6.5953E~-08
1.4777€-08
2.6165E-09
3.3344E-10
2.1503E-11

~YeTLTAE+12
-5,7050E-13
~4.3646E~-14
0.
=1:9268€=16
1.5854E-19
=2+ 203DE~18
“Tad SG9E=10
a.
=1+5599E=-20
7.6230E-26
“5v3IbhiE=aP
2+727TTE-27
0.

24
Lo4430E-11
-1.4627€E-10
-1.6407E-10
-1.1984E-10
=545225E<11
=1+5567TE=14
-2+9624E=12
=3+9379E-13
=3.5860E-14
=2 1T 05E=15
-8.4733E-17
-2.0570E~-18
=2 9519E~20
=24 3328E=-22
=04,1689E=25
-1.4752E-27
=2.9000E-31
0.
-9,44355-3¢
0.
-2.1654€E-39
0.
-1.3049E-42
0.
=1+598LE=45
00
-3.5907E-48
0.

15
5.9483E-12
=9.3093E~-10
-5.8684E-09
-1.9071E-08
=2.6294E-08
-2.1587E-08
-1.3388E-08
-6,8223c-09
=2.8942E-09
-1.0235E-09
-3.0295E-10
~TsDBBHE=12
=1.5439€-11
=2.5665E=12
=3.2775E-13
-2.8813E-14
=1.2047E-15
0.
-1.8709E~-18
0.
=1.1461E-20
~4.5454E~22
5.,0189E-25
-4.6164E-23
4.3217E-27
-1.4809E~-24
ul
0.

25
1.4981E-13
7.0824E-13
7.3638E-13
3.3217E-13
7.0787E-14
8.8301E-15
7.3464E-16
4.0625E-17
1,4049€E-18
2.8568E-20
3.2280E-22
1.8992E-24
5. 3410E-27
6.3946E-30
2.7605E-33
3.1163E-37
1.6799E~-42
0.
Le7534E-50
UO
3.,01032-56
0.
6.3396E-62
0'
1.9905E-67
O

-2.6791E-78

0.

16
-5.7332E-02
=9.9410E-02
-1.10%2E-01
-9.3188£~-02
-6.4858E-02
-3.8842E-02
=2.0385E-02
=9.4105E-03
-3.8113E-03
=1+3456E-03
=4.0905E~04
~1.0485E-04
-2.1943E-05
=3.5710E-06
-4+1852€-07
~-3.0681E~-08
=9.7056E-10

0.
=3.1212E~-14
-6.4067E-15

1.2443E-15
-1,8292g~-17
2.0387E-17
=3.6564E=20
2.6284E~-19
3.7160E-20
~145967E-22
0.

26
-7.1677E=-D2
~4.b6455E-02
-1.4797E-02

7.6632E-03
=1 +552TE~U3
-2.5842E-02
-4.57u7:-02
-5.6743E-02
-6.1012E-02
-6.0719E-02
-5,7392E-02
-5.2395E-02
-4.6820E-02
-4+1305E=-02
=-3.6100E-02
-3.1254E-02
-2.6812E=-02
-2.2902E-02
-1.9571E-02
-1.6498E-02
-1.3260E-02
-1.0040E-02
-7.3302E-03
=5.,2854E-03
-3.7852E-03
-2.6603E-03
-1.7904E-03
-1.1483c-03

17
1.6200E-04
1.6685E-02
4.5850E~02
6+2234E-02
5.7904E-02
4e2326E-02
2+5750E-02
1.3293E~02
5.8589E-03
2,2097€E-03
7+1084E-004
1.9261E-04
4.2894E~-05
7+5406E~06
9.7836E-07
8+.2369E~-08
3.1793E-09
0.

=5.7435E-13
6+5238E~-14

=3.3873E-14
5.1307E-16

-8.3628E-16
1.,8567E~-18

=1.3343E-17

-2.U371E-18
1.1067E-20
0.

18
=1.5750E-04
-2.3698E-04
=2.2603E~04
=1.5556E~-04
-8.2333E-05
=3 44938E~U5
-1.1503E-05
-3.0230E~-06
-6+2140E-07
=9.7345E-08
-1.1296E-08
=9.2894E-10
-5.0857E~11
=1.6922E~12
-2.9500E~14
-2.U364E~16
-2.,3068E~-19

0.
=5.0400E-26

0.

be 4594E-34

0.

4.0713E-38

0.
~5.4626E-40

5. 4832E-44

0.

0.

19
2.6013E-07
-3.9024E-03
-1.5105€E-02
-3.7619E~-02
~0.1806E~02
=7.0001E-02
-0.0743E-02
~4.1231E-02
=2.2664E-02
=1.0252E-02
-3.8386E~03
=1.1d22E-03
=2.9367E-04
=5.,06779-05
~de0412E-U6
=7.3969E-07
-2.8706E-08
ul
~9.6340E-11
2.
-1.3707E-12
0.
-1.2990E-14
0.
-4+ 8910E-17
=3.2674E-20
u.
ul

23
1.0586E-03
-6.5402E-03
=2.5322E-02
-6.0909E-02
-8.2549E~02
~7.8266E-82
-5.,7855E-02
-3.4900E-02
~1.7580E-02
=7.4026E~03
~2.6065E-03
=7.5975E-04
=1.7953E-04
~3.3173E-05
-4,5013E-06
-3.3330E-07
-1.3830E~-08
0.
=2.7965E~-11
0.
-2.2807€E-13
0.
-1.5442E-15
0.
~4o7833E-18
=2.9792E-21
0.
DQ
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ETA
0.0000
« 0270
<0741
<1111
<1481
«1852
2222
2593
2963
#3333
«3704
4074
HlLbG
-4815
5185
«5556
5926
«6296
«6667
«7037
<7407
<7778
«8148
8519
.8889
+9259
«9630
1.0000

ETA
0.0000
<0370
0741
.1111
«1481
.1852
2222
«2593
«2963
«3333
«3704
4074
bbbl
« 4815
«5185
+5556
«5926
6296
«6667
7037
« 7407
7778
«81L8
.8519
.8889
9259
«9630
1.0000

FPRIME
u.
1.7393E-01
3.7368E~-01
5. 5907E-01
7.0854E-01
8. 0951E-01
8.6922E-01
9. 0380E-01
9. 2564E-01
9. 4081E-01
9.5190E-01
9.6021E-01
9. 6662E-01
9.7170E-01
9.7586E-01
9. 7936E-01
9.8236E-01
9. 8498E-01
9.8728€E-01
9.8933E-01
9.9116E-01
9.9281E-01
9.9431E-01
9.9567E-01
9.9691E-01
9. 9804E-01
9. 9907E-01
1. 0000E+00

Cc1
3.2125E-05
2.9893E-05
2.1348E-05
9. 4829€E-06
1.6565E~-06
5.5702E-08
6.3621E-10
4o 00WOE-12
2.5704E-14
7.5072E-16
4e 2712E-17
2.1053E-18
7.3910E-20
1.0512E-21
0.

3. 3363E-25
0.
3.8936E-28
n.
8.0001E-31
1.6519E-33
1.3731E-32
1. 0718E-34
0.
1.1074E-36
0.
6. 3940E-39
0.

THETA
2.0061E+00
2.6095E+00
2.8222€E+00
2.7128E+00
2.4300E+00
2.1114E+00
1.8972E+00
1.7747E+00
1.7031E+00
1.6514E+00
1.6030E+00
1.5516E+00
1.4971E+00
1.4419€E+00
1.38855+00
1.3385€+00
1.2928E+00
1.2514E+00
1.2141FE+00
1.1805E+00
1.1501E+00
1.1225€+00
1.0973E+00
1.0743E+00
1.0533E+00
1.0340E+00
1.0163E+00
1.0000E+00

c2
be37L4E-12
6.1873E-12
5.2594E-12
8.0461E-13
2.7430E-14
2.2087E-16
1.2710E-18
7.5948E-21
5.1338E-23
4.0462E-25
3.7012E-27
3.6765c~-29
3.1374E-31
3.9324E-34
u.
7.2374E-37
0.
8.9044E~-39
0.
2.2691E-40
0.
8.7472E-42
u.
L.4973E-43
n.
2.7665E~44
0'
0.

02

0.

1.2521E-05
1.0308E-04
6.6453E-04
6.2293E-03
3.3405E-02
7.4723E-02
1.1446E-01
1.4894E-01
1.7682E-01
1.9772e-01
2.1220E-01
2.2147E-01
2. 2695E-01
2.2997E-01
2.3152E-01
2.3225E-01
2.3258E-01
2.3272E-01
2.3277E-01
2.3279e-01
2.328D0E-01
2. 3280E-01
2.3280€E-01
2.3280E-01
2. 3280E-01
2.328DE-D1
2.3280E-01

c3
3.2790E-16
3.0836E~-16
2.3088E-16
1.5886E-17
2.1804E-19
1.2997E-21
7. 0045E-24
4. 0531E-26
2.64T71E-28
1.9927E-30
1.7097E-32
1. 5496E-34
1.1515E-36
8.6923E-40
n.
9. B465E-43
u‘
8. 0716E-45
0.
1.5334E-46
0.
4.B8231E-48
0.
2. 1689E-49
0.
1.2298E-50
D.
0.

N2
6.4555E-01
6.6798E-01
6.9395E-01
7.2528E-01
7.5473E-01
7.6528E-01
7.6605E-01
7.6461E-01
7.6285E-01
7.6201E-01
7.6236E-01
7.6351E-01
7.6483e-01
7.6589E-01
7.6657E-01
7.6694E-01
7.6711E-01
7.6717E-01
7.6719E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720E-01
7.6720DE-D1
7.6720E-01

CN
1.5868E-05
1.5691E-05
1.4248E-05
4.7330E-06
6.4382E-07
5.5251E-08
4.7387E-09
4.6349E-10
5.2894E-11
6.7783E-12
9.0122E-13
1.0811€£-13
9.0873E-15
2.5384E-16
0.
6.5748E-19
0.
6.6312E-21

1:2026E-22
2:82335-2k
g:5367E-26
4.2063E-26
E:OS3ZE-27

0
6.2921E-04
3.7714E~-02
7.6L43E-02
1.1205E-01
1.3569E-01
1.3590€-01
1.1722E-01
9.1331E-02
6.5205E-02
4e 3043E-02
2.6486E-02
1.5300E-02
8.3440E-03
%e3121E-03
2.1161E-03
9.8689E~-04
6e372LE-D4
1.8381E-04
7.3133E-05
2.,7417E-05
9.6181E-06
3.1303E-06
9.3771E-07
2.5744E-07
b.4282E-08
1.3893E-08
2.2931E-09
5.4877E~-10

N NO NO+ co co2
9.1365E-03 5.6303E~05 6.3414E-06 3e4410E-01 4.7453E-06
9+2637E-03 6.5152E~-04 7,3208E-06 2.8385E-01 4.7190E~-0%
9.1197E-D03 2.4339E-03 9.8944E-06 2.1745E-01 4.3659E-04
644632E-03 4.1926E-03 9,0500E-06 1.5091E-01 4.0719E=-04
2.D305E-03 B8.4065E-03 5.6153E-06 J.2541E-02 3.6683E~-04
2.1866E-04 1.5779E-02 3.1605E-06 4%.9121E-02 2.9302E-8%&
3.0335E-05 1.9564E-02 1.8688E-06 2.2210E~02 1.9556E-B4
9.2698E-06 2.1086E-02 1.,1589E-06 8.3990E-03 1.0644E-0%&
3.8738E-06 2.0353E-02 7,.4033E-07 2.5906E-03 4.7630E-05
1.6990E-06 1.7479E-02 4.7822E~07 6.2925E-04 1.,7766E-05
6+9442E-07 1.3306E-02 3.0674E-07 1.1409E-04 5.5469E-86
245008E-07 8.,9718BE-03 1.9197E-U7 1.%073E-05 1.4385E-06
7.7897E-08 5.3632E-03 1.1543E~-07 9.6185E-07 3.0359E-87
2.1146E-08 2.8457E-03 6,5782E-08 1.%123E-08 5.0189E-08
5.1404E-09 1.3405E-03 3JI,.5129E-08 0.  B6.0594E=09
1.1666E-09 5.5937E-04 1.7412E-08 3.2986E-11 4.5898E=10
2,5913E-10 2.0538E-04 7.9427E-09 0. 1.2502E-11
5.8486E-11 6.5464E-05 3.3076E-09 3.2949E-13 0,
1.3573E-11 1.7670E-05 1.2464E-09 T. 8.9082E-15
3.1945E-12 3.8610E-06 4,2053E~10 6.5365E~15 L4L.6129E~16
T4381E-1I3 6.2371E-07 1.252%E-10 TU. 0.
1.6738E-13 5.8713E-08 3.2342E-11 2.02&4E~16 6.3298E-18
3.5795E-1‘$ 4.'0738E-10 7-0332E‘12 0. Be. )
742099E-15 1.9766E-10 1.2328E-12 8.6198E-18 2,.,8732E-20
1.3643E-15 3,3103E-10 1.5125E-13 D. T L.137BE-21
243816E-16 2.5064E-11 1.3369E-14 4.5553E-19 1.5412E-23

T 3HRIZE-I7 U. 0 TR I3IGE-L . . 4E-
1.,9973E-18 1.6790E-14 1.0000E-20 0. 0.




T

ELECTRON TOTAL
N ETA Y/RN v BETA/EBS3 DENSITY DENSITY ENTHALPY

1 06.0000 0. 9.4924=-02 0. 1.2965E-04 1.6952E+13 3.4864E+07
2 40370 5.0534E-03 5.2556E-02 0. 1.0332E-04 1.6L14E+13 5.6972E+07
3 0741 1.1070E-02 =-7.6256E-02 0. 9.0493E-05 2.1329E+13 B8.2199E+07
4 <1111 1,7706E-02 -2.9057E-01 Q. 8.4380E-05 2.7550E+13 1.0882E+08
5 1481 2.,4680E-02 -5.8089z-01 Q. B8.1644E=-05 3.2207E+13 1.3412E+08
6 1852 3.1314E-02 -9.3148E-01 0. 8.048BE-05 3.4520E+13 1.5529E+08
7  .2222 3.9014E-02 -1.32525+00 0. 8.0116E-05 3.4900E+13 1.7086E+08
8 42593 4.6221E-02 -1.7483E+00 0. 8.0338E-05 3.3914E+13 1.8112E+08
9 42963 5.3382E-02 -2.1920E+00 0. 8.1130E-05 3.2015E+13 1.8747E+08
10 .3333 6.0451E-02 -2.6518E+00 0. 8.2400E-05 2.9595E+13 1.9139E+08
11 .3704 6.7399E-02 -3.1253E+00 0. 8.3984E~05 2.6988E+13 1.3394E+08
12 4074 7.4209E-02 =-3.6108=+00 0. 8.5709€E-05 2.4434E+13 1.3579E+08
13 4444  B,00884E-02 -4.1069E+00 0. Be7439E~05 2.2061E+13 1.3725E+08
14 .48B15 B8.7430E-02 -4.6120E+00 0. 8.9079E-05 1.9903E+13 1.3852E+08
15 .5185 9,3862E-92 -5.1249E+00 0. 9.0570E-05 1.7934E+13 1.9964E+08
16 .5556 1.0020E-01 -5.6443E+00 0. 9.1873E-05 1.6099E+13 2.0066E+08
17 +5926 1.0845E-01 -6.1691E+00 0. 9.3012E-05 1,4336E+13 2.0157E+08
18 .629b 1.1262E-01 -6,.,6986E+00 0. 9.4041E-05 1.2604E+13 2.0235t+08
19 ,6€67 1,1874E-01 -7.23202+00 0. 9.5144E-05 1.0903E+13 2.0295E+08
20 47037 1.2477E-01 -7.7685E+00 0. 9.6569E~-05 9.,2830E+12 2.0329E+08
21 7407 1.3069E-01 -8.3081E£+00 O. 9.8416E-05 7.8229E+12 2.0335E+08
22 <7778 1.3650E-91 =-8.8501E+00 0. 1.0043E-04 6,5772E+12 2.0320E+08
23 +B143 1.4%221E-01 -9,3945E+400 0. 1.0225E-04 5.5517E+12 2.0302E+08
246 .8519 1.,4782E-01 -9.9412E+00 0. 1.0372E-04 4.7137E+12 2.,0291E+08
25 .8889 1.5335E-11 -1.0490E+01 0. 1.0495E-04 4.0128E+12 2.0286E+08
26 +9259 1.50883E-01 -1.1041E+01 0. 1.0602E-04 3.3970E+12 2.0286E+08
27 +9€30 1.6426E-01 -1.1594E+01 0. 1.0702E-04 2.,8232E+12 2.0287E+08
28 1.0000 1.6963E-01 -1.2148c+01 ~4.4162E-02 1.0794E-04 2.2628E+12 2.0288E+08

TIME LEFT =246.342 SEC RHO V 2.51691E-04

QCOND ~6435285E+04 HEAT TRANSFER 2.50562E-01

QDIFF -8.10487E+04 HEAT TRANSFER, BODY 2.4924TE-D1

QCOoNV 8.77496E+03 DISPLACEMENT THICKNESS/RN 7 .50686E+06

QTOTAL -1.41802E+05 MOMENTUM THICKNESS 1.36363E-03

L AT BODY
SKIN FRICTION

1.03002E+00
5 .,24722E-01

-1.82229E+02
1.35329E~-03

OTOTAL (B8TU/FT2-SEC)
STANTON NUMBER

LU LA | L L (L I L 1}

L L A L A 1 [ VA 1}

RS¥¥{1+J) 1.39202E~-02 T DORAG COEF 5.59086E-04
REYNOLDS NUMBRER 4,28927E+05 P DRAG COEF 4,72727E-01
CF=INF 1.79040E-03 TOTAL DRAG 4.78317E-01
TOTAL

SPECIES HALL MASS FLUX MASS FLOW FLOW (PAR/SEC)

02 1.15718E~-08 5.23105E-04 1.43736E+23

N2 1.01390E-06 2.13538E~02 6.70187E+24

0 ~3.34U38E-04 5469297E-03 3.12857E+24

N 4.09618E-03 3.65374E-04 2.29345E+23

NO 1.62620E-07 6e5644LBE-04 1.92349E+23

NO+ 1.59902€~-11 5.22420E-07 1.53077E+20

Cco 5.84493E-0k 5.70952E-04 1.79225E+23

co2 9.95320E-10 1.45894E~-06 2+91476E+20

C1 4L.77037E-10 3.55468E-07 6.262565+20

c2 3.81763E-16 2.08025E-13 7.61436E+13

1.45765E-20 7.07086E-18 1.72544E+09

Lbe11679E-11

1.08219E-07

3.65686E+19
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OCENOONFWN-Z

ETA
0.0000
0370
L0761
Q1111
1481
.1852
.2222
.2593
<2963
.3333
L3704
4074
llll
4815
.5185
.5556
.5926
.6296
<6667
7037
$7407
V178
8148
8519
.8889
.9259
.9630
1.0000

ETA
0.0000
.0370
0741
21111
«1481
.1852
2222
«2593
«2963
«3333
«3704
<4074
UL
«4815
«5185
5556
«5926
6296
«6667
<7037
7407
« 7778
«8148
«8519
.8889
9259
9630
1.0000

11
-4.5166E-01
=2.3759E-01

1.7 305E+00
-2.7839E-01
-3.9604E+00
-8.9026E-01
=7.9014E-0D2
-3. 9923E-02
-1.9614E-02
-5.5359E-03

2. 3LLEE-OU

1. 1426E-03

6. 67UBE~-04

2.5300E-04

7« 5794E=-05

1.9739€-05

4. 7324E-06

1. 0779E-06

2. 3635€-07

4. 9957E-08

1. 0125E-08

1. 9501E~-09

3.5379E-10

6. 0145E-11

9.5024E-12
1.3272E-12

1. 4456E-13

24 3312E-14

21
=7.0543€E-05
-1.3890E-05
-1.4777TE-04
-5.6758E-04
-3.6892E-04
-2.8216E-05
=3. 344BE~07

6. 4060E-09
6. 7T4TLE-10
S.1210E-11
3.6690E-12
2.1683E-13
8.2321E-15
9.6153E-17
0.
3.6237E-20
0.
4.3502E-23
0.
7.7476E-26
-7.7243E-35
1.4142E-28
-3.7679E-39
1. 0249E-31
2+ 5796E-32
D
1.2953€E-34
0.

12
~1.1103E-02
~3.1298E-03

3.6575E-03
4.2582E-03
5.0538E~-04
4.9576E~-06
1.2132E-08
~1.8921E-10
~1.0604E-11
~5.5543E~-13
~2.7650E-14
~1.0738E-15
~2.4763E~-17
~1.6265E-19
0.
~1.7180€E-23
u.
~6s 4626E-27
0.
~4.8704E-30
3.9575E-35
~4,4899E~-33
1.0407E-36
~2.0198E-36
~4,0385E-37
0.
~1.6069E£-39
0.

22
B.b6444LE-19
2.0606E-13
2.9231e-12
243945E-13

~4.9963E-15
~6.3049E~-17
~2.4523E-19
~9.9700E-22
~5.1988E-24
~3.2441E-26
~2.2043E-28
~1.4701c-30
-7.6383E-33
~5.4241E-36
0.
~2.9162E-39
0.
~1.0638E-41
u.
~8.7554LE~t4
0.
-1.1994E-45
0.
~2+3964LE-4UT
0.
~6+2256E-49
0.
0.

13
1.3342E-03
3.7421E-03

-4, 2317E-03
-1.6649€E-02
-5.0282E-03
-4,2486E-04
-2.5967E-D5
-1.7297e-06
=1.2992E-07
-1.0336E-08
-7.9175E-10
-5. 0572E-11
-2.1009€E-12
-2.7136E-14
0.
-1.2669E-17
0.
-1.86811E-20
-4, 0895E-23
u.
-8, 9727E-26
0.
-7.7021E-29
-2.0988E-29
2. 8365E~41
-1.2225€E-31
0.

23
-1.0378E-09
-2.2639E~08
-3.9298E-08
-2.3295E-08
-2.0630E-09
-2.3010E-11
-1.2061E-13
-5.6899E-16
-2.7783E-~18
-1.4596E~20
~8.2522E-23
-4, 7255E~25
-2.1814E-27
-1.3950€-30

0.
-5.6824E~34
0.
-1.2546E-36
u.
-4,5968E~39
0.
-1.9535E~41
0.
-7.9921E~44
u.
-2.572TE~46
0.
0.

14
6.9413E-09
3.2585E-07
6.8261E~-07
8.5959E-08

-2.1278E-07
-7.7392€E-08
-1.1437E~08
-1.4502E-09
-1.9483E-10
-2.7480E-11
=3 7T7LTE=1P
~Le40BIE~13
=3.4498E~-14
-8.6918E-16
2.7970E-23
-1.7515E-18
4.7750E-28
-1.3632E-20
3.2569E-33
-1.9402E-22
0.
=3.6514E-24
0.
-3.7430E-26
-4.0517E-26
7.6008E~49
-6.5199€-27
0.

24
2.5839E-13
6.5428E~-14

=-5.9015E-13
-3.2317E-13
-1.1936E~14
-9.2855E-17
~4.4455E-19
-2.0245E-21
-9.5498E-24
~4.7923E-26
=2.5415E-28
=1.3279E-30
-5.3374E-33
-2.0558E-36
0.
-5.1540E-40
0.
=7.5818E-43
0‘
-2.0709E-45
0.
=7.1811E-48
0.
-2.5696E-50
0.
-7.6238E-53
0.
0.

15
-4.8908E-11
-1.8886E-10
-3.4138E-11
-2.1153E-09
~6.9856E-10
-6.0111E-11
~3.4405E-12
-2.3994E-13
-2+0375E-14
-1.8371E-15
=1.5185E-16
-9.,7160E~-18
-3.7254E-19
-4.1012E-21

n.
-1.1180E-24
n.
-7.2099€-28
D.
~bs4231E-31
0.
-9,5279€-35
U.
-2.5067E-39
-4.0870E-39
1. 7830E-43
u.
0.

25
1.8750E-16
9.1329E~-16
7.2923E-16
1.7664E-17
2.2343E-20
1.8316E~24
5.3077E-29
1.1669E-33
3.5385E-38
6.2139E-42
2.3907E-45
8+ 0586E-49
1.5182E-52
1.1397E-57
u.
1.9292E-64
DO
8.6715E-70
0.
3.6348E-75
0.

=1.4445E-77
n.
-L.8861E-80
D.
-1.7483E-82
0.
0.

16
-3.4188E-03
-6+9112E-03
-6.5849E-03
-3.5069E-03
=3.5740E~04

1.5696E-04
4,6719E-D5
1.1163E-05
2.3438E-06
3.7213E-07
3.83766E-08
2.3124E-09
6.2246E-11
1.1011E-13
~6.1662E-15
=1.8518E-17
=4.584L7E-19
3.6795E-20
~1.2481E-23
2.0254E-23

4.7959E-27
n.
3.6553E-31
=2+6479E~34
1.4407E-33
-2.9330E-37
0.

26
-6.8072E-03
=1.9354E-03

3.7101E-03

1.7619E-03
-1.9850E-03
~1.3662E-03
~6.1832E-04
=2.7854E~04
=1.2634E-D4
-5.7183E-05
=2+5338E-05
-1.0701E-05
~4.,1818E-06
=1.4695E-06
-4.5285E-07
-1.1983E-07
-2.6744E-08
-4.9508E~-09
~7.4693E-10
=8+9941E-11
-B8.4122E-12
-5.8843E~-13
=2.9117E-14
-9.3333E~16
-1.6612E-17
-1.1848E-19
-1.,1725E-22
-5.0505E-32

17
1.8526E-05
4+3093E-03
1.0036E-02
6«54 47E-03

-1,5274E-02
-3.1218E-02
-1.8913E-02
=7.71156-03
-2,4799€E-03
-6.0250E-04
-1.0227E-04
-1.0973E-05
-6.0809E-07
-6.0198E-09
5.2032E-11
-8.5526E~-12
1.1430E-14
=5.7604E-14
7.2969E-19
-6.9442E-16
u.
-1.3663E-17
u.
=3.8507E-19
6.2121E-29
-1,3989E-20
7.8483E-32

0.

18
~2.8620E-06
~b.6144E-06
-3.1859E~-06
-1.2552E-06
-1.6239E-07
-3.1760E~-09
-1.8295E~-11
~4.2435E-14
2.0894E~16
6+7994E~-18
8.4089E~-20
3.0239E-22
-9.8438E-25
-3.6772E-27
n.
-8.2259€E-33
u.
1.2131E-40
u.
~7+7835E-45
-1.8219E-48
1.0438E=-52
-8.856bE-56
4.6361E~56

-2.3423E-59 -2.9303E-33

0.

19
3.5251E-08
-2.8125E-04
-1.5058E-03
~3,8204E-03
=~1.7774E-02
-3.2392E-03
=8« 4244E-05
-8.2658E-07
-6« 7144E-0
=2.2436E-10
-1.4951E-11
-8.3289E-13
-3.1557E~-14
~4.6686E~-16
a.
-1.5188E-19
o.
-1.7823E-22
0.
-3.6658E-25
-7.5699E-28
-6.2926E-27
-4.9121E-29
4.3856E~-37
-5.0750E-31
2+2209E-40

0.

20

=3.4550E~-04
-8.0230E-05
-1.2570E-03
-3.3149E-03
~1.9728E-03
~1.7113E-04
~3.0599E-86
-2.4094E-08

-1.5371E-10
-3.7428E~-12
-1.7922E-13
~6.8626E~15
-1.6533E~-16
=1.3974E-18
0.
-1.0212€E-22

-1.5986E-26
o.
-2.1756E~-30
~7.6629E-3%
=6.2769E-34
-3.9177E-38
8.3071E-%0
~3.2506E-40
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WARNING - POLATE CALLED TO INTERFOLATE FOR T=
RHOMUREF = 1.11273E-10
PE = L4.55095E+02 X0
TE = 2.62942E+03 xX-1r2
UE =  1.92447E+04 X1
OPED = =1.38834E+01 RBO
LPE1 = =-3.32851E+00 RE 172
PE3 = =-9,27780E-04 RB1
ETE = 1.50000£+01
RHOMUREF = 1.13010E-10
N ETA 1 2 3
1 0.,0000 -3.33693E-16 -L.3464E-03 -2.5027E-03
2 <0370 -1,1782E-02 -2.1787E-03 =9, 7731E~-04
3 0741 =5.3564E-02 -1.5313E-03 =6.2407E-04
b 1111 -1,3403E-01 -8,3703c~-04 -2.5059E~0k
5 +1481 -2,9660E-01 ~-1.,1042E-04 -1.1567E-05
6 <1852 =-4.8495E-01 -1.82683-06 -2.4026E-08
7 42222 =-4,7561E-01 =-4,.,6324E-03 -9.6993E~-11
8¢ =@533 =8 1361lE~01 =5,32928 =19 =3 6l2TE~12
9 ,2963 -1.6263c-71 -1.064B8E-U9 =-3.2431E-13
10 .3333 -6.8617E-72 -2.2742E-10 =3.1668E-14
11 3704 -2,5335E-~02 -4.1786E-11 =2.4670E-15
12 4074 =-Bs4752E-03 =-5,9557E-12 -1.3133E-16
13 4444 -2,6037c-03 -65.3467cE-13 -4.5262E~18
14 .4B15 -7,3365E-04 -5.1041E-14 -1,0267E-19
15 ,5185 =1.8779E-04 =-3,2241E-15 -1.6371E-21
16 .5556 =-4,2993E-05 -1.6728Z-16 =-1.9970E-23
17 5926 -845535E-96 -6.8407E-18 -1.8677E-25
18 .6296 =-1,3638E-06 -5.5961E-20 -3.0735E-28
19 .66Hh7 =1,10455-07 4,.7986c-20 7.5613E-29
20 7037 3.8923E-38 1.1B27c€-20 4.4753E-30
21 7407 3.0998€E-08 2.,4211£-21 2.1854E-31
22 J7778 1.5714E-08 4.9608E-22 1.0319E-32
23 8148 7.4306E-09 1.0b664E-22 4.8518E-34
246 48519 3.5359E-09 2.4390E-23 2.2529E-35
25 8889 1,7289E-09 65.954L3E-24 1.0756E-36
26 +9259 8,7263E-10 1,5517E-24 4,9849E-38
27 .9630 4,5506€E-10 &4.3154E-25 2.0380E-39
28 1.000) 2.4514E-10 1.2803E-25 3.5665E-41

72-TH BODY PROFILE.

S = 5.5389E+01
5.53887037E+01 LARGEST VALUE IN TABLE IS
INTERPOLATED EDGE CONDITIONS
4.16667E+00 LAMBDA = 2.48706E-06
4.39120€E+00 LAMBOA 172 = 2.67744E-06
4e61573E+00 LAMBDA + 1 = 2.87287E-06
1.07380E+00 BETA = 2.21816E-02
1.11615€E+00 MU = 1.10714E-06
1.15826E+00 RHOE = 1.00505E-04
X (K)

4 5 6 7
~6.1973E-04 -5.2456E-03 =1.9144E-06 -2.9368E~08
-2.4063E-02 -2.1015c-02 ~4.6895E-05 -1,2821E-08
“4.6583E-02 -1,0841E-02 -4.9933E-05 -5.2256E-09
“0e77TULUE-02 =242867E-02 =3.7130E-05 -1.1140E-09
“4.2667E-02 -5,1530E-02 =1.0958E~05 -4.4276E-11
=7.7105E=03 -9.8456E~02 =5.6592E~07 -7+1502E~-14
=1+2576E~03 ~1.,1182E-01 =7.8250E-09 =1.2409E-17
~3.32LBE-04 ~HeBUL422E-02 ~4+7963E-11 -5,9355E-22
-9,5546E-05 -2.4393E-02 =-2.5439E-13 -2.6083E-26
~2.4741E~05 -5.6891E-03 -5.4829E-15 -2,0284E-29
~5.4544E-06 -9,1698E-04 -2.1302E-16 -6.9160E-32
-1.0150E-06 =9¢8239E-05 ~6+7577E-18 -1.5571E-34
=1.6174E-07 =5,7789E-06 =-1.4497E-19 -6.8707E~-38
=2¢2554E-08 =7.1531E~08 =-1.1972E-21 2.8947E-41
=2+8153E-09 | 2. 47B0E=1L « O 0.
-3,2293E-10 -1.0643E-10 =-1.0905E-25 1.6347E-44
-3.5057E-11 1.3798E-14 0. 0.
-3.6897E-12 -5.3807E-13 -2.9026E-29 1.8445E-47
-3.7733E-13 2.8662E-18 0. .
“3.6712E-14 =3,9609E-15 =1.0598E=32 5.1353E-50
-3.2870E-15 0. -8.3026E-36 -3.2441E-bB4
-2.6229E-16 -3.2094E-17 -2.4160E-35 2.6120E-52
-1.8200E-17 0. ~6.0469E-38 -1.5360E-66
-1.0037E-18 -2.3892E-19 5.5834E-44 2,1109E-54
-5.48256-20 5,9885E£-26 -4.BL26E-41 -1.8163E-70
-2.2074E-21 -1.3521E-21 1.2879E-46 2.4023E-56
-545972E-23 1.3886E~-27 -1.1105€E~-44 -6.06221E-75
=B« 2236GE=25 ' 0» 0. 0.

5.50000000E+01
UELXI = 1.20271E-06
XIO = 4.44719E-06
XI 1/¢ = 5.04854E-06
XI1 = 5.64989E-06
SMALL © = 2.04332E-04
EBAR = =-3.89291E-01
3 9 19
=~2.8723E-15 -2.3999E-05 2.0552E-05
3.7438E-14 =1.3750E-05 -4.5514E-02
1.6314E-13 -7.5967E-06 -1.9102E-01
4,7389E-15 -2,6307E-06 -2.5283E+00
4ebBL2E=18 =1.8027E-07 -9.0604E+00
5.8601E-¢2 =8.4154E-10 ~4.2830E+00
1.4705E-25 =1.6070E-12 -8.7337E-01
1.0390E~-28 =-3.4377E-15 -3.3325E-01
1.6520E-31 -3.5139:-18 -1.8839E-01
be1384E~34 ~05.9429E-20 -1.1204E-01
1.1860E-36 =-4.0319E-22 -5,8527E-02
3.1194E-39 3.7743E-23 -2.5109E-02
5.6935E-42 1.2871E-24 -B8.7432E-03
9.2906E-46 8,7297E-27 -2.5337E-03
0. 0. ~6+3597E-04
442516E-50 1.0532E-30 -1.4572E-04
0. J. =3.2119E~-05
1.5495E-53 4+4519c~34 -7.0839E~-06
0. d. -1.5917E-06
1.6613E-56 441416E£-37 -3.60238€~-07
0. =1.9468E-43 -8.0538€E-08
3.7959E-59 0.4009E~40 -1.7409E-08
O -6.2203E~-46 -3.5807E-09
1.5638E-61 ©.6923E-43 -6.9472E-10
0. 2.4958E-43 -1.2632E-10
1.0067E-03 0. ~2+13893E~11
0. 5¢5233E-45 =2.9904E-12
0. 0. -1.6820E-13



http://-4.551i.E-02
http://-l.12Ji.E-01
http://-2.99ai.E-12

LT

DoEONONFWNR»Z

ETA
0.0000
«0370
0741
<1111
«1481
«1852
2222
2593
+2963
«3333
« 3704
<4074
Jhhbb
<4815
«5185
«5556
5926
«6296
«6667
« 7037
7407
7778
8148
8519
.8889
«9259
+9630
1.0000

ETA
0.0000
.0370
L0741
1111
1481
.1852
2222
.2593
.2963
.3333
«3704
4074
AN
4815
.5185
«5556
.5926
«6296
6667
.7037
L7407
7778
.81438
.8519
.8889
«9259
.9630
1.0000

FPRIME

0.

1. 4961E-01
2.9968E-01
Le 3767E-01
5.5219€-01
6s 3756E-01
6¢ 9595E-01
7.3511E-01
7.6348E-01
7.8679E-01
8. 0767E-01
8.2698E-01
8. 4494E-01
8+.6163E-01
8.7710E-01
8.9140E-01
9. 0460E-01
9.1676E-01
9.2793E-01
9. 3833€E-01
9.4790E-01
9.5679E-01
9.6511E-01
9.7292E-01
9.8028E-01
9. 8723E-01
9.9379E-01
1. 0000E+00

c1

3.7698E-04
3.7536E~04
3. 4387E-N4
2.9428E-04
24 2212E-04
1.4932E~-04
8.9014E-05
4.6813E-05
2.1573E-05
8.6217E-06
2. 9419E-06
8.3792€-07
1.9299€E-07
3. 4298E-08
4e 3536E-09
3. 3761E-10
9.5736E~-12
0.

8.2008E-15
0.

2.2713E-17
u.

7.6000E-20
0.

1.6928E-22
9.7716E-26
0.

0.

THETA
8.5593E~01
1.0430E+00
1.1550€+00
1.2025E+00
1.2101E+00
1.2011E+00
1.1880E+00
1.1738E+00
1.1580E+00
1.1406E+00
1.1226E+00
1.1052E+00
1.0894E+00
1.0757E+00
1.0646E+00
1.0561E+00
1.0500=+00
1.0455E+00
1.0408E+00
1.0336E+00
1.0234E+00
1.0134E+00
1.0064E+00
1.0030E+00
1.0015E+00
1.0008E+00
1.0003E+00
1.0000E+00

ce

3.0169E-10
2.6621E-10
1.4247E-10
8.2489E-11
3.7338€-11
1.3453E~-11
4s0109E-12
9.8094E~-13
1.9142E-13
2.8972E-14
3.2951E-15
2.6977£-16
1.4949E-17
5.1264E-19
9.4415E-21
7.1148E-23
8.9199E-26
u.

2.9027E-30
0'

6.8499E~-34
0.

Lobk&41b6E=-37
ﬂ‘

6.0094E-4D
U.

1.5067E-42
00

02

0.

2.34B0E-06
1.2042E-05
3.5597E-05
7.2274E-05
1.1726E-04
1.6537E-04
2.1058E-04
2. 4838E-04
2.7809E-04
3.0199E-04
3.2339€E-04
3. 4569E-04
3.7301E-04
Lo 1298E-04
ke B624E-04
6.6048E~04
1.1529E-03
2.5495£-03
6.0106E-03
1.2872E-D2
2.3309E-02
3.5686E-02
4,7960E-02
5.9066E~-02
6. 8961E-02
7.8051E-02
8. 6696E-02

c3

1.1519E-14
1. 0352E-14
6.1911E-15
2.7326E-15
7.6576E-16
1.5098E-16
2.2688E-17
2.5703E~-18
2.0866E-19
1.1556E~20
4. 1808E-22
9.4208E-24
1.2454E-25
8.9557E~-28
3. 1849E-30
L.7461E-33
9.1587E~-37
D'

3.1278E~41
00

T«7717E-45
D.

5.2992E~48
0.

7.5372E-51
0-

1.9867E-53
nl

N2
5.8705€E~-01
6. 0415E-01
6.2184LE-01
6.3918E-01
6.5533E~-01
6.6947E-01
6.81156-01
6.9062E-01
6.9866E-01
7.0619E-01
7.1387e-01
7.2200E-01
7.3060E-01
7.3948E-01
7.484L5E-01
7.5730g-01
7.6573E-01
7.7307E-01
T.7796E-01
7.7843E-01
7.7321E-01
7.6367E-01
7.5319E-01
7.4450E-01
7.3841E-01
7.3448E-01
7.3199E-D01
7.3052E-01

CN

3.2533E-05
3.7108E-05
4.8967E-05
4.4887E-05
3.0839E-05
1.7829E-05
9.2053E-06
4.2801E-06
1.7673E-06
6.3783E-07
1.9828E-07
5.2154E-08
1.1305€E-08
1.9376E-09
2.4501E-10
1.9918E-11
6.8724E-13
0.

L.7743E~-16
n.

1.1130E-18
3.1169E-20
0.

2.0870E-21
0.

5.4622E-23
0.

D'

0
1,1170E-03
4. 0790E-02
8.3251E-02
1.2632E-01
1.6720E-01
2,0262E-01
2.2988E-01
2.4787E-01
2.5730E-01
2.6006E-01
2,5833E-01
2.5391E-01
2.4805€-01
2.4150E-01
2+ 34B5E-01
2,2772E-01
2.2075E-01
2+1362E-01
2.0602E-01
1.9740E-01
1.8712e-01
1.7508E-01
1.6205E-01
1.4903E-01
1.3667E-01
1.2514E-01
1.1439E-01
1.0435E-01

N
3.2370E-02
3.3371E-02
3.4516E-02
3.5305E~-02
3.5235€E-02
3.4215E-02
3.2468E-02
3.0259E-02
2.7800E-02
2+5256E-02
2.2742E-D2
2.0320E-02
1.7995E-02
1.5730E-02
1.3478E-02
1.1195E-02
8.8716E-03
6.5559E-03
%.3909E-03
246172E-03
1.4342E-03
8.0352E-04
5.0869E-04
3.6835E-04
2+9282E-04
2.4472E-04
2.0575E-04
1.3655E-04

NO NO+ co co2

0. 1.2636E~05 3.7826E-01 7.8655E-04
1.4063E-04 1.5353E-05 3,2036E-01 7.6549E-0k
5.9975E-U4 2.2779E=05 2.5871E-01 6.5719E-0%
1.28656E=03 3.1553E-05 1.9698E-01 5.1208E=-06
1.9163E-03 3.8123E-05 1.3956E-01 3.6444E-064
2.3937E-03 4.1449E-05 3.0737E-02 2.3525E-06
2.7419E-03 4.2099E-05 5,33196-02 1.3636E-0&
2.9679E-03 4.0796E-05 2.7910E-02 7.0489E-05
3.0683E-03 3.8137E-05 1.2825E-02 3.2324E-05
3.0657E-03 3.4710E-05 5.0951E-03 1.3043E-85
"3.0047E-03 3.1056E-05 L1.7189E-03 4.5630E-06
2.9303E-03 2.7551E-05 4.8148E-04 1.3532E-86
2.B7BBE-03 2.4383E-05 1.0855E-06 3.2947E-07
2.8821E-03 2.1593E-05 1.8807E-05 6.2948E-88
Z2.9839E-03 1.9137E-05 2.3152E-06 B8.7998E-09
3.2747E-03 1.6933E-05 1.7214E-07 7.9015E-10
3.9749E-03 1.4896E-05 4.3964E-09 3.174BE-11
5.5911E-03 1.2953E-05 0. 0.
9.0649E-03 1.1074E-05 4.6373E-12 8.1564E-15
1.5539€-02 9.2901E-06 0. 6.9510E-16
2.5356E-02 7.6820E-06 2.3638E-1% 0.
3.7129E-02 6.3291E-06 0. 6.6882E-18
4.8561E-02 5.2475E=06 2.2240E-16 O.
5.8138E-02 4.3919E-06 0, 2.9352E-28
6.5559E-02 3.6954E=06 2.18B5E-18 4e&L14BE-21
7.1167E-02 3.0965E-06 2.7943E-19 5,2119E-23
7.5357E-02 2Z.54L9%4E-06 0. 5 =22
7.8299E-02 2.0259€E-06 0. 0. .
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CRNOVIFWNR Z

ETA
0.0009
.0370
0741
Gaas
14381
.1852
w2222
«2593
.2963
.3333
3704
4074
ANNA
4815
.5185
«55656
.5926
.6296
6667
.7027
L7407
oTTT8
L8143
.8519
L8889
.9253
« 96320
1.,0000

Y/RN v

Oe 7.0458E-02
2.4702E-02 1.3585E-02
5. 4451E-02 -1.6314E~-01
8.5379E-02 ~4.6183E-01
1.1443E-01 ~8.6429E-01
1.4013E-01 -1.3384E+00
1.6254E~01 =-1.852TE+00
1.8261E-01 ~2.3864E+00
24 0124E-01 -2.9294E+00
2.1884E-01 -3,4769E+00
2.3563E-01 -4.0266E+00
2¢5170E-01 ~4.57735+00
2eB711E-01 =5,1285E+00
2. 8183E-01 -5.6801E+00
2.9609E-31 -6.2321£+00
3. 0974E=01 ~6.7846E+00D
3e2291E=01 =73 3375E¢U0
2. 3563E-01 =7.8909:+00
3.4796E-01 -B8.4L4LBE+DD
3.5993E-91 -B,9990£+00
3+ 7159E=-91 =9.,5535E+00
3.8295E-01 -1.0108E+01
2.9405E-01 -1,0663Z+01
4o D491E-01 -1,.,1219E+01
4e1555E-01 =-1.,1774Z+01
4.2599E-01 ~1.2330c+01
4e 3625E-01 ~1.2885c+01
Le4533E-01 -1.3441E+01

TIME LEFT

QACOND

ADIFF

QCONV

ATOTAL

OTOTAL (8TU/FT2-SEC)
STANTON NUMBER
RS*¥(1+J)

REYMNOLDS NUMBER

CF=- INF

L T T T P T N TR VR TR 1}

SPECI

BETA/EBB

0.
-9.2778E-04

135.339 SEC

-2.18185E+04
-1.60549E+04
1.45138E+03
~3.04220E+04
~4.08055E+01
3.24606E-04
1.34603E-01
7+33380E+06
5.064148E-04

ES WALL MASS FLUX

ELECTRON TOTAL
DENSITY DENSITY ENTHALPY
4.8188E~-05 341620E+12 2.74L4BE+D7
3.6049E-05 2.7308E+12 5.5287E+07
3.2431E-05 3.3203E+12 8.9251E+07
3.3000E-05 3.0902E+12 1.2689E+08
3.6429E-05 2.1167E+12 1.6089E+08
4.2136E-05 1.3779E+12 1.8387E+08
4o7746E-05 9.2329E+11 1.9583E+08
5.2223E-05 6.2627E+11 2.0075E+08
5.5684E-05 4.2657E+11 2.0236E+08
5.B8560E-05 2.8977E+11 2.0270E+08
6.1226E-05 1,9431E+11 2,0261E+08
6.3891E~-05 1.2691E+11 2.0243E+08
6.6630E-05 7.9582E+10 2.3229E+08
6.9433E-05 L,.7261E+10 2.0221E+08
7.2243E~-05 2.6262c+10 2.0219E+08
7.5022E-05 143516E+1D 2.0222E+08
7.7713E-05 6.3870E+09 2.0228E+08
8.0300E-05 2474835409 2.0236E+08
8.2774E-05 1.,0676E+09 2.0243E+08
8.5135E-05 3.7046E+08 2.0250E+08
8.7339E-05 1,1330E+08 2.0256E+03
8.9533E-05 2.9965E+07 2.0261E+08
3.1591F-05 b6.6656E+06 2.0266E+08
9.3550E-05 1.1934E+06 2.0271E+08
9.5420E=-05 1.5921E+05 2.0275E+08
9.72C1E-05 1.34406Z+04 2.0279E+N8
9.8896E-05 4,2299E+02 2.0282E+08
1.0051€E-94 1.0400E-02 2.0285E+08
RHO

HEAT TRANSFER

HEAT TRANSFER, BODY
DISPLACEMENT THICKNESS/RN
MOMENTUM THICKNESS

L AT BODY

SKIN FRICTION

T DRAG COEF

P DRAG COEF

TOTAL DRAG

TOTAL

MASS FLOW FLOW(PAR/SEC)

02
N2
0

N
NO
NO+
co
€02
c1
c2
c3
CN

4,86977E-08

=3.83943E-06
-6.66098E-05

1.72413E-10
1.00248E-12
1.19667E-13
1.,23277E-04
8.,95477E-12
6.06220E-13
1,20289€~-19
6.18777E-24
2.99436E-13

5.32947E-02
2.14740E-01
7.66187E-03
1.23511E-04
1.48493€E-03
2.51141E~07
4+20328E-03
1.55387E-05
2.39105€E-07
4«27935E-14
1.82574E-138
1.35692E-07

1.4644L1E+25
6.73960E+25
4.21058E+24
7.75276E+22
4.35106E+23
7.35882E+19
1.31943E+24
3.106442E+21
1.75039E+20
1.56638E+13
4.45518E+08
4.53518E+19

L T T L T T T T 1

5.28768E-05
2.41325E-01
2.79604E-D1
2.60735E+07
1.33399E-03
756583E-01
5.04926E-01
3421057E-03
1.04990E-01
1.08201E-01




61T

OE®NOU &GN -

X/RN

0.

1.0000000E-02
2.2666667E-02
3.8000000E-02
5.6000000E-02
7.6666667E-02
1.0000000E-D01
1.2600000E-01
1.56407273E-01
1.8421818E-01
2.1643636E-01
2.5072727E-01
2.8709091E-01
3.2552727E-01
3.6603636E-01
4.0861818E-01
4,5327273e-01
5.0000000E-01
5.4880000E-01
6.0514286E-01
6.6902857E-01
7.4045714E-01
8.1942857E-01
9.0594286E-01
1.0000000E+00
1.1016000E+300
1.2150303E+00
1.340290%E+00
1.4773818E+00
1.6263030E+00
1.7870545E+00
1.9596364E+00
2.1440485E+00
2.3402909E+00
2.54€3636E+00
2.7682667E+00

RS*¥(1+J)

2.5637528E-07
1.3339536E-06
3.7796523E-06
8.2010762E-06
1.5330988E-05
2.6060065E-D5
4.1308478E-05
6.1580835E-05
8.7603600E-05
1.2010437E-04
1.5975960E-04
2.0719432E-04
2.630002%E-04
3.2771352E-04
4.0170037E-04
4.8521227E-04
5.7843473E-04
5«8139LBLE-DSG
3.0631913E-04
9.546404L7E-04
1.1273297€E-03
1.324974L3E-03
1.5476564E-03
1.7949573E-03
2.0659001E-03
2.3709476E-03
2.7090277E-03
3.0786601E-03
3.4784129E-03
3.9069607E-03
4.3628040E-03
L. BL45250E-03
5.3508662E-03
5.8808964E~-03
6.4328733E-03

REVE
~-2.3756978E-D1
~2.4325890E-01
~2.4469723E-01
~2.4435885E-01
~2.4246949E-01
-2.4118170E-01
~2.3385588E-01
~2.2779651E-01
~2.2927010E-01
~2.2335406E-01
~2.1759987E-01
~2.1063843E-01
~2.0264616E-01
~1.9369613E-01
~1.8355539E-01
~1.7306294E~-01
~1.6212133E-01
~1.5075046E-01
~1.3914219E-01
~1.2654334E-01
~1.1343088E-01
~1.0033266E-01
~8 .7480798E~-D2
~7.4831164E-02
~6.3094460E-02
~5.,3180843E-02
~4 .4239855E-02
~3.6225527E-102
~2.9517922€-02
~2.3578189E-02
~1.8855179E-02
~1.5082207E-02
~1.1617531E-02
~8.5837839E-03
~5.9157784E-03
~4,4802462E-03

XI

0.

3.1288628E-17
8.2563866E-16
6.5172705E~-15
3.0695169E~14
1.0757445E-13
3.1026741E-13
7.7248510E-13
1.6984761E-12
3.4105843E~12
6.3714523E~-12
1,1223482E-11
1.8820679E~-11
3.0258014E~-11
4.6887826E-11
7.0324040E-11
1.0244383E-10
1.4537105E-10
2.0143936E~-10
2.8171341E-10
3.9437298BE~-10
5.4919310E-10
7.5737289E~-10
1.0310813E-09
1.3831726E-09
1.826524DE-09
2.3973657E-09
3.1176456E-09
4.0093416E-D9
5.09462934E-09
6.393303DE-09
7.9263456E-09
9.7133315E-09
1.1773364E~-08
1.4125006E-08
1.6787654E~-08

YF (EDGE)
2.8022134E-02
2.8003811E~-02
2.7992006E-02
2.7975615E~-02
2.7970648E-02
2.7997456E~-02
2.8053827€~-02
2.8632012E-02
2.8877024E-02
2.9219817E-02
2.9607306E~02
3.0041481E-02
3.0545684E~-02
3.1115763E-02
3.1782941E-02
3.2547068E~-02
3.3401233E~-02
3.4361084E-02
3.5422341E~-02
3.6713876E-02
3.8251250E~-02
4.0050293E-02
L.2111485E-02
Le 4458694E-02
4.7107171E-02
5.0034718E~-02
5.3309243E~02
5.6965489E~02
6.0935128E~D2
6.5224711E-02
6.9816349E~02
7.4636834E-02
7.9682232E-02
8.4964366E-02
9.044B332E-02
9.6143923E-02




08T

3.0000000E+00
3.2L35636E+00
3.5095697E+00
3.7980182E+00
441089091E+00
L4ob422624E+00
4.7980182E+00
5.1762364E+00
5.5768970E+00
6.00C0000E+0D0
6e4455455E+00
6.9463712E+00
7.5024773E+00
8.1138636E+00
8.7305303E+00
Q.5024773E+00
1.0279705E+01
1.1112212E+01
1.2000000E+01
1.2943068E+01
1.3987677E+01
1.5133826E+01
1.6361515E+01
1.7730745€E+01
1.9161515E+01
2.0733826E+01
2.2387677E+01
2+41430658E+01
2.6000000E+01
2749584 72E+01
3.064069782+01
3.3345516E+01
3.67740B7E+01
L.0692692E+01
4,5101329E+01
5.0000000E+01

7.0051434E-03
7.6000915€E-03
8.2411138E-03
8.9261676E-03
J.6542129E-03
1.0425404E-02
1.1239026E-02
1.20932306€E-02
1.2987025E-02
1.3920154E-02
1.4892660E-02
1.59748493E~-02
1.7164733E~-02
1.8461360E-D2
1.9864213E-02
2.1374838E-02
2.2995072E-02
2.4727144E-02
2+5574B76E-02
2.8543294E-02
3.0732961E-02
3.3150443E-02
3.5805472E-02
3.8691177€E-02
4.1810030E-02
4.5188790E-02
4.8B842377E-02
5.278574bE-02
5.7033810€-02
He1604168E-02
De.7441180E-02
7465374 1E-02
4.3322457E-02
9.3516043E-02
1.0536070E-01
1.1899430E-01

-2.3086381E-03
6.5568852E-04
2.,0933355E-03
3.2208426E-03
3.6404632E~-03
4.0913088E-03
4.2143105E-03
3.9556915E-03
3.7585911E-03
3.4957972E-03
3.2279649E-03
2.8624475E-03
2+3939550E-03
1.8310321E-D3
1.1197061E-03
3.9803013E-04

-4.,0515243E~04

=1.2556452E-03

=1+9930959E-03
=2+45502481E-03

-3.0698729E-03

~3.4498213E-03

~3.8479313E-03

“4 . 4455282E-03

-4.9268140E-03

-5.2523665E-03

-5.6062157E~-03

-5.8842711E-03

-641077568E-03

~6+3983291E-03

-6.7073685E-03

“5+.5044657E-03

-5.092514BE~03

-641104927E-03

-6.3531317E-03

-6.8151824E-03

1.9783965E~08
2.3136575E~08
2.7019073E~08
3.1481139E~08
3.6572004E~08
4.2348188E~08
4.8864358E~08
5.6177668E~08
6.4351916E~08
7.3452043E~08
8.3544048E-08
9.5500430E~08
1.0952307E~07
1.2583257E~07
1.4467235E-07
1.6631529E-07
1.9107103E~-07
2.1929020E-07
2.5137386E-07
2.8776188E-07
3.3090973E-07
3.8179574E-07
L.4152283E-07
5.1137049E-07
5.9290763E-07
6.8791720E-07
7.3837273E-07
9.2655320E-07
1.0750138E-06
1.2466291E-06
1.4840905E-06
1.8051039E~06
2.2310325E-06
2. 7T887299E-06
3.512690LE-06
4.4L4LT71885E-06

END

1.0175720E-01
1.0789365E-01
1.1444616E-01
1.2149401E~-01
1.2885884E~-01
1.3653396E-01
1.4456291E-01
1.5274604E-01
1.6111291E~-01
1.6963164E-01
1.7830036E-01
1.8776181E-01
1.9785321E-01
2.0856485E-01
2.1965687E-01
2.3107025E-01
2.4260351E-01
2.5409356E-01
2.6533549E-01
2.7641505E-01
2.8771338E-01
2.9909327E-01
3.1060033E~01
3.2171214E-01
3.3214550E-01
3.4224348E-01
3.5185303E~-01
3.6093886E-01
3.6961132E-01
3.7780337£~-01
3.8652597E-01
3.9574935E~01
4,0668307E-01
4.1801406E-01
4.2388256E~-01
4.3864884E-01

OF THIS PROBLEM




VIII. RESULTS FROM COMPUTER PROGRAM

The present computer program has been used to solve a large number of problems but this is only a small
part of the number possible, One of the original problems solved was the viscous thin shock layer for non-
equilibrium air as reported in Reference 4. Additional solutions have been obtained to this problem where
the effects of shock slip, multicomponent diffusion and a fully catalytic recombination wall have been taken
into account. At low Reynolds numbers, the shock slip effects are important as shown in Fig. 8.1 where the
present results have been added to Fig. 9 of Reference 4. The low Reynolds number effects on local skin fric-
tion are illustrated in Fig., 8.2. The boundary layer and vorticity interaction results are from Ho and Prob-
steinhl. The results for electron number density as given in Fig. 8 of Reference 4 are presented in Fig. 8.3
with the latest results included for comparison. There is no difference at the low altitudes and a slight
change at the high altitudes.

Additional thin viscous shock layer solutions have been obtained and compared to other theories in Fig.

8.4 and to experimental results in Fig, 8.5. The theory of Lee and Zierten23

is more approximate than the
predictions of Dellingerhe. In both cases a merged layer approach is employed where the Navier-Stokes equa-
tions are solved through the shock layer. The present results are in close sgreement with those of Dellinger
except near the wall where different boundary conditions have been applied. The present method also is in
reasonable agreement with the experimental results of Kaegi and McMenamin 3. In the present method the details
in the shock transition zone are not obtained, but the theory of Cheng20 can be used for this information. The
present studies indicate that the effects of multi-component diffusion for air are small and this is in agree-
ment with results of Adams.uh’LLS

Results for the shock layer have been obtained for a body with a l-inch nose radius at altitudes as low
as 100 Kft., At these conditions a boundary layer and a relaxation layer behind the shock wave develop as
shown in Fig, 8.6, A variable grid system was used to obtain the results at 100 Kft altitude. At this alti-
tude the temperature in the middle of the shock layer is in agreement with inviscid flow predictions for air
in local chemical equilibrium,

The present results are obtained in the transformed boundary layer type coordinaste system. The shock
layer thickness Nsh is correlated in Fig, 8.7 to show the veriation with shock Reynolds number. The actual
physical thickness only varies slightly with the shock Reynolds number.

Additional results have been obtained for the heat transfer from the thin shock layer theory. These re=-
gsults are compared to theoretical predictions of Tong and Suzukih6 in Figures 8,8 and 8.9, The present results
are for & complete air gas model while Tong and Suzuki use a binary gas model with slightly different wall
conditions, The present results for a noncatalytic wall are different from the results of Tong and Suzuki,
while the catalytic results are in reasonsble sgreement, As shown in Figure 8.9 there can be a significant
decrease in heat transfer at certain altitudes when the surface is noncatalytic.

In all of the previous solutions, it was assumed that the shock is concentric with the body. The effect
of changing this assumption is illustrated in Figures 8.10 and 8,11 where the shock radius hes been varied.
These results are for & binary gas mixture of oxygen end a freestream velocity of 20 Kfpe at an eltitude of
100 Kft., When the shock i1s concentric with the body, the value of RN/RBh = 0,95, In Fig. 8,10 the shock
stand-off distance is given for an inviscid air solution of Lomax and Inouyel9 and viscous shock layer solution
of Davis ., These results indicate RN/Rsh should be approximetely 0,86, The effect of varying the shock redius
on the skin friction and heat transfer is given in Fig, 8,11. There is a small effect on skin friction but a
significent effect on the heat transfer.

Alr boundery leyer solutions have been obtained previously for flow along & sharp cone and & hyperboloid
and these results were presented in Reference 5. The cone results were compared to other theoretical results
and reasonable agreement was obtained, The predictions are very sensitive to the reaction rates and transport '
properties employed., The results for the hyperboloid neglected the swallowing on the inviscid flow. A new
boundary layer solution along the hyperboloid has been calculated with the effects of swallowing of the
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inviscid flow included. These results are presented in Figures 8.12 to 8.16. The variation of the Stanton
number and skin friction along the surface are given in Figures 8.12 and 8.13. The heat transfer is slightly
changed when swallowing is taken into account while there is a more significant influence on the skin friction.
The velocity profile shape is not affected much by swallowing but the magnitude of the velocity is approxi-
mately 50% greater. The temperature profile shape has changed and the peak temperature is 685OOR while pre-
viously the value was 853OOR. The profiles of the various species are given in Fig. 8.16 and are significantly
different from the results of Reference 5. With swallowing taken into account, the gas at the edge of the
boundary layer at x/RN = 50 is only slightly dissociated and ionized. Results for this problem have also

been obtained with ne = 15 with the results changing only a small amount and this is investigated next for a
binary gas mixture.

The boundary layer flow along a hyperboloid for a binary gas mixture has been obtained and some of these
results were reported by Davis . These results are for g = 5.5. Additional results have been obtained for
Ty, B 15.0 with the effects of swallowing taken into account. Also the effects of the shock shape have been
investigated by obtaining the perfect gas inviscid flow solution with two values of y. The velocity, tempera-
ture and atom mass fraction profiles at several distances along the hyperboloid are given in Figures 8.17 to
8.19. The results for two values of Ne are compared to the viscous shock layer results, with the ﬁe = 15 results
in perhaps better agreement when y is smaller. The heat transfer and skin friction are given in Figures 8.21
and 8.22. The boundary layer results obtained with the shock shape for the smaller y and Po = 15 are in better
agreement with the viscous shock layer results.

Additional boundary layer results have been obtained for a binary gas mixture of oxygen for a flat plate
and cone. Boundary layer calculations for air have also been obtained for a sphere-cone. Other gas models
have been utilized and some of these results have been presented in Reference 7. This study was concerned
with both stagnation point shock layer and boundary layer solutions along carbon bodies., A carbon-air gas
model was used and boundary conditions corresponding to oxidation and sublimation of carbon were employed.

Also boundary layer solutions for ionized nitrogen and oxygen-hydrogen gas mixtures have been obtained. These

results will be published in forthcoming publications.
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APPENDIX A
Conditions Behind Shock with Slip

The conditions behind a shock wave on a blunt body as illustrated in Fig. 1A are determined in the follow-

ing analysis. The velocity tangential to the body behind the shock is written as:

uw, =v, cos § -v, sin § (a-1)
<

where § = 8 - . The velocities normal and tangential to the shock wave are v, and Vs respectively and are

2r1 t
obtained from the modified Rankine-Hugoniot relations which give
Om
¥y = V cos o (A-2a)
n Psh ©
dv
W 2
v, =V sinog - _V_-S%ES_” —EE (A-2b)
“t @ Py N P
The velocity Uy becomes
. dv
0 T cos § 2t ( )
u, =V (sin 9 cos § + —= cos @ sin §) = —m————— — A-3
sh @ g Qme cos @ day

Near the stagnation point the above trigonometric functions are expanded, giving

Ysh 1.3 1.2 P 12 1.3 ugp (-3 8% +) 72
T.:((p-gw <) (l--2-6 ...)+_°°(1_Ew ...)(5__6.5 cee) - 3 F (a-L)
® Psh oV, A -30 )
The angles are related to x by the following relations:

8 = % (a-5a)

+ A
0= & <RNR > +0 (%) (A-5b)

N sh
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on
n

O-CzﬁxN_< __RNR—*—A.>+O(XZ) (A'SC)
sh

The density behind the shock, Psh? is a function of x and is expressed as

e " ffg -
g o [o] dx
sh

since the density is symmetrical about the stagnation point. The velocity becomes

VX Hsh 1 x \2 dv2t 3 2
Uy =<q> {s(1 +¢e) + ¢} - E [l 3 (2s - 1) (R_l\;) + ] 5 +0 (x7) (a-6)

where

n

If the shock is concentric with the body, then s = 1. The derivative of the tangential velocity at the shock

is
dv2t " .
O B O " -
= % cos & + 5 oin 8 (A-7)
where

0y ox oy Jy oy
dy ©ox oy oy oy

The following relations relate the body and shock coordinate systems:

(Rsh+§>Sin@-(y+RN)sine=O

(R, +¥)coso-(y+RJ)cose-Ry (s-1)=0
The above represent two implicit functions with the four variables ¥, ®, y and 6. The total differentials of

these functions are zero and are expressed as the following when dop = O:

0

-sinqad3—7+sjnedy+(y+RN)cos o do

n

-cosmd}_r’rcose‘dy-(y+RN)sined9 0.
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These equations are solved for the desired derivatives which give

%¥| = gin @ sin @ + cos B cos @ = cos & (A-8a)
o @
dx (cos p sin 6 ~ sin ¢ cos 6)2
== 2 = - sin 8/(1 + vy, /Ry) - (A-8b)
dyl, R sh
7%?(1 - s) sin ©

With relations (A-8) employed in (A-7) and the relations (A-5) used to express the angles, the derivative (A-7)

becomes

dv
2 = 2 2 ~
d_t_iﬂ_(l_éik}p;_‘f[_x_(l_-_i] + 2 |1 +0 () +§—; ri(l-s)Jﬁ-O().j) (4-9)
Y o Sfsn = SRNRSh & HN
The velocities u and v near the stagnation point are expanded as
=X ke
= 2
rEw, * v2x +
with the following derivatives becoming
< ds ’
ou daf 0
= P vouw # e A-10a
y = dy ! = dy ' ( )
sh
o= oxy 4+ e (A-10b)
ox 2

When the above relations (A-10) are used in (A-9) and this is employed in (A-6), the velocity near the stag-
nation point becomes

1 -38) RN ’ dv .
B % L1 ar o 3
u. =x —[5(1-€)+€_!+——[ &= w — - (1 -3s) — +0 (x7) (A-11)
sh q Res ]sh sRsh N lsh dy dy

The velocity gradient behind the shock at the stagnation point becomes

v
-y =§Nf%[s(l-e)+e (a-12)

where
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D=1+=— | \/(1+j)ﬁ_ulS_hRN ar’ | (1-S)+(1'5)(1+j)pshi<\_/>
By | e " Ve af) s(Rsh RN) i df \p

(5]

The pressure behind the shock wave transition zone is
= 2 2
Pgp P+ oV cos” o (1 - ¢)

©

This expression is approximated near the stagnation point as

3 2 F.a
Pon " Pu * P (1'(§) s ) (1 - )

The pressure gradient at the stagnation point is

2
dpsl’l - 2pmvwx S2 (1-¢)
dx R§ €
The value of e becomes
aush -
= dx 1 [ L
e=s=p. 1, —m =T« =————1] ¢ (1l -= ]
sh sh dpsh 2¢(1 _€)D2 ( s)
dx
The value of V behind the shock is obtained from
- per
Y = 2 . ’ aj + b
() rd \ ¥ Vo
M r e
where at a stagnation point
- dush
- 24 - dx 2(1+3)
§= ) (ewagmy” ax = (eu), 5rregy *

The value of V at the stagnation point becomes

L - du
. sh
\/ x+3) (Du)r Ix

When equation (A-12) is employed in (A-1l) and the Rankine-Hugoniot relation

Dshvsh - pmvm

(a-13)

(A-1L)
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is employed, the following is obtained:

%
€ ResD
(a-15)

Ysh = T+ s - * el

I<—A—>| A L -

FIG. 1A - FLOW CONFIGURATION
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APPENDIX B

Nonlinear Overrelaxation Method

In order to compare the finite difference and nonlinear overrelaxation methods for solving the boundary
layer type equations, a binary gas mixture is considered. The two methods are used to solve the boundary layer
equations at the stagnation point on a blunt body with a velocity of 20 Kfps and at a 100 Kft altitude. The
rates of convergence of the two methods are compared. Also, the procedure for applying the nonlinear over-
relaxation method to a multicomponent gas mixture is indicated.

The Equations (17) for a multi-component gas are reduced to the following equations when the quantities

25 Ep’ Pr, Lei (all the same), and cp (all the same) are constants:
i

2 ' M
dr var s [__ggwf,)z}w —_
aic 49 £ |y
2 ﬁ o e w
%-2v9§+ae_—if’eg+cﬂr(i)-PI_’—G(—A) (hA-hV[)=O (B-1b)
an £ an Me £ an TR AL :
d2 a w
PV, Pre (). (B-10)
g2 sleaf s2le \p
1
v = v(0) -/ £/ dn (B-1d)
0
where
n= ﬂﬂe
The equation of state (3) becomes
oM
=(—A B "
P <1 n cA> RT (B-2)

The chemical production term for atoms for a diatomic gas is expressed as

A - 2
-2 = o - %k T _
. P Yy kf 1 cA) LkbpcA/MA (B-3)

where
7 = 0.51536 o (gn/cm’)
For the case of dissociation of oxygen (O2 + M = 20 + M) the concentration of the third body, Y2 is expressed

as
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Y = E%; l9 v CAI

and the rate constants are taken as

The derivatives of the production term with respect to 6 and ) for oxygen are

k, = TK

-.5 (tn 3.01 x 10%2)

kb = TK

EE (ﬁé): Egé |02 * 59hOO/TK) L, + 2.5 Lbl

L. = pk

s W a- cA)/(2MA)

-2 2
L= ¢ kb\MCA/Mi

The momentum, energy, and species equations are of the following form:

where
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2
£(W) = g:g vy W =0
an df

Momentum Eq. (W = £7)
¥y =1/1

-1 _(tn 3.61 x 1088 - g9100/7x)

(B-L)

(B-5a)

(B-5b)

(B-6a)

(B-6b)

(B-7)




Species Eq. (W = cA)
v = Pr/(g Le)

v = e (wA/p)

oY

2 - e = (ry/o)
3¢y BCA A

Before the method of finite differences is applied to Equation (B-7), the nonlinear term © is linearized

and the resulting equation is written as

2
_2’ + 0y i‘:! + a, W+ ay = 0 (B-8)
an an - <
where
"t’l = =Vy
= 9

% oW

i DR

) ¢ W W

W -2W +W W -W
n

n+l - n-1 o n+l n-1 Q'cwq + g =0 (B-9)
An 2Aln A 3
This gives a system of linear algebraic equations of the form
= = 3 e (Na B-10
An Wn+:L + ann + Cn wn-l Dn n= 2,3, (N-1) (B-10)
where
= + N
A =1+a M2
=2
B = =2 +
B 2 0/2 AN
C,=1l-o M/2=2-4,
Dn = - AN 013

The boundary conditions (3L) for the system of equations are written as
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where Al’ Dl’ and DN are determined from the boundary conditions at the wall and outer edge. These parameters

have the following wvalues for the various conservation equations:

Tangential Momentum Equation

Al = 0; Dl = 03 DN =1 (B-12a)

Energy Equation (wall temperature specified) ‘
A'.L = 03 Dl = %/Te; DN =1 (B-12b) |

Species Equation (catalytic wall™)
A.l = 0; D, = 0; D_=c (B-12c)

The linear algebraic equations (B-10) with boundary conditions (B-11) are a system of the tridiagonal form and

are readily solved. If the ordinary differential equation is linear, then o5 Uy and «., are known quantities

3
and the finite-difference procedure will give the solution directly. Of course, the equations of interest are
nonlinear and s ps and oy are not known as they are a function of W. In order to apply the finite-difference

procedure the quantities oy s and ., must be approximated by assuming an initial distribution for W(

3

Then the solution can be obtained to give a new value of w( ). This procedure can be repeated until the

assumed value of W(l) is the same or nearly the same as the calculated value of W +

To obtain converged profiles, especially for blunt bodies at low altitudes, the iteration procedure can be
very sensitive to the initial approximations of the profiles. Therefore, the estimated distribution of W(l -1)
and the calculated value of w(l) are weighted to obtain a new estimated value of W( i) for the next iteration as

follows:
@) _ ) ( (1) W(i'l)) (B-13)

The method of nonlinear overrelaxation as developed by Lieberstein® (also called method of accelerated

successive replacements) is now applied to Equation (B-7). At a point n in the interval of integration,

Equation (B-7) is replaced with difference quotients to give

W -2W + W ) -W

) = B0t gy nil nlog () = 0 (B-1L)
AN 2AN

An initial variation of W across the interval of integration is assumed and Wn is considered the unknown in
Equation (B-1L). This equation is nonlinear in the unknown Wn and cannot be solved for directly. A Newton-

Raphson method is employed to obtain an estimate of wn and a relaxation factor w is introduced to give

(1)
. . FW)
W:(llﬂ) - Wr(ll) -0 A (B-15)
awn

%This is not strictly speaking a catalytic wall.
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where
oA 2 .,
oW, oW

n Aﬁz
The values of 3¢p/3W for the various conservation equations are given in Equation (B~7). There are two
ways to apply the iteration relation (B-15) to a system of coupled equations of the form of Equation (B-7).
One method is to uncouple the equations and solve one equation at a time. For each equation the iteration
relation (B-15) is applied at n = 2, 3, --- across the layer from the wall to the outer edge. The second
approach is to keep the equations coupled and improve the assumed solution for all of the dependent variables
with the iteration relation (B-15) at n = 2. Then new values of the dependent variables are found at n = 3
with the iteration relation. This procedure is repeated for n = 4, 5, ... until the outer edge of the layer is
reached. For either of the above methods, the next step is to repeat the solution of the equations until the

calculated solution is sufficiently close to the previous solution.
In the iteration relation (B-15), the weighting factor w should be such that 1 < w < 2 as indicated by
Lieberstein. From this investigation, the optimum value (fastest convergence) of the relaxation factor w is

1.6 for the binary gas mixture with unstable solutions resulting when w is 1.7.

The above procedures have been applied to the boundary layer solution at the stagnation point of a blunt
body with the following conditions:

Altitude = 100,000 feet

U = 20,000 fps

'I'm = 226.98°K = 408.56L°k

p_ = 23.272 psf = 1.0997 x 1072 gioni,

Py = 3308 x lO-'8 slug/ft3

M = 20.178 \
@ |

pé = 12,772 psf = 6.0352 atm.

T/ = 12,593°R = 6,996°K

1L00°K = 2520°R

=7 o

RN = 1 inch

The edge conditions for the boundary layer are as follows:

Pe = P
T =T
e o
u =0
e
c = .99293 (equilibrium composition)
e

The equilibrium composition is obtained from the following relation:

, - 1/\/—1 3 (B-16)
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where

k
= BB
x = L(.51536) 2 B
f e
The finite-difference and nonlinear overrelaxation techniques are applied to this problem t0 obtain the dependent

variables f’, 8, and ¢, across the boundary layer. The interval of integration is taken as 0 < 1 < 5.8 with

- A
AN = 0.2 which gives a total of 28 points at which the dependent variables are unknown. Initially, a linear

variation is assumed across the boundary layer connecting the known boundary conditions.

When the conservation equations are uncoupled and the dependent variables are solved for one at a time,
the order in which the variables are solved for must be chosen. Before the two orders investigated are

described, the production term is put into the following form:

W

2w oW (B-17)
o) A

where
W=k vy

- -2
-
W Pk vy *2kap \(MGA/MA

In Method I the dependent variables are solved for in the order £/, 8, and c In Method IT the dependent

variables are solved for in the order f’, Cp> and 6. After the mass fractioﬁs Cy have been determined in
Method II, the production term in the energy equation is recalculated using the above expression where W°
and W! are based on the dependent variables of the previous iteration. For the nonlinear overrelaxation
method with the equations coupled, the production term is evaluated with the newest values of the dependent

variables employed.

The number of iterations required for the finite-difference method with various values of the weighting
factor and the nonlinear overrelaxation method with various values of the relaxation factor is given in
Table B-I. Also shown is the effect of using Methods I and II on the number of iterations required for

convergence. Convergence is defined as when the following condition is satisfied:

w(i““l)
e = 1 < 10 at N1=5 (B-18)
W

@) is the value of the dependent variable f’, 9, or cA at the it'h iteration. In order to

give an indication of the rate of convergence of the methods of solution, the value of T/Te at ﬁ = 5 is shown

In this relation W

in Figure B-1 as the iteration proceeds. The nonlinear overrelaxation method jumps around initially and this
is more severe when the relaxation factor is large. It appears that the finite-difference procedure generally
converges faster as one would expect. For example, for a linear ordinary differential equation, the finite~-
difference procedure would give the solution directly while the nonlinear overrelaxation method would still

require an iteration procedure.
The complete profiles for this problem are given in Figures B-2, B-3, and B-lL where the velocity,

temperature and mass fraction of atoms are presented. Also shown is the initial estimate for the various

profiles. In Figure B-5, the mass fraction of atoms is given for the solution with a finite-chemical reaction
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TABLE DB-I

Iterations Required

Number of Iterations Required

Weight Factor or

Scheme Relaxation Factor Method I Method II

1.0 377 329

1.1 327 277

Nonlinear Overrelaxation L & 484 433
(Egs. Uncoupled) 1.3 4 104
1.4 213 ‘159

1.5 174 127

1.6 NC* 99

1.7 NC

0.5 267 212

0.6 228 170

0.7 199 140

0.8 177 116

Finite-Difference 0.9 157 97
1.0 NC (oscillates) 81

1.4 68

1.2 57

1.3 NC

(1.0 326

1.1 274

Nonlinear Overrelaxation L 3 g
(Egs. Coupled) 1.3 189
1.4 154

1.5 122

1.6 92

1.7 NC

"NC - No convergence of method

189




o FINITE-DIFFERENCE (w = 1.0)

&
E'.O.W O NONLINEAR OVERRELAXATION (w = 1.5)
(EQS. UNCOUPLED)
A NONLINEAR OVERRELAXATION (w = 1.5)
(EQS. COUPLED)
0.90
INITIAL VALUE €- 10—6
0.88
! " ITERATIONS N -
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rate. The temperature from the previously described nonequilibrium case has been employed to obtain the
equilibrium mass fraction of atoms and is given also in this figure. The flow for this problem is still

substantially out of chemical equilibrium.

The nonlinear overrelaxation method is readily extended to the case of a multi-component gas mixture.

The relations (B-1L) and (B-15) remain the same except now the values of the quantities involved become

“Vy =y (B-19a)
? = oy * a, wn (B-19b)
2 g (B-19¢)
aw 2

The values of o5 012

The value of ¢ can be reduced to the following:

s and o/3 for the various conservation equations for this case are given in relation (20).

Tangential Momentum Eguation

M
A [:eg + (f')z] (B-20a)
Ll e
Ener, uation
‘ 2 T NI )
’
3=% M(EL) +g=§:§'f,e'alq‘ 2 : wihi’ (B-20b)
( )| e M pe &=
Species Equations
= 3¢ T7 ~/
v T {wi " bi} (B-20c)

When the dependent variables are specified as the two-point boundary conditions, the same procedure is followed
as the binary case to obtain the solution. When the boundary conditions at the surface involve derivatives and
can be expressed as relation (B-lla), a slightly different relation must be employed at the first point away

from the surface (called point 2). The value of the derivative in expression (B-15) at this point becomes

af 2 A

L S — g i ot i
= 5 - 25 (1 + 3 V\Mﬂ)+ W, (B-21)

with the use of (B-14) and (B-1la). The value of the dependent variable at the surface in the iteration process
is determined from relation (B-1lla).
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APPENDIX C
Locally Similar Boundary lLayer Solution for Chemical Equilibrium

An option has been included in the computer program for solving the boundary layer equations with a gas
model which assumes local chemical equilibrium. When this option is being used, it is necessary to provide
the subroutine EQUIL which will determine the composition. In the present analysis and program, it is
assumed that the binary diffusion coefficients are the same for all species involved. The only type of mass
transfer that can be considered is the case where the boundary layer gas is injected at the surface. These

restrictions are required since the distribution of the elements is assumed constant across the boundary layer.

For this case the appropriate equations that describe the flow are (17a), (17b), (17d), and (3) where the

production term in the energy equation is determined from the species equation (17c) which is written as

wa b, 3% (b! - V) 2,
_e(_].'.)= _é _él + _ln—- a_]:. (C-l)
o)" 2 oo

The mass fraction of species is determined from the equilibrium composition which can be expressed as

ci = Ci (T: P, CJ) (c-2)
eq

The element mass fraction of the jth element is related to the mass fraction of the various species by

NI 3
J = 2 J M L
c o 3 G (c-3)
i=1 1

where O{i = number of atoms of element j in species i. In general, the element distribution across the flow
must be obtained from the conservation of element equations. These equations can be obtained from the species
equation (le) by multiplying all of the terms by (a(‘_j1 Mj/Mi) and summing over the species. The chemical
production term will not appear in the resulting equation. For the case of no foreign gas mass transfer and
all of the binary Lewis-Semenov numbers the same, the elements of the freestream gas are constant across the
flow. This is the assumption presently being employed. Therefore, the right side of Equation (C-1) can be
evaluated with the relations (C-2). The dependent variables for the equilibrium problem are p, T, u, V, and

¢J1s where the mass fraction of species has been eliminated with the equilibrium composition relations (C-2).

For the present case, the boundary condition (9) is not required but the mass fraction at the body surface

is determined from

¢; =c; (T,,p c}) (c-L)
b eq

and the remaining relations (8) are the appropriate conditions.

The governing equations are solved in the same manner as employed in the solution of the nonequilibrium
case. The locally similar boundary layer solution can be used to obtain results far downstream on a sharp cone
or at a stagnation point at conditions where the gas is in local chemical equilibrium. The similar solution on

a cone for a binary gas mixture of oxygen is given in Figure 1C. These results required 116 iterations with

195




the weight factor w = 0.1. Stagnation point boundary layer solutions have been obtained at 100 and 150 Kft
altitude conditions with the freestream velocity varying from 10 to 30 Kfps. The inviscid flow properties

for these various flight conditions were obtained from Lomax and Inouye.'® The accuracy of these results is
evaluated by investigating the predictions of the energy flux normal to the wall as compared to experimental
results and other predictions. The present predictions of the Nusselt-Reynolds number heat transfer parameter
is compared to results of Fay and Kemp,“® and Pallone and Van Tassell“*® in Figure 2C. The results of Fay and
Kemp are for a Lewis number of 0.6. For the present results, the stagnation pressure at 100 Kft altitude
varies between 1.4l to 9.17 atmospheres while at 150 Kft altitude between 0.16 to 1.47. The present results
are in reasonable agreement with the methods in Figure 2C but other methods (Cohen, Hoshizak and Scala) are
significantly different.

The present prediction of the surface energy flux parameter is compared to experimental results of Nerem
and Stickford;®° Iuikov, Sergeev and Shaskov;®! and Skin and Marvin ®° in Figure 3C. Experimental results for
heat transfer have a scatter of + 20% typically. The present prediction is probably higher than the mean of
the experimental data but within the scatter. Also shown in this figure is the surface energy flux for a
chemical nonequilibrium solution with a catalytic wall and multi-component diffusion gas model. The surface

energy flux for this case is slightly lower than the chemical equilibrium result.
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Appendix D

COMPUTER PROGRAM DESCRIPTION
1. Introduction

The computer program has been written in Fortran IV and run on a CDC 6600. The program has a large number
of subroutines and a short main progrem BLAB which controls the flow. The basic logic of the progrem is given
in Figure D1 which is a flow chart of the main program. A short description of all of the subroutines is
given in Section 2 of this Appendix and in Section 3 the order in which the subroutines are used is illustrated.
For each COMMON the subroutines in which it is used are given in Section 4, while the list of COMMON is given
in Section 5, A list and description of many of the FORTRAN symbols employed in the program is presented in
Section 6. The next section, 7, is a description and listing in alphabetical order of all the routines in the
program. The list of the block data is given last. There are several subroutines which are standard mathema-
tical type and these are:

DERIV and KUTTAM - Runge-Kutta integration

GAUSS3 - Matrix inversion

POLATE and DPOLATE ~ interpolation for function and derivative

SIMINT - Simpson's integration
The subroutines CHEMPR, EQUIL and QPR are not general and need to be checked to be sure they are appropriate
for the problem being solved, If species are added to the program and their name is required in CHEMPR or QFR,
the present 1list in PRECAL (line 128) of 0, N, 0,5 Ny, NO, NO+, e, C, CO, CO,, My, My, M
extended. Also additional block data needs to be supplied.

The program has a storage requirement of 175 K octile in the present form. If the number of species,

and Mh, needs to be

2 2

3

number of reactions or number of points across the layer is changed from the present maximum values, then the
storage requirements will change. In Section 8, an outline is given to indicate which modifications are nec-

essary if the dimensions of certain parameters are made different.

2. Routines Used

A list of the subroutines in the program is given below along with a brief description. A more complete
discussion of the routine is given in Section D-7 and on the page shown.

BLAB - controls program flow (see flow chart).
BLC - computes boundary-layer functions, heat transfer, skin
thickness, displacement thickness, etc. Controls print

of profiles and punch of initial profiles.

BODIM - computes £, A, and edge conditions for each body profile.
BSETUP - initializes for body-profile calculation.

CALCV - computes V, transformed normal velocity.

CALDNS - computes M and some combinations of ATM's.

CALEBRB - computes e.

ccl - function subprogram to interpolate for enthalpy.

cea - function subprogram to interpolate for specific heat.
CHEMPR* - computes density and chemical production terms p, WO, Wl, Ww.
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PROGRAM
BLAB
1

e

READ ALL INPUT DATA

INITIALIZE

COMPUTE BEGINNING CHEMICAL PRODUCTION TERMS

COMPUTE THERMODYNAMIC AND TRANSPORT PROPERTIES AT EDGE

SOLVE CONTINUITY EQUATION FOR V AND SET-UP WALL BOUNDARY
CONDITIONS

IBS =1, INITIAL PROFILE CALC.

1
=2

COMPUTE THERMODYNAMIC AND TRANSPORT PROPERTIES ACROSS
THE BOUNDARY LAYER

IF SHOCK LAYER, OBTAIN CONDITIONS BEHIND SHOCK FROM
MODIFIED RANKINE-HUGONIOT RELATIONS

SOLVE MOMENTUM, CONTINUITY, SPECIES AND ENERGY EQUATIONS
FOR f', V, Ci's AND 6 RESPECTIVELY

COMPUTE CHEMICAL PRODUCTION TERMS

COMPUTE BOUNDARY LAYER CHARACTERISTICS AND CHECK TO
SEE IF THE INITIAL PROFILES (f', Ci, AND 6 ) ARE CONVERGED

PRINT IF TIME FOR PRINT

.
‘ NO ARE PROFILES CONVERGED
OR MAX. ITERATIONS DONE?
< YES
4 YES { IS THIS A SHOCK
A \_ LAYER PROBLEM? .

SN

IBS = 2, BODY PROFILE CALC.

INITIALIZE TO SOLVE BOUNDARY LAYER EQUATIONS ALONG THE BODY.

1

.

COMPUTE EDGE CONDITIONS AND QUANTITIES WHICH ARE A
FUNCTION OF DISTANCE ALONG BODY.

.

YES [
(AL PROFILES DONE? )

< NO

COMPUTE WALL BOUNDARY CONDITIONS

SOLVE MOMENTUM, CONTINUITY, SPECIES AND ENERGY EQUATIONS
COMPUTE CHEMICAL PRODUCTION TERMS

COMPUTE TRANSPORT AND THERMODYNAMIC PROPERTIES

COMPUTE BOUNDARY LAYER CHARACTERISTICS

PRINT IF IT IS TIME TO PRINT

FIG. D1 - PROGRAM FLOW CHART

201




DPOLATE - second entry to POLATE: computes slope of interpolated value.
DERIV - computes derivatives for KUTTAM.

DERVDN - computes 1lst or 2nd derivative with respect to n.

ENEREQ - solves energy equation for 6 values.

EQUIL* - computes ci's and p for equilibrium, Will only handle air

with six species.

EQU2 - computes (ci )pyrolysis.

GAUSS3 - matrix inveigion subroutine.

HUGNOT - computes values of Te, pe, pe, and u, for shock-layer solution.

INPUT - reads and prints part of input data.

INPBOD - reads and prints the rest of the input data.

KUTTAM - Runga-Kutta integration subroutine

MCDIFF - computes Kbik and Lewis numbers for multiple-component
diffusion option.

MOMEQ - computes f' from momentum equation.

PCH - punches initial profiles and other data, if requested.

POLATE - Lagrangian interpolation subroutine.

PRECAL - computes one-time values and initializes.

PRTBL - prints all output for initial profile.

PRTEDG - prints edge tables.

PRTFRO - prints £', 0, cy for all points across boundary.

PR2DSW - prints teble of stoichiometric coefficients

PRTX - prints values of Xr

OFR - computes Q;, P; and (pv)b for wall conditions.

SETCT - sets switch values from input options

SIMINT - Simpson integration subroutine

SPBND - computes boundary values for species equation.

SPECEQ - computes c; from species equations.

STOI - computes forward and backward stoichiometric values.

THERMO - computes thermal properties

WKHS - solves difference equations for f', 6, and ci’s.

BLOCK DATA - contains tables of enthalpy vs. temperature and tables of specific heat vs., temperature at 50

temperature values, and for twenty different species.

*
This subroutine is not completely general, If problems other than the type discussed in Chapter VIII are being
solved, this subroutine must be checked for consistency with the problem,
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3.

HOROLDG

Program Flow
The following

BLAB

2L
~

- This subroutine is not included with the deck. It is a © system subroutine so will have to
be replaced, or the calls (in BLC and INPUT) removed, i.e.,, CALL HOROLOG (A, J, K) where A =
time remaining for job (floating point, milliseconds), J = time of day, K = current date, where
J and K are FORMAT AlO,

shows which routines are called by other routines and the order in which the routines are used.

INPUT

PRTEDG

PRECAL

HUGNOT

POLATE

CHEMPR

STOI
THERMO( -1)
QFR

CALCV

Initializing to here

THERMO(0)

HUGNOT

MOMEQ
CALCV
SIMINT
CALEBB
SIMINT
DERVDN
WKHS
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L,

Use of COMMON

SPECEQ

ENEREQ

CHEMPR

QFR

td
=
(2]

THERMO (1)

BSETUP
BODIM

BIC

Initial
Profile

1
EQUIL ) e = A

SFBND
WKHS

DERVDN
WKHS

STOI

POLATE
EQU2

SIMINT

PRTBL

PRTPRO

POLATE

MCDIFF

End of Initial
Profile Iteration

POLATE
DPOLATE
KUTTAM
DERIV
THERMO( -1)

SIMINT

PRTBL
PRTPRO
PRTX

In the following a listing of COMMON is given and in which routines they are employed. This information is

useful to determine where FORTRAN variables are used in the program,
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COMMON
(blank)
i

USED IN

CHEMFR, ENEREQ, PRECAL, SPECEQ, THERMO

BLAB, BLC, BODIM, BSETUP, CALCV, CALDNS, CALEBB, CHEMPR, DERVDN, ENEREQ, HUGNOT,
INPBOD, INPUT, MCDIFF, MOMEQ, PCH, PRECAL, PRTBL, PRTEDG, PRTPRO, PR2DSW, PRTX,
QPR, SIMINT, SPBND, SPECEQ, STOI, THERMO, WKHS

BLAB, BLC, BODIM, CHEMPR, MOMEQ, PRTBL, THERMO




10
11
12

13
14
15
16
17
18
19
20
21
22
23
2l
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4o
41
Lo
43

L5

L7

BLAB, BIC, BODIM, CHEMPR, ENEREQ, INPUT, PRECAL, PRTBL, SETOT, SPECEQ, THERMO
BLAB, BLC, CALCV, CHEMPR, ENEREQ, MOMEQ, PRTBL, SPBND, SPECEQ, THERMO, WKHS

BLC, BODIM, BSETUP, CAICV, CALEBB, CHEMPFR, ENEREQ, EQUIL, HUGNOT, INPUT, MCDIFF, MOMEQ,
PCH, PRECAL, PRTPRO, QPR, SPBND, SPECEQ, THERMO

BSETUP, CALCV, ENEREQ, MOMEQ, SPECEQ

BLAB, EQUIL, INPBOD, PCH, PRECAL, PRTBL, SETOT

BLC, BODIM, BSETUP, CAICV, CHEMFR, ENEREQ, EQUIL, HUGNOT, INPUT, MCDIFF, MOMEQ, PRECAL,
PRTBL, QPR, SPECEQ, THERMO

BLC, BODIM, CALCV, PRECAL, SETOT, SFBND
BIC, BODIM, DERIV, HUGNOT, INPBOD, INPUT, PCH, PRECAL, THERMO

BIC, BODIM, BSETUP, CALCV, CALDNS, DERVDN, HUGNOT, PRECAL, SIMINT, SPBND, WKHS
BLC, BODIM, CAICV, CHEMPR, HUGNOT, PRECAL, SPECEQ, THERMO

BIC, BODIM, CHEMPR, ENFREQ, HUGNOT, INFUT, PCH, PRECAL, QPR, SPECEQ, THERMO
BLC, BODIM, POLATE, FRECAL, QFR

BLC, BODIM, BSETUP, SPBND

BLC, BSETUP

BLC, BODIM, BSETUP, CHEMPR, PRECAL

BLC, BODIM, CALCV

BLC, INPUT, PCH

BIC, BODIM, CALCV, HUGNOT, INPBOD, INPUT, PCH, PRECAL, QPR, THERMO
BLC, CHEMPR, PRTBL, PRECAL

BIC, PRECAL

BLC, HUGNOT, SPBND, THERMO

BIC, CALCV, CALDNS, DERVDN, INPUT, PCH, PRECAL, SIMINT
BIC, CALCV, PRECAL, PRTBL, QPR, SPBND

BLC, INPUT, MCDIFF, PRECAL, SPBND, THERMO, QFR

BLC, BODIM, ENEREQ, HUGNOT, PRECAL, PRTBL, THERMO

BODIM, BSETUP, CALEBB, ENEREQ, MOMEQ, PRECAL, SPECEQ, WKHS
BODIM, HUGNOT, PRECAL, SFBND, SPECEQ

BODIM, INPBOD, PRECAL, PRTEDG

BIC, BODIM, INFBOD, PRECAL, QPR

BODIM, ENEREQ, PRECAL, QPR, SPECEQ

BODIM, INPBOD

BODIM, BSETUP, INFBOD, PCH

BODIM, ENEREQ

BODIM, CALCV, PRECAL, WKHS

BODIM, CHEMPR, INPBOD, PCH, PRECAL, PRTBL, THERMO

BODIM, CALEBB, ENEREQ, MOMEQ, PRECAL, PRTBL

BODIM, BSETUP, ENEREQ, INFUT, MOMEQ, PCH, PRECAL, SPECEQ
BIAB, CALCV, ENEREQ, HUGNOT, MOMEQ, FRECAL, PRTBL, SETOT, SPECEQ, THERMO
CALCV, CALDNS, PRECAL, PRTBL, PRTPRO, PRTX, WKHS

CALDNS, WKHS

BLC, CALDNS, DERVDN

BLC, CALDNS, DERVDN, SIMINT, SFBND

CALDNS, SPBND

CALEBB, HUGNOT, PRECAL, THERMO

CHEMFR, PRECAL
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48
L9
50
51
53
55
56
57
58
59
60
61
62
63
S
65
66
67
68
69
70
71
T2
73
74
75
76
7
78
79
80
82
83
8L
85
86
89

BB
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CHEMPR, EQUIL, HUGNOT, INPUT, PRECAL
CHEMPR, INPUT, PRECAL, QPR

CHEMPR, INFUT, PCH, PRTBL

CHEMFR, STOI

CHEMPR, INPUT, MCDIFF

ENEREQ, INPUT, MOMEQ, PCH, SPECEQ
ENEREQ, THERMO

ENEREQ, MOMEQ, SPECEQ, WKHS

ENEREQ, MOMEQ, SPBND, WKHS

ENEREQ, INPUT, MOMEQ, PCH, SPECEQ
CHEMFR, FQU2, PRECAL, SPBND, SPECEQ, QFR
INPUT, PCH

INPUT, SETOT

INPUT, PCH, PRECAL, PRTBL, PRTEDG, PRTPRO, PR2DSW

INPUT, THERMO

HUGNOT, INPUT, PCH, PRECAL, SETOT
INPUT, FCH, QPR, SPBND, SPECEQ, WKHS
CHEMPR, PRECAL, QFR
MCDIFF, THERMO

HUGNOT, PRECAL, THERMO

QFR, SPBND

SPECEQ, THERMO

MOMEQ, THERMO

CALCV, THERMO

BODIM, CHEMFR

HUGNOT, THERMO

BIC, HUGNOT

HUGNOT, PRECAL

CAIEBB, HUGNOT

PRECAL, QFR

ccl, Cc2, INPUT, PRECAL
INPUT, MCDIFF

BODIM, CAICV

BODIM, BSETUP

CHEMFR, PRTX

BIC, BODIM

BODIM, INFPBOD, INPUT, SETOT
BODIM, INFBOD, INPUT, SETOT

BLKDATA, CC1l, CC2, INPUT, PRECAL
BLKDATA, INPUT




5

List of COMMON

The following gives the COMMON used in the program and the variables in each.

WONE(50930) 9 WTH(50930) 9 WZERO(5030)

- COMMON WBAR(50430)

COMMON /17 NI s NMAX

Y N » NM1

_ COMMON__ /2/ M

COMMON _ /3/ __1FROZE s ILE
COMMON  /4/ FL(80) s 1RS
COMMON _ /5/ CLIL(50930)y FPRIME(50)
COMMON /6/ CL(50430) s FP(50)
COMMON  /7/ _1COMPO
COMMON__ /8/ FMOLWT(30) » FMBAR(50)
COMMON  /9/ 1GEOM y JBOD
COMMON /10/ RN s TANCO
COMMON /11/ DEN2(50) s ETE
COMMON /12/ RHOE s RHOINF
COMMON /13/ HINF s PE

1 HF (30) s PINF
COMMON /14/ 1CHGSW s 1DYS
COMMON /15/ FLAPL s RB1
COMMON /16/ DRAGP s DROL

1 _____ DRAGT. s DRTL
COMMON /17/ 1IDX s RB12

1 DELXN y TE1
COMMON /18/ DELXI y X112

CoMMON /197 IPUN » KOPE
COMMON /20/ ANGLC s FJ

1 ... DUEDX s PII
COMMON_/21/ _CFINF _ » FMDOT(30)

1 DISPTK s FMOTH

2 DRAG?2 s HE(50)

3 DRAGP2 » HXTFEB

4 DRAGT2 s HXTFER

5 EDENS(50) » PARDOT(30)

TOMMON 7227 CSAVE(307 » FPSAVE
1 , MO

.. COMMON /23/ BLBAR(50430)sFMUB

_._COMMON /24/

COMMON /25/

COMMON 726/

DN(50)
RVB

DBB(30530)

FLEJ(30)

NM2 » NTO

NR

MFLAGO » NEQUIL
THETA(50)

TH(50)

FMBARE » RHO(50)
VONE

RMUREF

SMALLE sy TKE

TE » TINF
TXI1T » XI1
RVBINT ’

RVBRL

VE1 ’

X1

TOL

SINCO » TKINF
SINTH y TKW
QCOND » RSUM
QCONV » SKFER
QDIFF s ST
QTFTLB s TLEFT
QTOTAL » YF(50)
RMFLUX (30) ¢ REVE
RHVINF » SQRT2
SQRT1 » THSAVE
PR(50) » PRFL
INOP

s R

» UE »
» VINF

. e v e w

’
y TK1
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COMMON /27/
|

COMMON /287

COMMON /29/

COMMON /307

£

COMMON /31/
1

" COMMON /7327

COMMON /337
COMMON /34/
COMMON /35/
COMMON /36/
COMMON /37/
COMMON /38/
COMMON /39/

COMMON /40/

COMMON /417

COMMON /42/

COMMON /43/

COMMON /447

COMMON /45/

COMMON /46/

COMMON /47/

COMMON /487

DIFA(30430)

C0(30) ’
C1(30)

_COMMON /49/ CALPH(30440)

COMMON /50/
COMMON /51/
COMMON 753/

COMMON /55/
1

COMMON /56/
1

COMMON /57/
1
2
COMMON /58/

COMMON /59/

IPRT
GAMMA(40)
AMD (435)

AENE s
AMOM ’

BLIL(50) s

_DLIL(50)

ALPH1(50)
ALPH2(50)
ALPH3(50)

_A(50) ,

KOPT

CPBAR(50) 4 FFMU
ENTAPY(50430)

BETA s CTH
CEDG(3n)

TA(110,30) » PA(110)
NED s TA(110)
NTP s SPRT
RVPT(50) s TETE(50)
™

CONPHS s RNPHIS
DELXT(20) s NDX

FBAR

ETESA s SPFI(50)
1PRTR

BEBR(50)

NKM y OMW(32)
IBRDYO s VI(50)
FTALS0)

DMDN(50) s DNH(50)
DEN1(50) s DEN3(50)
DNO6(50) s DNTR1(50)
RDN s RRDN
EDBLT1 s EDBLT2

’

’

RES

VA(110)

TWT(50)

XDELT(20)

TXIE

WFA(32)

TDNOM(50)
DNTR2(50)

DNTR3(50)

EP2

UE2TE ’
XA(110) ’
XRN(50) ’
XMAX
TDNOP(50)
DPDN(50)

GAMMIN(30940) sGAMPLS(30440)

C2(30)
DO(30)

’
’

D1(30)
D2(30)

sCBETA(30+40)9CSALPH(30)

RHOBAR
RMD(435)

ASPE
KFENE

CBAR(50)

ALPH4(50)
CHECK

B(50)

CMD (435)

KMOM

CBARPR(50)

ISPC
MFLAG

c(50)

’

CINF(30) ’

CSBETA(30)»s10

Z(30910)

KSPE ’

CCC1(50930)

OMWF ’
WFAC ’
D(50)




COMMOM
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON

COMMON
CUMMUN
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON

COMMON
COMMON
COMMON

COMMON

760/
/61/

/162/

/637

/64/
/657
/66/

/67/

/68/
£69/
/707
/717
/1727
7173/
/T74/
r&d-74
176/
s
/787
/79/
780/
/81/
/82/
/83/
/84/
/85/

/86/

/89/
/90/
/AA/

/BB/

in2 v 102

TITLE(9) .

TOT(346) '

SPN(40)

AMU(30) » BMU(30) » CMU(30)

CK » DELTA s IREAD s UPTN(6)
EIO s EIOQ2 s IWC

1CO s 1C02 s IM1 s IM3 s IN
1C1 s IEL s IM2 y IM4 s IN

CON : » N » SPB » TK

CUNTH(3U930) 9 FMULWRI(30) » TMIHA(30930)sEPSI ’

P(30) s Q(30)

BB(50Us30). »
FLPR(50)

Vs

PE1

FTER(30)

DUM(50)
FMBARI )
DEB

RSQMWT (3V)
JE(30)

ETEH

NIM

XITRM ’

DXEST(2V) »

X(50930)
RHOVE (100} »
YFA(100)

IRB ’
16

CCP(50930) »

HNAME (30)

BBPR(50930)s BLBAPR(50+30)

SS

XITRP

IXSW s TRM

RSQP(100) » XIPA(100) » XORN(100)

XRB(50)

ENTHA(50930) s TEMP(50) y IX

RS
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6.

FORTRAN Symbols

This list gives the FORTRAN symbols that appear in the COMMON's and in which COMMON they occur.

brief description is given and the symbol used in the analysis is shown.
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FORTRAN SYMBOL

A(50)

AENE
ALPHL (50)
ALPH2 (50)
ALPH3 (50)
ALPHL (50)

AMD (L35)

AMOM

AMU (30)
ANCIC

ASPE

B (50)

BB (50,30)
BBER (50,30)
BETA

BLBAPR (50,30)

BLBAR (50,30)
BLIL (50)
BMD (L35)

BMU (30)
c(50)

€o(30)
€1(30)
€2(30)

ca(110,30)

CALPH (30,40)

COMMON

58

55
57
57
57
57
53

55
3

20

55

58

71
T
28
71
23
56
53

6l

58

L8
L8
30

L9

SYMBOL
Coefficient for "W" calculation. A
See Eq. (25) B
Convergence criterion for energy eq.
%
%
a's for partial differential equation
being solved. See eg. (20) ag
%y
Coefficient for binary diffusion curve A
fit (eq. 86) ik
Convergence criterion for momentum eq.
Coefficient for species viscosity Ap
curve fit (eq. 83) i
cone half angle or hyperboloid Gc or GA
asymptotic half angle
convergence criterion for species eq.
Coefficient for "W" caleculation, B,
See Eq. (25)
diffusion term i
(eq. 17) e
diffusion term by .
n,i
pressure gradient parameter B
diffusion term B .
n,i
(eq. 17)
diffusion term
i
used in energy equation (eq. 17) b
Coefficient for binary diffusion curve Bik
fit (eq. 86)
Coefficient for species viscosity curve B
fit (eq. 83) My
Coefficient for "W" calculation. c,
See eq. (25)
(o{0)
forward rate coefficients (eq. 88a) cL.
CZr
species mass fraction at edge of Ci
boundary layer e
forward stoichiometric coefficients ai #
’

Also a




CBAR (50)
CBARFR (50)
CBETA (30,40)
ceel (50,30)
ccP (50,30)
CEDG (30)
CFINF

CHECK

CINF (30)

CK
CL (50,30)

CLIL (50,30)

cMD (L435)

cMU (30)

CON

CONFHS

CONTH (30,30)

CPBAR (50)

CSALPH (30)

CSBETA (30)

CSAVE (30)

CTH

D(50)

Do (30)
D1 (30)
D2 (30)
DBB (30,30)

DEB

DELTA

56
56
k9
56

29
21

57

L8

65

53

6l

68

33
69

27
b9

L9

22

28

58

L8
L8
L8
26
78

65

terms in energy equation (eq. 17)

backward stoichiometric coefficients
enthalpy parameter (eq. 8la)

table of specific heats

mass fraction of species at edge
local skin friction (eq. 95a)

used to test convergence of initial
profile

mass fraction of species in the free-
stream

factor for computing AN
mass fraction of species, previous step

mass fraction of species to be calcu-
lated

Coefficient for binary diffusion
curve fit. (eq. 86)

Coefficient for species viscosity
curve fit (eq. 83)

EbP/K term for MCDIFF

Constant for BODIM

Molecular weight term computed for
THERMO

Specific heat of mixture

Summation of forward stoichiometric
coefficients. (eq. 5)

Summation of backward stoichiometric
coefficients. (eq. 5)

Value of (ci) at point where
convergence ig checked.

Parameter which determines finite-
difference scheme being used.

Coefficient for "W" calculation
See eq. (25)

backward rate coefficients (eq. 88b)

diffusion term (eq. 2)

D term calculated in HUGNOT for CALEBB
(eq. 21)

Shock standoff distance
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DELXI
DELXN

DEIXT (20)

DEN1(50)
DEN2(50)
DEN3(50)

DIFA (30,30)

DISPIK
DLIL (50)
DMDN (50)
DN (50)
DNH (50)
DNO6 (50)
DNTRL (50)

DNTR2 (50)

DNTR3 (50)
DFDN (50)
DRAG2
DRAGP
DRAGP2
DRAGT
DRAGT2
DRPL

DRTL

DUEDX

DM (50)

DXEST (20)

EBAR

BEBB(50)

EDBLT1

EDGLT2

18
17
34

43

33

L7

21
56
L2
2L
L2
LY
Ly
43

L
L
21
16
21
16
21
16
16

20

76
8l

35
38

8tep-size in transformed coordinate AE
Ax being currently used Ax

Array of Ax's to be used.
Axk used from Xy to X

Combinations of AN used several places.

Backward stoichiometric coefficients
minus the forward stoichiometric
coefficients. (eq. 7)

displacement thickness (eq. 99a) 5%
used in energy equation (eq. 17) a,
An, - AN, 4

step size across the boundary layer /\'n,n
An_/2

an /6

Combinations of An's used in several
places

Total drag coefficient CD

x

,/. for drag (pressure)

o

Pressure part of drag (eq. 97)
X

f for drag (shearing stress)

)

Shearing stress part of drag
Last contribution to drag integrals,

velocity gradient at edge of boundary —
layer
Array for temporary storage

estimated Ax

temperature gradient parameter (eq. 17) e

o

pressure and velocity gradient parameter
(eq. 17)

(1-e)/[1-(1 - %)12 (from eq. 21)

{1+ 3) Re e[s(1-e) + e]}% (from eq. 21)




EDENS (50)

EIO

EI02

ENTHA (50,30)
ENTAPY (50,30)
EP2

EPSI

ETA (50)

ETE

ETEH

ETESQ

FFMU
FJ

FL (50)
FLAPL

FIET (30)

FLPR (50)
FMBAR (50)
FMBARE

FMBARI

FMDOT ( 30)
FMOTH
FMOLWR (30)
FMOIWT (30)
FMUB

FP (50)

FPRIME (50)

FPSAVE

FTER (30)

GAMMA (LO)

66
66

AA
27
L6
69
b1

11

81

36

27

20

15

26

T2

21
69

23

electron density across boundary
layer (eq. 104)

See equations (54) and (56)

Table of enthalpy of species (eq. 81)
enthalpy (eq. 8la)

term for CALEBB and HUGNOT

density ratio across shock

transformed normal coordinate

mixture viscosity (eq. 82a)
super script j (floating point)

density viscosity product

Multicomponent Lewis-Semenov
numbers (eq. 84)

molecular weight of mixture
molecular weight of mixture at edge

molecular weight of mixture in free-
stream.

mass flow rate of species (eq. 10lb)

momentum thickness (eq. 100b)
Mi/R term for THERMO
molecular weight of species
viscosity at body

velocity at previous step

velocity across the boundary layer

f' at check point, used for initial
profile convergence.

Lii term for HUGNOT

mass concentration

Ne
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GAMMIN (30,40)

GAMPIS (30,40)

HE (50)

HF (30)
HINF

HNAME (30)

HO
HXTFEB

HXTFER

IBRDYO

IBS

ICcl
ICHGSW
ICO
IC02

ICOMPO

IDX
IDYS
IEL

IFROZE

21

13
13

BB

22

21

67
14
67
67

17
14
67

90

Tri
Egq. 7
ri
total enthalpy at each point across H
the boundary layer (eq. 107)
heats of formation Ah?
i
enthalpy at infinity hoc
hollerith names of species in enthalpy
and specific heat tables given in order
that species are stored in the tables.
total enthalpy in freestream H

heat transfer, body (eq. 91b)

heat transfer (eq. 91a)

1, boundary layer
Switch

2, shock layer

1, initial profile being calculated
Switch

2, body profile being calculated
Subscript for species Cl

Switch for POLATE

Subscript for species CO

Subseript for species C02

1, iterate initial profile until converged,

then do body profiles.
2, calculate initial profile once, then
do body profiles.

Switch‘

counter for number of times that AX has changed.
signal for POLATE.
Subscript for electron

1, non frozen flow
Switch

2, frozen flow

1, eone

2, sharp arbitrary axisymmetric body
3, sphere-cone

4, blunt arbitrary axisymmetric body
5, hyperboloid

6, flat plate

T, sharp arbitrary 2-D body

8, blunt wedge

9, blunt arbitrary 2-D body

10, hyperbola

Switch




IGEOM

ILE

Ml
e
M3
M4
IN
IN2
INO
INOP
I0
I02
IPRT

IPRTB

IPUN

IREAD

ISEC

IwC

IX

IXSW
JBOD

JE(30)

KENE

o -

KOPE

67
67
67
67
67
60
67
26
L9
60
50
37

19

89

65

57

66

8l

80

55

55

19

-1, sharp bodies
Switch { O, blunt bodies
Switch 1, compute Lewis numbers

2, use constant Lewis numbers
Subscript for M1

Subscript for M2

Subseript for M3

Subseript for ML

Subscript for species N

Subscript for species N2

Subscript for species NO

Subscript for species NO+

Subseript for species 0

Subscript for species O2

Counter for print control, initial profile
Counter for print control, body profiles.

0, don't punch initial profiles
Switch

1, punch initial profiles.

0, specified body option
Switch l .

1, arbitrary body option
O, Compute values for initial profile.
Switch

1, Use input values for first estimate of
initial profiles.
1, not solving species equation
Switeh for WKHS ‘
2, solving species equation.

Wall option switch (see input write-up).

length of enthalpy and specific heat vs. temperature
tables. = 50.

Switch used in Ax calculation.
0, two dimensional body

Switch 3
1, axisymmetric body

Array of subscripts for locating desired species
in temperature, enthalpy and specific heat tables.

Number of times to iterate energy equation if
KOPT = 1 and IBS = 1.

Number of times to iterate momentum equation if
KOPT = 1 and IBS = 1.

Meximum number of iterations on initial profile,
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KOPT

KSFE

MFLAG

MFLAGO

NED

NEQUIL

NI
NIM
NI

NKM

oMw(32)
OMWF
OPIN(6)
P(30)
PA(110)
PARDOT (30)
PE

PE1

PINF
PIT
PR(50)

PRFL

59

55

ot

68
3k
30

82

39

31

39
1
65
70
30
21
13
7
13
20
23
23

1, iterate an integer number of times, i.e. KMOM.
Switch
2, iterate until converged, i.e. AMOM.

Number of times to iterate species equations
if KOPT = 1 and IBS = 1.

Counter for number of steps along the body.

Counter for number of iterations done in any
one subroutine.

Counter for iterations done on initial profile.

Point being calculated (for MCDIFF) n
Number of x and Ax values to read. < 20

Number of values in edge tables. < 110.

1, equilibrium
2, non-equilibrium

Switch
Number of chemical species. < 30.

NI-1 for MCDIFF

Number of reactants plus electrons plus catalysts. < LO.
NI+2, number of weight factors.

NMAX-1

NMAX -2

Number of points across the boundary layer N

number of reactions. < 30.

logical number of output file.

Number of entries in XRN, TWT, RVPT and TETE
(input) tables. < 50,

One minus weight factor for each equation. l-w
One minus weight factor for equation being
solved. l1-w

Array of options.

Coefficient for wall conditions (eq. 43) P

Table of pressure at edge Pe
mass flow rate of species (particles/ 1\7[i
sec) (eq. 102)
Pressure at edge Do
w3
Pressure at edge P,
m+1
Pressure in freestream B
Constant or
Prandtl number Pr
(Pr/t).




Q(30)
QCOND
QCONV
QDIFF

QTFTLB

QTOTAL

RB1

RB12
RDN
RES

REVE

RHO(50)

RHOBAR
RHOE
RHOINF
RHOVE (100)
RHVINF
RMFLUX (30)
RMUREF

RN

RNPHIS
RRDN

RS
RSQMWT(30)
RSQP(100)
RSUM

RVB

RVBINT
RVBRL
RVPT(50)

SINCO

21

51
12
12
86
22
21
12
10
33
ks
65
9

86
21
25
16
16
31

20

Coefficient for wall conditions (eq.43)
energy flux at the surface (conduction)
energy flux at the surface (convection)
energy flux at the surface (diffusion)

total energy flux at surface(eq. 106)
(BTU/ft2/sec)

total energy flux at surface (eq. 106)
(ft-1b/ft=-sec)
gas constant, 49686.

radius of body

radius of body
constant for SPBND

shock Reynolds number

mass flux density at edge

density across the boundary layer
(1b.sec”/rth)

density in (gm/cm3)
density at edge

density in freestream
mass flux density at edge
pwvz/z term for BIC

mass flux density at surface (eq. 105)

nose radius
constant for BODIM
constant for SPBND

shock radius

radial distance to shock where
streamline crosses and is being
swallowed *

mass flux density at body
dx

b
previous value of integral for RVBINT

"X
L v

table of (pv VS. X
( )PYROLYSIS /RN

sin of cone angle

Q
9

a,

=

m+l

B
r\)Tv—-

sin 8
c
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SINTH
SKFER
SMALLE
SPB
SPFI(50)
SPN(Lo)
SPRT
SQRT1
SQRT2
SS

ST

TA(110)
TANCO
TDNOM( 50)
TDNOP(50)
TE

TE1

TEMP(50)

TETE(50)
TH(50)

THETA(50)

THSAVE

TINF
TITIE(9)
TK

TK1

TKE
TKINF

TKW
TLEFT

TMTHA(30,30)
TOL

TOT(3,6)

20

21

68
36

31
22
22
T

21

30
10
L2
L2
13

7

31
6

20
20
21
69
19
62

sin of body angle

skin friction (eq. 96)

coordinate parameter (eq. 17)

edge pressure in atmospheres

term of P calculated for WKHS(eq. 26)
species names (hollerith)

distance along body in terms of RN
constant for BLC

constant for BIC

shock shape parameter (eq. 21)

Stanton number

table of temperature at edge.

combination of AN's for WKHS
combination of AN's for WKHS
temperature at edge °r
temperature at edge

table of temperature for enthalpy
and specific heat tables.

table of T_ vs ¥ /RN
temperature at previous step

temperature being solved for

temperature at check point, previous
iteration.

o

temperature in freestream R

Problem title (to be printed)
o

temperature K

constant for BLC

temperature at edge %k

. o
temperature in freestream K

temperature at the wall %k

time(sec.) left for computer run.

sin Qb

Ceo ,/Rex
e e

/8,0y

st

qm+l,n

=]

TK

molecular weight term for THERMO (eq. 82)

convergence criterion for initial profiles.

option descriptions to be printed




TRM
TSk

™
TWT(50)
TXIE

TXI1T

UE2TE

WBAR(50,30)
WFA(32)

WFAC

WONE (50, 30)

WTH(50,30)

WZERO(50,30)

X(50,30)
X1
XA(110)
XDELT (20)

XI1
X112
XIPA(100)

w

w
\O

@
J1

]
~

w
o

used to save VONE from previous step.

constant fo
temperature at the wall R

table of wall temperatures vs X/RN.
E£term for CALCV and WKHS

;mﬂ term for SPBND

tangential velocity at edge of boundary
layer

transformed normal velocity

table of =

term of V at wall for CALCV

transformed velocity behind shock

production term perameter (eq, 19d)
weight factors for f', 9 and ey

weight factor to be used in WKHS for
current equation.

production term perameter (eq. 19d)

derivative of production term (eq. 20)

production term perameter (eq. 19d)

see equation (108)

distance along the body

table of x/R_for edge tables

table of x values at which Ax is changed

transformed coordinate

H

m+1

Ul oW um
AL
VUTH [

B
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Te

profiles only is requested, the initial profile (x = 0.) is calculated once before the steps along the body

are calculated, When the solution

is terminated, a new problem is read.

XORN
XRB(50)

XRN(50)

YF(50)

YFA(100)

2(30,10)

Description of Routines

83
83

3k

89

21

terms for CALCV computed in BODIM

distance along the body at which the

problem is to be terminated

distance along surface

table of rb/RN for body shape

table of x/RN for TWT, TETE, RVPT tebles

distance normal to surface divided by

Ry (ea. 98)

edge value of above

third body efficiencies relative to argon.

(eq. 6)

BLAB

BIAB is the main program and controls the flow, calling subroutines as needed.

Program Variables:

TALL - Signal from BODIM.
ICSW - Signal from BIC.

220

10

200

1DROGQAM RLAR

1

COMMON 71/
COMMON 72/
COMMON  /3/
COMMON  /4/
COMMON /7/
COMMON 740/
CONTINUF
IRS = 1
CALL INPUT

CALL PRFCAL
CALL CHEMPR
CALL THERMO
CALL QPR
CALL CALCY
MFLAGO = 0
CONTINUF
MFLAGO = MFLAGO + 1
CALL THERMO
CALL MOMEQ
CALL SPECFQ
CALL ENERFQ
CALL CHFMPR
CALL QPR

If a shock layer is being computed no steps along the body are attempted.

xﬁ%
/Ry

Ve/Ry

When IALL = 2, all of the requested body profiles have been done.

(INPUT,OUTPUTy PUNCH,TAPESO=INPUT,TAPF61=0UTPUT,
TAPE&62=PUNCH)

N1

NJ

M
IFROZE
FL(50)
1COMPO
IBRDYO

(=1)

(n)

’
L

NMAX
NM1

ILF
I1BS

V(50)

,
’

’

NM2
NR

MFLAGO

L]

When ICSW = 2, iteration of the initial profile is stopped.

NTO

NEQUIL

BLAR
BLAR
RLAR
BLAR
RLAR
BLAB
BLAB
BLAR
BLAR
BLAR
RLAR
BLAR
BLAR
BLAR
BLAR
BLAR
BLAR
BLAR
BLAR
BLAR
RLAR
BLAR
BLAR
BLAR
BLAR
BLAR
BLAR
RLAR

If calculation of body

O OO PP owN-



CALL BLC ( ICSW ) BLAR 29

GO _T0 (300,400) o 1COMPO BLAB 10
300 CONTINUE BLAR 31
IF ( ICSW «4NEe 2 ) GO TO 200 BLAB 32
400 . CONTINUE . BLAR 33
IF (1BRDYO oNFe 2) GO TO 404 BLAR 34
WRITF (NTOy401) BLAR 35
401  FORMAT(*O0%SOX*END OF THIS PROBLEM*) BLAB 36
GO TO 10 BLAR 137
404  CONTINUE BLAB 138
CALL THERMO (1) BLAR 139
CALL BSETUP BLAB 40
MFLAGO = 1 BLAR 41
1RS = 2 BLAR 42
M = 0 BLAR 43
IALL = 1 BLAR 44
410 CONTINUE BLAR 45
M =M+ 1 BLAR 46
CALL BODIM (TALL) . BLAR 47
IF (IALL «EQe 2) GO TO 10 . BLABR 48
CALL QPR RLAR 49
CALL MOMEQ BLAR 50
CALL SPFCEQ BLAR 51
CALL ENERFQ BLAR 52
CALL CHEMPR BLAR 53
CALL THERMO (=1} BLAB 54
CALL THERMO (1) BLAB 5%
CALL BLC ( 2 BLAB 86
BIC

Subroutine BIC computes the boundary layer characteristics and controls much of the output printing. The
test for convergence of the initial profiles is done here and if the profiles are to be punched, PCH is called.

BLC has one argument which is computed in BIC and is used in the main program (BIAB).

1, initial profiles not converged
Icsw 2, initial profiles converged, time about gone, or
maximum profiles have been calculated.

The boundary layer characteristics listed below are printed. The equations are in Chapter VI and refer-

enced here by numbers in parentheses.

EDENS, electron density across the boundary layer. (104)
HXTFER, heat transfer at the edge of the boundary layer or shock layer. (90a)
HXTFEB, heat transfer at the body. (90b)

ST, Stanton number (94)

SKFER, skin friction. (96a)

DISPIK, displacement thickness. (99a)

FMOTH, momentum thickness. (99b) (ft.)

RMFLUX, mass flux density of each species at the surface, (105)
QTOTAL, total energy flux at the surface.

QCOND, energy flux at the surface due to conduction. (106a)
QDIFF, energy flux at the surface due to diffusion. (106b)
QCONV, energy flux at the surface due to convection. (106c)
YF, Y/H (”) )
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n
N

For profiles along the body, the following quantities are also computed:
N g q

o3

(96b)

drag from shearing stress.

drag due to pressure. (97)

DRAG2 total drag.

RSUM shock radius for streamline being
FMDOT, mass flow rate of specieg "i". (101b)

Program varisbles are:

ABX

CONIN2

ELXNH —, current step
DRPN

DRTN

DRSDX

for values

for values to




dy.

e
DYEDX =
HS temporary storege, for sum in total enthalpy.
ICHKPT number of point (across the boundary layer)where convergence is

tested. Set to 10 in dsate statement,

1, profiles converged, print.

2, time about gone, print.

3, maximum iterations have been done, print.
I

IPSW
, check whether it is time to print.
MP M at previous step
QT Ep,-TE- 2—?} (from eq. 9la)
RB er, previous step
RBLY . y ¥8 =0
(ry) ,d=1
m+1
RHVE De(ug)m‘(-l
RM term in RMFLUX
(l+j))
RSUMO (rxh -1
(1+3)
RSUMP (rsh )m
RVBRN contribution to ri;) integral at this step
Ul .
& oy J
S IS¢ y/r, cos ,) dn
o
NI NI -
= o k
s1 h, b —
£ i jh on
%I e
o
£ k
s2 kti th M
SFRP x/RN, previous step
0.0 s sharp body
o), Ragk
SGRT3 L(pﬂ)r'—d—;7 , blunt body
Oe(ue)m_kl/‘/ReB, body profiles
0.0 , sharp body
1
SWRTL CN C
s /Loe‘SQ,RTE) blunt body
€
ax
SQRTRE [RGB]% , square root of Reynolds number,
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22k

TEM

TERM
TJ

TWS

XIlP

YFACT

YFI

YFO

YFP

SUBRROUTINF RLC

COMMON
1
COMMON
COMMON
CCMMON
COMMON
COMMON
COMMAN
COMMON
COMMON
COMMON
COMMON
1
COMMON
COMMON
COMMON
1
COMMON
1
COMMON
COMMON
COMMON
1
COMMON

VS WN

COMMON

—

COMMON
COMMON
COMMON

1/

/27
/37
/47
/57
/87
/9/
/10/
/117
7127
7137/

/14/
/157
/16/
/177
718/
/197
/20/

{2)/

/227

723/
124/
1254

T , initial profile

(Te‘;m+l , body profiles
part of YF(N) which is constant for one profile.

part of RMFLUX(I) which is constant for one profile.

(2)?

€ at previous step

____af_

(1+3) &
ax

Qy/RN)e, this

7 /Ry) e m-1

body profiles

step (m+l)

0 shexrp body

¢F— initial profile
z

2 . blunt body

u rJ

€"Dp

y/Rylgs m
(1CSW)

N1 s NMAX s NM2 s NTO

NJ s NM1 s NR

M

I1FROZE sy ILF y MFLAGO s NEQUIL

FL{50) s IBS

CLIL(5N430)s FPRIMEI(S0) s THETA(50)

FMOLWT(30) s FMBAR(50) s FMBRARF y RHO(50)

1GFOM s JBOD

RN » TANCO

PEN2(5N) sy FTF s VONE

RHOFE s RHOINF s RMURFF

HINF s PF s SMALLF y TKE

HF(320) s PINF s TE s TINF

TCHGSW s IDYS

FLAPL s RB1 y TXILT s XI1

DRAGP s DRPL s RVBINT ’

DRAGT s DRTL » RVBRL

1nX sy RPR12 sy VE1 s

DELXN sy TF1 s X1

DELX1 s X112

1PUN s KOPE y TOL

ANGLC y FJ s SINCO s TKINF

DUEDX s PII s SINTH y TKW

CFINF s FMDOT(30) s QCOND s RSUM

DISPTK s FMOTH s QCONY s SKFER

DRAG? s HE(50) s QDIFF s ST

PRAGP2 s HXTFER s QTFTLR y TLEFT

PDRAGT?2 s HXTFER s QTOTAL » YF(50)

EDENS(50) s PARDOT(30) s RMFLUX(20) s REVE

CSAVE(30) s FPSAVE » RHVINF s SORT2
HO » SQRT] s THSAVE

BLBAR(B0 430 ) s FMUR s PR(5N) s+ PRFL

PN(50)

PVR

BLC
RLC

s BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
RLC
BLC
s UE »BLC
» VINFBLC
BLC

BLC

BLC

BLC

BLC

BLC

BLC

BLC

v BLEC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
s BLC

» TK1 BLC
BLC

BLC

BLC

. - e w e w

O D IO P WY~




10

2A

30

40

50

50

70
80

82

9N

COMMON /27/ CPBAR(50)  FFMU » RES s UE2TE

1 ENTAPY(50430)

COMMON /31/ NTP s SPRT s TWT(50) » XRNI(50)
1 RVPT(50) s TETE(50) '

COMMON /43/ DEN1(50) » DEN3(50) » DNTR2(50)

COMMON /44/ DNO&(50) s DNTR1(50) s DNTR3(50) » DPDN(50)
COMMON /767 DUMIS50}

COMMON /86/ RHOVE(100) s RSQP(100) » XIPA(100) 4 XORN(100)
1 YFA(100)

NDATA (IP = 62) 4 (ICHKPT = 10)

DIMENSION CBDER(30) » DUMMY(50)

PO 20 N=1yNMAX

HS = 040

DO 10 I=14NI

HS = HS + CLIL(NsI) * ENTAPY(NsI)

CONTINUE

HE(N) = HS 4+ o5 * (FPRIME(N) #* VE1)%##2

CONTINUE

ICHGSW = =]

A3 = =(DN(2)+2,%DN(1)) / DFN3(2)

R3 = DPDN(2) / DEN2(2)

C3 = = DNTR1(2}

DO 30 I=14NI

CBDERI(I) = (A3%#CLIL(1s1) + B3®CLIL(2+1) + C3®CLIL(341})) / ETE

COMMON /26/ DBBI3D.30) o FLEJ[3D) s . 1NOP

CONTINUE

HXTFER = (A3#THETA(1) + B3*THETA(2) + C3%THETA(3)) / ETE

SKFER = (A3%FPRIME(1) + B3*FPRIME(2) + C3*FPRIME(3)) / ETE

GO TO (40460) s IBS

CONTINUE

TEM = TF

IF (IGEOM +GEs 0) GO TO 50

YFACT = 0,0

SORT3 = 080

SORT4 = Ne0

TJ = 040

GO TO 82

CONTINUE

YFACT = SQRT(RMUREF/((1le+FJ) * DUEDX))
SQRT3 = SQRT(RMUREF * DUEDX)

SQRT4 = SQRT(RMUREF / DUEDX) / [RHOE * SQRT2)

GO TO 80

CONTINUF

TEM = TEl

SORT1 = SQRT(2,*%FLAPL*X1/ X1I1)
SORT2 = o5 * SQOPT1

RHVF = RHOE % VE1

RFS = RHVE # X1 / FFMU
SQRTRE = SQRT(RES)

SQRT3 = RHVE / SQRTRE

YFACT = SQRT(2¢ # XI11) / VF1
IF (JBOD +LEs 0) GO TO 70
YFACT = YFACT / RB1

CONTINUE

SORT4 = YFACT / RHOE

CONTINUE

TJ = =(FL{1) # RMUREF) / (PRI(1) * YFACT)
CONTINUE

TK2 = SORT?2 / (HO = HE(1l))
oT = CPBAR(1) * TEM * HXTFER
ADIFF = 0,0

s1 = 040

PO 120 Jl=1,yNI!

s2 = 0,0

PO 110 J2=1yNI

IF (J1 «NEe J2) GO TO 90
RIKRR = FLFJ(J])

GO TO 100

CONTINUF

BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
ALC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
8LC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
8LC
ALC

37
38
39
40
41

43
44
45
46
47
48
49
50
51
82
53
54
58
56
57
58
59
60
61
62
63
64
65
66
67
68

70
71
72
T3
T4
18
76
17
78
79
80
81
82
83
84
85
86
87
88
89
90

92
92
94
95
96
97
98

100
101
102
103
104
108
108

225




226

10n

11n

120

179

1QI‘

2Nn

2178

22n

RIKRR = DRRBR(J19J2)

CONTINUE
S2 = S?2 + RIKRB * CRDFR(J2)

CONTINUF

RM = TJ # S2

QDIFF = QDIFF + RM # ENTAPY(1,J1)
L3 | = S1 + S2 % ENTAPY(1,J1)

RMFLUX(J1) = RM + RVR * CLIL(1yJ1)
CONTINUF

IF (IBS oNFse 1) GO TO 130

IF (1IGECM oLTe 0) GO TO 140
CONTIMUE .

QCOND = TJ % QT

GO TA 150

CONTINUF

NCOMD = 1,0F20N
CONTINUE

OCONV = PVB ¥ (HFE(1) + o5 * (RVR/RHO(1))*%>)
QTOTAL = QCONV + QCOND + QDIFF

OTFTLB = 1428509F=3 * NTOTAL

HXTFFR = FL(1) * TK?2 * (OT + S1)

HXTFFR = HXTFFR #* SORT(PMUPFF/(RHO(1)*FMUR))
HXTFFR = HUXTFFR * PR(NMAX) / PR(1)

ST = HXTFFR * SORT3 / (PR(NMAX) * TK1)
SKFFR. = SKFER % FL(1) * SORT1

NO 160 N=1,NMAX
DUMMY (M) = (FMRARE % THETA(N) / FMRAR(N)) = FPRIME(N)
CONMTINUF

CALL SIMINT (DUMMY, S1s AAAs 1)

DISPTK = SORT& * S1 / RN

DO 170 NM=1sNMAX

DUMMY (N) = FPRIMF(N) * (140 = FPRIMF(N))

CONMTINUF

CALL STMINT (DUMMY, S14 AMA, 1)

EMNATH = SART4 % S1

TERPM = YFACT / RN

YF(1) = NgN

NN 172 N=3 4sNMAX

NUMMY (N) = TERM / RHO(N)

COAMTINIIF

CALL SIMINT (DUMMY, AAA, YF,
CALL HOROLOG (TLEFT,DUl,s DU2)
GO TO (1804+240) » IRS
COANTINLUIFE

FPCK = FPRIME(ICHKPT)

THCKY = THETA(TCHKPT)

IF (ABS(FPCK — FPSAVF) oGTe TOL¥FPCK) GO TO 200
TF (ARS(THCK = THSAVF) 4GT4 TOL*¥THCK) GO TO 200
DO 190 I=1,4NI

CLCK = CLIL(ICHKPT,T1)

IF (ABS(CLCK = CSAVE(1)) «GTe TOL*CLCK) GO TO 200
CONTINUF

N

IPSW = 1

GO TO 230

CANTINUF

106w = 1

TF (TLEFT 4GFs 104) GO TN 210
IPQW = 2

an TN 23n
CONTINUF

EPSAVF = FDCK

THEAVF = THCK

PN 220 I=14NI

CSAVE(T) = CLIL(ICHKPTsI)
CONTINUF

1F (MFLAGD +GFe KOPF) GO T0O 224
IPSW = &

an TH 232

CONTINUF

T1PeW = 2

CONTINUF

BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
RLC
BLC
RLC
BLC
Bl
BLC
ALC
BLC
RLC
BLC
8LC
BLC
BLC
RLC
BI.C
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
8LC
BRLC
RLC
RLC
8LC
RLC
BLC
RLC
BLC
BLC
BLC
BLC
RLC
BLC
RLC
RLC

8LC
RLC
BLC

107
108
109
110
& |
112
3313
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
147
143
144
145
146
147
148
149
150
151
152
1%3
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173




232

240

250

260

27n
280

290

31N

2102

1CSW = 2
IF (IPUN JLE, 0) GO TO 232
CALL PCH
CONTINUE

. YFI = YF(NMAX)

GO TO 320

GO TO PRINT HERE IF INITIAL PROFILE.

CONTINUE

IF (JBOD 4GTe 0) GO TO 250

RB1J = 1,0

TWY = 160

CONFM = 1,0

ARX = 140 / RB1

IF (SINCO «EQe Os) ABX = (1la/X1)
GO TOH 260

‘

(SQRTRE * RHOINF)

CONTINUE

RB1J = RB1

TWJ = 2,0

CONFM = P11

ABX = 2,0 / (RB1 * RB1)

CONTINUF

CFINF = (VE1/VINF)#*%#2 % SKFER # RHOE /
COSTH = SQRT(1,0 = SINTH * SINTH)
CAMDOT = COSTH / RB1

DRTN = RB1J # COSTH #* CFINF

DRPN = RB1J * SINTH * PE / RHVINF
PELXNH = DFLXN * 45

DRAGT = DRAGT + (DRTL + DRTN) * DELXNH
DRAGP = DRAGP + (DRPL + DRPN) * DELXNH
DRTL = DRTN

DRP| = DRPN

NRAGT2 = NRAGT * ABX

NRAGP2 = NRAGP: % ABX

NDRAG2 = NDRAGT2 + DRAGP2

RVRRN = RYB * RR1J

RVBINT = RVBINT + (RVBRL + RVBRN) * DELXNH
RVRRL = RVBRN

CONIN2 = SQRT(2. * XI1 )

CONFM = CONFM % CONIN2

DISPTK = DISPTK + RVBINT / (RN * RMUREF * RB1J)

NO 290 N=1,NMAX

IF (JBOD «GTe 0) GO TO 270

CFMDOT = 1,0

GO TO 280

CONTINUF

CFMDOT = (140 4+ YF(N) * CAMDOT * RN)
CONTINUF

DUMMY(N) = FPRIME(N) # CFMDOT
CONTINUF

CALL SIMINT (DUMMYs Ss AAAy 1)

RSUM = (TWJ / TK1) % (CONIN2 # S - RVBINT)

DO 310 I=1yNI

NO 300 N=1sNMAX

DUMIN) = CLIL(NsI) * DUMMY(N)
CONTINUE

CALL SIMINT (DUMy Sy AAAY 1)
FMPOT(1) = CONFM # §

PARDOT(I) = FMDOTI(I) * 8,47928E27 / FMOLWTI(I)

CONTINUF

JP1 = JBOD + 1

IF ( M «GTe 1 ) GO TO 3104
RSUMP = 0,0

SPRP = 0,40

XI1P = 0,0
YFP = YFI
DFN = 1,0
MpP = N

IF (JBOD «NEs 1 ) GO TO 3102

DEN - = DEN + YF(NMAX)

CONTINUE

RFVEF = =TK] # RSUM / (DEN #* X1%#JP1)
GO TO 3106

BLC
8LC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
8Le
8LC
BLC
BLC
BLC
BLC
BLC
BLC
8LC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
BLC
RLC
BLC
BLC
BLC
BLC
BLC

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
22%
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
264
245
246
247
248
249

227




228

2114

2116

')"f\7

CONTINUF
DEN = 14N
IF (JBOD «FQe 1) DEN = 2,0 * (RR 4+ RN * YFO * COST)

SDX = DELXN + DFLX

NXT1 = DFLX / (DELXN*SDX)

NXT2 = (DELXN=DELX) / (DELXN*DELX)

NPXT32 = DFLXN / (DFLX*SDYX)

DRSDX = RSUM *DXT1 + RSUMO*DXT2 - RSUMP*DXT3

NYEDX =(YF(NMAX)¥DXT1 + YFO *DXT2 = YFP *DXT3) * RN
RFVE = =TK1 / DEN * DRSDX + RHOF * VE1l * DYEDX

YFP = YFO

PSUMP = RSUMO

CONTINUF

WRITE (IPs3107) MPsSPRPs RSUMPy REVEs XI1Ps YFP
FORMAT(1595F1547)

Mp =M

IF (MP «GFe 1N0) GO TO 311
XORN(MP) = SPRP
PSAP (MP) = RSUMP
RHAVF(MP) = RFVYF
XIPA(MP) = XT1P
YFEA(MP) = YFP
CONTINUF

RSUMN = RSUM

CNST = CNSTH

oA = RR]

YFO = YF(NMAX)
X11P = XI1

SPRD = SPPRT

RELX = DELXM

f‘ﬁMTT”UC

CALL PRTRL (IPSW)
RETUPRN

END

BLC

BLC
BLC
BLC

BLC
RLC

BLC
BLC

BLC
RLC
BLC
BLC
BLC
BLC
BLC
BLC
RLC
BLC
BLC

268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283




BODIM

Subroutine BODIM is called once for each of the profiles along the body and calculates variables asso-

ciated with the distance along the body.

The step size Ax is determined using the procedure described in

Equations 73 through 78. The interpolated edge conditions are found and printed in BODIM. BODIM has one

argument, IALL, which is set to 2 when all body profiles have been done, i.e., X =2 XMAX.

Common variables, with equations referenced in parentheses are:

DELXT

DUEDX

EBAR

EBB(NMAX )

RB12
RB1

RHOE
SFFI

SPRT

TE
TKE
TKW

TXILT

VONE

8 (66b)

¢y at wall

AE (71Db)

Ax for this step

see eq. T3-T8
Ax from input data

du
(T nr
e (66e)
e (664)
e

2
e

A1 (71e)

Ul
n

Pressure at edge

radius of body, m+d

radius of body, m+l (69a, 69b)
(Pe)ms1
factor for P in WKHS

xRy
Y °R
(Te)m+% %k

Tw, temperature at wall %

<—-A@'——a—> for W in SPBND
(Du)rue o Jmel

O o
o '(DNQ

< ‘/2_; ) for V(1) in CALCV

229




X1 x

m+l
XTIl Em+l (71a)
X112 §m+%
Em+L 1
XITRM —Zga il o] nem+%

Terms for V in CALCV

£ See eq. (36).

SURRNUTINF RODIM (TALL) RODI 1
ROD1! ?

COMMON 71/ NI s NMAX s NM2 s NTO s RODI 3
q NJ s MM1 s NR BODI 4
COMMON /27 M BODI 5
COMMON /3/ IFROZE 5 TLE s MFLAGO s NEQUIL BODI1 6
COMMON /5/ CLIL(5N0y30)s FPRIME(50) o THETA(50) RODI 7
COMMON /8/ FMOLWT(30) » FMBAR(50) ¢ FMBARE » RHO(50) s R BODI R
COMMON /97 IGFOM s JROD RODI 9
COMMON /107 RN s TANCO BODI 10
COMMON /11/ DEN2(50) s FTF s VONF RODI 11
COMMON /12/ RHOE s RHOINF s RMURFF RODI 12
COMMON /13/ HINF sy PF s SMALLF s TKF s UE 4BODI 13
1 HF (30) s PINF y TE » TINF s VINFRODI 14
COMMON /14/ TCHGSW s IDYS BODI 15
COMMON /15/ FLAPL s RB1 s TXI1T y XI1 BODI 15
COMMON /17/ I1DX s PR12 s VE1 ’ BODI 17
1 DELXN s TF1 s X1 RODI 18
COMMON /1R/ DELXI s X112 RODI 19
COMMON /20/ ANGLC s FJ s SINCO sy TKINF y BODI 20
1 PUFNX s PIT y SINTH s TKW RODI 21
COMMON /27/ CPBRAR(S50) o FFMU s RFS sy UE2TF s RODI 22
1 FNTAPY(50y2N) RODI 27
FOMMAN 2R/ RETA s CTH RODT 24
COMMAN /207  CEDGL3N) RONT 28
COMMON /30/ CA(110+30) s PA(110) s VA(110) y YA(110) s 80DI 2%
1 MED s TA(110) RODI 27
COMMON /31/ NTP s SPRT s TWT(50) s XPN(50) s BODI 28
1 RVPT(50) s TETF(5N) RODI 29
COMMON /32/ TW RODI 30
COMMAN /337 CONPHS s PNMDHIS BODI 131
COMMON /34/ DELXT(20) s NDX s XDELT(20) s XMAX BODI 32
CAMMAN /1:/ FRAP EIO(\I 217
COMMON /28/ FTESQ s SPFI(5N) s TXIE RODI 34
cCOMMNAN 37/ 1PRTR RONDI 25
COMMON /38/ RERR(5N) RODI 36
COMMON /39/ NKM s OMW(22) s WFA(22) BRODI 137
COMMON /74/ PE1 BODI 38
COMMNAN /837 XITRM s XITRP RODI 139
COMMON /84/ DXEST(2n) y IXSW s TRM BRODI 40
COMMON /86/ RHOVF(100) o RSOP(1IDDY o XIPA(100) » XORM(100) sy BODI 41
1 YFA(10N) RODI 42
COMMON /RQ/ IRR s XRR(50) RODI1 43
COMMON /907 1G BODI 44
NIMENSTION CE1(30) BODI 45
BOD!I 46

GO TO (1Ny2042N) o TXSW RODI 47
19 CONTINUE RODI 48
IXSw = 2 BODI 49
GO TO 40 BODI 50
20 CONTINUF BODI 51
IXSW = 3 BODI 52
BETX = (XDELT(IDX+1l) = XDELT(IDX)) / DELXT(IDX) BODI 53
XM = (24 * BETX + 1l¢ 4+ DXESTUIDX)) / (34 + DXEST(IDX)) BODI 54
MX = (XM 4+ 45) BODI 55
FMX = MX BODI 56

230



an

Ly

S
E ]

RA

PXL = (24 % RETX + 14 = 34 % FMX) / (FMX = 140)

MS = 1
CONTTINUF

FME = Mg

DELXN = DFLXT(IDX) * (140 4+ (14N 4+ DXL) * FMS / FMX)
IF (MS «GFe MX) GO TO 24

MS = MS 4+ 1

GN TN 40

COANTINUF

IF (IDX «GFe NDX) GO TO 180

DX = IDX + 1

TXSW = 2

NELXTOIDXY = (24 + DXL) * DFLXT(INX=1)

CONTIMIIF

XN = X1
X1 = X0 + DELXN
IF ( X1 «GTe XMAX ) GO TN 18N

X1? = X0 + DFLXN / 2.0
1nYs = 2
ICHGSY = =1

INTFRPOLATE FOR ENGF COAMDITIONS,

TF (M WNFq 1) GO TO 44

PEN = DF
nApeEA = ”."
\/en = |IE
TFN = TF
ATEA = n'n
AVYEN = NN
IF (TGFOM oGFe N)Y DVFO = VA(2) / XAL2)
AETA = ﬁ.ﬂ
SFN = SMALLF
GO TO 48
CONTINLIF

PFO = PF]
NPFN = NPF)
VEN = \/F]
WEA = n\/:'l
TEO = TF}
ATEA = NTEY
NETA = NET]

rﬁMTIMHE

NN 57~ TalyNI

CALL POLATE (Xly XAy CA(Y9l)y CFLI(T)y NED)
CEDGI(I) = CF1(1)

CLIL(NMAX ) = CFIC(T)

'A”TT“UE

CALL POLATF (X199 XAy PAy PF1y NER)
CALL DPOLATE (X1y XAy PAy DPF1y NED)
CALL POLATF (X1y XAy VAy VF1,y NFR)Y
CALL DPOLATE (X1y XAy VAy DVF1y NER)
CALL POLATE (X1s XAs TAy TF1y NED)
CALL NPOLATE (X1y XAy TAy NTELIy NEA)
neE = (OFAH 4 DF]) / 7.0

E = (VEA 4 VE1) / 240

TE = (TEA 4 TF1) /7 2,0

IIEDTE = UE # g / TF

TKF = TF / 1,8

SPRT = X1 / RN

FTEN = ETF

IF ( MOD( M »IPRTR) «NFe 0O) 6O TO B8R
WRITE (NTO453) My &PRT
FORMAT (#1%26Xy14%=TH RODY PROFILF S =%FE12é4)

FANTIN

[CHESY = -1

CALL POLATF (SPRTy XRNy TETFs FTFy NTP)
CALL DPOLATE (SPRTs XRNy TETFy DET1y NTP)
1AYe = 0

ETEH = 8 * (ETF + FTFO)

ETFen = FTF % FTF

NETF = 45 * (DETO 4 DET1)

CALL POLATFE (SPRTy XRNy TWTy TKWy NTP)

ann1
aant
RAN I
annt
annt
RONI
ROD1
RODT
ROD!I
ROD!
RODI
RODI
RODI
RODI
RODI
RODI
BODI
BOD1I
BODI

T4

76
77
TR
J0
an
21
3
-
R4
AR
86
RY7
88
RO
"
91
a”
013
ay
085
ag
Q7
na

99

ina
104
108
1n6
107
108
100

110

—
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232

60

j=¥al

an

132

TW = TKW # 1,8

ICHGSW = =]

IF (IRB +GTe 0) GO TO 115

GO TO (609115570911591105609115+7051159110) 1G
CONTINUE

RBO
RB1

X0 * SINCO

X1 #* SINCO

RR12 X12 % SINCO

SINTH SINCO

GO TO 130

CONTINUE

RRO = RR1

IF ( X1 «GTe RNPHIS ) GO TO 80
RR1 = RN ¥ SIM(X1/RN)

GO TO 9N

COANT INUF

RB1 = CONPHS + X1 * SINCO
CONTINUF

IF ( X12 4GTe RNPHIS ) GO TO 100
RBR12 = RN % SIN(X12/PN)

GO TO 120

CONTINUF

RB1? = CONPHS + X12 * SINCO

GO TO 120

CONTINUE

RRBO = PR}

RB12 = RRO

CALL KUTTAM (XOs X129 X12-X0Os RR12)
RB1 = RB12

CALL KUTTAM (X12s X1s X1=X12y RR1)
GO TO 12n

nmnnn

CONTINUE

XRPO = XO/RN
XR1 = X1/RN
XR12 = X12 /RN

CALL POLATF (XRO s XRNy XPRy RBO ¢ NTP)
CALL POLATF (XRP1 4 XRNy XRRy RR]1 4 NTP)
CALL POLATF (XR12y XRNg XRRy RR12y NTP)
CONTINUF

SINTH = (PR1=RRNOY / DELXN

CONTINUF

RMURM = PRMUREF

CSUM = Ng0

NO 132 1=14NI

CSUM = CSUM + CE1(1) / FMOLWT(I)
RHOEN = RHOF
RHOF = PF1 / (R * TE1 * CSUM)

PHAFH «5 ¥ (RHOF 4+ PHOFO)
TKF = TF1 / 1.8

CALL THFRMO (=1)

TKF = TE / 1.8

FLAMM = RMIIPM % VEDN
FLAPL = PMURFF #* VF1

FLAHF = .5 % (RMURM 4 RMUREF) * UF
IF ( JBOD «LEse O ) GO TO 140

JR2 = 2 % JBROD

FLAMM = FLAMM * RPRO #%* JRD

FLAPL = FLAPL * RR1 *%JR?

FLAHF = FLAHF * RR12%%JR?

CONTINUE
FTEPR = DETE / (RN % FLAHF)

X160 = XI1

DELXI = DELXN * (FLAMM + 440 * FLAHF + FLAPL)
X11 = NELXT + XIO

X112 = XI10 + DELXI 7/ 240

SEN = 240 * XI1 / (VE1l * FLAPL)

SMALLE = CTH * SEN 4 (140 = CTH) * SFO

SEO = SEN

EBAR = XI12 * (DTFO + DTF1) / (TE * FLAHF)
TXIE = 2,0 % X112 * ETEPR

SIG = 140 + TXIF / FTEH

/ 600

BODI
BODI
BODI
BODI
BODI
BODI
BODI
80DI
BODI
BODI
BODI
BODI
BODI
RODI
RODI
80D1I
BODI
BOD1I
BODI
BODI
BODI
BODI
B0DI1
BODI
RODI
BOD1I
RODI
BODI
8001
B0ODI
BOD!I
BODI
BODI
BODI
BODI
RODI
BODI
80D1
RODI
BODI
BODI
BODI
BODI
RODI
RODI
ROD1I
RODI
BODI
RODI
BODI
ROD!
BOD1
BODI
BODI
BODI
BODI
BODI
BODI
BRODI
BODI
BODI
BODI
BODI
BODI
BODI
BODI
BODI
80DI
BODI
BODI
RONT

128
129
130
131
132
133
134
135
136
137
138
139
140
141

14?2
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161
162
162
164
1&:
166
167
168
169
170
171

72
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
12
192
193
194
195
196
197
198




142

55

XIONT = X112 / DELXT annt

XITRP = (XIODI + 25 * SIG) % FTEH RODI1
XITRM = (XTONT = 425 ¥ SI1G) * FTFH RONT
XIT = CTH * XI1 + (1ls = CTH) * XIOD BODI
SPT = DELXI / (24N % XIT) BONI
NO 141 N=2yNMY 80D1
SPFI(N) = SPT / DFN2(N) RODI
COMTINUF RODI
TXI1T = SORT(240 * XI1) / FLAPL RODI
IF  JBOD «ENe 0) GO TO 142 RODT
TXI1T = TXI1T # RR] RODI
CONTINUF RODI
VOME = ¢5 % (TRM 4 TXI1T) RONI
TRM = TXIIT RODI
RERR(NMAX) = SMALLF # (DPFO + NPF1) # o8 / (RHOFH % UF) RODI
FR = RFRR(AMAY) BRON1
NUFNX = (DVFO + NVEY) / 240 RODI
RETA = SMALLF * DUFNX BODI
IF { MOD( M 4IPRPTR) (NFe D) GO TO 20N RODT
WRITE (NTOs55) BRONI
FORMAT (#0O%46X*INTEFRPOLATFN FNGF CONNITIONS#*) ROD1!
WRITF (NTQ9155) PF1lyXOs FLAMMy DFLXI9 TF19X12s FLAHFs XINy A0D1
t VF1s X1 FLAPLs X112y DPFOy RRPOs RFTAy ¥Is RODI
2 np:l. Pnl?' FFMIJ, SMAILF o FRy DD], PHAF FRAR DODI
FARMAT({ #N¥ a0nT

112X#PE =%#E1345913X*¥X0 =*F134599X*LAMBDA =#E1245910X*¥DELX] =%F1345/R0ONI
213XKTF =¥E13,Ry10X¥X 1/2 =#F13,595X*LAMRDA 1/2 =%F123,458,12X#X]0 =#EROD]
213e5/13X#UE =#E1345913X*#X1 =*#E134545X*LAMBDA + 1 =#F13,5,9X%X]1 1/280D!
L =#F1345/11X%¥DPEQ =#F13,5912X#RRD =%F13,5,11X¥PFTA =%#F123,5912X¥XT1RODI
§ =#F1345/11X*¥NDPE]1 =#F13,5s9X*RP 1/2 =%F13,5413X#Ml) =#F13,598X*SMALBODI

GL T =*F1345/17X*PFR =#F12,5,12X*#RR] =¥F13,5,11X¥RHOF =¥F1345) BODI
T1IX*ERAR =#F13,5) RODI
MPTTE (MTONy1658) €TF RODI
FORMAT (12X *ETE =#51345) BODI
AR TA 2PN RONT
CONTIMUFR . RODI
TALL = 2 rRONY
WRITF (MT0,181) ROD1
FORMAT (%1 MITXHX/PNEAX g GHPSHH (14J) 9 OX¥REVER] 2Y %X [#1AX¥YF (FNGE) %) RODI
YUF = M = 1 RCDI
WRITF (MTO9183) (TeXOPN(T)9RSAO(T)yRHOVF(T)9aXIPALT)sYFA(TI)sI=19MF)RONI
CORMAT(IS95F18,47) RODI
WRTTF (MTO9185) ’ODI
FORMAT (#0%B0X*END OF THIS PROBLFEMi) B0ODI
CANTINUIE RODI
RETUIPN RODI
N annt

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

222
2213
224
225
225
227
228
229
230
7231
232
221
234
PR
236
237
238
239
240
241
242
2413
244
245

233




Subroutine BSETUP is called only once per problem, before the body profile calculation is started, and

initializes |the following variables.

23h

DRAGP

DRAGT

DRFPL

DRTL

RVBINT

RVBRL

RB1

X1

XI1

IDX

CTH

IXSW }

FP(N)

TH(N)

CL(N,I)

FMBAR(N)

WFA(NK)

DXEST (K)

SURROUT

COMMON
1
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
1
COMMON
1
COMMON
COMMON
COMMON
COMMON

INF

F17

/57
/6/
/8/
/11/
F157
/167

/177

/28/
/34/
F39F
/84/

BSETUP

set = 0.0

=1,0 = ® for body profiles.

FPRIME (N)

1}

THETA(N)

CLIL(N,I)

M

weight factors all set = 1.0

Profiles from initial profiles are stored

as previous values.

by see ea. (75).
RSETUP

NI s NMAX

NJ s NM1
CLIL(50+30)s FPRIME(50)
CL(50930) y FP(50)
FMOLWT(30) » FMBAR(50)
NDEN2(50) y ETE

FLAPL s RB1

DRAGP s DRPL
DRAGT » DRTL

1nX s RPR12

PELXN s TF1

RETA s CTH
DELXT(20) s NDX

NKM y OMW(132)
DXEST(20) s IXSW

PR B R

NM2

NR
THETA(50)
TH(50)
FMBARE
VONE
TXILT
RVBINT
RVBRL
VE1

X1

XDELT(20)
WFA(32)
TRM

NTO

RHO(50)

XI1

XMAX

R

BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET
BSET

O O~NOWUV & W N~

= e b e
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2A

CTH = 14N

WRITF (NTOy 5) CTH

FORMAT (#0%*11X* CTH =

e m Mo CTH =%F13,5%y BODY PROFILESe*)

NRPL = NgN
RVRP| = NgN
O\\/DT”T - ’\.f\
¥1 = NgN
XI1 = NeN
npa1 = NeD
I1NX =1
IXsw = 1

NRAGD = A.ﬁ
TRM = VONF

NRAGT = NN

AFLXN = PFLXT(1)
NO 2N N=1yNMAX
FP(N) = FPRIMF(AN)
TH(NY) = THFETA(N)
CeIMm = OyN

NA 1N T=14NI
TLUMgI) = CLIL(NSI)

CSUM

csuU = CSUM + (C \

ops S (CLIL(NyI) / FMOLWT(I) )
FMRAR(M) = 140 / CSUM

fﬁMTIMU: .

FMRARF = FMRAR(NMAYX)

NO 3N MK=1 g NKM )

WEA(MK) = 140

Aum(nv) - n.n

rﬂMTINHC

NAYT = NRYX = 1

A 4N K=14MDX1

NXEST =

rﬁnTTLﬁ; = NDELXT(K+1) / DFLXT(K) = 240
D:Tﬂéw

FMR

RSFT
BSET
RSET
BSET
RSET
RSFT
RSET
RSFT
RSFT
RSET
RSET
BSET
RSET
REET
RSET
DQCT
REFT
RSET
RSET
REFT
REFT
BSET
RSFT
RSET
REFT
RSET
RSET
BEFT
RCFT
RQFT
';JFET
ACET
RSFT
RSET
RSET
RSET
RSET

PEFT

1R
19
20
21
2')
23
24
?5
26
27

29
30
31
32
1")
34
35

37
38
39
4n
41
472
47
44
45
46
47
49
4
50
51
57
53
54
[
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CALCV

Subroutine CALCV calculates V, the transformed normal velocity, for each point across the boundary layer.
See Equations 36, 39 and 48, If a shock layer is being computed, new values of ne and ne2 are calculated in
CALCV using V_ (Eq. 80a).

SURROUTINF CALCV CACV 1

CACV 2

COMMON 71/ NI s NMAX » NM2 » NTO y CACV 3

1 NJ s NM1 » NR CACY 4
COMMON /4/ FLI(50) s IRS CACv 5
COMMON /5/ CLIL(50930)s FPRIME(50) » THETA(50) CACV 6
COMMON /67 . CL(50430) s FP(5N) s TH(50) CACV T
COMMON /8/ FMOLWT(30) s FMRAR(50) s FMRARF s RHO(50) sy R CACV 8
COMMAN  /0/ 1GFNM sy JROD CACv 9
COMMON /11/ DEN2(5N) y ETF s VONE CACV 10
COMMON /12/ RHOE s RHOINF s RMUREF CACv 11
COMMON /18/ DELXI s XIl2 CACv 12
COMMON /20/ ANGLC y B s SINCO s TKINF sy CACvV 13

1 DUEDX s PII s SINTH s TKW CACY 14
COMMON /24/ DM(50) CACv 15
COMMON /25/ RVYR CACv 16
COMMON /36/ FTESQ s SPFI(50) s TXIF CACY + 17
COMMON 740/ IBRDYO sy VI(50) CACvY 18
COMMON /41/ FTAI(50) CACvV 19
COMMON /73/ VS CACv 20
COMMON /83/ XITRM s XITRP CACvy 21

CACYy 22

GO TO {10y 20) o IRS CACY 273

in COMTINUE CACV 24
NO 12 N=1y4NMMAYX CACV 25

FP(N) = =FPRIME(N) CACV 26

12 CONTINUF CACvY 27
IF (IGEOM «4GFe 0) GN TO 14 CACv 28

VONF = NN CACV 29

GO TO 16 CACVY 130

14 CONTINUF CACy 131
VONE = 140 / SQRT((1le+FJ)*¥RMUREF*DUEDX) CACv 132

16 CONTINUF CACv 33
V(l) = VONE * RVR CACV 34

CALL SIMINT (FPy AAAy Vs 2) CACv 35

IF (IBRDYO «MFe 2) GO TO 40 CACV 36

ETE = VS * FTF / V(NMAX) CACVY 37

ETESQ = ETE * ETE CACVv 138

WRITF (NTOs17) ETF CACV 39

17 FORMAT(12X*ETE =%#F1345) CACv 40
GO TO 40 CACY 41

20 CONTINUE CACY 42
V(1) = VONF * RVR CACV 43

N0 30 N=2 gNMAYX CACV 44

VINY = V(N=1) + DN(N=1) * ((FP(N)+FP(N=1)) * XITRM CACV 45

i | - (FPRIME(N) + FPRIME(N=1)) % XITRP) CACV 44

30 CONTINUE CACVY 47
40 CONTINUE CACV 48
RETURN CACV 49

END CACV 50
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CALDNS

Subroutine CALDNS computes M at each point across the boundary layer and combinations of the AN's,

Common variables computed are:

HEN1 = an (an, +an _,)
DEN2 = AN AN, 4
DEN3  =am_, (am, + M, ;)
DMDN =M, - Aﬂn_l
DNH = an /2
DNO6 = Ann/6

Ann-l

DNTR1 = AN * ALY
Ann AT]n * Ann-l

DNTR2 = iﬂ.ﬂn—:iz?—l
n n-1
an,

DNIRS = g (Am+ AT, 1)
DFDN = AN+ AN

EAnn
TDNOP - NN
A oy * Ann-l

27
TDNOM = +T]ZT']1
Ann n=-1
AN
2
RDN = Kﬁz
2
(1.0 + 22)
RRDN = .0 +
Ay
SIIRROUTINF CALNDNS CADN 1
CADN 2
coMMON 71/ NI s NMAX s NMP? s NTO s CADN 3
1 NJ s NM] s NR CADNM &
COAMAN 711/ NFEN2(5N) s FTFE s VONF CADM 5
COMMON /24/ DNI(5D) CADN 6
COMMAN 741/ FTA(BN) CADN 7
COMMON 742/ DMDM(50) s DNH(50) s TDNOM(57) 9 TDNOP(50) CADN 3
COMMON 743/ DEN1(50) » DFN3(50) s DNTR2(57) CADN 9
COMMON /44/ DNO&(5N) s DNMTR1(50) 9 DNTR3(50) oy DPDN(50) CADN 10
COMMON /457 PDN s PRNDN CADM 11
CADN 12
FTA(1) = 040 CADN 13
NO 10 N=14NM1 CADN 14
FTA(N+1) = FTA(N) + DNIN) CADN 15
' NNH (N = DN(NY / 240 CADN 16
NNAK (MY = DN(NY) / AoN CADN 17
10 CONTINUF CADN 1%
NA 20 N=2 4 NM] CADN ]9
NPHN (M) = DN(N) + DM(N=]) CADN 20
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20

DMDN(N) =
TDNOP(N) =
TDNOM(N) =
DEN1(N) =
DEN2(N) =
DEN3(N) =
DNTR1(N) =
DNTR2(N) =
DNTR3(N) =
CONTINUE

RDN = DN(2)

DNIN) = DN(N=1)

20 % DN(N) / DPDN(N)
240 * DN(N=1) / DPDNI(N)
DN(N) * DPDN(N)

DN(N) * DN(N=1)

DN(N=1) * DPDN(N)
DN{N=1) / DEN1(N)
DMDN(N) / DEN2{N)

DN(N) / DEN3(N)

/ DN(1)

RRDN = (140 + RDN) # (140 + RDN)

RETURN
END

CADN
CADN
CADN
CADN
CADN
CADN
CADN
CADN
CADN
CADN
CADN
CADN
CADN
CADN

21
22
23
24
25
26
27
28
29
30
31
32
33
34




Subroutine CALEBB is called to compute € for the stagnation point shock layer solution.

1n

20

1

CALEBB

SUBROUTINE CALEBR

COMMON /1/ NI s NMAX s NM2 » NTO
NJ s NM1 » NR

COMMON /5/ CLIL(50930)s FPRIME(50) » THETA(50)

COMMON /28/ BETA » CTH

COMMON /38/ BEBBI(50)

COMMON /46/ EDBLT1 » EDBLT2 » EP2

COMMON /78/ DEBR

DIMENSION DUM(50) s S(50)
DO 10 N=1,4NMAX

DUM(N) = FPRIME(N)* FPRIME(N)
CONTINUF

S(1) =.0,40

CALL SIMINT (DUMs AAs Sy 2)

DFRQ = DFR * DER

NDEBR = SQRT(DEB)

NO 20 N=1yNMAX

EBB = 1,0 / (EP2*(EDBLT1*DEBQ+(S(NMAX)=S(N))*DEBR/EDBLT2))
REBR(N) = BETA / EBB

CONTINUE

RFTURN

END

CAEB
CAEB
CAEB
CAEB
CAEB
CAEB
CAEB
CAEB
CAEB
CAEB
CAEB
CAEB
CAER
CAEB
CAEB
CAEB
CAEB
CAER
CAER
CAEB
CAEB
CAER
CAER
CAEB

See Equation 21,
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240

ccl

cc2

FUNCTION CC1 ( TKs 1)

COMMON /AA/ CCP(50+30) s ENTHA(50430)sTEMP(50) y IX
COMMON /80/ JE(30)

J1 = JE(1) X

CALL POLATF (TKs TEMP, ENTHA(1sJ1)s ANSy IX)
CC1=ANS

RETURN

END

FUNCTION CC2 ( TKy 1)

COMMON /AA/ CCP(50430) » ENTHA(50430)9TEMP(50) sy IX
COMMON /80/ JE(30)

J1 = JE(T)

CALL POLATE (TKs TEMPs CCP (1lsJ1l)s ANS, IX)
CC2=ANS

PFTURN

EMD

cc1
cC1
ccC1
cCl
CcC1
cC1
€l
Ccl
€l
cc1

ce2
g2
cc2
cc2
L& &
cc?
cc2
ccz?
cc2
cc?

—

CCl is a function subroutine which calls POLATE to get the interpolated value of enthalpy at TK.

CC2 is a function subroutine which calls POIATE to get the interpolated value of specific heat at TK.
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CHEMFR

Subroutine CHEMPR computes the chemical production terms. CHEMPR is not completely generalized so care
is recommended when problems other then an air mixture are being run. See Chapter 2 beginning with Equation
(28a) for a description of WO, Wl and W, See Chepter 5 for discussion of the chemical reactions and rates
which are computed in CHEMFR.

Common varisbles computed are:

FMBAR M, molecular weight of mixture at each point
across the boundary layer.

FMBARE ﬁe, molecular weight at edge.

GAMMA Y, mass concentration of species and catalytic
bodies. See Eq. (6).

RHO p, density at each point across the boundary layer.

RHOBAR p

RHOE Pe density at the edge.

WBAR W

WONE W
W

WIH +

WZERO W

Program variables are:

BACKK k , Eq. (88b)
r
BACL Backward stoichiometric coefficients, computed
in subroutine STOI.
FORK ke 5 Eq. (88a)
 J
FORE forward stoichiometric coefficients, computed

in subroutine STOI.

T temperature at current point across boundary layer,

Te’ for initial profile

TEM
(T)m, for body profiles
xk FORLk - BACLk,
)(k is printed every IFRT or IFRTB iteration,

The term TEMST should be used only for a gas model with oxygen and then the first reaction must be 02 + M:L
# 20 + M. The term TEMP8 should be used only for a gas model with o, as the 8th species and the 8th and
gth meaction® are:/

r=28 °°+°+Ml+”°°2*Mh
=9 c02+o=co+02
This subroutine is general except between the lines 100 to 116,

2kl




22

5?\

SURROUTINF CHFMPR

b LI S S ]

?’\

4n

’
L
’
L]
’
’

WZERO(50930)
NTO ’

NFQUIL

RHO(50) s R

TKE ’
TINF ’

UVE

RSUM 5
SKFFR 5
ST ’
TLEFY ’
YF{50) ’
RPFVE

CINF(30) s

WONE(50930)s WTH(50930)
NMAX s NM2

NM1 s NR

ILF s MFLAGO

188

FPRIME(50) » THETA(50)
FMBAR(50) s FMBARE
RHOINF s RMURFF

PE s SMALLE
PINF s TF

RB12 s VE1

TE1 » X1
FMDOT(30) s QCOND
FMOTH s OCONV
HE(50) s ADIFF
HXTFER s QTFTLR
HXTFFR » OTOTAL
PARDOT(30) o RMFLUX(20)
GAMMIN(230 940 ) sGAMPLS (3N 94N )
€2{30) s D1(30)
nO(3n) s D2(30)

COMMON WBARI(50930)

COMMON /1/ NI ’

1 NJ ’

COMMON /2/ M

COMMON /3/ IFROZF ’

COMMON  /4/ FL(50) ’

COMMON /57 CLIL(50930),

COMMON /8/ FMOLWT(30) »

COMMON /12/ RHOE ’

COMMON 713/ HINF ’

1 HF (30) ’

COMMON /177 1IDX ’

1 NELXN ’

COMMON /21/ CFINF ’
DISPTK ’
DRAG?2 ’
DRAGP?2 ’
DRAGT?2 N
FDFENS(50) .

COMMON /37/ 1PRTR

COMMON /4T7/ DIFA(3N930),

COMMON 748/ C€0(30) s

1 c1t30) ’

COMMON /49/ CALPH(30y40)

COMMON /50/ 1PPT

COMMON 751/ GAMMA(40) ’

COMMON /53/ AMD(435) ’

COMMON 760/ IN2 ’

COMMON /677 1CN )

b 1C1 )

COMMON /74/ PE1

COMMON /857 X (50430)

DIMENSION RACKK(30)

] RACL(30)

DO 110 N=1y,NMAX

CSIMT = NN

DO 1N I=14MI

GAMMA(T) = CLIL(NsT)

csumI = CSUMI + GAMMA(

COANT INUE

EMRAR(N) = 147" / CSIIMT

GO TN (12414) » 1IRS

TEM = TF

PF1 = PF

GO TO 16

TEM = TF1

CONTINUE

T = THETA(M) * TFM

TK =T / 17

TELN = ALAG(TY)

NO 2N KR=14NR

FOARK (KR) = FXP

BACKK (KR) = FXP
CAMTINLIE

MMN = NT41

DO 40 J=MMN N
JMNT = J = NI
GAMMA(J) = De0
PO 40 T=14NI
GAMMA (J) = GAMMA (J)
(‘(\MTYNI!F

NN BN J=1 4Ny

IF (GAMMA(J) oGFs
GAMMA(JY) = 040
CONTINUE
PHO(N). = PF1
PHABAR = BHA(N) *
IF (IFLeFNs O)

NeN) GN

¥ FMRAR(N) /
+51536
GO TO 5?2

4+ GAMMA (1) *

s»CBFTA(30s40)9CSALPH(30)

RHOBAR
BMD( 435) s CMD(435)
102
1602 y IM1
1FL s IM2
s FORK (30) ’

s FORL(3D)

/ FMOLWT(T)

1)

(C2(KRY*TKLN+CO(¥R)=C1(KR) /TK)
(D2 (KR)*TKLN+DO(KR)=P1(KR) /TK)

Z(TeJMNT)

TN 50

(R * T)

CSRETA(30)s10

Z(30s10)

IM3 s IN
M4 » INO

CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHFM
CHEM
CHEM
CHEM

sCHEM
VINFCHEM

CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHFEM
CHEM
CHEM
CHEM
CHE\.
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHFM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHFM
CHEM
CHEM
CHFM
CHFM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHFM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHEM
CHFM
CHEM
CHEM
CHEM
CHEM
CHEM

O D JPIPDN LD WN =




EDENS(N) = RHOBAR * 6,025E23 % GAMMA (MMN) CHEM 72

52 CONTINUF CHEM 73
CALL STOI (CALPH s CSALPH s FORK s FORL ) CHEM 74

CALL STO! (CBFTAs CSBETA 9 RACKK , BACL ) CHEM 75

DO 54 K=1yNR ) CHEM 76
X(NyK) = FORL(K) = RACLI(K) CHEM 77

54 CONTINUVE CHEM 78
AN CONTINUE : CHEM 79
GO TO ( 64y 110 ) » IFROZE CHEM 8¢

b4 CONTINUE CHEM 81
DO AN I=1,NI CHEM 82

SUIMNA = NN CHEM 83

SUML = 0,0 CHEM B84

NN 7N KR=1,NR CHEM 85

GP = GAMPLS(KR,s1I) CHEM 86

GM = GAMMIN(KR, 1) . CHEM 87

SUMN = SUMN + (GP % FORL(KR) + GM ¥ BACL(KR)) CHEM 88

SUM1 = SUM1 + (GP * PACL(KR) + GM * FORL(KR)) CHEM 89

7" CONTINUE CHEM 90

IF (GAMMA(T) oNFe 040) GO TO 72 CHEM 91

SUM1 = N0 CHEM 92

GO TO 74 CHEM 913

72 CONTINUE CHEM 94
SUM1 = SIUM1 / GAMMA(T) CHEM @5

74 CONTINUE CHEM 95
WZERO(NsI) = FMOLWT(I) * SUMO CHEM 97
WONE(NsI) = SUM1 CHEM 098
WRAR(NsI) = SMALLE * (WZERO(NsI)=SUMI*CLIL(NsI)) CHEM 99

80 CANTINUE CHEM 100

IF (10 oFNe 0 «0ORe IM1 LFQe N) GO TO 81 CHEM 101

TEMST = BACKK(8) * PHORAR % GAMMA(1IM4) CHEM 102
WZERO(NyIO) = WZERO(N,IO) + FMOLWT(IO) * GAMMA(IQ) * TEMST CHEM 103

WONE (N910) = WOME(MyIO) <+ TEMST CHEM 104

21 CONTINUF CHEM 105
IF (ICO +F0e 0) GO TO R2 CHEM 106

c THE CONSTANT SUBSCRIPTS IM THF THREF CHEM 107
c FOLLOWING STATEMENTS REFER TO REACT~- CHEM 108
c IONS AND THFY MUST MATCH THF RFACTIONCHEM 109
c INPUT OR VISA VERSAs SEF CHAPTFR 2 OFCHEM 110
s WRITF UP. CHFM 111
TEMPS = RHOBAR # (FORK(8)%RHOBAR*GAMMA(IO)*GAMMA(IM4)+ BACKKI(9) CHEM 112

1 * GAMMA(IN2)) CHEM 113
WZERO(Ny8B) = WZFRO(NsB) + CLIL(NgB) * TEMPSB CHEM 114

WONF (NyR) = WONF(MyB) + TEMPS CHEM 115

82 CONTINUE CHEM 116
NA 1N0 Jl=1,NIT CHEM 117

GSUM = 0,0 CHEM 118

PO 9N  J2=1,4NR CHEM 119

GSUM = GSUM+ DIFA(J2sJ1) * (FORL(J2)#(C2(J2)+C1(J2)/TK=CSALPH(J2))CHEM 120

1 = RACL(J2)%(D2(J2)4+N1(J2)/TK=CSRFTA(J2)))CHEM 121

.9Nn CONTINUE CHEM 122
WTH(NsJ1) = FMOLWT(J1) * GSUM / THFTA(N) CHEM 123

100 CONTINUE CHEM 124
110 CONTINUE CHEM 126
FMRARF = FMRAR (NMAX) CHEM 126

PHOF = RHO(NMAX) CHEM 127
RETURN CHEM 128

FND CHEM 129
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DERIV
dr.

Subroutine DERIV computes the value of the derivative ?b which is used in subroutine KUTTAM. The
drb !
equation for —— is given in (70).

T SUBROUTINE DERTV (Y, DY) RER]
COMMON 710/ RN s TANCO DERI 3

DERI 4

FOO=Y/RN DER! 5
FOO=FOO*F00 DER1 6

DY = SQRT(1e0/(140+4F00 /(1404FO0 ¥ TANCO))) DERI1 7
RETURN DERI 8

END DER!1 Q

2l




DERVDN

Subroutine DERVDN computes the first or second derivative of a function with respect to m.
(23p) and (23c).
The arguments are:

W function (array)
WP computed value of the derivative
TORD 1, first derivative desired.
2, second derivative desired.
N point where derivative is to be calculated.
SUBROUTINE DERVDN (Ws WPy IORDs N) ) DERV
DERVY
COMMON /17 NI s NMAX s NM2 sy NTO s DERV
1 NJ s NM1 s NR NERY
COMMON /11/ DEN2(50) s ETE s VONE DERV
COMMON /24/ DN(50) DERV
COMMON /43/ DEN1(50) s DEN3(50) s DNTR2(50) DERV
COMMON /44/ DNO6(50) s DNTR1(50) » DNTR3(50) o+ DPDNI(50) DERV
DERV
NIMENSION wil) DERV
GO TO (10y 40) » IORD DERV
10 CONTINUE DERV
IF (N «NEs 1) GO TO 20 . DERV
WP = =W(1) % ((DN(2) % 2.%DN(1)) / DEN3(2)) DERV
1 +W(2) * DPDM(2) / DEN2(2) = W(3)¥DN(1) /(DN(2)*DPDN(2}) DERV
GO THO 5N ) DERV
20 CONTINUE DERV
IF (N «EQs NMAX) GO TO 30 DERYV
WP = W(N+1)*DNTR1(N) + W(N)*DNTR2(N) = W(N=1)*DNTR3(N) DERV
6N TO 5N DERV
30 CONTINUE 4 DERV
WP = W(NMAX) % ((DN(NM2)+24*DN(NM1)) / DEN1(NM1)) DERV
1 =W(NM1) * DPDN(NM1)/NEN2(NM1) DERV
2 + W(NM2) * DN(NM1) / (DN(NM2) * DPDN(NM1)) DERV
GO TO 50 DERV
4n CONTINUE DERV
WP = 240 % (W(N+1)/DEN1(N) = W(N)/DEN2(N) + W(N=1)/DEN3(N)) / ETE DERV
Xa] CONTINUE NERV
WP = WP / ETE DERV
RETURN DERV
END DERV

See Equations
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ENEREQ

. Subroutine ENEREQ computes the coefficients and sets boundary values for the solution of the energy
equation (f). For the initial profile calculation one mey iterate inside ‘this subroutine. The calculation
is done KENE times if KOPT = 1, or if KOPT = 2, calculation is repeated until CHECK (computed in WKHS) is
< AENE, The coefficients are the a's described in Equations (20e) through (20h). The boundary conditions
used are:

A(1) = 0.0
B(1) = 1.0 Eq. (47b)

D(1) = Tb/Te-'

B(NMAX)
Cc(MMAX) = 0.0

1.0

D(NMAX) = 1.0

The appropriate weight factor is set, If body profiles are being calculated (IBS = 2) the previous value
of ’II!.'I'A(I{)m is saved in TH before the new Tn'!.'J.‘A(l)ml are computed by calling WKHS.

e SUBROUT TN ENERBR-~ - e et ENER 1 °
ENER 2
COMMON WBAR(50430), WONE(S50s30)s WTH(50930) s W2ERO(50430) ENER 3
COMMON /1/ NI s NMAX s NM2 » NTO s ENER L
1 . NJ s NM1 » NR ENER 5
COMMON /3/ 1FROZE s ILE » MFLAGO » NEQUIL ENER &
COMMON. _/4/ . FL150) » 1BS_. ENER 7
COMMON /8/ CLIL(50930), FPRIME(50) » THETA(50) ' ENER 8
COMMON 76/ C€L(50430) o FP(50) » TH(50) ENER
COMMON /8/ FEMOLWT(30) , FMRAR(50) » FMRARE s+ RHOI50) s+ R ENER 10
COMMON 713/ HINF s PE » SMALLE s TKE » UE +ENER 11
1 HF (30) sy PINF sy TE s TINF » VINFENER 12
. COMMON £27/ CPBAR(S0) ., FFMU s RES s UE2TE » ENER 13
1 ENTAPY (504309 ' ENER 14
COMMON /28/ BETA » CTH ENER 15
COMMON /32/ TW ENER 16
COMMON /38/ EBAR : ENER 17
COMMON /38/ BERR(50) ENER 18
COMMON /397 . NKM » OMW(32) . 2 WFA(32) ENER 19
COMMON /40/ 1RRDYO s V(80) ENER 20
COMMON /58/ AENE s ASPE s KMOM » KSPE » ENER 21
) AMOM s KENE ENER 22
COMMON /56/ BLIL(50) , CBAR(50)  CBARPR(50) y CCC1{50430)s ENER 23
1 PLIL(SO) ENER 24
____ COMMON /57/ _ALPH1(80) _» ALPH4(50) s ISPC » OMWF » ENER 25
1 ALPH2(80) 4 CHECK s MFLAG » WFAC » ENER 26
2 . ALPH3(50) ENER 27
COMMON /587 A(50) s B(50) y CL50) » DI50) ENER 28
COMMON /59/ XOPT , ENER 29
ENER 30
I e ikebmsions o eiomer ST ENER 31
All) = 040 ENER 32
BI1) 2. 160.. .. ; ENER 33
pD(1) = TW / TE ENER 34
BINMAX) = 1.0 ENER 35
CINMAX) = 040 ‘ ENER 36
BB P 1 R SR O Lo B s ENER 37
SETE = SMALLE / TE ENER .38
WFAC = WFA(2) ENER 39
OMWF = OMW(2) ENER 40
UETRM ‘= UE2TE # FMBARE ENER 41
GO TO 110,30) » 188 ENER 42
10 CONTINUE ST Bk g SO 2 - 2 TP Ll . ENER 43
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2n

3n

42

44

46

CXal

70

80

110

130
140
150

160
170

180
190

MFLAG = 0

CONTINUE

MFLAG = MFLAG + 1

CONTINUE

DO 120 N=2,yNM1

TERM = UETRM * FPRIME(N) / FMBARI(N)
GO TO (424 44) 4 IBRDYO
CONTINUVE

TERM = TERM * BERR(NMAX)

GO TO 46

CONTINUE

TERM = TERM * BEBB(N)

CONTINUE

CALL DERVDN (FPRIMEs DFPy ls N)
WCls = 0,0

WHFS = 0,0

CBDEN = 140 / CBARIN)

DO 70 I=1,yNI

WC1S = WC1S + WBAR(NsI) * CCCL(NyI)
WHFS = WHFS + WBAR(NsI) * HF(I)
GO TO (40480) s IRS

CONTINUE

GO TO (T70460) » NEQUIL

CONTINUE

TEMS = ENTAPY(NyI) * WTH(NyI)
WC1S = WC1S + TEMS * SETF

WHFS = WHFS = TEMS % SMALLF * THETA(N)

CONTINUE

GO TO (B0,100) 4 IBS

CONTINUE

DFPSQ = DFP * DFP

GO TO 110

CONTINUE

CALL DERVDN (FP y DFP2y 1y N)
NFPSQ = NEP  * DFP2

FPCP = FPRIMF(N) * CPRAR(N)
ALPH4(N) = = FPCP #* CRDFN

TERM = TERM = ERAR % FPCP
CONTINUFR

ALPH1(N) = (CBARPR(N) = CPBAR(N) * (VIN)+DLIL(N)+BLIL(N)))*CBDEN

ALPH2(N) = ( TERM = WC18) * CRDEN

ALPH3(N) = (UE2TE * FL(N) * DFPSQ = WHFS / TE)

CONTINUE

GO TO (1509130) 4 1IBS

RO 140 N=]1yNMAX

TH(N) = THETA(N)

CONTINUF

CALL WKHS (THFTA)

GO TO (16Ny197) 4 IRS

GO TO (170y180) » KOPT

IF (MFLAG +LTs KFNF) GO TO 20
GO TO 190

IF (CHECK «GTe AFNF) GO TO 20
CONTINUE

RETURN

END
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ENER
ENFR
ENER
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ENEP
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ENER
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EQU2

- Subroutine EQU2 is called by QFR when IWC = 5, for mass transfer of ablation products. The value of

c1 is computed., This subroutine may have to be changed for different pyrolysis gases or surface
€q pyrolysis
material,

S SUBROUTINE QU2 4L - e - QU2 1
COMMON /80/ IN2 v 102 EQU2? 2

IF {1 «NEs 102) GO TO 10 EQU2 3

C = 42328 EQU2 4

GO TO 30 EQU2 5

10 CONTINUE EQU2 6

IF. (] -eMNEe—IN2).G0.TO 20 .. " e EQU?2 7

C = 47672 EQU2 8

GO TO 30 EQU2 9

20 CONTINUE ; EQU2 10

C = 040 EQU2 11

30 CONTINUE - EQU2 12
RETURN i g EQU2 13

END EQU2 14

oh8/ :




EQUIL

Subroutine EQUIL computes the values of Ol for the equilibrium option and Cog when it is not given.
’ s

EQUIL is not a genersal subroutine and is only good for "air" with the species in the following order:

0,5 Ny, O, N, NO, NO
There are three arguments to EQUIL:
i temperature, °r
p pressure, psf
N if N = O, compute c_ for each species; 1f N > O, compute ¢ for each species
at NOD point (across the boundery layer), RHO(N) is also computed.

There is an iteration loop in EQUIL and if more than 20 iterations are attempted an error message is
printed. "TOO MANY ITERATIONS IN EQUIL, GCK = GCH = ... " followed by & normal return from the subroutine.
A second version of EQUIL is included which was used for Binary Gas Model problems,

SUBROUTINE EQUIL (Ty Py N) EQUI 1

EQUI 2

COMMON /5/ CLIL(50930)s FPRIME(50) s THETA(50) EQUI 3
COMMON  /7/ 1COMPO EQUI 4
COMMON /8/ FMOLWT(30) s FMBAR(50) s FMBARE sy RHO(50) » R EQUI 5
COMMON /4R/ COL(30) y C2(30) s D1(30) s CINF(30) y EQUI 6

1 C1(30) y DOC30) y D2(30) EQU! 7

EQU1 R

DIMENSION FCK(T) sy GLI(T) ’ JKI(6) ’ EOUI 9

i GR(?2) y GP(?) ’ KRI(4) FQUI 10

DATA (KRT = 19 29 &4y T ’ ( EPS = 4000001) » EQUI 11

1 (JKI = 5y 69 1l 29 39 4)y (ISP = 6) ’ EQUI 12

2 (IRM = 4) (1sP1 = 7) EQUI 13

ICT =0 EQUI 14

TK = T / 18 EQUI 15

TKLN = ALOGI(TK) EQUI 16

GSUM = 404 EQUT 17

PART = ,51536 * P / ( R % T ) EQUT 18
RHOBAR = PART / GSUM EQUI 19

GP(1) = 240 * (42328 / FMOLWT(1) ) EQUI 20

GP(2) = 240 % (47672 / FMOLWT(?2)) EQUI 21

NO 10 J =1,15P1] EQUI 22

GL(J) = 040 EQUI 23

1n CONTINUE EQUI 24
DO 20 J=1yIRM EQUT 25

K = KRI(J) EQUI 26

FORK = C2(K) * TKLN + CO(K) = Cl(K) / TK EQUI 27

RACK = N2(K) * TKLN + DO(K) = NPI(K) 7/ TK EQUI 28
FCKtJ) = EXP (FORK = RACK) EQUT 29

20 CONTINUF EQUT 30
30 CONTINUE EQUI 31
GL3G = GL(3) + GL(4) EQUI 132

GCK = 0,0 EQUI 33

PO 60 J=142 EQUT 34

GAMC = GL(J) EQUI 35

GBR(J) = GP(J) = GL34 EQUI 36

REK = RHOBAR / ECK(J) EQUI 37

IF ( Be * RFK * GB(J) 4LTe «001) GO TO 40 EQUI 38

GLIJ) = 425/REK * (=1,0 + SQRT(140 + Be0 * RFK * GB(J))) EQUI 39

GO TO 50 EQUI 40

4N CONTINUE ' EQUI 41
GLIJ) = GRIJ) % (140 = 2,%RFK *# GR(J) + BN * (RFEK¥GR(J))#%2 ) EQULI 42

8N CONTINUE EQUI 43
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GCH o MBS (GAMC -~ GLIUYY / ﬂ.hﬂ“ ' EQUI 44

GCK. = Auxxicscx.scna ..... A EQUY - 45
60 CONTINUE EQUI 46
‘ GL12 = GLI1) # GLtza . . EQUI 47
DO 130 J=2,6 ’ EQUI 48

BRI, (7., i 10 B B A b EQUI 49
GAMC = GL(J) : EQUI 50

i GO TO (80s 904 1005 100) » ISW | : EQUI 51
80 CONTINUE EQU! 52
GL(J) = RHOBAR * GL12 / ECK(J) EQUT 53
GO TO 110 EQUI 54

90 . CONTINUE ) i s R 5 i e EQUI 55
GLIJ) = SQRT(ECK(J) & 6L12) EQU! 56

B . e B e i gOUl 87
100 CONTINUE EQUI 58
GL(J) = RMOBAR # GL(Jwdi#n2 / !:ltaoba EQUY 89

10  CONTINUE EQUI 60
. GCH = ABS (GAMC =~ GLI(J)) / GLIY) EQUD 61

120  CONTINUE EQU! 62
c e GCK B AMAX1LGCK 4GCH) - . EQUI 63
130  CONTINUE - EQUI 64
GSUM = 040 EQUI 65

GL(7) = GL(4) ) EQUI 66

DO 140 J=1,15P1 EQUI 67

GSUM = GSUM + GLI(J) EQUI 68

140 . . CONTINUE by, EQUI 69 -

RHOBAR = PART / GSUM EQUI 70

ICT = 167 4} EQUI 71

IF (1CT «GTe 20) GO TO 142 EQUI 72

IF ( GCK «GTs EPS ) GO TO 30 EQUI 73
GO TO 148 EQUI 74

142 . CONTINUE EQUI 75
PRINT 145, GCKs GCH EQUI 76
145  FORMAT(%0 TOO MANY ITERATIONS IN EQUILs GCK =*E12449% GCH =*E1244)EQUI 77
148  CONTINUE EQUI 78
GO TO ( 150, 200) s ICOMPO ® EQUI 79

150  CONTINUE FOUI 80
DO 190 K=1,15P EQUI 81

JK = JKI(K) EQUI 82

€ = GL(JK) * FMOLWT(K) EQUT 83
IF (N «GTe 0) GO TO 180 EQUI 84
CINF(K) = C : EQUI 85

GO TO 190 - EQUT 86

180 . CONTINUE _ R EQU! 87
CLIL(NgK) = C . FQUI 88

190  CONTINUE ' EQUI 89
IF (N «LTe 1) GO TO 210 EQUI 90

200  CONTINUE EQUT 91
RHO(N) = RHOBAR / 451536 EQUT 92

200 CONTIREED . i b EQUI 93
RETURN : EQUI 94

END. EQUI 95

i SUBROUT INE-BOUIL 4 To Py Ny » gg’dg 1
g THIS SUBROUTINE SHOULD ONLY BE USED EQUB 3
¢ FOR RINARY GAS MODEL PROBLEMa FQUR &
c EQUB 5
COMMON /5/ CLIL(50930)s FPRIME(50) s THETA50) EQUR 6

.~ . COMMON../8/ . FMOLWT(30) o FMBAR(S50) ' » FMBARE s RHO!B3) o+ R EQUB 7
COMMON /48/ CO(30) y C2(30) s D1(30) v CINF(30) s EQUR 8

1 €1(30) » DO30) » D2130) EQUB 9
EQUR 10

DATA (EPS = o000001) EQUB 11

o= 1.2 148 EQUR 12
e TKLN ®_ALOG LTK) . o Lo EQUB 13
PART = ¢51836 % P / tn T EQUB 14

1CT = 0 EQUB 15

GSO = 0,0 EQUB 16
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10

20

25

40

GSUM = 404

FORK = C2(1) * TKLN + CO(1) = C1(1l) / TK
BACK = D2(1) * TKLN + DO(1l) = D1(1l) 7/ TK
ECK = EXP(FORK = BACK)

CONTINUE

GCK = GSO

RHORAR = PART / GSUM

EKR = ECK / (440 % RHORAR)

EKR8 = 140 / ( 840 * EKR)

IF (EKRB «LTa 4001) GO TO 20

GSO = EKR * (=140 + SORT(1e0 + EKR8))
GO TO 30

CONTINUE

GSO = 40625 * (140 = ERKB # (425 = 4125 * ERKS8))

CONTINUE

GCH = ARS(GCK = GSO) / GSO

GSO2 = RHOBAR * GSO * GSO / ECK
GSUM = GSO + GSO2

IF (GCH «LEs EPS) GO 'TO 40

IF (1CT +LEe 20) GO TO 10

ICT = ICT + 1

PRINT 359 GSOy GSO2

EQUB
EQUB
EQUB
EQUR
EQUB
EQUR
EQUR
EQUR
EQUR
EQUR
EQUB
EQUR
EQUR
FoUB
EQUR
EQUR
EQUR
EQUR
EQUR
EQUR
EQUB

EQUR

FORMAT (#0 GAMMA O =%E12,594X*GAMMA 02 =%E12.5+% TOO MANY ITERATIOEQUS

INS IN EOUILe*)

CONTINUE

CLIL(Ns1) = 16400 * GSO
CLIL(Ns2) = 140 = CLIL(Ns1)
RHO(N) = PHORAR / .51536
RETURN

END

EQUA
EQUR
EQUR
EQUR
EQUR
EOUB

e lIL]

17
18
19

-
<

22
23
24
25
26
27
28
29
30
31
22
33
34

37
36
3R
39
40
41
43
44
45
L&
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GAUSS3

GAUSS3 1s a matrix inversicn subroutine from the CO-OP library. The arguments are:

:

K1 - order of Matrix (integer)

Al - The error flag is set when a diagonal element of the triangu-
larized Matrix is < Al.

A2 - Name of Matrix to be inverted.

A3 - Name of inverted matrix

1l - No errors
2 - Matrix is singular.

GAUSS3 is callzd by MCDIFF where the error flag (K2) is tested; if it is = 2, the message "ERROR IN MATRIX
INVERSION" i printed and the calculation is terminated.

K2 - error flag

SUBROUTINE GAUSS3 (NNs EPs As Xs KER) GAUS 1
DIMENSTON A(30s1) o X(3001) . - GAUS 2

N = NN GAUS 3

DO 1 I=1,N GAUS &

DO 1 J=lsN GAUS 5

1 X(IsJ)=04n GAUS 6
DO.2 K=1sN GAUS 7

2 X(KsK)=140 GAUS 8
10 DO 34 L=1,N GAUS 9
KPp=n GAUS 10
72040 GAUS 11

DO 12 K=LyN GAUS 12
IF(Z=ABS_ (A(KsL)))11512512 GAUS 13

11 7=A8S (A(KsL)) GAUS 14
KP=K GAUS 15

12 CONTINUF GAUS 16
IF(L=KP)13520420 GAUS 17

13 DO 1& J=LsN GAUS 18
Z=AlLsd) GAUS 19
AlLsJ)=ALKPyJ) GAUS 20

14 A(KPsJ)=Z , GAUS 21
DO 15 J=1,N : GAUS 22
Z=X(LsJ) GAUS 23
X(LyJ)mX(KPyJ) GAUS 24

15  X(KPsJ)=2 , GAUS 25
20 IF(ABS (A(LsL))=FP)50450s30 GAUS 26
30 IF(L=N)131434434 GAUS 27
31 LP1=L+1 GAUS 28
DO 36 K=LP1sN GAUS 29
IF(A(KSLY 132436432 GAUS 30

32 RATIO=A(KsL)/AtLal) . GAUS 31
DO 33 J=LP1sN GAUS 32

33 A(KsJISA(KsJ)=RATIO®A(LsJ) GAUS 33
DO 35 J=14N GAUS 34
X(KaJ)=X{KeJ)=RATIONX (LsJ} GAUS 35

35 CONTINUE GAUS 36
36, CONTINUE e ) - GAUS .37
34 CONTINUE GAUS 38
40 DO 43 I=1,N GAUS 39
T1=N+1=1 GAUS 40

DO 43 J=1sN GAUS 41
$=040 GAUS 42

e IFAIImNYAYakBaAD o . , GAUS 43
41 11P1=11+1 GAUS 44
DO 42 K=I1IP1sN GAUS 45

42  S=S+ALTTSK)¥X(Ked) GAUS 46
43 X(I1sJ)=(X(11sJ)=S)/A(ITs11) GAUS 47
KER=1 ‘ GAUS 48
RTINS c =) | oY f e S B A (Y G s M , GAUS 49
50 KER=2 GAUS 30
75 CONTINUE . GAUS 51
RETURN GAUS 52
END . GAUS 53




HUGNOT

Subroutine HUGNOT is called to compute the flow at the edge for a shock layer calculation using the
modified Rankine-Hugoniot relations as described in Appendix A.

HUGNOT has one

There is an iteration loop in HUGNOT with & built-in limit of 100.

argument - THSW.

THSW = 1 when HUGNOT is called by PRECAL and the initial values

of PE, UE, TE and RHOE are required.

THSW = 2 when HUGNOT is called by THERMO and conditions behind

the shock with slip are calculated. New values of ¢y at

the outer edge of the shock layer are also computed.

SURROUTINE HUGNOT ( THSW)
COMMON /1/ NI ~ s NMAX s NM2
1 NJ s NM] sy NR
COMMON /5/ CLIL(50s30)s FPRIME(50) » THETA(50)
COMMON /8/ FMOLWTI(30) » FMBRARI(50) sy FMBARE
COMMON /10/ RN s TANCO
COMMON /11/ DEN2(50) sy ETF » VONF
COMMON /12/ RHOE s RHOINF » RMUREF
COMMON /13/ HINF s PF s SMALLF
1 HF (30) s PINF y TE
COMMON /20/ ANGLC y FJ sy SINCO
1 DUEDX y PII sy SINTH
COMMON /23/ BLBAR(50430)sFMUB sy PR(50)
COMMON /27/ CPBARI(S80) y FFMU s RES
1 FNTAPY(50430)
COMMON 729/ CEDGI(30) S
COMMON 240/ 1BRDYO sy VI50)
COMMON /46/ EDBLT1 » EDBLT2 y EP2
COMMON /48/ CO0(30) y C2(30) » D1(30)
1 C1(30) y» DO(30) sy D2(30)
COMMON /65%/ CK sy DELTA y IREAD
COMMON /69/ CONTH(304+30)sFMOLWRI(30) »
COMMON /785/ FTER(30)
COMMON /76/ DUM(50)
COMMON /T77/ FMRART y 8§
COMMON /78/ DEB
ICTR = 0
GO TO (1Ny20) o IHSW
10 CONTINUE
SRT = (140=55) / RN
VRN = VINF / RN
PF = TE = VSVINF = CHS = SH = UF = 040
€Ccs = 70004
VINFO = VINF % VINF
FMT = FMBARI
6N TN 5N
20 CONTINUE
FMT = FMRARF
CALL DERVDN (FPRIMEs DFPy 19 NMAX)

CALL DE

RVDN (THETA » DTHy 19 NMAX)

DO 30 IK=NM2,NMAX

PUMCL IK)

= V(IK) / RHO(IK)

If this limit is exceeded, "TOO
MANY ITERATIONS IN HUGNOT", is printed and execution of the job is terminated.

NTO

RHO(50)

TKE
TINF
TKINF
TKW
PRFL
UE2TE

CINF(30)
OPTN(6)

TMTHA(30930)9EPSI

s R

s UE
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40 . COMYINUE ACTH e W 2 HUGD 45

CALL DERVON (DUM; DYRES 15 NMANY HUBD &6

EPS1 = VSVINF . HUGO 47

RVNE = 140 / tnuosnr*vtnF\ HUGO 48

5 e AL SRR s ol el (R 7 HUGO 49

EDBLT] = (140-EPST) / (1,0-FPS1%(140=140/55))%*2 HUGO 50
LTS1.. . m.8S % (1.0 = EPSI) + EPST HUGO 51

0P = 140 + FJ HUGO 52

. 51 = OPJ * TS1 . oll HUGO 583

ATER & OPJ & RMUREF MUGO 54

L nzn 8. 1a0 ¢ 1.0/RE8 ¥ (SQRT(OPJERES*RN*DUENK/IEPSI#VINF)) * DFP HUGO 55

+ c1.o-ssyﬁtnauztssanso¢0ﬁ4&nno:09vkt)» HUGO 56

W ALNRN e TR LOER. b HES) HUGD 87

TEMP = ATER # DUEDX ‘ : HUGO 88

SQTEM = SORT(TEMP) ] e HUGO 59

CTEM = RVNI * SQTEM / PR(NMAX) HUGO 60

SUM = 0,0 HUGDO 61

DO &40 I=1,NI HUGO 62
.SUM. .= SUM_+ ENTAPY(NMAXal) * FTER(1) : HUGO 63
CEDGI( 1) = CINF{1) = CTEM * FTER(I) HUGO 64

IF (CEDG(I) oLTs 040) CEDG(I) & 040 HUGD 65

40 CONTINUE HUGO 66
SHOLD = SH HUGO 67

SH = RVNI * SQTEM * ((CPBAR(NMAX)*TE¥DTH+SUM) / PRINMAX) HUGO 68

1 + 1.33333333%V.(NMAX ) ¥DVRE#TEMP/ RHOE ) HUGD 69

IF (SH oLFs HSP) GO TO 42 HUGO 70

SH = HSP HUGO 71

42 CONTINUE HUGD 72
SH = o5 % (SH 4 SHOLD) HUGO 73

50 CONTINUE HUGO 74
.. GO TO (804s70) s IHSW R : HUGO 75

60 CONTINUF HUGO 76
PET = PE HUGO 77

PE = PINF 4 RHOINF # VINFQ % (1e0=VSVINF! HUGO 78

70 CONTINUE ; HUGO 79
TET = TE ) HUGO 80

HSP = HINF + o5 * VINFQ * (1,0 = VSVINF * VSVINF) HUGO 81

HS = HSP = SH HUGO 82

TE = (HS - CHS) / cCS HUGO 813

IF (ABSITE=TET) oLE, 40001) GO TO 100 HUGO 84

ICTR = ICTR + 1 HUGO 85

IF ( ICTR +LEs 100) GO TO 80 ) HUGO 86

: WRITE (NTOs. 75) HUGO 87
75 FORMAT (%0 TOO MANY ITERATIONS IN HUGNOT*) HUGO 88
STOP HUGO 89

80 CONTINUE HUGO 90
VSVINF = RHOINF % R % TE / (PE * FMT) HUGO 91

TKE = TE / 148 HUGO 92
CCS_.% 040 HUGO 93

CHS = 040 HUGO 94

DO 90 1=14N1 HUGO 95

GO TO (82484) 4 IHSW HUGO 96

82 CTEMP = CINF(1) HUGO 97
GO TO 86 HUGO 98

B4 CTEMP = CEDG(I) . . . ] HUGO 99
86 CONTINUE HUGO 100
CHS = CHS + CTEMP % HF (1) HUGO 101

CCS = CCS + CTEMP % CC1(TKEs 1) HUGO 102

90 CONTINUE HUGO 103
GO TO 50 HUGO 104

100 . CONTINUE . i ! HUGO 105
GO TO (110,120) » IHSW HUGO 106

110  CONTINUE HUGO 107
IF (ABS(PE=PFT) «GTe «1) GO TO 80 HUGO 108

120  CONTINUF HUGO 109
RHOFE = RHOINF / VSVINF HUGO 110

WRITE (NT0s233) PEs TEs RHOE, UE HUGO 111

233 FORMAT( 13X*PE =%E1325)13X%TE =2%#FE13s5911X*RHOE =#E13,5913X*UE =%HUGO 112




234
235

240

1

1

E13.8) e R il

GO TO (2409234) o IHSW

CONTINUE

WRITE (NT0s235) SHs DUEDXs TS1ly EPSI

FORMAT(13X#SH =#E13,5910X*¥DUEDX s#E13,5912X#TS]1 =%F13,59
11X*#FPST =%F13,5)

CONTINUE -

RFTURN

END

HUGO
HUGO
HUGO
HUGO
HUGO
HUGO
HUGO
HUGO
HUGO

3313
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115
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117
118
119
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12%
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INPBOD

Subroutine INPBOD reads and prints the input cards beginning with card nemed "NWC" through the end (edge
tables)., The edge tables are a function of X/RN and the first value of x/mv must be 0,0, This is checked in
INPBOD and if this ig not true an error message, "SUBR., INPBOD FOUND THAT FIRST VALUES IN EDGE TABLE NOT FOR
X = 0.0", is printed and execution stopped.

INPBOD calls subroutine PRTEDG to print the edge tables.

Common variasbles computed are:

SINCO sin § A
TANCO tan®e

e
RNPHIS R,
CONPHS Ry(sin®_ -9 sin ec)
DELTX(X) RN'DELTX(K)

K =1, NDX

XDELT(K) RN-XDELT(K)

Edge conditions are adjusted after being printed.

PA(K) PA(K) *PO
"TA(K) TA(K)-TO
K = 1, NED
VA(K) VA(K)-UO :

XA(K) XA(K)-RN
SUBRQUTINE INPBOD .. .. ... . 2 b ’ INPB. . 1
INPR 2
COMMON /17 NI s NMAX » ‘NM2 » NTO y INPB 3
1 NJ s NM1 4+ NR INPR &4
COMMON /7/ 1COMPO INPR 5
COMMON /10/ RN s TANCO INPB 6
. COMMON /20/ _ANGLC it B st SINCO... » TKINF sy INPB 7
Y DUEDX s PIT s SINTH y TKW INPB 8
COMMON /30/ CA(110+30) s PA(110) s VA(110) sy XA(110) sy INPB 9
1 NED s TA(110) INPB 10
COMMON /31/ NTP » SPRT » TWTL50) » XRN(50) » INPB 11
1 RVPT(50) s TETE(S0) tNPR 12
_COMMON. /33 /. CONPHS. _.» RNPHIS L ja INPB 13
COMMON /347 DELXT(20) » NDX » XDELT(20) s XMAX INPB 14
COMMON /37/ 1IPRTB INPB 15
COMMON /89/ 1IRB » XRB(80) INPB 16
COMMON /90/ 16G INPB 17
. INPR 18
e ~READ 2984 NTP . B e e B4, INPB 19
READ 2283 (XRN(K) sK=13NTP) INPR 20
READ 225s (TWTH{K) sK=1)NTP) INPB 21
READ 2254 (RVPT(K)sK=14NTP} INPB 22
READ 225¢ (TETE(K)sK=1sNTP) INPB 23
WRITE (NTOs101) INPB 24
101 . FORMAT(#0#%). . RT3 il TR TNGTS . INPB 25
1F (IRB 4FQs 0) GO TO 104 INPB 26
READ 2254 (XRB(K)s K=1sNTP) INPB 27
WRITE (NTOs 106) (KeXRNIR)sTWTIK)sRVPTIK)sTETE(K)sXRBIK)sK=1sNTP) INPB 28
106 FORMAT  (%0% BX¥K®5X*X/RN#BX#T=WALL*7X*¥RVIPYR)*6X*ETA(EDGE ) *4X INPB 29
1 WRBE/( INYI291XBEL13.5}) INPB 30
ERECRSTOTY. 20 187 PR R NI i RS LT R INPR 31
104 CONTINUF i tNPR 32
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108
107

2as5

290

3013

308

307

3ne

32n

33N

340
228

345

350

WRITE (NTO»1085) (KeXRN(K)sTWT(K)sRVPT(K)2TETE(K) sK=19NTP)
FORMAT (#0% ZX®KHOXEX/RNEGX#T=WALL®*TX®RV(PYR)#EXHETA(EDGE ) */
10 3X91291X4E1365)

CONTINUF

READ 2954 NDXs IPRTBs XMAXs ANGLC :

FORMAT (5Xs21542E1040)

READ 297s (XDELT(NS) » DELXTI(NS) sNS=1sNDX)
FORMAT(5Xs2F1040)

READ 2994 POy TOs UOs NED

FORMAT(5X33F1040415)

ARG = ANGLC / 57429578

SINCO = SIN(ARG)

TANCO = (TAN (ARG))*%*2

PHIS = (90e = ANGLC) / 57429578

SINPH = SIN(PHIS)

PANPHIS = BN % PHIS

CONPHS = RN % (SINPH = PHIS * SINCO)

WRITF (NT0301)

FORMAT (*#1%#50X*BODY DATA*/)

WRITE (NTOs303) IPRTBs XMAXs POy ANGLCs TOs» UO
FORMAT(BX*IPRTB =#13919X*XMAX =*F10+5916X*NORM SH PRESS =%F1244/
1 31X*CONE ANGLE =%F104s5917X*NORM SH TEMP =%
2F12.4/T1X*NORM SH VEL =#F1244)

ND = 14

IF (NDX oLEe ND) ND = NDX

WRITFE (NTO»308%) (XDFLT(K)sK=19ND)

FORMAT (#0O#6X*X w¥Fb42914FB8,42)

WRITE (NTO#»307) (DELXT(K)sK=19ND)

FORMAT (2X#DELT X =%2X914F843)

IF ( ND +FQs NDX) GO TO 320

WRITE (NTO»309) (XDELTI(K)sK=NDsNDX)

FORMAT (#0O*6X*X =%F6,23T7FBe2)

ND = ND + 1

WRITE (NTO»307) (DELXT(K)sK=NDyNDX)

CONTINUE

DO 322 K=] 4NDX

XDELT(K)= RN # XDELT(K)

PELXT(K) = RN * DFLXT(K)

CONTINUE

READ 225 s (XA(ND)sND=1,NED)
READ 225 3 (PAIND)yND=14NED)
READ 22% s (VAIND) sND=14NED)

READ 225 . (TA(ND)sND=1yNED)

NO 330 I=1yNI

READ 225 s (CA(NDsI)s ND=1yNED)
CONTINUE

CALL PRTEDG

PO 340 K=14NED

XA(K) = XA(K) * RN
PA(K) = PA(K) % PO
VA(K) = VA(K) * UO
TAlK) = TAI(K) % TO

CONTINUE

FORMAT(BXs7E1040)

IF (XA(l) «LTe 140E-10) GO TO 350
WRITE (NTOs345)

INPB
INPB
INPR
INPR
INPB
INPB
INPB
INPR
INPR
INPB
INPB
INPR
INPB
INPR
INPR
INPR
INPB
INPR
INPB
INPR
INPR
INPR
INPR
INPR
INPB
INPB
INPR
INPB
INPB
INPR
INPB
INPR
INPR
INPBR
INPR
INPR
INPB
INPR
INPR
INPB
INPB
INPR
INPB
INPB
INPB
INPB
INPB
INPB
INPB
INPR
INPR
INPB
INPR
INPR
INPB
INPB

FORMAT(*0 SUBRs INPBOD FOUND THAT THE FIRST VALUES IN THE EDGE TABINPB

1LE NOT FOR X=0a0e%)
STOP

CONTINUE

RETURN

f-'k]h

INPB
INPB
INPB
INPB
INPR
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INPUT

. Subroutine INPUT is called to read and print the input data, The input cerds, through the third body
efficiencies relative to argon (z),are read and printed by this subroutine, Then the other input subroutine
INPBOD is called, INPUT prints the message "END OF INPUT".

Tables of enthalpy and specific heat vs., temperature are in the Block Data subprogram and INPUT determines
subscripts for the ones needed for each perticular problem (by species name)., If any are not present, or
located, an error message is printed, "SUBR, INPUT CANT LOCATE ENTHALPY TABLES FOR SOME SPECIES", and a core
dump is given before termination of the job, INPUT calls SETOT to set option switches and PR2DSW for some of
the 2-D arrsy prints.

Common varisbles computed are:

KJ
CSALPH(X) ~ @, = 3§L 0y -1
K =1, MR
NJ
GSBETA(K) ~ B, = N By -1
J=1
JE(I) ~ subscripts needed to locate enthalpy and specific
heat in BLOCK DATA, for species in this problem.
KENE = AFNE
KMOM = AMOM if KOPT = 1
KSPE = ASFE
KKM = NI(NI - 1)/2
NL = By - NI
SUBROUTINE INPUT INPU 1
INPU 2
COMMON /1/ NI » NMAX s NM2 s NTO y INPU 3
1 NJ s NM1 s NR INPU 4
COMMON /3/ 1FROZE s ILE s MFLAGO » NEQUIL INPU 5
COMMON /8/ CLIL(50430)s FPRIME(50} ¢ THETA(50) INPU 6
_COMMON. /8/ FMOLWT(30) s FMBAR(50) » FMBARE » RHO(50) ¢ R INPU 7
COMMON /10/ RN » TANCO INPU 8
COMMON /13/ HINF s PE s SMALLE » TKE s UE »INPU 9
1 HF (30) » PINF s TE s TINF s VINFINPU 10
COMMON /19/ IPUN » KOPE s TOL INPU 11
COMMON 720/ ANGLC s FJ » SINCO » TKINF » INPU 12
1 . .DUEDX s P11 s SINTH s TKW INPU 13
COMMON /24/ DN(50) INPU 14
COMMON /26/ DBB(30+30) s FLEJ(30) s INOP INPU 15
COMMON /39/ NKM s OMWI(32) » WFAL32) INPU 18
COMMON 748/ CO0(30) s €C2(30) s D1(30) » CINF(30) s INPU 17
1 €1(30) s DO(30) » D2(30) INPU 18
COMMON 749/ CALPHI30+40)sCBETAL30340)9CSALPH(30) o CSBETAL30)910 INPU 19
COMMON /807 IPRT INPU 20
COMMON /537 AMD(435) s BMD(435) sy CMD(435) vy 2(30510) INPU 21
COMMON 755/ AENE » ASPE s KMOM » KSPE y INPU 22
1 AMOM y KENE INPU 23
COMMON /59/ KOPT INPU 24
COMMON. 761/  TITLE(9) INPU 25
COMMON /62/ TOT(3,6) INPU 26
COMMON 763/ SPN(4O) INPU 27
COMMON /64/ AMU(30) » BMU(30) s CMU(30) INPU 28
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COMMON /65/ CK s DELTA » IREAD

COMMON /66/ EIO y E102 s IWC 3
COMMON /B0/ JE(30] 3

~ COMMON /82/ NIM ) 37
COMMON /89/ . IRB » XRB(80) INPL 3

COMMON /90/ 16 INPU 34
COMMON /AA/ CCP(50930) » ENTHA(50930)»TEMP(50) y IX INPU 35

COMMON /BB/ HNAME(30) INPU 36

P 37

DIMFNSION CHK (&) 38

DIMENSION AR(6430) 39

DATA (CHK = BHBLUNT 2Ds 8HSHARP 2Dy BHBRLUNT AX, BHSHA AX) 40

DATA (BLANK = 4H ) 41

DATA (NTO=61) y (PI1l=64283185) 42

413

RFAD 5y TITLE INF 44

IF (EOF960) 2410 INF 45

2 sTOP INPU 46

5 FORMAT(5Xy9A8) INPU 47
10 CONTINUE INP 48

CALL HOROLOG (TMs DUls DUZ) INP 49

WRITF (NTO»15) TITLE » NDU2 INP 50

15 FORMAT (#1%19XsOAB/¥NHB2X*INPUT*20XyA10/) INPU 51
READ 259 NMAXs NIy NRy NJy TOLy CK INPL 52

25 FORMAT(8X941543F1040) I NP 53
NL = NJ = NI INP 54

KKM = ((NI®#NI)=NI) /7 2 INPU 88

READ 359 (SPN(J)sJ=1yNI INPU 56

38 FORMAT(BXs18A8) INPU 87

NM1 s NMAX = 1 INPU Sp

NM2 = NMAX = 2 INPU 89

NIM = NI = 1 INPU 60

IF (CK oNFe 040) GO TO 42 INPU 61

40 CONTINUE INPU 62

READ 225 (DN(N)y N=1jyNM1) INPU 63

4?2 CONTINUF INPU 64

READ 45y IPRTs IPUNs IREADy KOPE» KOPTs AMOMy AENEs ASPEs [WCy INPU 65

1 EIO» E102 INPU 66

45 FORMAT(5X951593F54191592F1040) INPU 67
GO TO (50960)s KOPT INPU 68

50 CONTINUE INPU 69

KMOM = XFIXF({AMOM) INPU 70

KENE = XFIXF(AENE) INPU 71

KSPF = XFIXF(ASPF) INPU T2

60 CONTINUE INPL 73

READ 63 ¢ (OPTN(L)sL=196) NP T4

63 FORMAT(5Xs7(A8s2X)) INPU 7¢

IF (OPTN(5) «FQe CHK(1)) GO TO 64 INPU 76

IF (OPTN(5) 2EQs CHK(2)) GO TO 64 INPU 77

IF (OPTN(5) «EQe CHK(3)) GO TO 64 INPU T8

IF (OPTNI(5) #EQs CHK(4)) GO TO 64 INPU 79

IRR = 0 INPU 80

GO TO 641 INPU 81

64 CONTINUE INPU 2

IRR = 1 INPU 83

641 CONTINUF INPU B4

READ 65 » RNy RSy DELTA, TKW INPU 85

65 FORMAT(5X94F1040) INPU 86

READ 65 s VINFs PINFy TKINF INPU 87

!kjf)v\ 88

CALL SETOT INPU 89

INPU 90

IF (NEQUIL +EQe 1) IWC = 2 INPU 91

WRITE (NTOs211) NMAXs IWCH CKy RNy VINFy (TOT(Isl)sI=193) INPU 92

211 FORMAT [ 2X¥NMAX =#]13,5X* IWC m#]3,8X*K =%FS5,2,10X*RN =%F1],996X INPU 93

1#VINF =#F12,492Xy3A8) INPU 94

. WRITE (NTO9213) NIs IPRTs» TOL» RSy PINFs(TOT(I92)9I=193) INPU 95

2113 FORMAT(4X¥NT s#[3,TX#IPRT a#[3,6X*TOL =#FO,646X¥RS =¥F1]1,946X INPU 96

1#PINF =#F12,4,2X93A8) INPU 97

WRITE (NTOs215) NRy IPUNy DELTAs TKINFs(TOT(Is3)sl=103) INPU 98
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260

218 FORMAT (AX#NR o#13,7X%[PUN #%#13,23X,#DELTA =%F114905X
I#TKINF =#F124,4,2X93A8)
WRITE (NTOs217) NJs IREADs AMOMs TKWs» (TOT(Is4)el1=1,3)

P, FORMAT (4X¥NJ =#13,6X#IREAD =#13,5X¥AMOM =%F Tl TX#TKW =#F11e4926X

13A8)
WRITE (NTO»219) KOPEs AENEs EIOs (TOT(145)41=143)

219 FORMAT (18X#KOPE =%13S5X#AENE =#F7,4,7X*E O =#F1144926X93A8)

WRITE (NTO0s221) KOPTs ASPEs FI02s (TOT(I+6)91=193)

241 FORMAT (18X*¥KOPT =%#13,5X*¥ASPE =#FT74496X*E 02 =%F1144926X93A8/)

NKM = NI + 2
READ 295+ (WFAUNK) sNK=14NKM)
READ 225 s (FPRIME(N)sN=13NMAX)
225 FORMAT (85Xs7E10.0)
READ 22% 5 (THETA(N) N=1sNMAX)
DO 226 1misM1
226 READ 22% » (CLIL(NsI)y N=lsNMAX)
READ 228 5 [CINF(1) o T=14N1)
READ 225 o (HFI(1) » I=19N1)
READ 2285 » (FLEJ(T) sy I=1sNT)
READ 225 3 (FMOLWTI(T)y I=19NT)
WRITE (NT0s2395)
2395 FORMAT(%#0%20X*K INTERACT ION#BX¥AMD*1OX*BMD*10X*#CMD*)
DO 241 KK=1,KKM
RFAD 240y AAC»AMDIKK)s BRMD(KK)s CMDIKK)
240 FORMAT(A593E1040)
WRITE (NTO»2405) KKs AACs AMD(KK)s RMD(KK)y CMDI(KK)
2405 FORMAT(19Xs1346X9A593X93E1345)
241 CONTINUE
DO 242 1=1eNI1
READ 225s AMUI(T)s BMU(I)s CMUI(T)
242 CONTINUF
WRITF (NTO»243) WFA(1l)s WFA(2)
2473 FORMAT (*0%*85X*¥WFAC* /41 X*GAS MODEL*34XF6e2% (FPRIME) */

1 1X*SPEC*6X¥HF*10OX¥FLEJ*BX¥FMOLWT*#OX*AMUX 1 OX*¥BMU*¥ 10X *¥CMU*5XFEe29

2% (THETA) ¥ 9 2X*CINF*)

WRITE (NT09245) (SPN(T)sHF(I)sFLEJ(I)sFMOLWT(I)sAMULT)sBMULT))

1 CMULT)sWFALT+2)s CINF(I)s I=1sNI)
245 FORMAT(1XsA596E13e59F60297XE1345)

DO 246 K=14NR

PO 2462 1=146

AR(1,4K) = BLANK
2462 CONTINUE

DO 246 J=1sNJ

CALPH(KsJ) = 0,0
CBETA(KsJ) = 040
244 CONTINUF

DO 260 K=1,NR

READ 2505 (AR(14K)sI=146)sCO(K)sCLIK)sC2(K)9DO(K)sDY(K)sD2(K)

250 FORMAT(6(A491X)92(E1N4092F540))
DO 260 J=1sNJ
DO 260 L=1,3
LL = L + 3
IF (SPN(J) oNFs AR(LIK)) GO TO 252
CALPH(KsJ) = CALPHIK»J) + 140

252 CONTINUE
IF (SPN(J) «NFe AR(LLsK)) GO TO 260
CBETA(KsJ) = CBETA(KsJ) + 140

260 COMTINUFE
DO 264 K=14NR
S1 0eD
s2 0aN
DO 262 J=1sNJ
S1 = S1 + CALPH(KsJ)

S2 = S2 + CBETA(KsJ)

262 CONTINUE
CSALPH(K)
CSBETA(K)

264 CONT INUE
WRITE (NT02275)

Nl

278 FORMAT (#0 K*12X#REACTION®14X#CO*1IX*C1*¥BX*CI2REX#DO*]1X#D]1*#BXD2*
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277

279

29n
295

348

16X%#CSALPH®4XECSBETA*)

WRITE (NTO»277) (Ks(AR(I9K)sI=196)9CO(K)»C1(K)9C2(K)s
1 DO(K)sD1(K)9D2(K)sCSALPH(K) sCSBETA(K) sK=19NR)
FORMAT(1Xs1201XsAlL% XALR XALN=XAL* ¥AL* ¥ALy2(E124392F1062)

. 2F1042)

WRITE (NT0s279)

FORMAT (#1#44X*STOICHIOMETRIC COEF ¢ %)
CALL PR2DSW ( CALPHy NRy NMNJs 1)
CALL PR2DSW ( CRETAy NRy NJy 2)

NO 290 L=1yNL

RFAD 295 3 (Z(TIyL)s I=14NI1)

CONTINUE

FORMAT(5Xs15F542)

CALL PR2DSW ( Z 9 NIy NLs» 3)

PO 330 I=1sNI

PO 320 K=1,30

IF (SPN(I) «NFe HNAME(K) ) GO TO 320
JE(IY = K

GO TO 330

CONTINUF

WRITF (NTO0s325)

’

INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU

FORMAT (#0 SUBRe INPUT CANT LOCATE ENTHALPY TABLES FOR SOME SPECIESINPU

le*)

CALL DUMP

CONTINUE

CALL INPROD

WRITE (NTO#345)

FORMAT (#0%48X*END OF INPUT#*//)
RETURN

FNR

INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195%
196
197
198
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KUTTAM

Subroutine KUTTAM is the subroutine which does the Runge-Kutta solution of the ordinary differential

equation to find the radius of the body when the shape is a hyperboloid. ,KUTTAM calls DERIV for the value
of the derivative.

e SUBROUTING EUTTAM (X34 X¥a MO ¥ 8 o o <
DATA (TOL=,0001) KUTT 2
XR = X1 KUTTY 3
H = HO KUTT &

2 CONTINUE KUTT 5
H = AMIN1(HpX2=XR) KUTT 6
2R L S L S e St A S M S S NS A KUTT s
H23 = HH / 340 KUTT 8
H13 = H23 7/ 240 KUTT 9
H16 = H13 / 240 . KUTT 10
H12 = H / 2.0 KUTT 11
H32 = 3,0 * H12 KUTT 12
H18 = H / 840 =t : KUTT 13
H38 = 3,0 % H18 KUTT 14
XR1 = XR + H . KUTT 15
CALL DERIV (YsFO0O) KUTT 16
YT1 = Y + H13 * FOO KUTT 17
CALL DERIV (YT1ly F31) KUTT 18
YTl = Y + Hl6 % FOO 4+ Hlg * F31 KUTT 19
CALL DERIV (YT1 4 F32} KUTT 20
YT1 = Y 4+ H18 * FOO + H38 # F32 KUTT 21
CALL DERIV (YT14F23) KBTT. 22
YT1 = Y + H12%FOO = H32 % F32 + HH * F23 KUTT 23
CALL DERIV (YTl, Fl4) KUTT 24
T™ = 040.. 5 R KUTT 25
YT? = Y + H16 * FOO + H23 % F23 4+ H16 * Fla KUTT 26
TRUNC = ABS(YT2 = YT1) / TOL KUTT 27
™ = AMAX1 (TMyTRUNC) ‘ KUTT 28
™ = AMAX1 (TMs 4001} KUTT 29
H = H % ((42/TM)#%:2 ) KUTT 30
IF (TM #GTas 140) GO TO 2. KUTT 31
Y = YT2 KUTT 32
XR = XR1 KUTT 33
1F ( XR1 o4LTe X2 ) GO TO 2 ) KUTT 34
RETURN ) ' KUTT 35
END KUTT 36




MCDIFF

Subroutine MCDIFF computes the multicomponent Lewls-Semenov numbers and is called by THERMO if the input
option requests calculated Lewis numbers. MCDIFF is called for eech velue of N (each point across the boundary
layer). The variable DBB is needed at NI x NI points for each N and since the values at N = 1 are needed by
subroutine BIC, the N loop in THERMO is done in reverse order to leave the proper values in core without in-
creasing the storage requirement. MCDIFF calls GAUSS3 to invert the matrix. See equations (2) and (84)
through (86).

Common variables computed are:

DBB(J,K) = av,, » eq. (2)

FLEJ (I) - Le, , eq. (2)
SUBROUTINE MCDIFF MCDF 1
MCDF 2
COMMON 71/ NI s NMAX s NM2 s NTO » MCDF 3
1 NJ s NM1 » NR MCDF 4
COMMON - /8/ CLIL(50s30), FPRIME(B0) » THETA(50) MCDF 5
COMMON /8/ FMOLWT(30) » FMBAR(B0) s FMBARE » RHO(50) ¢ R MCDF 6
COMMON /267 DBB(30+30) s FLEJ(30) » INOP MCOF. 7
COMMON /53/ AMD(435) s BMD(435) vy CMD(435) y 2130410) MCDF 8
COMMON /68/ CON s N » SPB y TK MCDF 9
COMMON /82/ NIM MCOF 10
MCDF 11
DIMENSION CLI(30,30) s FB(30y30) » FMU30+30) ’ MCDF 12
1 DEL(304+30) MCDF 13
FOUIVALENCF (CLIyFM ) y (DELsFB ) MCDF 14
NO 2 Iml,yNI MCDF 15
PO 2 KelyNI MCDF 16
? DEL(TsK) = 040 ' MCDF 17
JM = 1 MCDF 18
KK = 1 MCDF 19
TKLN = ALOG(TK) MCDF 20
DO 20 Ke=lyNIM MCDF 21
JM = UM 4+ ] MCDF 22
DO 10 1 =JMyNI MCDF 23
PRAR = FXP((AMD(KK)*TKLN + BMD(KK))#TKLN 4 CMD(KK)) MCDF 24
Db = DBAR % 1,0764E=3 / SPB MCDF 25
NFELITyK) = CON # DD MCDF 26
DEL(KyI) = DEL(T4K) MCDF 27
KK = KK + 1 MCDF 28
10 CONTINUE MCDF 29
20 CONTINUE MCDF 30
DO 50 l=1yNI MCDF 31
SUM = N, MCDF 32
SUM1 = 0, MCDF 33
PO 40 K=lyNI MCDF 34
IF (K «EQe I) GO TO 40 MCDF 35
T = CLIL(NsK) 7/ FMOLWTI(K) MCDF 36
SUM = SUM + Tl MCDF 37
SUMY = SUM1 4 T1 / DEL(IK) MCDF 138
4n CONTINUE MCDF 139
FLEJ(1) = SUM / SUM1 MCDF 40
50 CONTINUF MCDF 41
NO 1N0 KmiyNT MCDF 42
DO 100 I=1,NI MCDF 43
IF (1 +FEQs K) GO TO 80 MCDF 44
SUM = 0Oa : MCDF 45
NO 70 Le=lyNI : MCDF 46
IF (L «EQs I) GO TO 70 MCDF 47
SUM = SUM & CLIL(NsL) / (FMOLWT(L) #* DEL(IsL)) MCDF 48
70 CONTINUE MCDF 49
FMUTsK) = CLILINGI) /7 DELUI4K) + FMOLWT(K) » SUM MCDF 50
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80

100

160

__CALL GAUSSS (Ni, 400001,
IF (KER «€Qe 2) GO TO 150
-DO._330- 3alsNl
DO 110 kel Nf

G0 Yo 100
CONTINUE
FM{I4K] = Qo0
CONT.INUE

CLICTsRY = FEII,KY - FMOLWTITY #* FETTsL) 7 FMOLWTK)
CONTINUE

PO 130 K=14NI1

DO 130 1=14NI!

S D

DO 120 L=1yNI

SUM = SUM 4+ CLI(IsL) * CLILINsL)

CONTINUVE
DBB(1sK) = FLEJ(I) = (FMOLWT(I)*CLI{1+sK)/FMBARIN)
4+ (140 = FMOLWT(I)/FMOLWT(K)) # SUM)
CONTINUE i MSPCS el
GO TO. 160
CONTINUE

WRITF (NT0s155)

FORMAT(#0 MCDIFF FOUND THAT MATRIX 1S SINGULAR.*)
sTOP

CONTINUE

RETURN

END

MCDF
MCDF
MCDF
MCDF
MCDF
MCDF

MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCOF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF
MCDF




MOMEQ

Subroutine MOMEQ computes the coefficients and sets boundary values for the solution of the momentum
equation (f'). For the initial profile calculetion one may iterate inside MOMEQ. The calculation is done
KMOM times if KOPT = 1, or if KOPT = 2 the calculation is repeated until CHECK < AMOM, CHECK is computed in
WKHS. When a new f' has been found CALCV is called to compute new values of V, The coefficients are the a's
described in equations (20a) through (20d)., The boundary conditions are:

A(1) = 9,
B(1) = 1.0 eq. (47a)
D(1) = 0.0
B{NMAX) = 1.0
C(NMAX) = 0.0
D(NMAX) = 1.0

The eppropriate weight factor is set. If body profiles are being calculated (IBS = 2),the previous value
of FPRIME(N)m is saved in FP(N) before calling WKHS to calculate the new FFRIME(N)m+1.

If a shock layer is being computed CALEBB is called to compute € at each point across the shock layer,

SUBROUTINE MOMEQ MOME 1
MOMF 2

COMMON /1/ NI y NMAX » NM2 s NTO y MOME 3
1 NJ y» NM1 » NR ’ MOMF 4
COMMON 72/ M MOME 5
COMMON /4/ FLI(50) y IBRS MOMF 6
COMMON /87 CLIL(50+30)s FPRIME(80) » THETA(50) MOMFE 7
COMMON /6/ CL(50+30) » FP(50) y TH(50) MOME 8
COMMON /B/ FMOLWT(30) » FMBAR(50) » FMBARE sy RHO(50) » R MOME 9
COMMON /287 BETA y CTH MOMF 10
COMMON /38/ BEBRI(50) MOME 11
COMMON /39/ NKM y OMW(32) y WFA(32) MOME 12
COMMON 740/ IBRDYO y V(50) MOME 13
COMMON /55/ AENE » ASPE s KMOM y KSPF » MOMF 14
1 AMOM » KENE MOME 15
COMMON /57/ ALPH1(50) y ALPH4(50) y ISPC y OMWF MOME 16
| ALPH2(50) s CHECK » MFLAG y» WFAC y MOME 17
2 ALPH3(50) MOME 18
COMMON /587 AL(50) y B(50) y C(50) y DI(50) MOME 19
COMMNON /89/ KOPT MOME 20
COMMON /72/ FLPR!(5N) MOMF 21
MOME 22

1SPC s 1 MOMF 23
All) = 0,0 MOMF 24
B(1) = 140 MOME 25
N(1Y = 0,0 MOMF 26
RINMAX) = 1,0 MOME 27
CINMAX) = 0,0 MOME 28
DINMAX) = 140 MOME 29
WFAC = WFA(]1) MOMF 30
OMWF = OMWI(1) MOME 31
GO TO (10y50) » IBS MOMF 32
10 CONTINUF MOME 33
MFLAG = N MOME 34
20 CONTINUE MOME 135
MFLAG = MFLAG + 1 MOME 36
GO TO (50,30) . IBROYO MOME 37
an CANTINUE MOME 38
CALL CALERR MOME 39

265




266 |

5N

60 .

70
80

90

130
140

15n

160

170

180

CONTINUE
DO 110 Ne2 oMMl
OOFL = 140 / FLIN)
EIE__= FMBARE #* THETA(N) / FMBARINY »
FPSQ = FPRIME(N) * FPRIME(N)
FPSOR = FPSQ * BRETA
ALPH1{N) = (FLPRIN) = V(N)) * OOFL
ALPH2(N) = =2,0 * QOFL * BETA'#% FPRIME‘N)
GO TO (604,70) » IBRDYO
Ealu b 600 S SO e e . a4
ALPH3(N) = (FPSQB - BEBB(NMAX) * FTF) * OOFL
Ga TO 80
CONTINUE
ALPH3(N) = (FPSQB = BEBR(N) * FTF) # OOFL
CONTINUE
60.30:0310,90) o 188 . il e
CONTINUE
CALL DERVON (FPRIME, DFP o 1 M)

"CALL DERVDN (FPRIME, SORFP, 2, N)

CF = SDRFP + ALPH1(N) * DFP = OOFL * (FPSQB + BEBB(NMAX)*FTF)
ALPH2(N) = ALPH2(N) = CF / FPRIME(N)
ALPH3(N) = ALPH3(N) + CF

ALPH4(N) = =FPRIME(N) * OOFL .
CONTINUE..

GO TO (1409120) » IBS

CONTINUE

DO 130 N=1,NMAX

FPIN) = FPRIMF(N)

CONTINUE

CALL WKHS (FPRIME)

CALL CALCV

GO TO (1509180) 4 1IBS

CONTINUE

GO TO (1604170) » KOPT

IF (MFLAG «LTe KMOM) GO TO 20

GOLIO I8N ...

IF ( CHECK oGTe AMOM ) GO TO 20
CONTINUE

RETURN

END
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MOME
MOME
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MOME
MOME
MOME
MOME
MOME
MOME
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MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOME
MOMF
MOMF




PCH

Subroutine PCH writes a tape in BCD for gamching.
used as input (partial) for & succeeding run., Identified by card name, the cerds punched are:
SPNA, DNS, CONTR, OPTN, SIZE, FRSTR, WFACS, FPRIM, THETA, CLIL and BODSP.

PCH is called by BLC if: 1. The input velue IPUN > O, and, 2, the initisl profiles ere converged, or
time is about gone, or the maximum number of iterations have been done on the initial profiles,

The tape is logical unit 61, Cards punched may be

TITLE, LIMIS,

SUBROUTINE PCH :gs %
COMMON /1/ NI s NMAX s NM2 s NTO s PCH 3

1 NJ s NM1 s NR BCH 4
COMMON /5/ CLIL(50s30)y FPRIME(50) » THETA(50) PCH 5
COMMON /7/ ICOMPO PCH &
COMMON 710/ RN s TANCO PCH 7
COMMON 713/ HINF sy PE y SMALLE » TKE y UE ¢PCH 8

1 HF(30) sy PINF » TE s TINF s+ VINFPCH E
COMMON /19/ IPUN s KOPE » TOL PCH 10
COMMON /20/ ANGLC s P s SINCO s TKINF s PCH 7 i !

1 DUEDX y PII s SINTH y TKW PCH 12
COMMON /24/ DNt50) PCH 13
COMMON /34/ DELXT(20) s NDX » XDELT(20) s XMAX BCH 14
COMMON /37/ IPRTB PCH 15
COMMON /39/ NKM sy OMW(32) sy WFA(32) PCH )
COMMON /5807 IPRT CH b B
COMMON /58/ AENE sy ASPE s KMOM s KSPF s PCLH 18

1 AMOM » KENE BCH 19
COMMON /89/ KOPT PCH 20
COMMON /617 TITLE(9) CH 21
COMMON /63/ SPN(40) PCH 27
COMMON /657 CK s DELTA sy IREAD s OPTN(&) » RS PCH 23
COMMON /66/ EIO y E102 s IWC PCH 24

PCH 25

NATA (1P=52) PCH 26
WRITE (1P,261) PCH 27

261 FORMAT(80(1Hs)) PCH 28
WRITE (1Py263) TITLE PCH 29

263 FORMAT(#TITLE*9A8) PCH 30
WRITE (1Ps265) NMAXs NIy NRy NJy TOLy CK PCH 31

265 FORMAT(#LIMTS*#41593F1046) PCH 32
WRITE (IP9267) (SPN(J)sJd=1yNJ) PCH 33

767 FORMAT(#SPNA *15A5) ¥ PCH 34
1F (CK oNEs 040) GO TO 270 PCH 35
WRITE (IPs268) (DN(N)sN=19NM1) PCH 36

268 FORMAT(#DNS *97F1047) PCH 37
270 CONTINUE PCH 38
WRITE (IP9269) IPRTs IPUNs IREAD» KOPEs KOPTs AMOMy PCH 39
AENEy ASPEs IWCy» EIOs EIO2 PCH 40

269 FORMAT(#CONTR*51593F54391542F1044) PCH 41
WRITE (IPs271) (OPTN(1)sI=146) PCH 42

271 FORMAT(*OPTN *6(A8y2X)) PCH 43
WRITE (IPy273) RNy RSy DFLTAy TKW PCH 44

273 FORMAT(#SIZE *3F10489F10e4) PCH 45
WRITE (IP9277) VINFy PINFs TKINF PCH 46

277 FORMAT(#FRSTR*¥F10e4342F1044) PCH 47
WRITE (IP9276) (WFA(NK)sNK=1yNKM) PCH 48

276 FORMAT(#WFACS*#15F5,42) PCH 49
WRITF (IP92772) (FPRIME(N) sN=1NMAX) PCH 50
2772 FORMAT(*#FPRIM*,7F1047) PCH 51
WRITF (IP92774) (THETA(N) sN=1,NMAX) PCH 52
2774 FORMAT(*THETA*97F1047) PCH 53
NO 278 I=1sNI PCH B84
WRITE (IP92776) (CLIL(NsI)aN=1poNMAX) PCH 55
2776 FORMAT(%#CLIL *»7F1047) PCH 56

267



268

278

2778

CONTINUE ..

WRITE (1Ps2778) NDXs IPRTBy XMAXs ANGLC

FORMAT(#BODSP#21542F1046)

WRITE
RETURN
END

(1Ps2861)

PCH
PCH
PCH
PCH
PCH
PCH

57
88
59
60
61
62




POLATE
DPOLATE

The POLATE subroutine interpolates using Lagrangian interpolation to find Y as £(T)., DPOLATE, second
entry to the subroutine,calculates the slope of Y as £(T).

A call to DPOLATE must be preceded by & call to POLATE with the same arguments.

The arguments are:

p - independent variable,

TTAB - table of independent variable.

YTAB - table of dependent variable vs TTAB.

ANS - value of Y corresponding to T, or for DPOLATH, value

of slope of Y,

. K - length of tables.
In addition,two variasbles from common are used by POLATE:

0 - DPOLATE will not be called.

IDYS - 190 - signals POLATE that DPOLATE will be called
| so values that will be needed are calculated.

-1 = search for the correct spot in the table to
interpolate and set ICHGSW to O.
ICHGSW -]
0 - check T and if it is the same as T in previous
call, interpolate (no search).

+1 - search for correct spob in table for interpolation
and leave ICHGSW = +1.

The search for the correct location for interpolation is done by dividing the table in half, determining
the correct half, then dividing that portion in half and agein determining the correct half, etc., until the
nearest three points are located, The table should contain at least three points, (K 2 3), If K = 2, linear
interpolation is done but the slope is not calculated.

SUBROUTINE POLATE (Te TTABy YTABy ANSy K) :gt: %
COMMON /14/ 1CHGSW s IDYS POLA 3

POLA 4

DIMENSION TTAB(1)s YTAB(1) POLA 5

DATA (Al1=BHSMALLEST) s (A2=THLARGEST) POLA 6
1TYP=6S POLA ¥

GO TO 2 POLA 8

ENTRY DPOLATE POLA 9
1TYP=N POLA 10

2 CONTINUE POLA 11
IX = K pPoOLA 12

IX1 = IX = 1 POLA 13

IX2 = IX = 2 POLA 14

IF ( IX1 ) 54y By 4 POLA 15

4 IF (ICHGSW) 694648 POLA 16
6 I1CHGSW=0 POLA 17
8 IF (T=TTAB(2)) 10s12914 POLA 18
10 IF (TaLTaTTAB) WRITE (61458) TsAlsTTAB POLA 19
12 IM=2 POLA 20
GO TO 19 ' POLA 21

14 IF (T = TTAB(IX1)) 20418416 POLA 22
16 IF (T oGTe TTABLIX)) WRITE (619%8) T9A2,TTAB(IX) POLA 23
18 IM = IX1 POLA 24
19 IF ( IX2 ) 30430434 POLA 25
20 L=2 POLA 26




W
22 IOFLe Ul
AF LIDEL=1) 3249242& . ..

r v a4

‘24 IM=1DEL/241L d
1B UT=TTABLIMYY 264%4,2R e
26 1U=1M
GO-T0. 23 s
28 IL=IM
GO J0.22 - :
30 ANS-YTAB#(T-TTAB!*(YTAB(Zﬁ-YTAB)/(TTAB(2’“??181
— 080 70 8§ .
32 IM=1U

IF ((TTABLIU)=T)aGTo(T=TTAB(IL))) IM=IL
34 DM1=TTAB(IM)=TTAB(IM=1)
DP1=TTAB(IM+1)~TTAB(IM)
DP2=TTAB(IM41)=TTAB(IM=1)
SRE -5 1T R S S P e e
P2==DM14DP1
P3=DP2#DP1
DO&T=TTAB(IM)
DM1=T=TTAB{IM=1) \
DP1=T=TTAB(IM+1)
R R e
CO=DM1#DP1/P2
CP1=DM1#D0/P3
IF (IDYS) 36438536
36 DCM1={(DO+DP1)/P1

DCO=(DM1+DP1) /P2
38 TO=T
AB IR IIINDL BBDMAS. . o e Wt o
42 ANS=CMI#YTAB( IMe] )oCORYTAB( IM)4CPI#YTAB( IM+1)
GO TO 56 L
Lt ANS-DCMi*YTAB(IM-I!#DCO*YTAB(IM)#DCPl*YTAB(IM+1)
GO TO 56
46 IF (T=TO) 48440448
48 1F (1T=TTAB(IM)) 50934452
50 IL=1
Iu=1M
IF (T=TTAB(2)) 10912922
B2 IL=IM
U = IX1

~ JE L. T = TTAB(IX]1)) 22518s16 .
54 WRITE (61y 60) IX

ANS=YTAB
56 CONTINUE
&
o
L. 7. FORMAT (#OWARNING - _POLATE CALLED TO INTERPOLATE FOR T=%E16.8
1A8s% VALUE IN TABLE IS*#E1648)
60 FORMAT (*OWARNING = POLATE CALLED WITH ILLEGAL N¥116)
RETURN
END

270/
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PRECAL

Subroutine PRECAL is the initializing subroutine and is called once per problem,
are done here.

e

calculetion HUGNOT is called to compute the initial edge conditions, PE, UE, RHOE end TKE.
to interpolate for the initial value of Ne* PRTPRO is called to print the initial profile. Other values

printed by PRECAL are: SMALLE, DUEDX, HO, ETE and CTH.
Input values changed in PRECAL are:

CAIDNS is called to compute m and combinations of AR across the boundary layer.

co(J) = 1n CO(J)
€1(§) = 1000. CL(J)
J =1, R
Do(J) = 1n DO(J)

D1(J) = 1000, D1(J)
SUBROUTINE PRECAL gnec
REC
COMMON WBAR(50530)s WONE(850430)s WTH(B0»30) » WZERO(504+30) PREC
COMMON 71/ NI s NMAX » NM2 s NTO » PREC
1 NJ s NM1 » NR PREC
COMMON /3/ 1FROZE s ILF y MFLAGO » NEQUIL PREC
COMMON /5/ -CLIL(B50430)s FPRIME(50) s THETA(50) PREC
COMMON /7/ 1COMPO PREC
COMMON /8/ FMOLWT(30) s FMBAR(B0) » FMBARE » RHO(50) s R PREC
COMMON /97 I1GEOM y JBOD PREC
COMMON /10/ RN » TANCO PREC
COMMON /11/ DEN2(50) y ETE » VONE PREC
COMMON /12/ RHOE s RHOINF ¢+ RMUREF PREC
COMMON 713/ HINF s PE » SMALLE v TKE y UE yPREC
1 HF (30) y PINF y TE sy TINF y VINFPREC
COMMON /147 1CHGSW s 1DYS PREC
COMMON /17/ 1DX y RB12 sy VE1 ] PREC
1 NELXN y TF1 y X1 PREC
COMMON /207 ANGLC s FJ s SINCO v TKINF s PREC
1 DUEDX y PIT . » SINTH y TKW PREC
COMMON /21/ CFINF y FMDOT(20) » QCOND y RSUM y PREC
1 DISPTK s FMOTH s QCONV » SKFER v PREC
2 DRAG2 y HE(50) y ODIFF y ST v PREC
3 PRAGP2 s HXTFEB y QTFTLR y TLEFT v PREC
4 DRAGT2 s HXTFER » OQTOTAL y YFL50) + PREC
5 FDENS(80) » PARDOT(30) » RMFLUX(30) » REVE PREC
COMMON /22/ CSAVE(30) » FPSAVE » RHVINF y SORT? y PREC
1 HO » SORT) + THSAVE » TK1 PREC
COMMAN /247 DN(8O) PREC
COMMON /28/ RVA PREC
COMMON /2&/ DBB(30430) 4 FLEJ(30) s INOP PREC
COMMON /27/ CPRAR(80) y FFMU » RES s UF2TF y PREC
1 ENTAPY(50430) PREC
COMMON /287 BETA s CTH PREC
COMMON /29/ CEDG(30) PREC
COMMON 730/ CA(110430) » PA(110) s VA(110) » XA(110) y PREC
1 NED s TALLL10) PREC
COMMON /31/ NTP v SPRT s TWT(80) » XRN(50) y PREC
1 RVPT(80) y TETEL(50) PREC
COMMON /32/ TW PREC
COMMON 736/ ETESQ y SPFI(50) y TXIE PREC
COMMON /37/ 1IPRTB PREC
COMMON /387 BEBB(50) PREC
COMMON /397 NKM y OMW(32) y WFA(32) PREC
COMMON /40/ I1BRDYO » V(80) PREC
COMMON 741/ FTA(80) PREC
COMMON /48/ EDBLTI1 s EDBLT2 y EP2 PREC

e
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One-time calculations
CCl is
called to obtain some enthalpy values. EQUIL may be called to compute s and/or ¢+ For a shock layer

POLATE is called
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272

1001
1002

1004

2002

2004

2006

2008

COMMON /477

Cl(30) - s DO PREC

1

COMMON /49/
COMMON /60/
COMMON. . /632
cen-on /6%/

COMMON /777

SPN(4D) . B PREC
cK

I!Vlf”t"’o i 1 : PREC

CALPH(!O.#O)0CB!7A(1°!40)0CSALPH(30$ 9 CSBETA(30)+I0 PREC
IN2 y 102 . PREC

YA ¢ OPTN(®) » RS PREC
b3

COMMON. /79/... RSOMWTL30) 5 e e PREC
COMMON /807 JEL(30) A - PREC
COMMON /AA/ CCP(50430) » ENTHA(S0330)sTEMP(5S0) y IX PREC
. PREC

DIMENSION __ TMTH{30) o TSTL14) » 1SRL14Y PREC
DATA (TST =6HO s 6HNO+ v6HNZ y6HO2 ’ PREC
1 6HCO 16HCO2 2»6HN 16HNO 16HC1 3 PREC
2 6HEL *  »6HMI. s 6HM2 »6HM3 s 6HML ) PREC
DATA (SQRT8 = 2,828427) . PREC
DO 1 NK=1yNKM PREC
OMWINK) = 1,0 = WEAtNXY . PREC
CONTINUE o PREC
CTH = 140 PREC
ICHGSW = =1 PREC
R ® 4968640 PREC
IF (IBRDYO «EQe 2) GO TO 1002 PREC
UEL XL s . PREC
PE = PA(1) PREC
TE = TA(1l) PREC
TKFE = TF / 148 PREC
DO 1001 I=1sNI PREC
CLIL(NMAXs1) = CA(1s1) PREC
CONTINUE' st PREC
CONTINUE PREC
™ = TKW * 148 PREC
TINF = TKINF * 1,8 PREC
FPSAVE = 040 PREC
THSAVE = 0,0 PREC
RVB . = 040 _ ’ PREC
SPRT = 040 PREC
1DYS = 0 PREC
CALL POLATE (SPRT» XRN» TETEs ETE» NTP) PREC
ETESQ = ETE * ETE PREC
DO 1004 K=1y14 PREC
ISB(K) =0 PREC
CONTINUE PREC
IF (CK #EQes 040) GO TO 2008 PREC
IF (CK oNFs 140) GO TO 2004 PREC
DNN = 140 / FLOAT(NM1) PREC
DO 2002 NelyNM1 PREC
DM(N) = DNN.__ . Samotie o PREC
CONTINUE PREC
GO TO 2008 PREC
CONTINUE PREC
DN{1) = (CK = 140) / (CK#%¥NM1 = 1,0) PREC
DO 2006 N=2,NM1 : PREC
DN(M) = DN{N=1) % CK = = o PREC
CONTINUE PREC
CONTINUE PREC
CALL CALDNS PREC
ICHGSMW = -1 PREC
NO 2 Kelyla PREC
00 2 50kalld . . . AR s s s e PREC
IF (SPN(J) oMEs TSTIK)) GO TO 2 PREC
o B R O e —- PREC
CONTINUE PREC
= 158(1) PREC

INOD s 188(2) PREC
INZ = 188(3) " PREC
102 = 18B(4) PREC
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10

12

14
20
3n

50

52
60

62

70

75
8n

90

1ICO = 1SRIS)

1CO2 = ISRA(6)

IN = [SB(7)

INO = [SR(8)

IC1 = 1SBR(9) "
IEL = ISB(10)

IM1 = ISB(1l1l)

IM2 = 1S5R(12)

IM3 = ISB(13)

IMG = [SR(14)

DO 4 J=14NR

cotJ) ALOG(COL(J))

=
DO(J) = ALOG(DO(J})

Cltd) Cl(J) * 100N,
N1(J) D1(J) * 1000,
CONTINUF

DO 10 K=]l,yNI1
CSAVF(K) = 0,40

DO 10 I=1,4NI
DBB(T19K) = 040
CONTINUE

PO 3N 1sl4NI

DO 3N K=1yNR
GAMPLS (K1) = 040
GAMMIN(KyI) = 040

GDIF = CBETA(KsI) = CALPH(KsI)
IF ( GDIF ) 12420414

CONT INUF

GAMMIN(K41) = = GDIF

GO TO 20

CONTINUE

GAMPLS(Ks1) =  GDIF

CONTINUE

DIFA{Ks1) =  GDIF

CONTINUE

FJ = FLOAT (JBOD)
IF ( CINF(1) + CINF(2) «GTe 0e0 ) GO TO 34
CALL EQUIL ( TINFy PINFy 0 )

CINF COMPUTED IN EQUIL
CONT INUE
GO TO (40460) » 1COMPO
CONTINUE
IF (IBRDYO «EQe 2) GO TO 50 _
IF (CLIL(NMAXs1) 4 CLIL(NMAX92) oGTe O0e0) GO TO 60
CALL EQUIL (TEs PEs NMAX)

CLIL AT EDGE COMPUTED IN EQUIL
GO TO 60
CONTINUE
DO 52 I=1sNI
CLIL(NMAXyI) = CINF(I)
CONTINUE
CONTINUE
DO 62 I=1,NI
CEDG(I) = CLIL(NMAX,yI)
CONTINUE A
IF (CLIL(191) + CLIL(192) GTe 040 ) GO TO 70
CLIL(1sl) = #2328
CLIL(192) = 47672
CONTINUF
IRNSW = 1
IF (NEQUIL «EQe 1 sORe IREAD ¢EQe 1 ) IRNSW = 2
NO 100 N=1,NMAX
CSUM = 0,40
NO 90 I=14NT
GO TO ( 75» 80 ) » IRNSW
CONTINUE
CLIL(NsI) = CLIL(191) + (CLIL(NMAXsI) = CLIL(1sI)) * FPRIME(N)
CONTINUE
CSUM = CSUM + CLIL(NsI) / FMOLWT(I)
CONTINUE
FMBARTN) = 140 / CSUM
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150
151
152
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154
155
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157
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160
161
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163
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165
166
167
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1T
178
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100

__HINE_ = 0,0 ; 8 ik 1

i 1, D

130

17

134
136
140

CONY FNUE
FMBARE = FMBAR(NMAR) 3
CSUM e 0,0

DO 110 f=1,4NT

HJ = CCL(TKINEs11 * TINF 4 HFLI)

HINF = HINF + CINF(1) # H)

ENTAPY(1s1) = CCI(TKWs 1) # TW + HFI(I)

CSUM = CSUM + CINF(I) 7/ FMOLWT{1)
CONTINUE B2l N1 T DT SRS
FMBART = 1,0 / CSUM

RHOINF = RINF % FMBARI / TINF / R

HO = VINF##2 / 2,0
RHVINF = RHOINF #* HO
HO = HO + HINF

TK1_ . = RHOINF # VINF _ = =
GO TO { 1304 140 ) 4 IBRDYO
CONTINUE
DO 131 N=1yNMAX
BEBB(N) = 0.0
CONTINUE
RHQE = PE % FMBARE [/ TE / R
IF (IGEOM 4LTe 0) GO TO 136
DUEDX = VAL(2) / XA(2)
IF (PE «FEQs PALS)) GO TO 134
EBB = =RHOE * VA(6) * VA(6) * 45 / (PE - PA(6))
GO TO 136
CONTINUE
EBR = ’1.0
CONTINUE
GO TO 150
CONTINUE
= (RN/RS) * ( 140 + (DELTA/RN) )

, CALL HUGNOT (1) .

160

170

7 PE.UE.RHOE.TKE COMPUTED FOR SHOCK L.

CONTINUE-
EDST = RMOINF / RHOF

ER2 = =2,0 % EPST

VEl = UE

GO TO ( 170s 160 ) o IBRDYO
CONTINUE

TE 2 TKE * le8 -

783 = 1,0 - 140/8S

TS2 = 140 = EPSI

TS1 n S8 # 71852 ¢ EPSI
TS4 2 (10 +-FJ ) * T51
EDBL = 1,0 = EPSI * TS3
EDBLT1 = TS2 [/ EDBL#*#2

EBB = 10 / (EP2 * EDBLT1)
DUEDX = VINF * TSl / RN
CONTINUE

IF ( IREAD .EQs 1 ) GO TO 200
ETAE = FTA(NMAX)

MRS - * . = TKW / TKE .

190
200

205

210

OMTHW = 140 = THW

DO 190 N=1,NMAX

ETAR = ETA(N) / ETAE

THETA(N) = THW + OMTHW * ETAR * (24,0 = ETAR)
CONTINUE

CONTIMUE. s S

WRITE (NTDs» 205)

FORMAT (#1%49X*INITIAL PROFILE*)

CALL PRTPRO

IF ¢ IGEOM ) 21092205220

CONTINUE
i e S e S dkiaee . JCANE

BETA = 0,0

SMALLE = 040

DUEDX = 040

CONS = 2.0

GO TO 230
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SPHERE CONF OR HYPFRRO
DEN = 1,0 + FJ
RETA = 1.0 / DEN
SMALLE = BETA / DUEDX
CONS = 4,0
BEBB(NMAX) ='BETA / EBB
COMTINUE
WRITE (NTOs235) SMALLEs DUEDXs HOs ETEs CTH
FORMAT (*#O*8X*¥SMALLE =%E12¢596X#DUEDX =%E1245y9X*HO
1BX*¥ETE =%¥E12+596X*CTH =%¥F1245)
JE2TF = UF*%2 / TF
SQRT1 = SORT(4s * FJ + CONS)
SART2 = SORT1 / 2.0
DO 240 I=14NI
FM/‘\LND(I) = FMOL\;}T(I) / R
TMTHI(T) = FMOLWT(I)%%425
RSOMWTI(I) = 1,0 / SORT(FMOLWTI(T1))
CONTINUE
DO 250 K=lyNT{

PO 250 I=]lsNI!

CONTH(I4K) = SQRTB * SQRT(140 4 FMOLWT(I) / FMOLWTI(K))

TMTHA(TWK) = TMTH(I) / TMTH(K)
CONTINUE

NO 260 N=1yNMAX

ENENS(N) = NgD

DO 260 I=1,NI

WRAR(Ng1) = Neh)
WONE(Ns1) = 040
WTH(NsI) = 040
W2ERD(NyT) = Ne0
CONTINUF

RETURN
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PRTBL

Subroutine PRTBL is a print subroutine called by BLC and prints the output for each profile., There is
one argument to PRTBL, IPSW. Its value (used for initisl profiles only) is determined by BIC and may be:

1 - initial profile converged
2 - time is about gone
3 - maximum iterations done on initial profile

4 - none of the above conditions exist, but have finished one profile,

For an initial profile cell and IPSW = 4, the entire profile is printed if MFIAGO is an integer multiple of
IPRT; otherwise, only one line is printed giving MFLAGO, Stanton number, skin friction and amount of time
left, If IPSW # U4, an appropriate message is printed plus the entire profile.

When IBS = 2, body profiles, the profile values are printed if M is an integer multiple of IPRTB.

SUBROUTINE PRTBL (IRSW) PRTR 1

PRTR 2

COMMON /1/ Nt s NMAX s NM2 s NTO s+ PRTB 3

1 NJ sy NM1 s NR PRTB 4
COMMON /2/ M PRTB 5
COMMON /3/ 1FROZE s ILF s MFLAGO s NEQUIL PRTB 6
COMMON  /4/ - FL{5D) s IBS PRTR 7
COMMON  /7/ ICOMPO PRTR 8
COMMON /8/ FMOLWT(30) » FMBAR(50) » FMBARE » RHO(50) 1+ R PRTB 9
COMMON /21/ CFINF s FMDOT(30) s QCOND » RSUM y PRTB 10

1 DISPTK s FMOTH s QCONV s SKFER » PRTR 11

2 DRAG2 s HF(50) s ODIFF s ST s PRTB 12

3 DRAGP2 s HXTFEBR ». QTFTLB s TLEFT » PRTB 13

4 DRAGT?2 s HXTFER s QTOTAL y YF(50) » PRTB 14

5 FDENS(50) s PARDOT(30) » RMFLUX(30) s REVE PRTB 15
COMMON /25/ RVB . PRTR 16
COMMON /27/ CPBAR(50) s FFMU » RFS y UE2TE s PRTR 17

1 FNTAPY (50430} PRTR 18
COMMON /37/ -1PRTB PRTR 19
COMMDN /38/ BEBRI(5N) PRTR 20
COMMON /40/ 1BRDYO s VI50) PRTB 21
COMMON /41/ FTAL(50) , PRTBR 22
COMMON /50/ 1IPRT PRTR 23
COMMON /63/ SPN(40) PRTB 24

: ) PRTB 25

GO TO (10420) s IRS PRTB 26

10 CONTINUE PRTR 27
IF ( ICOMPO +FQs 2 ) GO TO 13 PRTR 28

GO TO (13s134913911) » IPSW PRTB 29

13 CONTINUE PRTR 30
IF ( MOD (MFLAGOsIPRT) 4EQa 0) GO TO 13 . PRTB 31

WRITE (NTOs15) MFLAGOs STs SKFER o TLEFT PRTB 32

15 FORMAT(6X*ITERATION*I14915X*STANTON NOe =%E13,5% SKIN FRICTION =% PRTB 33
1E13,.596X*TIME LEFT =%F743% SECH) PRTB 34
RETURN PRTB .35

13 CONTINUE PRTB 36
WRITE (NT0s185) MFLAGO PRTB 37

185 FORMAT (#1%8X*PROFILES AFTER*14% ITERATIONSs*) PRTB 38
IF (1COMPO .NFs 2) GO TO 14 PRTB 139

WRITE (NTO4187) PRTB 40

187 FORMAT(50X*AT S=0a0%) PRTE 41
GO TO 30 PRTB 42

14 CONTINUE PRTB 43
GO TO {16817+18930) 5 IPSW PRTB 44

16 CONTINUE PRTB 45
WRITE .(NT0s19%) PRTB 46

198 FORMAT (#+%#48X o8 ( #4%) g %PROFILES CONVERGED*B(#4%)) PRTB 47
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GO TO 30 PRTR
CONTINUE PRTR
WRITE (NTO»205) PRTR
FORMAT (#4+#4B8X 98 ( *¥=#) s ¥TIME ABOUT GONEs THIS IS LAST ITERATION*» PRTB
18 (*#=%)) . ' PRTR
GO TO 30 PRTR
CONTINUE PRTR
WRITE (NT0»225) PRTR
FORMAT (#+#48X o8 (%4%)%¥MAXIMUM NUMBER OF ITERATIONS DONE#,8(*e%)) PRTR
GO 70 10 PRTB
CONTINUE . PRTB
IF ( MOD ( M »IPRTB) «NEs 0) RETURN PRTB
CONTINUE PRTR
CALL PRTX PRTR
WRITF (NT037) PRTR
CALL PRTPRO PRTR
WRITE (NT0O#37) PRTB
WRITE (NTO»33) PRTR
FORMAT(%N*BOX*¥ELECTRON*¥S5X*TOTAL* /% N*¥3X*ETAXS5X*Y/RN*9X*V*8X PRTR
1% BETA/ERBX*4X*¥DENSITY*EX*DENSITY*3X*ENTHALPY*) PRTB
WRITE (NTOs35) (Ns ETA(N)s YF(N)s VIN)9BEBB(N}s RHO(N)s EDENSI(N)s PRTB
1 HE(N)» N=1jyNMAX) PRTB
FORMAT(1X»I129FTe&sb6F12e4) PRTB
FORMAT (#1%) PRTR
CONTINUF PRTR
WRITE (NTOs4l) TLEFTs RVRs QCONDy HXTFERs QDIFFs HXTFEBs QCOMVy PRTR
1 DISPTKy QATOTALy FMCTHy QTFTLRy FL(1)y STy SKFFR PRTR
FORMAT (#0%21X*TIME LEFT =%F7,43% SEC*34X*RHO V =*E13,5/ PRTB

126X*QCOND =%E1345924X*¥HFAT TRANSFER =#E1345/26X*0ODIFF =%E1345 PRTR
218X*HEAT TRANSFERs BODY =%E13¢5/26X*#QCONV =%#E1345912X*DISPLACEMENTPRTB
3 THICKNESS/RN =%#E13,5/25X*QTOTAL =%E1345919X*MOMENTUM THICKNESS =#PRTR

4E13,45/ 12X*QTOTAL(BTU/FT2=SEC) =%E1345928X*¥L AT BODY =*E1345/ PRTR
517X*STANTON NUMBER =#E1345924X#SKIN FRICTION =%E1345) PRTB
GO 'TO (60950) » IBS PRTR
CONTINUE PRTB
WRITE (NTOs55) RSUMy DRAGT2y RESs DRAGP2sy CFINFy DRAG2 PRTR
FORMAT (22X s 11HRS**(1+J) =9FE1345926X*T DRAG COEF =%F1345/ PRTR
116X*REYNOLDS MNUMBER =#F1345426X*P DRAG COEF =%*E1345/ PRTB
225X#CF=INF =%#F13,5927X*¥TOTAL DRAG =%F13,45/%0%) PRTR
WRITE (NTO#57) PRTAR
FORMAT (GB8X*TOTAL*) PRTR
GO TO 70 PRTR
CONTINUE PRTR
WRITE (NTO965) PRTR
FORMAT (#0%) PRTR
CONTINUE PRTR
GO TO (BNy90) » RS PRTR
CONTINUE PRTR
WRITE (NTNy83) PRTR
FORMAT (29X *SPFCIFS WALL MASS FLUX#*) PRTR
WRITE (NTOs88) (SPN(1)s RMFLIIX(T)s ImlsNI) PRTR
FORMAT(31X9A64E1345) PRTB
BETUPN PRTR
CONTINUE PRTR
WRITE (NT0Dy93) PRTR
FORMAT (29X *SPECIES WALL MASS FLUX MASS FLOW FLOW(PAR/SEC)*)PRTR
WRITE (NTOs95) (SPN(T1)y RMFLUX(I)s FMDOT(I)s PARDOT(I)sI=1yNI) PRTR
FORMAT(31X9A693E1545) PRTR
RETURN PRTA
END PRTR
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FRTEDG

i st s . 170 MBS 10 R

*{i#? Subroutine PRTEDG is called by INFBOD and prints the edge tables, XA, PA, VA, TA end CA (species).

278/

e SUBROMTANE-PRTEDE

N

—-PERG- - 1 -~
. PEDG 2
COMMON .. 231Z2. N1 . _.._...s NMAX o NM2. ... ... s NTO sy PEDG 3
1 NJ » NM1 s NR PEDG &4
COMNON 430/ . CA1110,30) -5 PALL10). ». VAL1109 ) XAL110) s+ PEDG 5
NED » TA(110) PEDG 6
-«.__.,couuoa_lazx__snuLAn; o - _REDG .7
PEDG 8
IL = MIND (NDo&Y oo PEDG 9
WRITE (NTOs5) PEDG 10
5 FORMAT(#O®SOX*EDGE TABLES*) .. PEDG 11
: WRITE (NTOolS) tspncl)ot-lo!L) PEDG 12
SR HOXHPAROXRVAROXNTARIN 9A(6XAS))  PEDG 13
DO 30 ND-I.NED PEDG 14
WRITE (NT0.25) NDJXA(ND).PA(ND’.VA(ND)’TA(ND)’(CA(Nbol)aI-loIL) PEDG 15
28 FORMAT (1Xs12910F11¢4) PEDG 16
30 CONTINUE. PEDG 17
32 CONTINUE PEDG .18
SIEUSERGBU, ¢ - L L T Y W T o (. T S PEDG 19
IS = IL + 1 PEDG 20
IL = 1S + 9 PEDG 21
IL = MINO (NIsIL) PEDG 22
WRITE (NTO#35) (SPN(I)sI=ISsIL) PEDG 23
35 FORMAT (#0%*48X*#CA (SPECIE)*/1Xs10(6XA5)) PEDG 24
DO 40 ND=14NED N gy e .. PEDG 25
WRITE (NTO925) NDy (CAIND»I)9I=ISyIL) PEDG 26
40 CONTINUE PEDG 27
GO TO 32 PEDG 28
50 CONTINUE PEDG 29
WRITE (NTOs55) PEDG 30

L1 7% FORMAT(#0#15X*NOTE —=—*5X%XAs PAy TA AND VA ARE CHANGED IN SUBROUTPEDG 31

1INE INPBOD*//39X18HXA(K) = XA(K) * RN/ PEDG 32
2 39X30HPA(K) = PA(K) * NORM SH PRESSe/ PEDG 33
3 39X28HVA(K) = VA(K) * NORM SH VEL4/ PEDG 34
4 39X29HTA(K) = TA(K) * NORM SH TEMP) PEDG 35
RETURN PEDG 36
BB e r o > Y PEDG 37




PRTFRO

N) and C(N,I) (for each

ralled by INPUT, PRECAL

Subroutine PRTPRO prints the profiles as follows: N, ETA(N), FPRIME(N), THETA

species) for each point across the boundary layer, where N = 1 to NMAX. PRTFR
and PRTBL.

SURROUTINE PRTPRO PPRO 1

PPRO 2

COMMON /17 NI » NMAX s NM2 » NTO » PPRO 3

1 NJ » NM1 » NR PRPRO 4
COMMON /5/ CLIL(50930), FPRIME(50) » THFTA(350) PPRO B
COMMOM /417 ETA(50) PPRO 6
COMMON /63/ SPN{40) PPRO (4

PPRO A

NE = MINO (NIs8) PPRO 9

WRITE (NTOs15) (SPN(T)sl=1yNF) PPRO 10

1% FORMAT (%0 N¥3X*¥ETA*¥SX*¥FPRIMF*6X*¥THETA *8(7XsA5)) PPRO 11
PO 3N N=lyNMAX PPRO 12

WRITF (NTO»25) Ns ETA(N)s FPRIME(N)s THETA(N)s (CLIL(NsI)sl=1sNE) PPRO 13

25 FORMAT(1X9T123FTebs1NF1244) PPRO 14
an CONTINUF PERN 15
22 CONTINUF PPRO 156
IF (NE «EQe NI) GO TO 50 PPRO .17

NS = NE 4+ 1 PPRO 117

NE = NS + 9 PPRO 19

ME = MINO (NFyNT) PPRO 20

WRITE (NTOs35) (SPM(I)sI=NS,NE) PPRO 21

35 FORMAT (%0 N¥AX*#FTA¥AX 1N (AByTX)) PPRO 2
DO 4N N=]1,NMAX PPRO 23

WRITF (NTO»25) Ns ETA(N)s (CLIL(NpT)sI=NSyNF) PPRO 24

40 CONTINUE PPRO 5
GO TO 32 PPRO 26

50 CONTINUE PPRN 27
RETUON PPRO 28

END PPRO 20
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PR2DSW

third body efficiencies (8ll 2-dimensional arrays).
PR2DBW has U arguments; in order they are:

PR2DSW is called by INFPUT.

10

ol

20
25
30..
35
50

60

65

87
70

g S

o

90

A - name of arrsy to be printed
NCOL - 1lst dimension
NROW -~ 2nd dimension
1 - CALPH
b} - indicates variable being printed { 2 - CBETA
3-12
SHURROUTINE -PR2DSW (A YNCOL yNROWy 1D
COMMON 1/ NI » NMAX » NM2 s NTO
1 NJ s NM1 s NR
COMMON /63/ SPNL40)
DIMENSION - AL3041) —4-1RP(30)
DATA (IRP=19293949596979899910011512913914+15916917518
1 199209219229235249259269279283294,30)
GO TO (10420+30) s ID
CONTINUE

WRITE (NTO»15)
FORMAT(¥0%42 X*FORWARD ~ CALPH({NRsNJ)*)
GO TO 50

CONTINUE

WRITE (NTO25)

FORMAT (#0%42 X*BACKWARD ~ CBETA(NRsNJ)*)
GO TO 50

-CONTINUE

WRITE (NT0s35)

FORMAT (#0%*34X*THIRD BODY EFFECIENCIES = Z(NIsNL)*)
GO TO 80

CONTINUE

IRL = 0

CONTINUE

IRF = IRL + 1

IRL = IRF + 14

IRL = MINO (IRLgNCOL)

WRITE (NTOs65) (IRP(IR)eIR=IRFsIPLY)
FORMAT(#0 NJ/NR #15(12,5X})

-DO_70 NC=1sNROW _

WRITE (NTOs67) SPN(NC)y (A(IRsNC)s IR=IRFyIRL)
FORMAT(1X9sA5415F742)

CONTINUE

IF (IRL oLTe NCOL) GO TO 60

GO TO 110

S oclar s L L S s

PRINT Z TABLE
IRL = 0
CONTINUE
IRF. & IRL + 1
IRL = IRF 4+ 11

IRl m MINO (IRLGNCOL)

95

WRITE (NTO»95) (IRP(IR)s IR=IRFsIRL)

FORMAT (#0 NL/NI *#12(12+8X))

DO 100 NC=1,NROW

L = NI + NC

WRITE (NTO»97) SPNI(L)s (AIIRYNC)» IR=IRF,IRL)

9T  FORMAT(1XaASe12F10.4) -

PREW
PRSW
PRSW
PRSW
PRSW
PRSW
RRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRS

PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW
PRSW

. Subroutine PR2DSW is a specialized print subroutine used to print the stoichiometric coefficients and
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100

=

CONTINUE
IF (IRL
CONTINUF
RETURN
END

oL Te

NCOL)

GO TO 90

PRSW
PRSW
PRSW
PRSW
PRSW
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PRTX

Subroutine PRTX is called when the values of X, (see Equation 108) are to be printed,

SUBROUTINE PRTY
COMMON . /1/. N1 s NMAX s NM2
1 NJ s NM1 s NR
COMMON. /41/ ETAL(S50)
COMMON /85/ X(50+30)
WRITE (NTOs5)
5 FORMAT (#0%85X*X(K)*)
K2 = 0
10 CONTINUE
Kl = K2 + 1

il R T SRS, B e e P

K2 = MINO(K2yNR)

WRITE (NTOs15) (KsK=K1sK2)
15 FORMAT (%0 N*3X#ETA*¥8X,10(12910X))

DO 20 N=1,NMAX

WRITE (NTOs17) Ns ETA(N)
17 FORMAT(1Xs12sF744310E1244)
20 CONTINUE

IF (K2 oLTe NR) GO TO 10

RETURN

END

(X(NoK)oK=K19K2)

PRTX

PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX
PRTX

O OO PN




QFR

Subroutine QPR computes the values of Qi’ Pi and RVB where i = 1, NI. These values are used in the

‘ calculation of the boundary condition at the wall and are a function of IWC (wall condition switch).
may have any value from 1 to 11, If IWC = 2, Py Q‘l and RVB are all set to 0.0, but this is not necessary
because this case is not solved in terms of P1 and QL but is handled differently in the program.

Note:

is calculated.
in this order.

IwC

IwC

IwC

IwC

IwC

IWC

IWC

IwC

Iwe

IwC

For IWC = 6, 7, 9, 10 or 11, two input values are required;
IWC = 8, 10 or 11, an additional table is required.
a data statement in QFR.

= 1, non catalytic wall, see equation (49).
= 3, fully catalytic dissociation wall, see equation (52)

L, fully catalytic recombination wall with species NO non-
catalytic, see equation (51).

5, mass transfer of ablation products, see equation (58).

= 6, oxidation of graphite, see equation (54).

7, oxidation of metals, see equation (56).
= 8, vaporization of surface carbon, see equation (60).

= 9, mass transfer of ablation products with oxidation of
graphite, IWC =5 + IWC = 6.

=10, oxidation of graphite with vaporization of surface carbon.
IWC = 6. + IWC = 8.

=11, oxidation of metals with vaporization of surface carbon.
IWC = 7 + IWC = 8.

EO and E0O2, See INPUT write-up.

Iwe

For

Where I for these two arrays is 1, 2, 3 for species Cl, C2 and C3, it must be used
RVB is calculated using Equation (43).

QURROUTINE OPR aApR 1
nePrR 2

COMMON /17 N1 s NMMAX y NM2 s NTO sy QPR 2
1 ' y AV y NP apR 4
COMMON 75/ CLIL(S0930), FPRIME(50) s THETA(80) aPR 5
COMMON /R/ FMOLWT(30) » FVRAR(501 s FMRARE y PHO(S0) » R QPR 6
COMMON 713/ HINF s PE y SMALLE y TKE y UE yQPR 7
1 HE (30} y PINF y TF y TINF s VINFOPR 8
COMMON /14/ 1CHGSW y 1DYS QPR 9
COMMON 720/ ANGLC s FJ y SINCO y TKINF y QPR 10
1 DUEDX , BT y SINTH y TRW QPR 11
COMMON /25/ RVR OPR 12
COMMON 726/ DBB(30530) » FLEJ(30) s INOP QPR 12
COMMON 731/ NTP y SPRT y TWT(S0) s XRN(BO) s 0PR 14
1 RVPT(50)  » TETE(50) aPR 18
COMMON 32/ ™ QPR 154
COMMON 7497/ CALPH(30+40)sCRETA(30,40)sCSALPH(20) » CSBETA(30)s1n QPR 17
COMMON 760/  IN2 y 102 0PR 18
COMMON 766/ E10 y El02 y IWC QPR 10
COMMON /67/ 160 , 1002 y 1M1 y IM3 4 IN 4 OPR 20
1 1e1 y 1EL y M2 y IM& 4 INO QPR 21
‘ COMMON 770/ P(30) , 0(30) oPR 22
COMMON /767  RSOMWT(30) QPR 22
0PR 24

OIMENSTON CCOE(3) 4 CSV(3) y PT(30) ) OT(30) 0PR 25
PATA (CCOF = 4244 5y W027) QPR 26
DATA (CPH = 140) » (RMWC = 408328701) QPR 27

CCOE(I), condensation coefficient of i is set by
CSV(I), mass fraction of i corresponding to the equilibrium vepor pressure,
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20
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56
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58
60

70

80

82
83

84

RVB = 0,0

DO 10 lel,Nl . . A

P(I) = 0,0

=8 & @ 08 1 Vs (R e .
CONTINUE

GO TO (1409140920020950220920980020420920) s IWC
CONTINUE

QTR = =RHO(1) * SQRT(7907.7725 * Tw)

GO TO (1409140930940950456956980486956956) » IWC
CONTINUE e [ —— s
Q(I02) = QTR * PSQ“WT(!O?’

QUIN2) = QTR * RSQMWT(IN2)

P(I0Y = =CLIL(1,102) * Q(102)

P(IN) = =CLIL(1sIN2) * Q(IN2)

GO TO 140
CONTINUE . . oo DT
010) = QTR * RSOMWT(10)
Q(IN) = QTR * RSAMWT(IN)
QUINOP) = QTR * RSQMWT(INOP)
PTR = CLIL(1sINOP) * Q({INOP)
P(102) = =CLIL(1,10) * Q(10) = PTR
PLIN2) = =CLIL(1sIN) * QUIN) = PTR
GO TO 140 .
CONTINUE
IDYs =0
ICHGSW = 1
CALL POLATE (SPRTs XRNs RVPT, RVP, NTP)
DO 852 1=14NI. -
CALL EQU2 (CYPRy 1)

RL1) m CYPR # RVP Rt e
CONTINUE
IF (IWC «FQe 9) GO TO 92
GO TO 120
CONTINUE

IF (F10 «GTe 040 ¢ANDs FI02 #GTse 0s0) GO TO 58
WRITE (NTQs57)

QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR

QPR.

QPR
OPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
OPR
QPR

FORMAT (#0 SUBRes OPR FINDS THAT ONE OR BOTH E-SUB-I INPUTS WERE «LTQPR

le OR 4EQs O SO CANT DO IWC=63T7995109114%)

STOP

CONTINUE '

GO TO (140+14091409140+14096097098099091009110) » IWC
CONTINUE

Q(I0) = FMOLWT(I10) * F10 * QTR * RSQMWT(10) * RMWC
Q(102) = FMOLWT(IO2)*EI02 * QTR* RSQMWT(I02) * .5 * RMWC
P(ICO) = =FMOLWT(ICO)/ FMOLWT(I0) * (Q(102) * CLIL(1+102)
1 4+ QUIO) * CLIL(1+10))
IF (IWC «FQe 9) GO TO 96

IE. LIWC +EQe 10) GO TO 102

GO TO 120

CONTINUE

Q(I0) = FIO * QTR * RSQMWT(10)

Q(102) = FEI02 * QTR * RSQMWT(102)

IF (IWC +FQe 11) GO TO 112

GO TO. 120 _

CONTINUE

PART] = 140 / SQRT(3,1218633E5 * Tw)

DO 82 I=14NI

IF (1 «EQs IC1) GO TO 84

CONTINUE

WRITE (NTDsB3) .

QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR

FORMAT (%0 SUBRe QPR DIDNT FIND 3 CARBONS IN SPECIES SO CANT DO IWCQPR

1=289109114%)

STOP

CONTINUE

Jim g

CSVI1) = 2436387 E12 * EXP(=85334, / TKW)

CSVI(2) = 2494848 El4 * EXP(=997384 / TKW)

CSV{3) = 3427891 E20 * EXP(=97597s / TKW) * TKWk¥=1,5
DO 86 K=1,3

PARTI ‘s CCOE(K) * RSQMWT(J) # PART1

PlJY) = PART! # CSV(K)

~QtJd) m = PART! # PE % FMBAR[1) * CPH e

QPR
OPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR



10n

102

13n
14n

J= J+1

CONTINUE

IF (IWC +FQe 10) GO TO 106
IF (IWC «FQe 11) GO TO 116
GO TO 120

CONTINUE

GO TO 50

CONTINUF

NO 94 I=1,4NI!

PT(I) = P(1)

CONTINUF

GO TO 67

CONTINUE

PO OR =] 4NT

P(I) = P(1) + PT(1)
CONTINUFE

GO TO 120
CONTINUF

GO TO &N
CONTINUE

NO 104 T1=1,4NT
PT(I) = P(1)
AT(TY = A(1)
CONTINUF

GO TN 80
CONTINUE

nNn 1(\9 I.-_-'_I,MT
P(1)y = P(1) +
N(T) = QUI)Y +
COMTINUF

GH TO 12n
CONTINUE

GO TO 70
CONTINUE

PO 114 I=1NI
OT(I) = Q(1)
CANTINUF

GO TO 8N
CONTINUF

DN 118 1=1,4NI?
O(IY = Q(T1) + OT(I)

CONTINUE

CONTINUF

DO 130 I=1,NI

RVR = RVR 4+ (PI(I) + Q(I) % CLIL(1y1))
CONTINUE

CONTINUF

RETURN

END

QPR
QPR
QPR
QPR
QPR
QPR
OPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
QPR
OPR
OPR
QPR
0PR
OPR
npPR
QPR
OPR
OPR
0PR
QPR
0PR
QPR
QPR
0PR
QPR
QPR
Ape
npe
0PR
0PR
npp
QPR
QPR
QPR
QPR
QPR
QPR
QPR
OPR
QPR
QPR
QPR
QPR

100
101
102
103
104
105
106
107
108
100
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
192
133
134
13%
138
137
138
139
140
141
142
143
144
145
146
147
148
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SETOT

Subroutine SETOT sets the following switches depending on the input options and sets up the Hollerith
arrays for printing the options.

NEQUIL i 1 equilibrium
2 nonequilibrium
IFROZE ; 1 nonfrozen
2 frozen
; 1 boundary layer
FEEDEY 2 shock layer
y 1 cone
2 sharp arbitrary axisymmetric body
IG 3 sphere cone JBOD = 1
4 blunt arbitrary axisymmetric body
5 hyperboloid
6 flat plate
7 sharp arbitrary 2-D body
IG ) 8 blunt wedge JBOD = 0
9 blunt arbitrary 2-D body
10 hyperbola
TGEOM i -1 when IG = 1, 2, 6 or 7
O when IG = 3, 4, 5, 8, 9 or 10
% 1 iterate initial profile
ICOMFO 2 calculate initial profile once
11 1 compute Lewis numbers
2 use constant Lewis numbers
e - SUBROUTINE SETOT ! casia SETO 1
SETO 2
COMMON /3/ IRROZE o ILE » MFLAGO s NEQUIL SETO 3
COMMON /7/ 1COMPO SETO 4
COMMON /9/ IGEOM s JBOD SETO 5
COMMON /40/ 1BRDYO . y V(50) SETO 6
— COMMON /62/ TOT(3.6) g 3 SETO 7
COMMON /68/ CK s DELTA » IREAD » OPTN(6) 9» RS SETO 8
COMMON /89/ IRB » XRB(50) d SETO 9
COMMON /90/ 1G SETO 10
" SETO 11
DIMENSION CHK (14) » HOLI(19) SETO 12
DATA  (BLNK = 1H ) . _ SETO 13

DATA (CHK =8HEQUILIBRs BHNON~FROZs BHBOUNDARYs BHINITIAL » SETO 14
BHCAL LEWIs BHCONE + BHSPHERE Cs BHHPERBOIDS SETO 15
BHFLAT PLAs BMBLUNT WE» SHBLUNT 2Dy BHSMARP 2D» SETO 16
SHBLINT AXs BHSHARP AX) SETO 17

WA




] -
DATA (HOL =gHHYPERBOLs RHA sy 8HOID s BHIUM ’ SETO 18
X 8HLIBRUM » BHEN s BHTE s BHDGE ’ SETO 19
2 8H LAYFR s BHYER s 8HCOMPUTE 4 RHPROFILE & SETO 20
3 8HCULATION» 8HONE » 8HS NOSe s BHARB BNDY, SETO 21
4 8H y 8H s 8H o) SETO 22
PR 10 k=143 SETO 23
N 10 J=146 SETO 24
TAT(XsJ) = BLNK SETO: 25
1¢ CONTINUF SETO 25
TOT(1s1) = OPTM(1) SETO 27
IF (OPTN(1) #NEs CHKI1)) GO TO 20 SETO 28
NEQUIL = 1 SFTO 29
TOT(2s1) = HOL(4) SETO 30
GO TO 30 SETO 31
2n CANTINUF SETA 32
NFAUTL = 2 SETO 33
TOT(2s1) = HOL(5) SETO 34
30 CONTINUE SETO 35
TOT(192) = OPTN(?) SETO 136
IF (OPTN(2) eNEs CHK(2)) GO TO 40 SETO 37
IFRN7F = 1 SETO 38
TOT(242) = HOL(6) SETO 139
GNH TN 5N ok ds) 4un
40 COANTINUE SETO 41
IFRNZE = 2 SETO 42
NEQUIL = 2 SETO 42
TOT(191) = RLNK SETO 44
TOT(2s1) = BLNK SETO 45
TOT(391) = BLNK SETO 46
50 CONTINUFE SETO 47
TOT(193) = OPTN(3) SETO 48
IF (OPTN(3) oNEs CHK(3)) GO TO 60 SETO 49
IRPHYO = 1 SETO 50
TOT(293) = HOL(9) SETO 81
Go TO 7N SFTD 52
60 CONTINUE . SETO 53
IRRDYD = 2 \ SETO 54
TOT(293) = HOL(10) SETO 55
7n CONTINUFE SETO 56
IF (OPTN(4) oNEe CHK(4) ) GO TO 80 SETO 587
ICOMPO = ] SETO 58
TOT(1e4) = HOLI(11) SETO 59
TOT(294) = OPTN(4) SETO 60
TOT(3s4) = HOL(12) SETO 61
GO TO 90 SETO 642
an CONTINUE SETO 63
1cOMPO = 2 SETO 64
TOT(1s4) = OPTN(4) SETO 65
TOT(294) = HOLI13) SETO 66
9n CONTINUF SETO 67
Jraon = 1 SETO 68
TOT(145) = OPTNI(5B) SETO 69
IF (OPTN(B) «NEs CHK(&)) GO TO 100 SETO 70
cx%% CONF SETO 71
16 = 1 SETO0 72
GO TO 190 SETO 73
100 CONTINUE SETO 74
IF (OPTN(5) aNEs CHK(14)) GO TO 110 SETO 75
C*%x*% SHARP ARRITRARY AXISYMMETRIC BODY SETO 76
16 = 2 SETO 77
TOT(245) = HOL(16) SETO 78
GO TO 190 SETO 79
110 CONTINUF SETO 80
IF (OPTN(5) «NEs CHK(7)) GO TO.120 SETO 81
c*#% SPHFRF CONF SETO 82
16 = 3 SETO 83
‘ TOT(295) = HOL(14) SETO 84
GO TO 200 SETO 85
120 CONTINUF SETO 86
IF (OPTN(5) «NEs CHK(13)) GO TO 130 SETO 87
Cxx* RLUNT ARBITRARY AXISYMMETRIC BODY SETO 88
16 = &4 SETO 89
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130

Nt Tt

140

CHx%

150

CHE¥

160

Crud

170

Cxx*

180
CHx®

190

200

210

220

TOT(2,8) = WOL(16)
G0 TO 200
CONTINUF

IF (OPTNLS) oNE, CHK(B)) GO TO 140 .. .

HYPERBOLOID

1G = § '

TOT(1+5) = HOL(1)

TOT(2+5) = HOL(3)

GO TO 200

CONTINUE - s e

JBOD = O

IF (OPTN(8) eNEe CHK(9)) GO TO 150
FLAT PLATE

1G = 6

TOT(245) = HOL(T)

GO 10 190

CONTINUE

IF (OPTN(5) oNEe CHK(12)) GO TO 180
SHARP ARBITRARY 2=D BODY

16 = 7

TOT(245) = HOL(16)

GO 10 1%0

CONTINUE

IF. (OPTN(S) oNE, CHK(10)) GO TO 170
BLUNT WEDGE

16 = 8

TOT(2+5) = HOL(8)

GO TO 200

CONTINUE

IF (OPTN(8) oNEs CHK(11})) GO TO 180
BLUNT ARBITRARY 2=D BODY

IG = 9

TOT(2+5) = HOL(16)

GO TO 200

CONTINUE

HYPERBOLA

TOT(1s5) = HOL(1)

TOT(2+5) = HOL (2}

16 = 10

GO TO 200

CONTINUE

IGEOM = =1

GO TO 210

CONTINUE

IGEOM = 0O

CONTINUE

TOT(196) = OPTN(6)

TQT(2+6) = HOL(15)

ILE = 2

IF (NEQUIL +EQse 1) GO TO 220

IF. (OPTN(6) #EQe CHK(S5)) ILE = 1
CONTINUE

RETURN

END

SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO
SETO

90
91
92
e
94
95
96
97

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
318
116
117
118
19
120
121
122
123
124
125
126
127
128
129
130
191
132
133
134
135
136
137
138
139
140
141
142
143




SIMINT

n
Subroutine SIMINT computes the integral, f F(n)dn, where dn need not be constant, using Simpson's rule.
0 ,
There are four arguments to SIMINT:

F - array to be integrated
n
TI - totel integral, e f
0
sI - partisl integral at each point across the boundary layer times Me
1 - compute TI
e ~ Wich {2 - compute SI; 1lst value of SI should be set by calling routine.

For n = 2, NMAX = 1

n An 3an_ + 280 an ] [ on Ay ]
_ _ n=l n =1 1. ¥
'/:'l s ® Fn-l [ Ann ¢ Enn-l ] ’ Fn [3 : nn il J nn ¥ nn-l

-l n

\

For the last point, N = NMAX

N AnN-l
[ et

N=1

34N, , + 26M Any. AMy 181
n [ AENN-i ¥ A":Iial] "y [3 ' K“N_-:] " Ty-2 [A%-zTATl‘N-:L * A“N-z)]

SURROUTINE SIMINT (Fe TIy SIy ISWT) SIMI p

SIMI 2

COMMON /1/ NI » NMAX » NM2 » NTO y SIMI 3

1 NJ sy NM1 » NR SIMI 4
COMMON /11/ DEN2(50) y ETE + VONE SIMI 5
COMMON /24/ DNI(5BO) SIMI 6
COMMON /44/ DNO6(50) » DNTR1(80) o+ DNTR3(50) » DPDN(SO) SIMI 7

SIMI 8

DIMENSION F(1) .9 S1t1) SIMI 9

IF (I1SWT o4FQe 1) TI = 0,0 SIMI 10

PO 50 N=2yNMAX SIMI 11

IF (N «FQs NMAX) GO TO 10 SIMI 12

DELA = DNOB(N=1)#(F(N=1)%((340%DN(N)+2s0*DN(N=1)) / DPDN(N)) SIMI 13

1 + FINY % (3,04 DNIN=1) / DN(N) ) SIMI 14

2 = F(N+1)% (DN(N=1) % DNTRI(N)) ) SIMI 15

GO TO 20 SIMI 16

10 CONTINUE SIMI 17
DELA = DNO&(NML1)#(F(NMAX)*((3o0%DN(NM2)+240%#DN(NM1)) / DPDN(NM1)) SIMI 18

1 + FINM1) * (240 + DN(NM1) / DNINM2)) SIMI 19

2 - F(NM2) * (DN(NM1) * DNTR3(NM1))) SIMI 20

20 CONTINUE SIMI 21
GO TO (30 40) » ISWT SIMI 22

30 CONTINUE SIMI 23
T! = T! + DELA SIMI 24

GO TO 50 SIMI 25

4n CONTINUF SIMI 26
SI(N) = SI(N=1) + DELA * ETE SIMI 27

50 CONTINUE SIMI 28
GO TO (60s70) » ISWT SIMI 29

60 Tl = T1 % ETE SIMI 130
70 CONTINUE SIMI 31
RFTURN SIMI 132

END SIM1 33
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SPBND

' Subroutine SPBND sets the boundary values for the solution of the species equation. SPBND has one
argument, I, current species subscript. See Equation (47c¢) for boundery conditions at the wall.

retaSUARSEE N RO Y e spBp 1
SPBD 2

COMMON /1/. NI » NMAX » NM2 » NTO sy SPBD 3

1 NJ s NM1 » NR SPBD 4
COMMON . 24/ FL{S0) 2. 1B8a SPBD 5
COMMON 78/ CLIL(50+30)s FPRIME(80) » THETA(50) SPBD 6
_COMMON 79/ 1GEQOM_ s JBOD N SPBD 7
COMMON /11/ DEN2(S0) 4 ETE » VONE SPBD 8
COMMON /18/ FLAPL + RB1 s TXILT y X11 SPBD 9
COMMON /23/ BLBAR(50430)sFMUB s PRI50) s PRFL SPBD 10
,COMMON /2%/ RVB SPBD 11
COMMON /26/ ° DBB(304+30) s FLEJ(30) s INOP SPBD 12
__COMMON. /297  CEDGL30) . _ 3 i SPBD 13
COMMON /44/ DNO&(80O) o DNTR1(50) s DNTR3(50) 4 DPDN(50) SPBD 14
COMMON /45/ RODN » RRDN SPBD 15
COMMON /58/- A(80) » B(50) s C(50) sy D(50) SPBD 16
COMMON /60/ IN2 y 102 sPBD 17
COMMON /66/ E10 s E102 s IWC SPBD 18
COMUON. /387 . Biag). .- Blafy . - . e SPBD 19

SPBD 20

B(NMAX) = 140 SPBD 21
CINMAX) = 040 SPBD 22
D(NMAX) = CEDGI(I) SPBD 23

IF (IWC oNEe 2 ) GO TO 10 SPBD 24

IS & 615 A 1 o e e e A _ $PBD 25
B(1) = 1,0 SPBD 26

D(1) = CLIL(141) : SPBD 27

GO TO 60 SPBD 28

10 CONT INUE SPBD 29
J GO TO (20440} 4 1BS : SPRO 30
20 . CONTINUE e e e - SPBD 31
IF (I1GEOM «GEs 0) GO TO 3 SPBD 32

WB = 040 , SPBD 33

GO TO 50 : SPBD 34

30 CONTINUE SPBD 35
WB = PRFL * VONE : SPBD 36

ORI 50 Lo (I o TR S e e SPBD 37
40 CONTINUE SPBD 38
WB = PRFL # TXI1T ‘ SPBD 39

50 CONTINUE ) SPBD 40
DTRM = ETE * DPDN(2) / FLEJ(I) SPBD 41

All) = =RRDN SPBD 42

. __Bl1) = RDN % (2,0 + RDN + DTRM * WB * (RVB = Q(1)1)) SPBD 43
D(1) = RON * DTRM * (WB * P(I) + PRFL * BLBAR(1s1)) SPBD 44

60 CONTINUE SPBD 45
RETURN SPBD 46

END o SPBD 47

20|




SPECEQ

Subroutine SPECEQ computes the coefficients, calls SPBND for the boundary values and calls WKHS for the
new values of ci. For the initlel profile calculation one may itergte inside SPECEQ. The calculation is
done KSPE times if KOPT = 1 or the calculation is repeated until CHECK < ASPE if KOPT = 2. CHECK is computed
in WKHS. The a's computed are described in equations (20i) through (201). If a body profile is being calcu-

lated, the old c,'s are saved in CL(N,I) before new ones are computed. WBAR(N,I) is recomputed here to make
use of the newest c, 's.

i
SURROUTINE SPFCEQ SPEC 1
SPEC »
COMMON WBAR(50930)s WONE(50930)s WTH(50930) » WZERD(50+30) SPEC 3
COMMON /17 NI » NMAX sy NM2 sy NTO y SPEC 4
1 NJ » NM1 s NR SPEC 5
coMMON /3/ IFROZE y ‘TEE y MFLAGO s NEQUIL SPFC 6
COMMON 4/ FL(50) sy IBS SPEC 7
COMMON ./5/ CLILI(SNs3D), FPRIME(BN) » THETA(50) SPEC 8
COMMON /6/ CLIBNy30) 4 FP(50) y TH(&O) SPEC 9
COMMON /87 FMOLWT(30) » FMRARI(B0) y FMRARF y» RHO(B0) s R SPEC 10
COMMON /12/ RHOE » RHOINF y RMUREF SPEC 11
COMMON /13/ HINF y PE y SMALLF sy TKE y UE ¢SPEC 12
1 HF (30) s PINF y TE s TINF » VINFSPEC 12
COMMON /28/ BETA s CTH SPFC 14
COMMON /29/ CEDGI(3N) SPEC 15
COMMON /32/ TW SPEC 16
COMMON 739/ NKM y OMW(32) y WFA(32) SPEC 17
COMMON /407 IBRDYO y V(BO) SPEC 18
COMMON /58/ AENE » ASPE y KMOM y KSPE y SPEC 19
1 AMOM y KFNE SPEC 20
COMMON /57/ ALPH1(50) s ALPH4I(5BD) y» ISPC y OMWF s SPFC 21
1 ALPH2(8BN) » CHFCK sy MFLAG y WFAC y SPFC 2?7
? ALPH3(50) SPEC 2%
COMMON /59/ KOPT SPEC 24
COMMON /60/ 1IN2 y 102 SPEC 25
cOMMAN /66 / ETQ y FI102 y IWC SPFCc 26
COMMON /717 BB(50»30) y BRPR(50430)s BLRAPR(50430) SPFC 27
SPEC 28
1SPC = 2 SPEC 20
60 TN (10,20) » IRS SPEC 30
1n CONTINUE SPEC 3]
MFLAG = N SPFC 37
GO TO 4N SPEC 32
2N CONTINUF SPEC 134
PO 30 N=lyNMAX SPEC 35
nO 30 =]l gN! SPEC 36
CLINoF) = CLILINSI) SPEC 37
an CONTINUF SPEC 28
40 CONTINUE SPEC 139
GO TO (200450) » NEQUIL SPEC 40
50 CONTINUE SPEC 41
IF ( IWC «NEo 2 )} GO TO 40 SPFC 42
CALL EQUIL (TWs PEs 1) SPEC 43
6N CONTINUE SPEC 44
GO TO (70480) 9 IBS SPEC 45
70 CANTINUF SPEC 46
MFLAG = MFLAG + 1 SPEC 47
80 CONTINUF SPFC 4R
NO 120 I=19NI SPEC 49
DO 110 N=24NM1 SPEC 50
RBDEN = 140 / BB(N»I) SPEC 51
ALPH1(N) = (BBPR(NyI) = VIN)) * BRDFN SPEC 52
ALPH2(N) = =SMALLE * WONE(Ny1) * BBDEN SPEC 513
IF (CLIL(NsI) oLTe 1e0E=6) BLRAPR(NsI) = 040 SPEC .54
ALPH2(N) = (SMALLE * WZERO(NsI) + BLBAPR(Ns»I)) * BBDEN SPEC 55
GO TN (11051003 o IRS SPEC 58
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292

100

11n

LCONTINUE &

ALPH2(N) = ALPH2(N) / CTH
ALPH4(N) = «~FPRIME(N) * BBDEN
CONTINUF

WFAC = WFA(142)

OMWF .= OMW(1+2)

CALL SPBND. {1} o

CALL WKHS (CLIL(t1s1)}
CONTINUE

DO 140 N=1yNMAX

CSUM = 0.0

PO 130 1=1,NI

CSUM = CSUM + CLILINsI)
CONTINUE

CLIL(N32) = 140 + CLIL(Ny2) = CSUM
CONTINUE

GO TO (15045220)  IBS
CONTINUF

GO TO.(1604170) » KOPT
CONTINUE

IF (MFLAG «LTe KSPE) GO TO 70
GO TO 220

CONTINUE

IF ( CHECK «GTe ASPF) GO TO 70
GO TO 220

CONTINUFE

DO 210 N=1,NMAX

CALL EQUIL (THETA(N) * TEs PEs N)
CONTINUE

RHOF = RHO (NMAX)

GO TO 240

CONTINUFE

DO 230 1=1,NI

PO 230 N=1,NMAX

WBAR(NsI) = SMALLE * (WZERO(NsI) = WONE(NsI)}

CONTINUE
CONTINUE
REFTURN
END

* CLIL(NsIN)

SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SREC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC




STOI

Subroutine STOI computes the stoichiometric relations. STOI is called by CHEMFR and has four arguments,
all of which are arrays.

Forward Backward
CAS - CALPH CBETA
CSAS -~ CSALPH CSBETA
STIN - FORK BACKK
STOUT - FORL BACL

The first 3 arguments are input to STOI and the last one is the stoichiometric value being computed.

SUBROUTINE STOI ( CASe CSASe STINs STOUT) g;g; ;
COMMON /1/ NI s NMAX y NM2 9 NTO y STO! 3

1 NJ y NM1 » NR g:g} :

MMON /5 AMMA (40) RHOBAR

COMMON /51/ G ’ b 4
NIMFNSION STO! 4

1 ! ‘ CAS( 30,41) s CSAS(1)» STINI1) » STOUT(1) STO! 8
NO B0 KmlyNR $TO! 9
FLP = 140 STO! 10

NO 30 JmlyNJ sTO!l 11

1F (CAS(K9sJ) «EQe 040 sANDe GAMMA(J) «EQe 040) GO TO 30 §TOI 1?2

IF (GAMMA(J) #4EQs 040) GO TO 40 STOI 13
FLP = GAMMA(J)#*CAS(KyJ) * FLP §STO! 14

an CONTINUF §TOl 15
STOUT(K) = STIN(K) # (RHOBAR®#CSAS(K)) * FLP STOI 16

GO TO %0 sTO!l 17

4N CONTINUF STO! 18
STOUT(K) = 040 §TO0l 19

BN CONTINUF §TO! 20
RETURN §TO!I 21
FND sTO!l 22
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THERMO

Subroutine THERMO computes the thermal properties and has one argument:

-1, compute RMUREF only.

IBSW { O, compute values needed for initial profile only.

1, compute values needed for body profiles.

MCDIFF is called by THERMO if Lewis numbers are to be computed.

solution.

Variables computed in THERMO are:

o' o’

o'

\'
sh

HUGNOT is called by THERMO for a shock layer

BB(N,I)
BBFR(N,I)
BIBAR(N,I)
BLBAPR(N,I)
See equation (17)
BLIL(N,I)
DLIL(N,I)
CBAR(N)
CBARPR(N)
CPBAR(N), see NOMENCLATURE
FFMU, see equation (82a)
FFK(N), see equation (82b)
RMUREF
ENTAPY(N,I), see equation (81la)
WBAR(N,I) = (v - b)) Cj - bic'i - Si'
FL(N), see NOMENCLATURE

FLPR(N), see equation (17)

2
Ress
VS = - [(l+j)rs(l-s) 73 ET] for shock layer.

The following quantities are computed and used only in THERMO:

29k

XTH(T)

PHI(I,J) See equation (82)
FK(I)

FMU(I) See equation (83)
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SUBROUTINE THERMO ( 1BSW ) THER
IBSW = =1 JFDGE CONDITIONSs N=NMAXs THER

IBSW = O SINITIAL PROFILE THER

IBSW = 1 » BODY THER

THER

COMMON ‘WBAR(50930)s WONE(50930)s WTH(B0930) » WZERO(50930) THER
COMMON 71/ NI s NMAX s NM2 s NTO y THER
NJ s NM1 s NR THER

COMMON /27 M THER
COMMON 23/ IFROZE s ILF » MFLAGO s NEQUIL THER
COMMON 74/ FL(50) s IBS THER
COMMON /5/ CLIL(50930)s FPRIME(50) » THETA(50) THER
COMMON /8/ FMOLWT(30) . FMBAR(50) s FMBARE sy RHO(50) s R THER
COMMON 710/ RN s TANCO THER
COMMON /12/ RHOE » RHOINF sy RMUREF THER
COMMON /13/ HINF sy PE s SMALLE y TKE s UE sTHER
HF (30) y PINF s TE sy TINF y» VINFTHER

COMMON /20/ ANGLC y FJ » SINCO y TKINF s THER
DUEDX sy PII y» SINTH y TKW THER

COMMON /237 BLBAR(B0,30)9sFMUB y PR(50D) » PRFL THER
COMMON 726/ DBB(30430) » FLEJI(30) » INOP THER
COMMON 727/ CPBAR(BO) y FFMU y RES sy UF2TF sy THER
ENTAPY(50430) THER

COMMON /37/ IPRTR THER
COMMON /407 1BRDYO sy V(8BO) THFR
COMMON /46/ FDBLT1 y EDRLT?2 y FP?2 THER
COMMON /%67 BLIL(50) y CBAR(50) 9y CBARPR(B0) 9 CCC1l(50930)s THER
DLIL(5F\) THFR

COMMON /64/ AMUL(30) y BMUI(30) y CMU(130) THER
COMMON /68/ CON s N y SPB y TK THER
COMMON /69/ CONTH(30,30)sFMOLWR(30) 9 TMTHA(30»30)+EPSI y TS4 THER
COMMON /71/ RB(50,30) y BRPR(80430)s BLBAPR(50,30) THER
COMMON /72/ FLPR(50) THER
CAMMON /T73/ VS THER
COMMON /78/ FTER(30) THER
‘ THER

DIMENSION CP(80y30) y» FK(30) » SQRTMU(30) » XTH(30) THER
DCDFETA(80420)y FMU(30) s PHI(30»30) y FFKI(80) THER

THER

IF (IBSW oGFe 0) GO TO 2 THFER
18W = 2 THER
N o= NMAX THER
GO TO & THER
CONTINUF THER
1SW = 1 THER
N = THER
SPR = PE / 211642 THER
CONTINUF THER
FMR = FMBARI(N) THER
GO TO (&y10) ¢ ISW THER
CONTINUF THER
TK = THFETA(N) #* TKF THER
TLN = ALOGI(TK) THER
TR = TK # 1,48 THER
CPRARD = 0,40 THER
FFK(N) = 0,0 THER
Gan TO 20 THER
CONTINUF THER
TLN = ALOG(TKF) THER
CONTINUF THER
FFMU = 0,40 THER
NnO 70 I=lyNI THER
XTH(T) = CLIL(NoI) * FMB / FMOLWTI(TI) THER
GO TO (30450) o 1SW THER
CONTINUF THER
CPDUM = CC2( TKy 1) THER
CP{NyI1) = CPDUM THER
CPRARD = CPRARD + CLIL(NyI) * CPDUM THER
CCC1(NsI) = CCLITKy I) THER
FNTAPY(NyI) = TR # CCCL(N9I) 4 HFL(I) THER
CONTINUF THER

O V0 NN S WN -




FMU(T) s EXPLIAMUCT)STUNSBMULT)) * TLN + CMULTYY THER 72

SORTMU( L) e SORT(PMULT) ‘ THER 73

GO TO (80,703 o ISW THER 74

60 CONTINUE e st . = THER 75
FK(1) = (CPDUM * FMOLWR(I) + 1425) % FMULT) / FMOLWT(I) THER 76

70 CONTINUE y THER 77

DO 80 Jl=1yNI THER 78

DO 80 J2=1,yNI! THER 79

TM1 = 140 + SQRTMU(J1)/SQRTMU(J2) * TMTHA(J2sJ1) THER 80
PHI(J19Jd2) = TM1%#%2 / CONTH(J1sJ2). THER 81

80 CONTINUF THER 82

DO 110 Jl=1sNI THER 83

§3 = 040 THER 84

DO 90 J2=1,yNI ; THER 85

S3 = S3 + XTH(J2) * PHI(J19J2) THER 86

90 CONTINUE _ THER 87
FFMU = FFMU + XTH(J1) * FMU(J1) / S3 THER 88

GO TO (1009110) » ISW THER 89

100 CONTINUE THER 90
FFKIN) = FFK(N) + XTH(J1) * FK(J1) / S3 THER 91

110 CONTINUE THER 92
FFMU = EFMU:% 400208855 THER 93

GO TO (120s140),y ISW THER 94

120 CONTINUE ) THER 95
IF (N oNFas 1) GO TO 122 THER 96

FMUR = FFMU THER 97

122 CONTINUE THER 98
FFKIN) = FFKI(N) * 1034873424 THER 99

PR(N) = CPBARD * FFMU / FFK(N) THER 100
CPBAR(N) = CPBARD THER 101

FLIN) = RHO(N) * FFMU / RMUREF THER 102
CBAR(N) = FL(N) * CPBARD / PR(N) THER 103

IF (N «GEs NMAX) GO TO 140 THER 104

N =N+21 THER 105

G0 16 & THER 106

140 CONTINUE THER 107
IF (1BSW) 14241414150 ' THER 108

141 CONTINUE THER 109
1F (1BRDYO +FQe 1) GO TO 150 - THER 110

142  CONTINUE : THER 111
RMUREF = FFMU # RHOE THER 112

IF (1BS. o+EQe 1) GO TO léik THER 113

IF { MOD { M 4IPRTB) JNE, 0) GO TO 260 THER 114

144  CONTINUE - THER 115
WRITF (NTOs145) RMUREF THER 116

145 FORMAT ( #0%6X*#RHOMUREF =%F1345) THER 117
IF (IBS «FQe 2 ) GO TO 260 THER 118

RES = RHOINF * VINF * RN / FFMU THER 119

WRITFE (NT0Dy5) RES THER 120

5 FORMAT ( #4%34X*¥REYN NO(S) =#E13,5) THER 121
IF (IBRDYO «EQe 1) GO TO 260 THER 122

EPRES = RES % EPSI THER 123
EDBLT2 = SQRT(EPRES * TS4) THER 124

VS = = SQRT(EPRES / TS&) THER 125

WRITE (NTOs15) VS THER 126

15 FORMAT (*+%T72X%VS =%E1345) THER 127
IF (IBSW) 26091504150 THER 128

150  CONTINUE THER 129
PO 160 N=2,NM1 THER 130

CALL DERVDN (FL s FLPRIN) s 1 N ) THER 131

CALL DERVDN (CBAR » CBARPRIN) 9 1y N ) THER 132

DO 160 1=1,NI THER 133

CALL DERVDN (CLIL(1s1) s DCDETA(NsI)s 1s N ) THER 134

160 CONTINUE THER 135
DO 162 I=14NI THER 136

CALL DERVDN (CLIL(1sI) a DCDETA(LsI) 2 1y 1) THER 137

CALL DERVON (CLIL(1sI) » DCDETA(NMAXsI)s 1y NMAX) THER 138

162 CONTINUE THER 139
c ORDFR OF 190 LOOP REVERSED SO THAT  THER 140
c DBB{JsK) FOR N=1 1S SAVED IN CORE  THER 141
c FOR USE IN BLC THER 142
Kl = NMAX 4+ .1 g - THER 143

DO 190 KK=1sNMAX THER 144




164

168

170
172

174

180

182

190

200

204

210
280
260

N = KI = KK

GO TO (1649168) » ILE

CONTINUE

TK = THETA(N) #* TKF

CON = CPBAR(N) * RHO(N) / FFK(N)
CALL MCDIFF

CONTINUE

IF (IBRDYO «NEe 2) GO TO 174

IF (N «NEs NMAX) GO TO 174

DO 172 Jl=1sNI

SUM = 040

DO 170 J2=14NI

IF (J2 «EQe J1) GO TO 170

SUM = SUM + DBB(J1sJ2) * DCDETA(NMAXsJ2)

CONTINUE

FTER(J1) = FLEJ(J1) * DCDETA(NMAX,J1) + SUM
CONTINUE

CALL HUGNOT (2)

CONTINUE

FLPRI = FLIN) / PR(N)
FLPRCI .= FLPRI / CPBAR(N)
BLILIN) = Ne0

DLILI(N) = 040

PO 190 I=14N1T

S1 ® 0g¢0

IF (CLIL(Nsl) oLTe 140E=4) GO TO 182
DO 180 IK=1sNI

IF (IK «EQe I) GO TO 180

S1 = S1 + DBB(I4IK) * DCDETA(N,yIK)

CONTINUE

CONTINUE

RLBAR(NsI) = S1 * FLPRI
BB(NsI) = FLPRI * FLEJ(I)

IF (1 «EQes INOP) BB(NsI) = 240 * BB(N»sI)

BLIL(N) = BLIL(N) = CP(NsI) * BLBAR(NsI) / CPBAR(N)

DLIL(N) = DLIL(N) = CP(NyI) % FLPRCI * DCDETA(NsI) * FLEJ(I)
CONTINUE

PRFL = PR{1l) / FL(1)

DO 200 N=2,NM1

DO 200 I=1yNI

CALL DERVDN (BLBAR(1sI)y BLBAPR(NsI)s 19 N)

CALL DERVDN (BB(1s1) » BBPR(NsI) 9 19 N)
CONTINUE

GO TO (2043p250) » NFQUIL

CONTINUE

NO 210 N=2,NM1
DO 210 I=1yNI
CALL DERVDN (CLIL(1sI)s DDCDEs 2y N)

WBAR(NsI) = (V(N) = BBPR(NsI)) * DCDETAINsI)
1

- RB(NgI) * DDCDE = BLRAPRI(NyI)
CONTINUE
CONTINUE
CONTINUE
RETURN
END
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WKHS

_ Subroutine WKHS solves the boundary layer equations in the (finite difference) form of equation (25).
The a's, see equation (18), are computed before calling WKHS and the boundary values of A, B, C, and D at
edge and wall are also set. WKHS then computes the rest of the coefficients, see equation (26),and the final
solution, W is calculated using equations (32), (33), (34), and (35).

WKHS has one argument, W, which is: f' for the momentum equation, 6 for the energy equation and ey for
the species equation,
The solution returned from WKHS will be weighted as described in equation (41).
The solution of the species equation must be handled a little differently in WKHS and the switch ISPC
is used to signal WKHS which equation is being solved,
When ISPC = 1, not solving species equation. See equations (35a) and (35b).
ISPC = 2, solving species equation, see equations (27), (32a),(32b).

_SUBROUTINE WKHS ( W .3y . = WKHS 1
WKHS 2

COMMON /1/ NI » NMAX s NM2 s NTO - s WKHS 3

1 NJ s NM1 » NR WKHS 4
COMMON /4/ FL(50) s IBS WKHS 5
COMMON /11/ DEN2(50) y ETE » VONE WKHS 6
COMMON ./28/ BETA ot O, cis ... e H WKHS 7
COMMON /36/ ETESQ » SPF1(50) » TXIE WKHS 8
COMMON /41/ ETA(50) WKHS 9
COMMON /42/ DMDN(50) » DNH(50) » TDNOM(50) s TDNOP(50) WKHS 10
COMMON /87/ ALPH1(50) » ALPH&(50) s ISPC » OMWF sy  WKHS 11

1 ALPH2(50) s CHECK » MFLAG s WFAC sy WKHS 12
22 RESSIEE LY G L WKHS 13
COMMON /587 A(50) » B(50O) sy C(50) » D(50) WKHS 14
COMMON /66/ E10 y E102 » IWC WKHS 15
WKHS '16

DIMENSION E(50) s ELIL(50) y W) y Q(50) WKHS 17
DATA (DELB = 140) WKHS 18
CTHMO = CTH = 140 . . i o WKHS 19
DO 30 N=2,NM1 WKHS 20
ALPH1(N) = ALPH1(N) % ETE WKHS 21
ALPH2(N) = ALPH2(N) * FTESQ WKHS 22
ALPH3(N) = ALPH3(N) * ETESQ WKHS 23
DA = TDNOMIN) #* (140 + ALPH1(N) * DNH(N-1) ) WKHS 24
__DBB_ = =2,0 + ALPHI(N) * DMDN(N) . g WKHS 25
DBA = ALPH2{N) * DEN2(N) WKHS 26
DB = DBA + DBB WKHS 27
DC = TDNOP(N) % (140 = ALPH1(N) * DNHIN)) WKHS 28
DD = = ALPHA(NJ # DEN2(N) WKHS 29
GO TO (10420) » 'IBS WKHS 130

b DI .. | o AT R ST S T S e, WKHS 31
A(N) = DA WKHS 32
B(N) = DB WKHS 33
CINY = DC WKHS 34
DIN) = DD . WKHS 35
GO TO 30 WKHS 36
20 ~CONTINUE . CR——— -~ WKHS 37
SP = SPFI(N) / (ALPH4(N) * ETESQ) WKHS .38
THP = SP * CTH WKHS 39
A(NY = THP % DA WKHS 40
B(N) = DELB + THP * DB WKHS 41
CIN) = THP = DC WKHS 42

G0 TO 1264422) o lsacm_a.--.____kuu~_.ﬂm_ " = = WKHS 43
22 P8 = DBB WKHS 44
B8(Ny = DELB + THP # (DBA / CTH + DBB) WKHS 45
24 CONTINUE WKHS 46
D(M) L CTHHO ® 8P ® (DAMIN+]) + DB#WI(N) + DC¥WIN=1)) WEKMS 47

1 4+ DELB & W(N) + SP # DD WKHS 48




60

70

CONTINUE
IF ¢ IWC «FQe 2 ) GO TO 40
GO TO (40450) 9 ISPC

ENERGY OR MOMENTUM EQUATION,

CONTINUF
F(l) = =A(1) / B(1)
ELIL¢1S = D(1) ./ .8¢1)
GO TO .60
CONTINUE

SPECIES EQUATION,
DTR = 140 / (CL2) = A(2) * B(1))
F(l) = =(B(2) = Al2) * Al1))
FLIL(1) = (D(2) =~ A(2) * D(1)) * DTR
CONTINUE
DO 70 N=2yNM1
DTR = 14,0 / (C(N) * F(N=1) + BR(N))
FIN) = = A(N) * DTR
ELIL(N) = (DI(N) = C(N) * ELIL(N=1))

CONTINUE

QUNMAX) = (D(NMAX)=C(NMAX)*ELTL(NM1))/(BINMAX)+CINMAX)*E (NM1))

CHECK = 0,0
DO 8N N=1y4NM1
K = NMAX = N
CONV1 = W(K)

QIKY . = E(K) * Q(K+1) + FLILIK)
CONV3 = ARS(Q(K) = CONV1)

CHECK = AMAX1(CHECKj»CONV3)
CONTINUE

PO 9N N=1yNMAX

IF ( Q(N) oLTe 00 ) Q(N) = 0e0
WIN) = WFAC * Q(N) + OMWF * W(N)
CONTINUE

RETURN
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BLOCK DATA

. Subprogram BLOCK DATA enters the tables of enthalpy and specific heasts vs. temperature into core.
Two versions are included:

1) The values for 20 species are given for the species listed in HNAME and in that order.
2) The values for 2 species that were used for the Binary Gas Model problems are given., Species names
and order are given in HNAME,

BLOCK DATA _ ' BKDT 1
COMMON /AA/ CCP(50s30) » ENTHA(S0s30)sTEMP(50) s IX BKDT 2
COMMON /BB/ HMAME(30) BKDT 3
DATA (IX = 50) BKDT 4
DATA (HNAME=6HO2 - s 6HN2 »6HO s 6HN » 6HNO ’ BKDT 5
1 6HNO+ s 8HCO »6HCO2 sy 6HCN s6HC1 ’ BKDT 6
2 .6HC2 s 6HC3 s SHN+ s 6HN2+ s 6HH ’ BKDT T
3 6HH?2 s 6HOH »6HH20 s6HA s6HA2 ) BKDT 8
DATA (TEMP(N)s N=1,50) - BKDT 9
1 V4 50¢ » 400 9 600e o B00se 9 1000s 9 12006 » BKDT 10
2 14004 s 1600, » 1800 » 20004 » 22004 s 2400 ’ BKDT 11
3 2600s 9 2800 » 3000e 9 32004 9 3400s 9+ 3600¢ BKDT 12
4 3800s s 4000s s 4200e » 44004 o 4600 9 48004 BKDT 13
3 5000e s 5200 » 5400s ¢ 5600, 9 5800s s 6000 BKDT 14
6 6200s s 6400. s 6600e ¢ 6800s4 9 7000e s 72006 ¢ BKDT 15
7 7400s s 8000 s 9000s o 100004 s 11000s 9 12000s BKDT 16
8 13000s 9 140006 o+ 150004 ¢ 16000, » 17000s » 180004 » BKDT 17
9 19000 s 20000e / BKDT 18
DATA (ENTHA(N)sN= 1, 50) BKDT 19
1 / 543446559 546941359 558145909 57246916y 5862467y 59838229 BKDT 20
2 608940199 618049659 626247939 63374042y 640545639 64694639 BKDT 21
3 653040909 658744559 664240779 669441529 67434828y 679142000 BKDT 22
4 683643379 687943179 692042199 695941219 69964109y 703143009 BKDT 23
o T064,7959 T09667129 712741689 715642879 718421889 72114003 BKDT 24
6 723668499 726148289 728640659 730946619 733247029 735542909 BKDT 25
T, 73776511y 759343199 772042379 783043179 792344519 80004254 BKDT 26
8 806142769 81074686 814045019 816048169 816948799 81684785 BKDT 27
9 815848629 B1414N48 / BKDT 28
DATA (ENTHA(N)sN= 51,100) . BKDT 29
1 7/ 620743809 621240759 624649609 632565119 64284979y 65384775 BKDT 130
2 664447953 674248559 683147949 691148279 69834695y 704842889 BKDT 31
3 710645199 715941829 72064998 72504584y 72906484y 732761454 BKDT 32
4 736049599 73928257 742143239 T44Be408y 74734727y 74976465 BKDT 33
| 75197949 754048559 756067929 7579¢729s 759747659 76154025 BKDT 34
() 76314597y T64Te581y 766340829 767841829y 769249879 7707578 BKDT 35
T 772240459 776546319 784441739 795145335 81204201 83232746 BKDT 36
8 852929429 87644677y 902140189 9289¢9969 956148299 982701480 BKDT 137
9 100774921103074899 / 8KDT 38
DATA (ENTHA(N) sN=101,150) BKDT 39
1 / 785Te6179 834140359 820940559 812147979 806240579 80194022 BKDT 40
2 798646759 79615489 794144999 792542489 791149509 79014089 BKDT 41
3 789243709 788546039 788046659 TRTTe478y 787549629 78764071y BKDT 42
4 _78772696s 788087903 788542139 789048709 789746679 79050465 BKDT 43
L) 791441539 792346229 7933,7809 T7944e4B4y 795546729 7967220 BKDT 44
() 797940659 79914129 800343339 801566159 802749139 80400196y BKDT 45
7 805244009 8088s231s 8143,9869 81934803y 823844329y 8280s280» BKDT 46
8 832341439 837240229 84324778y 851146769 86144888y 87479639 BKDOT 47
9 891543379 9119,809 / BKDT 48
DATA (ENTHA(N) eN=151+2Q0) BKDT 49
1 / BB674431y 8867431y BBET4431y B8B6Te431y 886Te431y 8867s431y BKDT 50
2 8867¢431y 8867¢4319 886744679 886745569 886748249 8868a449 BKDT 51
3 8869+698s 88714947s BB875,5889 888140859 BBBBaBETs BB99e345H BKDT 52
4 8912645099 89254848y 895043749 897406659 90027779 9034708y BKDT 53
5 907044059 91097439 915245269 919845409 92474834y 929942249 BKDT 54
6 93532323 9409+5109 9646744829 952605189 958745149 964829489 BKDT 55
7 97106972 9897eB46+10199,041910471731910708422%85109104181 BKDT 88
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1108547574112474090:114084102911582¢69791178343509120194861

1229845494125214768 /

DATA (ENTHA(N) sN=201+250)

/ 579543459 58104168y 588245639 599945769 61274095
635601309 645144805 6535,0159 660803279 66724957
678144134 68274330y 68684806y 6906474y 69404877
70014558 702845204 705345909 70776003 70984932
71394025y 71570463y 717449779 719166829 720746719
7237833y 725241639 726640864 72796849 729360069
731940779 747141509 75684274y T766T¢449y 77674373
79636471y 805647809 814542319 82278589 830346289
84314847y B4B3442) /

DATA (ENTHA(N) sN=251+300)

/ 579563209 57994544 583142979 590345689 59994409
620064659 629241669 637544859 645045809 65184093
663346729 668343059 672844229 676945999 680743179
687440729 690348009 69314478y 69570374y 6981aT11y
702645539 70474441y 706745639 708740939 71064189
714347668 716245549 718145599 72006914y 72204761
72620462y 73318774y 747145919 76480044y 784042859
84644591y 877346209 908448999 938661799 9667463

1014444625103344179 /

DATA (ENTHA(N) sN=3014350)

/ 620845159 621641389 626540349 636101929 64784246
6707e42T7y 680747459 689743789 697701499 70484190
71684591y 721948889 726643479 73080602y 734742249
74154347y 744545709 747346509 74998812y 75244287
75684898y 758943659 76084788y 762743009 764540369
767846609 769447809 771046159 77266279s 774149009
77734506y 782348129 79244104y 805841529 82374643

62474807
673062729
69720446
71194562
722340279
730641219
786645559
837168589

61019541
65784849
68424019
70040699
712540289
72414232
81734551
992145859

659606309
71114662
738246789
75474262
76624111
775746009
85434059

883942379 91791889 95444703» 9916091291027842319106140379

1091542709111754192 /

DATA (ENTHA(N) sN=3514400)

/. 39514307y 453747369 503941399 5457311y 580040409
63144106y 65084393y 667244019 68126208y 69324530
712846359 720944189 728142249 73454362y 740340239
75024439y 754545009 758449839 76210227y 765446319
T7144167y 774048109 776546369 77884814y 781045159
785040549 786841199 788541059 790141829 79164407
79444528y T981e681ls B033,41509 B0T74e791y BOT4sT791
BO744791y BOT4aT91s 80744791y BOT4e791y BOT44T791
80744791y BOT447°1 /

DATA (ENTHA(N) sN=4019450)

/ 66824341y 66944141y 675649009 68710793y 70054860
726249459 T737B43R1y T4LBTe2859 78920276y 76954557
79014083y B0034635y 810544569 820568726y 83034958
84904708y B5784194y 866142499 BT739e664y BB134323)
BO4U64458y 90064166y 906145209 91124733y 91604046
92434918y 92814804y 93204238y 935846729 939741069
94644366y 95554646y 96894493y 9T7T76e546y SB454631y
993545669 99574666 996543539 995947809 994240049
98764474y 98314602 /

DATA {ENTHA(N) yN=4514500)
/712912460391076844379106294406910558069391051548959104874315)
10467429091045343649104444579910440660391044142500104460453
104554841 910469408091048546709108050092+1052648659105500471
10575442901060103450106274824910854457291068143219107074882
107344048+107594735910784481991080964215910832492591085548859
108784096910899455791092043119109404066910959471691097844519
10996,6025110484039911127453649112070490911299435291141549649
115706316911773481451203448079123570291912740416291317743639

CR N EH VN

~NOoOW P WN

1365B844659141694939 /

DATA (ENTHA(N) sN=5014550)

/ 723945505 920845489 92374129 91454819 909445699
908742739 911141819 9164640179 91B8e4BLly 923641619
934040859 939347399 944742689 95004037y 95514577y
96494829y 96968197y 97404629y 978341159 9827346559

60R1e416
703740599
74554117
768545359
78304909
793048379
80744791
80744791

71284668
779843409
839941309
888242260
92034687y
94304736
989843819
991347559

9079e134
928741819
96018588
98624321

98991559 993442519 996706719 999945069100294849910058e783
100864396910112276001013749689101624083910185417991020743389

10228461291028747199103734450910447020291051242529105700433
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BKOT
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BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKOT
BKDT
BKDT
BKOT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKOT
BKDT
BKOT
BKDT
BKDT
BKODT
BKDT
BKDT
BKDT
BKOT

BKDT
BKDT

BKDT
BKDT
BKDT
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BKDT
BKOT
BKDT
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BKODT
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O ~NO S LN

10623,2020106714288+107154314¢107154914210715621491071%0314¢
10715,314410718:314 /

DATA (ENTHA(N) sN=8514600)

/ 4B2641799 58744778y 64894916 69TBe124s 737148968 76924325

2 7955,719s B174a566Ks R358,580s B51520484 B6469a23829 876548139

886T7¢674y 895743919 90364978 910801009 917149369 92298527
928148455 932904459 937340209 941360569 944959019 94834970
95154541y 954448929 957262309 959787659 962146349 9644046
966541409 968499849 970347199 97214343y 973841359 97538955
97694012y 98094881y 98664362) 99128088y 991240889 991240889

-9912.088s 99124088 99122088 99124088s 991240889 99124088

99124088y 99124088 /

DATA {ENTHA(N) sN=6Q019650)

/1168240429 989264389 957647339 940940109 93056274y 92340826
218348869 914503519 911542769 909142529 907148519 905642169
904347399 903441199 90274087y 902244639 9020144y 50154929

..9021a714y 90252338 90304639 903704579 904546319 90550502
906564439 907647779 90884878y 91016604y 91144848y 912845029
914244609 915606329 9170e9649 918503689 91994771 921401579
922844729 927045959 933648139 93970105s 945144545 95004501
054540529 958549619 962440509 966000509 9694eb41s 97284392
976148589 97954521/

DATA {ENTHA(N) sN=651,700) B

/ 620743989 621444049 626046499 63530863y 646849969 658701009
670043229 680743869 690948109 70096559 710845639 7207471
730645939 740546349 750349719 760088269 769543979 77864960
787449099 795847709 803842149 81134053y 818321989 82484684y
830945929 836640749 841843269 84664571y 851140319 85513958
85894592y 862401739 B65529269 B6B500739 871148269 873643789
875849039 881509929y 892442799 9011023y 90674335y 91158794
915642209 918847054 921340699 9229132y 923740754 92364540
92284597y 92134693 /

DATA (ENTHA(N) sN=701,750)

/123229617512322941791232294179123229¢1791232296175123229417
123229a179123229179123229017512322%91791232294179123229s17»
12322941791232294179123229e17912322941791232294179123229417
1232294179123229¢179123229¢179123229e179123229¢17912322%9617
1232296179123229417912322941791232294179123229¢179123229417»
1232294429123229e4291232290919123230440912323144091232330140
123236411912326066791234750479124493017912799349891373744309
15768921331935825769244888075930937847114383759000294706034639
55T417¢059644230647 /

DATA - {ENTHAIN}sNaTB15800) -

/ 06081.33' 864410869 B6544e55y 86732.81’ 871060489 87697042y
- B8B471e31s B93704829 90341064y 91342047 92344el3y 933284649
942844219 952044809 964220169 969314529 977374409 98506481
992414269 999426969100613¢9091012566199101871e959102463403 9

103031403+103577e839104104092910486146891051054509105581e499

- -10604248441064904424106925436410734842641077606134108158482¢

10855343691096764239111402070911173041191129914519115915438

©117323450911874546391202200719121733e7491232964399124908463

1265704499128281496 /

DATA (ENTHA(N) sN=801,850)
/102256791910233e8919102434343410274677291034040569104354579

.105504961310676438642108047189109314420511053+8884111707709
11281650791138509979114844386911576099891166402159117460419
11824403791189704509119674012912033608991209509779121558969
12213e34591226843245123214156912372002091242161049124689571
125144598912559428791260247700126450166912686057691272740909
1276647819128814605»13061,978913232629651339540139135514351»
13701491191384649744139864759514122400201425248349143792257
1450142699146184872 /

DATA (ENTHA(N) sN=851,4900)

71103165149110826959911275633391156149515118992918912263+2809
12631480691299162139133326927913652¢72791394942829142224675
144744279914705e48491491860929151130908+1529443199154600992)
.15615431351575842502158910204916014099491613004579162384288»
163394318516434¢1045165234199916607¢16091668602649167602926
16831.426+168984%17+16961.7380170216968+1707902839171330684
171854858791732746969175264704917689¢49191782542169179394985»
18038,37901812305899181974974+182614534918316+49151838624287

BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160.
161
162
163
164
165
166
167
168

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197



http://_J.56.15.ai3

9 18400459619184324509 / BKDT 198
DATA (ENTHA(N) sN=9014950) BKDT 199
1 / 310947299 310947299 31094729 310947299 3109.729s 31094729 BKDT 200
2 310947299 310947299 310947299 310947299 31094729y 31094729 BKDT 201
3 310947299 31094729 310967299 31097295 310947299 3109s729 BKDT 202
4 310947299 310947299 310947299 31097299 310947299 31098729 BKDT 203
5 31096729 31094729 31094729 31096729y 310967295 31094729 BKDT 204
6 310967299 310967299 31097299 31097299 310947299 3109735 BKDT 205
7 31097359 3109e7549 310949359 311068185 311440919 31234756 BKDT 206
8 314745669 31984311y 329442109 34576109 37114363y 407246010 BKDT 207
9 45454174y 51134884 / BKDT 208
DATA (ENTHA(N) sN=95141000) BKDT 209
1 / 310947299 310947299 310947299 310947299 310947299 3109729 BKDT 210
2 310947299 310947293 310947299 31097295 310947293 31094729 BKDT 211
3 310947299 310947299 31097299 31096729 31094729y 310%9e729 BKDT 212
4 310947299 31094729 310947299 3109729y 31094729y 3109e729 BKDT 213
B 310967299 3109729 3109647299 31097299 3210967299 31094729 BKDT 214
6 310967359 310967359 310967419 3109751y 310947729 3109804 BKDT 215
7 31094854y 311062369 311343219 3127349y 317540209 33040438y BKDT 216
8 359864959 417603759 517948959 6737667 89044B8355115914589 BKDT 217
9 1451842649172474N18 / BKDT 218
DATA (CCPIN)sN= 1y 50) BKDT 219
1 / 543541639 562243369 599247689 62997739 65121759 6661157y BKDT 220
2 677541839 687242159 696148489 TOLBe34Ry 713240579 72150441 BKDT 221
3 729540119 737067529 744149079 750709139 75684480y 76236548 BKDT 222
4 767302409 771748469 77577959 779345959 782547869 78554085 BKDT 223
8 7881648849 790649659 7930648739 795440789 79770499 800062549 BKDT 224
6 802440859 BOGBaTT74s BO0T4LeT14s 810169825 81304813s 81610285 BKDT 225
T 819344759 B6T75e4729 878609669 BBLEe268By BB5649729 88250329 BKDT 226
8 875745109 865942989 853549289 83927129 823465729 80662760 BKDT 227
9 789149635 77154455 / BKDT 228
DATA (CCP(N)yN= 514100) BKDT 22%
1 /7 6720749169 623848979 A422e4R829 6704650y 697249229 719246659 BKDT 230
2 736146829 749142009 759143049 766948569 773245589 778345060 BKDT 231
3 782546119 78604978y 789141339 791742109 794040659 796043329 BKDT 232
4 79784511y 7995,003s 801041129 80244105 B037e2159 80494655 BKDT 233
5 B8061e622y R0T364331 9 B0R4L49T7Ty B096e8029y B1l094028s 81214933 BKDT 234
6 81354783y . 81504874y 81675189 818640459 820647949 82304095 BKDT 235
4 B25643159 B35548029 B64Be519y 91911159 985245829106084201 BKDT 236
8 11408479891222145329129844647913642036T791415249259144934832 BKDT 237
9 14661e698914668R4123 / BKDT 2138
DATA (CCP(N)sN=1Nn14150) RKDT 239
1 / R?2014757y 80234678y 788947919 7R37e2409 78116628y 77974330 BKDT 240
2 778865959 778340169 777947039 777845169 7779¢797y 77846110 BKDT 241
3 779149869 78034R46y 7B194879y 78B4C.0B4Ly TRELWP42sy 78914979 BKDT 242
4 792248109 79564172 79914519y 80284257 B0654870s 81034842 BKDT 2472
5 R14)4736y B179177y B215,83h9 R251e43%y R2AR54765s R21B4658 BKDT 244
6 83494989y B3794648y B40Te604y B4334825y B4EBe311y 84814079 BKDT 245
7 B50241599 B55549459 BE19,288y BA634392y BT0Be228s 87794544 BKDT 246
8 BO0T7e602y 91254184y 946443569 995245723 1060849439114404878 BKDT 247
9 12441 4781,12590,103 ./ BKDT 248
DATA (CCP(N)yN=1514200) BKDT 249
1 / BB6Ts431y BRETeLB]y PBETe431y RALTe4LA)y EBETeU31y BBATe431y BKDT 250
? BB6T4449) BAATaR21y ARATATAy BREG«1NGy ART72e43049 BAT94104y BKDT 251
3 RBO1eA34y 89124178 BO43,0029 AOBRKeNR0Y 90434008y 91144723 BKDT 252 '
4 02014717y 93034864y 942046129 95500924y 96934498y GRU4E4T28y BKDT 253
5 1000848829101 7840699103524378910529e97191070849569108874638 BKDT 254
6 11064439291123767209114064317911569e043911724489691187240759 BRKDT 258
" 1201249010123 78422591280143259130214683912100,64719131544137 RKDT 256
A 1224646469134T7042359138091 4407 9)1458444649154T7840RB 9166434495 BKDT 2587
9 1R0165,47999198268,4801 / BKDT 258
PATA (CCP(N) yN=2Nn1y250) RKDT 259

/ 57964295y B5RBRe279y 61864593y 650549289 67554759 69374044 BKDT 260
706842049 716500129 72384399 72954597y 734142373y 73784924 BKDT 261
T4100427y 74374397y 74604918y 748147658y 750045119 781746000 BKDT 262
75334264y TB4Be0T09 756149179 75750107y 7HAT47096 76000135y BKDT 263
76124267y T6P4434By T63K48179 T64Re019y 76614708 76754030 BKDT 264
768940709 77036959y 77104848y 77364903y 775542088y 77754046 BKDT 265
77964409y R23Re273y R4BALTHEOy RE668B4306y RREBWPTTy 90464072 RKDT 266
02024795 93324022y 94304838y 949740769 95294237y 982723210 BKDT 267
Ou9? 4877y 9427,58R / RKDT 268
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DATA (CCP (M) oN=251,300) BKDT 269

000~ O U LN

VDN WM PWR —

/ 579548209 582346909 59914961y 6253714y 208,362 671048264 BKDT 270
687041725 699246595 708745922 716262719 722240525 727067603 BKDT 271
73111209 734561309 73744234y 73990521y 742148095 7441788y  BKDT 272

- 746040103 747609829 749341793 7509093 752541995 7542+012s  BKDT 273
756040519 757968649 76024002 762760225 765344595 76874853y BKDT 274
772407149 TT766e4506s 7813665y 786605979 79256285 79914058s BKDT 275
80634121y B320e600s B88746849 960645574104986150511511288y  BKDT 276

1240845639131474016913708¢251914069077091423445745142224993y  BKDT 277
1406548545137974485 / p BKDT 278
DATA (CCP(N) pN=3015350) , BKDT 279

/ 620941229 6289,348s 6493,956, 6804e951s 7077.949, 7289,135» BKDT 280
ThisT+623 6 78664890+ T638x0869 T729+2529 T788,9494 7832:0609 BKDT 281
787042819 790265309 79304200 79840309s 79754597y 79944645y BKDT 282
801148983 B027.706s 8042,362y 80864138y 8069,265y B0B14984y BKDT 283
8094¢552s 810762459 81204357y B134e236y 8149,2509 816548259 BKDT 284
8184e418s 820545189 B229.6459 82573519 B8289:20Ts 832547959  BKDT 285
836706759 85304849 89574470 9610s93391052346039117814080s  BKDT 286

1302043751416367529151244087915828251701624187491637142999  BKDT 287

1625446389150454356 / BKDT 288
DATA (CCP(N) sN=3514400) BKDT 289
1 / 37234491 56094048y 6419,714y 6969683 734847709 761241375  BKDT 290
2 77984074y 79324257 80314332y 81064092 81634584 820846905  BKDT 291
3 824446509 827346809 82974483y 83171959 833346709 834746455  BKDT 292
4 835945189 8369e7T44s 83784549y 83862753 839249794 83984944y  BKDT 293
5 8404Le170s 84084829, 8413,032, 84166782y B420as134y 84234201» BKDT 294
6 842549283 B4284428s 84304700 84328029 B4344733y B4364495y  BKDT 295
7 R4384085s R4L24232s RLLTLLB9s RB451e151s 84514151 B4514151s  BKDT 296
) 845141519 845141519 845141519 B451e151s B4514151y 845141519  BKDT 297
9 845141519 B4514151 / BKDT 298
DATA (CCPIN) sN=401,450) BKDT 299
1 / 668345729 675440698 703546249 73884874y 76834489y 79124604s  BKDT 300
2 8100e0659 827168843 BLLbL4048ys 8630649639 882744003 903162925 BKDT 301
3 923643279 9435,8199 9623,86T7s 9795859 9948492291008145199  BKDT 302
4 101934170510284,643910357,187510412e5329104524695910479,503s  BKDT 303
5  10494,97351050140269105014603910502+08391050545269105094770s  BKDT 304
6  105134613910517e457910520433941052351051052840263105300716s  BKDT 305
7 105334407y1054448419105634962910554e065810513480591043649379  BKDT 3056
8 1031947143101644537s 997841329 97694339y 954648939 931846539  BKDT 307
9 90908459 88684149 / ' BKDT 308
DATA {CCP (M) sN=4514500) BKDT 309
1 /112994789910356e215910348,13821034503499103444265910345078  BKDT 310
2 1035042202103632250010387e3769104244304910473486791053445059  BKDT 311
3 10603¢781910678.9069107574175910836417251091349009109884838y  BKDT 312
4  1105949045111264%328311187472651124396051129540649113414234s  BKDT 313
5  11382,7219114194910511468,462511482490951150945335115334471y  BKDT 314
6  1155540995115744812911593,005,116106033511626426931164240909  BKDT 315
7 11657.848911708¢576911829,4149120464006912421473791301645799  BKDT 316
8 13874418391501045579164074111518009¢808919734463342147847139  BKDT 317
9 231344220,246034R39 / BKDT 318
DATA (CCP(N)sN=5014550) BKDT 319
1 / 72399565 9B861e904s 89524343 B8B851e739y 893946668 912946039  BKDT 320
2 920644153 935142059 9LIB G007y 9642eT42y 978240549 991343105  BKDT 321
3 100344803s1014547229102454879910335e586910415e45791048643369  BKDT 322
4  1054849939106040364910653,178910696e2679107%4436191076840839  BKDT 323
5 10797.95491082444949108484325910869466591088849209109064510s  BKDT 324
6  10922.538510937e4225109514265+106640379910976e7641109884630»  BKDT 325
7 11000,183511032.068911085,425,111364045,111R64903511224,052s  BKDT 326
8 1127740375113154339511348,8534113484853,1134848525113484853y  BKDT 327
9 11348,85341134R8,853 / BKDT 328
DATA (CCP(N)sN=5514600) BXDT 329
1 / 48264478y T2644762s B123,844y BT25.777s 914241009 94294432y  BKDT 330
2 9630793 97756188 98814211y 996C¢868910022¢067+10069¢875s  BKDT 331
3 10107¢899510138e56851016346869101840433910201484991021644909  BKDT 332
1 10228e07931023967343102494032410257+081510264¢159081027044049  BKDT 333
5  10275.8855102806B12510285,1839102894069510292s607+102956799s  BKDT 334
6  10298s7142103014350103034709210305¢930310307942910309s7469  BKDT 335
7  10311441151031547835103214195510325+081910325.081510325+081s  BKDT 336
8 10325,081:103250815103254081+10325+081510325,081010325+0819  BKDT 337
9 10328,081,10325,081 / BKDT 338




DATA (CCP(N) gN=6N19650)

/1287584130y B8988,107y R918,907y RBO6+096y BBR5.65%y B8B0e032)
887647309 88744892y 88744499y BB8T6e052y 888043729 BEBBe368,
890047199 89174925y R94061829 89676312y 899849759 90344601
907345299 9115062y 915844529 920340569 924842129 92934387
93384080y 9381e0169 242445389 946547339 950542854 954340719
95754018y 961340909 964542719 96755969 970440829 973048370
975549159 982149375 090648429 996945989100187359100600340

100984768510137+178510177,980510223e01151027248625103314834
1M398,4142410473,980 /
DATA (CCP(N)sN=651,700)

/ 62074996y 625443409 £4R041159 67870369y 70624621y T2B40e6660
747045059 76424592y 781740359 800102689 B19545769 839548019
R59547509 B87884978y ROE9,B82y 9134e267s 927944659 94040227
950842849 95924707y 965846589 97080099 974247259 97644857
077642809 97784779 977349609 976342509 975640229 97544237
97544237y 9T48e882y 974444209 973169269 972843579 9T72Te kb4
072Telbly 9700946169 968545209 96828439y 965946409 96484930
063N 4546y 958743539 951645849 9415300y 929940989 91606594
Q00940609 BR4S4LLDO /

DATA (CCP(N)gN=T7N]4750N)

/11031¢68090113284596120234555912830e594913672e25091447603609
151926734915803¢77491631345069167340840917082433691736948859
176084R61917808,7015179764900918117e56491224141349183454634
18435,48399185144249918582,805918643403591869641879187434233
TR7854144s18827e61491R885A41089188R6e45291891347919189284¢632
18961411451898146549190004389916017¢5979190334418919047851
1906143129190954868519139,4167919170625391919344299192114193
10224493291923548959102444777910251e5779192564296919260e320
1026742639192644206 /

DATA (CCP(N)sN=7519800)

/123229¢1791232294179122220417912322%941791732296175123229417
12322941791232294179123220417912222961791232294179123229e17
1232294179123229417912322041791232294179123229617+12322%9417>
123229417912322941791232229641791232294179123229e179123229017>
123229417912322941741232209441491232294414123229691491232306%90
12323248991232364619123243480912325647091232784779123316423)
123377e2591238454549127515627914303345491908150159304462410
515994415981331542391099077479114345647911905844091235230e99
1277397 49131460342 /

DATA (CCP(N)sN=8014+850)

/ B6304e0%4y 866254039 869244799 BT7806e569 89402329 91845425

94396494y 96916476y 99266e68910139444891032944959104984046
106487e8291078304825109037653911012869091111234169112035032
112878428911366243351143964279115087e569115742e139116364495
11696N¢£0911753242291180834244911861641591191336069119635484
12012643391206054795121075645912153644391219894609122435482
12287596 9124166475912625369991283324569120499417»132881458
13563640491389344959142940e77914728144491523664239157078e96

) 161791 4699166504442 /

DATA (CCP(N)sN=B51,490N)

/10226695 910244425 910294474 910466017 910749461 911079625
11403684 911698497 511957446 912180440 912371499 912537009
12680428 912805452 912916403 913014453 913103415 913183469
1325759 51332607 913390410 91245084 913508400 913563435
13616483 513668494 913720407 913770649 913820447 913870420
13919484 913969453 514019436 91406939 914119.,66 914170420
14221402 914375407 914635,13 914894463 915148436 915391495
15623403 915840460 916044449 916234413 916410453 916573470
16723465 916860436 /

DATA (CCPIN)sN=95141000)

/ 31098069 312843169 31774600y 3227e2669 326342959 32854804

" 329842809 33034988y 330543229 3303e8769 3300e7159 32964527
32917579 328606709 228145429 32763969 327143519 32660456
3261e724s 325768869 325248369 32484679y 32444711y 32406924
32736318y 323348829 3230,602s 32274729 322464939 32216459
321849229 32166324 321348399 32114549 320941769 32064998
320449019 31994104y 219048269 2183eR8369 317841049 317301349
316848849 316542849 316243499 31604164y 315849009 31584843
31604364y 3163,932 /

O~ OWMH WN

W) N

>

¥olls JNEN I NN, BN SRSV S RS DN W

S S O 04O ' W=

Yo Jis o JEN Bie (BN ¢

O @™~ PUH W W
- e v e e w e e

O O~ £ N

BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKOT
BKDT
BKDT
BKDT
BKDT
BKDT
B8KDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
RKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
RKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKOT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKOT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT

339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364

366
367
368
369
370
371
312
373
374
i
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
2392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
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DATA_ . ICEPINY 4Nn90] 2980

| S 4

END

3109:808s 3204,869 3398,984, 34014229, 3409,038,
24575 325942940

32774378 321448169 32044043y 31944760y 318647239
317306220 216802584 318345254.315%90332 315546010
314992799 314645939 314441654 314169689 313949719
313604697y 313499769 312345804.313202979 313161200
31294017y 312663949 3123,0834 312046985 311940089
00459y 312308964.3111971 31464756

3117950, 211
32074079 32894496 /

3387089
324240760
3179731
315242659
313841569
313000259
311840069
31706711

BXOT
BXDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT
BKDT

409
410
411
412
413
414
415
416
417
418
419




RLOCK DATA

COMMON /AA/
COMMON /BRB/

NATA
NATA
DATA

/

OO JOTH WNH

DATA

O DN DL DN =

DATA

O N> PH N =

NDATA

D VN0 P )N

DATA

O~ W WN

FMD

(1x

CCP(50430)

HNAME (30)
50)

(HNAMF=gHO
(TEMP(N)s N=1,50)

504
1400,
2600,
38004
5000,
6200,
7400,

13000,
19000,

(ENTHA(N) sN= .
/ TT28e042

’
’
’
’
’
s
L
’

77284042
772840427
77284042
77284042,
77284042
T728e042
77284042
77286042y

(ENTHA(N) oN=

/ 54094630

400
1600
28004
40004
52004
6400,
BOOON,

14000,
20000,

’

N e » » o v v w

1,

T7284N42y
T728e042
TT728eN42y
T72ReN42y
77286042y
77284042
77286042
77284042

77284042 /
51,100)

54424422
603840309 61204600
638640159

64204604

654548269 65644226
663641009 66474437
669349029 67016567
67344031y 67494813
68264461y 68354407

68664308y 68704K6R /

(CCP(N) gN=
77286042

/ 77284042y

77284042
77284042
77284042
T728e042y
77284042
77286042
77284042
77284042

(CCP(N)gN= 519100}
559341549

/ 540946309

66664071
686348709
691146339
69294869
693846829
69434596

695144569 69514972y 69524394y 69520738y 69534027

TT728e042
TT7284042
77284042
TT72Re042
77286042y
TTI2ReNG2
77284042

T7284042 /

672745859
68764067
691542209
69314767
69394698
694542689

FOR BINARY GAS MODEL ONLY

» ENTHA(504+30)sTEMP(50), y IX

» 6HO2 )

6004
180N
3000
42004
5400
66004
9N00,

150004

- e ® ww e ww

50)
77284042
77284042
77284042
77284042
77284042
77284042y
77284042
77284042

55524791
619046309
AL514310
658140561
66584000
67084802
7716651
68434197

50)

77284042
77284042
T7284042
77286042
77284042
77284042
T7284042
77284042

5954.960’
6771eB46

68854997

£910,4,4309
£9234455)
£9404620,
£94Te355)

69534464y 69534636 /

800,
2000,
3200,
4400,
5600,
6800,

10000,
16000,

- w w e w e w e

T772ReN4?
7728eN42,
77286042
7728042y
TT728e042
77284042
TT728e042,
7728042

5692327
62506463y
64T8eT4Dy
65965109
666TeB68
6715620
67896301 s
68500033

77284042
7728042
77286042
77286042
77286042y
7728042y
T772Re042
TT728e042

£24943L6y
6804592
689Le1T7R,
6922571
69344071
6OL1elR3y
£QLBeB4Ty

1000,
2200,
3400,
4600,
58004
7000,
11000,
17000,

- e e w e w w

77280429
TT28e042
T728e042
77286042
77284047
77284042
77286042
772840429

58244902
63024023
65034385
6610746
6677104
672240092
68034857
685640819

77284042
772860479
772840429
772840429
TT28a04LDy
77284042
77284042
77284042

644T 4267
68294430
69004990,
69254321
£9364332R
69424229
69494956

1200
2400
3600
4800
6000
72000
120004
18000

- w v e e w e w

TT72Ra047 s
772840429
77284042
772840429
77284042
77284042
77284042y
77284042

594042489
634648089
65254637
66234903
66854761
67284218
68164069
6861e472

77284042
77284042
77284042
77284042
77284042
7728042y
77282042
77284042

65774860
6R4B84682
63064749
69274726
693745659
69424940y
69504800
69534261

BDTR
BDTR
BDTB
BDTR
BDTR
BDTR
BDTR
BDTR
BDTR
BDTR
BRDTR
BDTR
RDTR
BDTR
BDTR
RDTR
RDTR
ROTR
BDTR
BDTR
RDTR
BDTR
BDTR
BDTE
BDTR
BDTR
BDTR
QDTD
RDTH
BDTR
BDTB
BDTB
BDTB
BDTR
BDTR
BDTR
BDTB
BDTR
BDTB
BDTR
BDTR
BDTR
BDTR
BDTR
BDTR
BDTE
BDTR
BDTR
RDTR
BDTR
RDTR
BDTR
BDTR
BDTR
BDTR
BDTR
BDTB
BDTR
BDT8
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8. Dimensions of Varisables

There are eight parameters which determine most of the dimensions in the program and have the following

meximum values:

NI = 30
MR = 30
= 50
NTP = 50
NED = 110
N = ko
IX = 50
NDX = 20

If any of these quantities need to be increased, then the dimension of certain variables must be changed. Also,
if the storage requirements need to be reduced and the sbove parameters are larger than required, the dimension
of some of the variables can be reduced. Since some of the parameters have the same value, the change of dimen-
sions is not straight-forward. The chart below shows the changes required when any of the parameters are

changed. All the variables are in COMMON unless a subroutine is given to indicate a DIMENSION statement is

used in that subroutine,

To change

a.

308

Number of species, NI

Number of reactions, NR

Number of points across
Layer, N

Number of points in
wall table, NTP

Number of entries in
edge table, NED

Replace

30 by new NI
435 by  NT (NI - 1)

30 by NR in
CO(NR)

C1(NR)

C2(NR)
CSALPH(NR)
CSBETA (NR)

DO (NR)

D1(NR)

D2(NR)
DIFA(NR,NI)
GAMMIN (NR,NI)
GAMPLS (NR,NI)
X(N,NR)

AR(6,NR) - INPUT
CAS(NR,1) - STOI

50 by new N
50 by NTP in

RVPT (NTP)
TETE (NTP)

110 by new NED

Except

Z(NI,NJ-NI)
OMW(2 + NI)
WFA (2 + NI)
NR Terms

NTP terms




f. NJ Lo by NJ in
SPN(NJ)
CALPH(NI,NJ)
CBETA(NI,NJ)
Z(NI,NJ-NI)

TST(NJ
ISBENJ% } S

g. IX 50 by IX in
ENTHA (IX,NI)
TEMP(IX)
CCP(IX,NI)

h. NDX 20 by NDX in
DELXT (NDX)
XDELT (NDX)
In subroutine PR2DSW the following quantities are given in a DIMENSION statement:
A(30,1) and IRP(30)
IF either NI or NR are changed, then the 30 should be chanéed to the larger of NI and NR.




APPENDIX E

Equilibrium Composition

The composition of a gas in local chemical equilibrium is determined from the temperature, pressure and
the mass fraction of the chemical elements involved. The solution requires the solution of a set of simulta-
neous nonlinear algebraic equations., There have been several methods employed to solve these equations as
indicated in references 53-58. The present approach is similar to that employed by Penner53 and depends upon
a knowledge of the importance of the various chemical species in the gas mixture., The present method is sim-
ple to apply and has been very successful for the conditions of interest. The original version was presented
in reference 3 and as this report has limited availability, the details of the method are described in this
appendix. Only the case of pure air (02, N2, o, N, NO, NO+, e) is described below. In reference 3 the same
approach has been used to determine the composition of the systems: (1) Sodium-Air (2) Carbon-Air and (3)
Hydrogen-Carbon-Air,

The reactions which occur in a multicomponent gas mixture can be represented as given in equation (k4).

When the gas is in chemical equilibrium, the production of species i is zero and

%, 8. NI 6, ;
K, =+==p" M ¥, E-1)
L i=1 *

where
NI
er = z: Bri
i=
eri > Bri - Cpg B

In addition to the above relations, the equations for conservation of elements and charge are written as

; B 4
il .Zl % Y5 k=)

[

where

ag = number of atoms of element j in species i .

To complete the foregoing equations, the equilibrium constant is approximated by the following type of relation
over a limited temperature range

n, -E/TK
Kcr = A (TK) * e § (E-3)

Accurate values of Kc can be obtained in terms of partition functions and are a function of temperature. The
r

equilibrium constents Kp based on partial pressure are given in the JANAF tables and can be used to determine ‘
;

the parameters in equation (E-3). The equilibrium constants are related by
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K = (R TK) K (E-L)
where
- 3 o
R = 82,057 atm cm”/gm-mole K .

The sbove relations (E-3) and (E-U4) are written as

In K 2.3026 [log K =-6_ log (R TK)]
5y pr =

(E-5)

In A +n, 1n TK - Er/TK .

The equilibrium constants KP given in the JANAF tables correspond to the species being formed from its elements.
The air and carbon species equilibrium constants are given in Table E-I. The equilibrium constant for a reac-

tion of the form of equation (L4) is expressed in terms of the species equilibrium constants as

log K = 8. log p, = 8. log K (E-6)
L = * o og=r TR Py

- -
For the elements (02, N, Cy etc.) the log Kp is zero. The parameter E, is the heat of reaction and is the
i

amount of energy that must be added to reaction (4) for it to proceed from right to left. With the heats of

formation or heats of reaction as given in Table E-I, the value of Er is obtained from
E = 6. E, (E-T)

with the heats of reaction of the elements being zero. The coefficients Ar and n, in relation (E-3) are

determined by finding 1n Kc from the first part of equation (E-5)., Then from the second part of (E-5)
r

the following relation is written:

y = a + bx (E-8)

where

r
a=1n A
r
b =n
 y
x = In TK .

Then with a plot of equation (E-8), the value of Ar is determined from the y-intercept and n, from the slope
as given in Figure EI. The resulting coefficients for the air reactions defined before are given in Table
E-IT.

The equilibrium composition is obtained by solving the nonlinear algebraic equations (E-1) with the rela-

tions given by (E-2). For the case of air, the following independent chemical reactions are used:

31L




r=1 0, = 20

2
=2 N, & 2N
2
(E-9)
=3 NO=N+0
=4 N+0=NO +e
The equilibrium constants for the above reactions are obtained from (E-1) and are
K. = Yoz/Yo (E-10a)
O )
K =5y 2N (8-100)
) Ry
K, =P Yo¥n/¥xo s (E-10c)
3
Kch = Yot Ye-/Yoy (Es104)
The equations (E-2) for this system become
0
YO =Yg+ Yo t Yaot * 2o (B-118)
2
YN =¥y, + Y. + Y, + 2y (E-11b)
v o = 'mo* N, '
0= Yo+ * Ye~ (E-11c)

For the present calculation it is assumed that the element composition remains fixed and

yo = 0,01455

W

I}

0.05477

Equations (E-10a) and (E-lla) are used to eliminate Yo and the resulting equation is solved for Yo which gives
2

Yo' = il— (— 1+ 1+ 2}(11"0) (B-12a)

1

=
"

L5 /x,

= Ywo ~ Ynot

312




When 2K,T < 10'3, then

v p T 5By 2
Yo = To [1 “BRT, + K" Ty & ] (E-12b)
In a similar manner

|
L (- L1 weK, T, ) (E-13a)

-
]

hp/ch
_ AN
Tv=Y - "o -~ Ymo+t -

When 2K, T < 10_3, then

_ 1 1 e B
YN_TN [1-2K2rN+§K2 I‘N + } (E-13b)

The other species are obtained from (E-10) and (E-llc) which give

Yyo = P YOYN/KCS (E-1ka)
Yoo+ = \/KCu Yo¥x (E-1kb)
Yo = B Yo /X, (Belhc)
2 T
P & B YNZ/K (E-1L4)
2 )
Y- = Yyor (E-1ke)
The density is obtained from
_ NI
f=0.5153% p /(RT 2, v, (B-15)
i=1
To obtain an initial estimate of the density, it is assumed that
> )
Y, = 0.0 .
i=1 i

To start the solution of (E-12) to (E-15), it is assumed that Yio = Yo+ = 0. Solution of these equations is
repeated until the Yi's have converged. The desired result is the mass fraction of species obtained from

. ey = MiYi for various temperatures and pressures.
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TABLE E-I

EQUILIBRIUM CONSTANTS FOR A SPECIES FORMED FROM ITS ELEMENTS

Species Reaction Equilibrium Constant, Kp Ei = Ahg/R(oK)
i
=5 = 4 - _
i=0 30,20 Kpo = po/‘/pog 29,68
=2 1 e =
=N 2N, N KpN = pN/,/pN2 56,622
- a: L 7 5
= NO 30, + 3N, >0 KPN pNo/ VP, Py 10,797
() B
* -
=C ¢ e K, =1, 85,334
Pe
* -
= CN C +3N,>CN Ky = Poy/ Py ) 51,940
CN 2
* -
= b 4 = -
co ¢ +3% 0, > CO Kpco pco/,/p02 13,688
* &
= €O B ()2 > co2 Kp = Doy /pO -47,285
co, oV
* -
= C, 2c” »c, K, =% 99,738
C, 2
* -
= - K =
C3 3C C3 o Pq 97,597
c 3
3
- i 1 RO - e 7
N 30,+3N,7N0 +e KPNo* Prot pe./‘/p02 Py, 118,347
*
Elements: 0,, Ny, C (graphite)
TABIE E-II

COEFFICIENTS FOR EQUILIBRIUM CONSTANTS FOR AIR REACTIONS

1000 < TK < 6000

31k

r E, AL n
1 59,368 18.0 o
2 113,244 18.0 0
3 75,509 L.06 0
in 32,041 3.9 x 1010 1.5




-10

-1l

/n TK

FIG. E1 - COEFFICIENTS FOR EQUILIBRIUM CONSTANTS

B o
«—r =12 —0
A B
«—r=3 o—2
Q,
o r=1
A r=2
o r=3
O r=4
| 1
7 8 9
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