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PREFACE

This report documents work completied for the National Aercnautics and
Space Administralbion under Contract NAS9~6288, Chaerring Abletion Performance
in Turbulent Flow, ilsgued through the Manned Spacecraft Center, Houston,
Texas 77058. The main body of the report is contained in Volume I. Volune
IT desls with numerical esnalysis and computer,programming.

NASA bechnicel moniter was Mr. D. M. Curry of the Thermsl Technclogy
Braench of the Structures and Mechanics Division. The Boelng Company program
menager was Mr. V. Deriugin, Head of Structural Heating in the Spacecraft
Mechanlcs and Meaterimls Technology, Spece DPivision.

The authors acknowledge the contribution of Mr. F. M. Knox in editing
gome portions of the text.
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CHARRING ABLATION PERFORMANCE IN TURBULENT FLOW
Volume II - Computer Program

By R. Colony, E. P. del. Uasal, and R, 5., Gaudette
The Boeing Company

1.0  GENERAL INFORMATION

The two computer programs described in this document are in support of
an integrated analytical and experimental investigation to predict the
ablation performance of the Apollo heat shield. The principsl objective was
the determinstion of the ablation performance under turbulent flow conditions
of AVCOAT 5026-39HC/G used on the Apollo vehicle. These programs which are

written in FORTRAN IV, sre machlne independent and as much as posslitle system
independent.

1.1  Purpose

The prediction of the performance of the charring ablator on the Apollo
heat shield has obvious and immediste applications in the design of ablation
thermal protectlon systems for reentry vehicles in general and the Apollo
Command Module in particular. Ablator performence is generally dependent on
the maberial Lhosen and environmental conditions. . The boundary layer equations
for heat, mAss, and momentum transfer together with & suttable -expreasston for
eddy diffusivity appliceble te vhe turbulent, transiilon, and laminer flow
regimes provide the methematical model of the environmental conditions. The
thermal, mechanical, and chemical properties of the ablator are deseribed by a
number of correlaticns derived from experimental results obtalned under this
contract and from en extensive search of the literature.

Two computer programs were developed under the mresent 1nveatigation,
one for the flow field and the other for the charring sblator. Both are
coupled by a set of mutuslly consistent input parameters. The Introduction of
many simplifying ‘assumptions mmkes the total solution economical in determining
the performance of -the eblater at all body pasitions and for any point in the .
trajectory. :

f:l,E' Assumptiens

The assumptions necessary to define complex flow and phase change
‘mechanisms almost defy enumeration. Physical assumptions uged in this pnogram
vinclude : : S ' : : .

(1) MDleLular and tranaport preperties based on air in thermodynamic
S equilibrium, .

:(23"the usunl boundary l&yer assumptiens such BB %FL 9, etc.,~

. (3) local similarity of the tangentmnl velocity, enthalpy and apecies
B concentrations,k-



(%)  sultability of mixing length theory to describe turbulent flow;

(5) axigtence and rellability of seml-empirical relations derived from
axperiment;

(6) n description of the inviscid flow field is availsble; and
(7) dquasi-steady state conditions exist.

In sddition, certain mathematical assumptions have besn made, These assump-
tions and apprpximtionm are described in the course of the text.

It should be noted that “he particular expressions used in this progrem
for molecular and trmnsport properties, eddy diffusivity and inviscid flow
are inputs which may readily be changed by more recent and exact formilations
{f and when they are svailavle..

1,3  Limitations

. The limitations of & program generally depend on the assumptions which,
for these programs, are manitold. The only statement that can be made here
is that by sultably describlng the surface geometry and inviseid filow field,
& large number of cases of turbulent or laminar boundary layer flovs may be
considered. Many clagsical flat plate problems have heen simulated with
remarkable success.,

2.0 PROCEDURE

The two progrems, one describing the flow fleld and the other describing
the ablator performance are used separately, The integrated flow and ablation
problem igz then solved by coupling the two progrm by & set of mtuelly con-
" ststent input parameters. Both programs are described in the following.
sections 2.2 and 2.3



2.1 HNomenclature

2.1.1 Nomenclature associsted with the flow fileld program

A parameter defined by equation (39)

8, .cons'ta.nt used to determine ‘fransition

a parameter determining transitlon

bo constant used to determine extent of tra.nsitibln
b perameter used to determine extent of transition
Co local skin-Triction coeffielent |

ey effective gpecific heat, B.tu/l-'bm

¥ | paremeter defined by equafion (2)

'FO retio of wall mass flux to free-stresm mmss flux
t funetion of B |
g Vgravi‘ts.tional..constant, 2.2 fﬁ—l‘bf/lhﬁlaeée

G perameter defined in equation (18)

h local Btafc'ic-'en'thaipy', Btu/lbm

i local total emthelpy, Btu/lb

Héoe op “heat transfer cc:_an:f’f'icient.J 1b -/;f’tgse'c

J Joule's constant, 778 ft—lbf/Btu

J.. index for number of cards o describe y arrey
3 index for yni value

k .' un'—i.veraai congtant, 0,36_7_ B

k integration index in equr.aion (1) |

K ..maxim iniegration index in equs.tion (lh)

,£+ dimwnsionleﬂs m.l.xing 1ength
CIBT . Lower hound ‘

: '_M. - locml Hs.ch number _ 3
H amb : '“_ambient moleculas weight 1b /lb mole

N . exponent in equa_‘bi-qn (5)
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pressure, 1br/rt2; sometimes used as general function of y;
empirical function used in expression for shear stress distribution
property

molecular Prandtl number

effective Prandtl nuxbex

heat flux at the wall, Btu/ftZsec

surface radius of reyolution, £t

gas constant, 1545 £4-1b,/1b -mole~'R

Reynolds mmiber bssed on -'displace_m;ent thickness

Reéynolds number based on momentum ‘bhicknesa

Reymolds number based on distance along surface from stagnation point

Reynolds number based on boundary layer thick:nesu
RéD/Rem

molecular Schmidt number

gfi’ecti-‘ie Schmidt nmumber

Stanton muber

te‘ainpera?tu.:c'e.,' ‘R

upper bound

Local t&ﬁgéntjj&l velocity, ft/sec

U Ty 7pe Zpe’

local tangentisal veloctby ra.tio 5 u/u '

free- strean velocity, rt/sec

3-mss fraction of . conbust*&:le &3 vecies

e fraction _of inert species

- mass m«:tion o incrt speciea from the ﬁ'ee ltrm |

- mass fraction of inert -npe_eies t‘-rom__wbhtor

o Wt;‘u’én--'ot ox:ygon tpeci*ea

‘_B-S‘_MGﬁth} of products of cowbuntion



x coordinate slong surface, £t

X independent veriable
+
v T e s
y;; waximan locsl shear thickness, treated as independent Btreamvise
variable, 5y, /Pe '/ Ve
Y dependent m‘iable
z compressiblility factor
ol mass transfer parameter, Emw/(taeuc c,)
@c stolchiometric mass ratlo for combustible specles

@IM stolchiometric mass ratin for inert specles from ablator
e o stolchiometric mess ratio for oxygen specles |
@P stolchiometric mass ratio foxr praiﬁét’s of .éembustion
|4 ratio of specific heats
boundary layer %hiclcneés, 5
eddy diffusivity, £t°/sec
convergence eriterion in equation (11)

local similarity parameter

e N ) S A A S + A N

viscoslty, lbm/ft—-s'ec

S

kinematie viscoslty, f‘ba/s_ec_
density, l_'bm/ftS‘
variable of Integration

' shear etress, ib'f/'fte

‘-@ A9 “”O. u

ciamping term in mixing length expresaion

.viscosity ratio

&

o @F : :dens-i’cy'_rgtio .

Subscripts
e - denctes point ab whick flow 1g asaun.d.to be. sinilar to that over a
flat plate

S

i



i step index

J index in yi axray

k- integration index in equation (14%)

k index of successive approxiﬁntions » equation (9)
0 denotes origin conditions, equation {(13)

8 denofea stagnatidn conditions

STOF denotes point of termination of calculation

W denotes wall o boundary layer-solid interface
Suﬁerscripts:

* denctes dummy variable in integrations

~ denotes interpolation routine defined in equation {(15)

e

denotes. computed vaine {of x,)
_ : 3
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Nomenclature assoclated with ablator program and program matching

maBs ﬂnx due to 'uublimtion (a A

matrix of partial derivatives used in the solution of the new X
stolchlometric coefficlent for combustion of ablator surface material
frequency i’ac‘tcn.' for mublimation, 1b /ftgfsec

activation tewperature (activation energy/ems constent) for
sublimstion, R .

specific hest of char, 'Bt:u/l‘bm—'R

specific heat of p&rolyzed.ga.s', Btu/lfbm-'li

1th equation defining the ablation mechantsm (1 = 1,2,3,%,5)

e pdasi‘ble ﬁaction of pyrolysis gas that ~un‘d‘émgbeﬂ combustion
metrix used in the solution of X -

heat transfer coefficient (no blowing), lbﬁ/ttgs'ec-

heat of compustion for char, Btu/lb_m

‘heat of combustion of pyrolysis gases, Bt:u/l!.bm

heat of pyrciysis, Btu/lb‘ (based on (OP)

total enthalpy, ZBtu/lb'm

sp_eci-fi_‘c enthalpy, Btuy/ Il.bm
tabuler function index
equa.r"bi_qn index
a.ppmximtion Index

empivical constants. (dimensional)

.unss fmction of mx;ygen at edge of | bmmdnry la.yer

mess flux of ch&rcellbustion _

totel grs mass flux, Ib m/fi;gaec

- 'mss Flux due to shaa.r reaova.l, b/t 2

net mass lux of the surfncu, 1b ./rt-—aec ’ (m + “*sh. + ;-ﬁ;;ub_'_;)d

b . jln‘b/ LY, 1b _/rt-sec

1teration 1ndax in progrm ﬂnterflce nl.tching |



P pressure, atm
gy convection heat transfer to smooth wall (no -blowing)-, Btu/ftgsec
q,, Tediative heat flux, Btu/rtisec
Ri independent varisble for ith tabular function
st Stanton number
'I' initisl wall temperature, "R
T wall temperaturve, ’R
u velocity at edge of boundary layer, ft/sec
X vector containing independent variable
o mass flux parameter, %'G/(P:eue,c o)
€ error criterion
€ emissivity
j\_ correction ‘bem’ for z_;x-p
>\ relaxetion p&ramé-‘ber .
(?c_ agmm ‘of inert -(_t'e_. pyrolysis) fraction oif virgin plastic, lbl/ft3
0,  densiky of pyrolyzable fraction of virgin plastic, mhif/rt-""

13 Btu/rtPrec 1B

¢~  Stephan-Boltzmam constant, 4.81 x 20
(Pi | 1th tabular function
W a .bﬂ_-ckizlag_fftnction
Sub'sc-r-_ipts-:
f  denotes value calculated by flow field program
I . first 'i_ftem-rﬁian in- promn interfaee ﬁtchﬁng
B _ based on enthalpy
' equation tndex.
S ... stagnation condition



v wall condition

0 ne blowlng
“f based on blocking function
Superscript:

— Vector quantity



2.2 Mathematical Model - Flow .14 Program

2.2,1 The asymptotic momentum equation

The local tangential velocity ratio W at a given point (x,7 ) in the
boundary layer 1s given by the integral eguation:

n
.+ o .

m

<]
where _L T
% (=)

| 4_._,‘_2.‘}
M\/M?f%U)(%)

From the boundary cén&iﬁiog A(x,1)=1.0, the relation between the skin
friction coefficient and Y is obtained:

. _:l. | _ o .
U = 245 f F e, dn™ ®
"

Cs _ ‘z = ot | (1)
(26 (Fapoer]
“Ym ) |

In the esénfb iﬂvestdﬁgationa, “the dimensdonless mixing length expression is

assumed to be

U= 4ylt-e "

4l
M Ym—a
S o Lk e o '

o J RN AF 58 IR N Z'“ o \ C =)




and bo:22‘9 q—"—:N:O (6)

The shedr stress ratio, 7T /fr’_v, is assumed to e of the form:

= P(nx) + [ﬁ'- P(’lf")] - ‘é‘f’ dfcj-—"f‘ﬁqt PG X):I

il
T,

wvhere P n X) can be any convenlent empirica.lly or semat-empirically deter-
mined function. In the present case, a linear relation was used:

P9 =n™*

The above equations are solved by successive approximations (Pleard's method)
wilith the lterative equations a.B-slmli-nig the form

o 2_‘;1)1\
o= LF(U&“”Q ) (9)

(8)

+
o ngf Flig n ™) dn*

Initially, the local tangantial velocity mtio profile is approximted by
u }'( and au'bsequent]y By . _

ot (?C;rl) = { (x Axm) (10)
Convergence of W is assumed when
| (
U_f( x)rz)._ u& ‘(%)q,l) | |
= < e = . 0ol »
I (12)
t u‘ -& (Xﬂ() F

for a.ml fintegral steps, L.e., f=l,iee,N provided k % 20, Ef the error

{11) 4w not satisfied fn twenty iteratiens, then W is set. _ .
] :‘f'xﬂ) ‘This 1a dohe on the assumption that the nonconvi ‘eix_‘ce.._
fatal error a.ndr does na’t ‘severely influence the total fhew -

field . !

pare Leo

fyptoal flow fiudcharacteristica-re @hown ‘on £4
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2.2.2 The momentum integral equation

The momentim integral equation expi'essed in differentisl form is

df?em+g [cuhg Jlnr0+(,+5)c4fnue] F+£f. (12)

d Re, d R’e?ﬁ df?e,,_ d Rey 2
In integral form, the above equation becomes
Re,, '
d R’e
Re, = Re, + ~ (13)
¥ *o dl il dlnua)
RaC [ hue ., dlnr’ e
Rem{ o> Ik, " IR, + (149)5 ]

‘When stepping from the (j 1)th to the jth. ym, equation (13) 1s approxim‘ted
by

Reyyng) = Re(y, )+ %;‘A Rey(§,)  am

where |
- + o * * ,+ o+
In general, if p is a function of y+, then
Pk = P( k.‘jl‘h ['P (H\ P( 3”‘,]-—1)] (z6)
Thus, .
Aty ‘_ | ¥
A R" (H‘ ) | G&.—.{' d Rem @n
— Fo + %f_ - R A:“_l{'l//e dr"n r, + (, S) alnue

gnce F%e ( j ) is evaluated » the corresponding va.lue of x is a.ppraximted
- :

| x( Hlmk”“_ x(ﬂﬂm_& ) + @'-’ (5m&)[—-————~—




where lo ;0 and/u are evaluated at 'x,(y ) A cape is terminated
vhen m

I:%Smp# x (3; &) ] s 0. (20)

£.2.3 Functions of the asymptotic momentum equation

Once u has been determined for a gilven y_+, geveral parameters aure
immediately calculable, Those used -in the pngram area:

+ £
) l- (21)

e

' g ] DL Loy
Rem’" U""" 3"‘ L ge'u-e( - %‘;)Aq (22)

(23)
2 u* . (2h)

i{25)

(26)

(1)

Hooeff = pue(st) ey




2.2.4 The asymptotic species equations

The chemical model of the flow field is given by a set of integrsl
equations which represent the species conbtinuity equations in the beundary
layer. Included in the formulations is the simplified combustion model
described in Volume I of this report. Five types of gases are considered:
combustible species from the ablator, inert species from the ablator, oxygen
species, inert speciles from the free stream and the products of combustion.
This limitation 1is neceasary due to computational difficulty. The word
inert here refers to oxidation (combustion). Disscciation effects may be
treated indirectly as thermodynamic effacts.

The concept of a reaetioh'plane, wherein all combustion takes place
within a narrow regien along the boundsry layer is used. A suitable mmss

balance is prescribed by the equations below. Mass fluxes are not continuous
in view of the reacticn plane concept,

-ﬁ;’:m"*@c: 1.0

P P P"‘ * ﬁbz

where @O' and @IM are prescribed.
2 =

(31)

The -position of the reaption plane 1s given by Y(c and is obtained
from the equation

Boz:: BW%) e 50,_,]&')& p ([‘ ncA Jov) (32)
where ( W"; )¢:: 0.2% !
'(‘A"I)-e = I_“(_W'?z-)e,

With the above parmmeters defined, the species equations are easily evaluated:
bbas Fraction of inert species generated by the ablator:

(33)

()

S (36)

R



Maps fractlon of oxygen specles:

{o, ='(Woz)e [gxi::/qj'ﬁxdrﬁafj/[ci‘,’)lf/qbr:‘ﬂ"-—‘ljj Ne< ns ! (37)

WOZ.-:: OJ' OSQ"SY(O

,
e
"

Mess fractlion of products of combustion:

l . | |
Wp = B¢ D “e”F('"fnf‘*““)'] Eﬂxp(fnnml-av)]j osnNEN,
Wp = ﬁ'F[l ” "*”‘P'(Ln"\"““‘)]i he<N <!

where for all sases o~ is sowe variable of integration, in this case h, and

ecSe :
A % ( 1€ ) (39)

2.2.5 Thermodynamic and transport properties

(38)

The gns properties used .n this program vere based on avallable
equilibrium air data (Ref. J» The simple exyressions given below are
used: '

Viscosity: A/ =/U(‘r) (tabulm.r) (4o)
Viscoelty ratio: h = 0.70 (1)
(?/’ /UG ( Te)
Compressibility: Z =1 5000 )
Z"v > 6000 “R 3y
Density ratio: _ S A .
o= 4= §T i R

Bldy vimcosity:

sy



Wall enthalpy:

.T
H. = 2« p
Y Gy (+6)
The temperature ratio is approximated by
i o %%,y N
—-I— p— (!""(k) :&- + Pi" ( ') M@ + WU (IH.)
Te Te

2.2,6 Flow condititns at the edge of the boundary layer

In view of the complex trajectory and geometry of the Apollo heat shield,
no simple equations are presently available Lo describe the inviscid flow
fleld in the fore and after body. Experimentally obtained static pressure
distributione #long the surface are, however, avallable. This section
presents the relationshipes used in this program. Note thet the inviscid
flow field solutions are boundary conditions 1in this program and may be
easily changed when more detailed knowledge of the flow is available. ‘The
relationships used here are:

Static enthalpy:

A
h = i Ye (48)
he = He b
Preasure: g
Re=fa(®)  (tavuar) (49)
Temperature: Te = T;_( hg,‘:[?e) (tabular, biveriate) (50) -
Viscosity: /Ue. — /]z("re ) (tabulax) sy
Densiity: B Pe Mamb ‘M - a0
D = = y Mamb = 299 (52)
Pe | R ZeTc ? am
Mach Mumber o T -
M, = Ue/t .
Mex - Y ¢3 R "/ Mam“b BT (53)

The veloctty profiles bem‘ween the sheck and the ragion nesy the s‘ba.gnatien o
- peinn vere -obtained using Ligh‘thill's incompressible flow approximation
(Rat. TJ‘ At & certain distance from the stagnation point (the Ishoulder :
loeation\ the flow Pield 1s approximated by a flat plate solution. 'Thus

i



. doso | \/m% . X< %@_
Ue =V 6 (’8' "") _ Foe ,

©“ R M1 (54)
Ue == Ue;(.?ic))' X=X

2.2.7 Alporithm for spproximating the boundary layer flow field

Given a set of input parameters, an effective algorithm for solvdr
the integral momentuwn equation mey now be defined. 'The origin (x0== 0.0
18 set at the stagn&tion point, in which case:

. ot S
Eam;—; Req.FRG "-‘—-"H-m = Uy = 0.0 ('55)

Choose the next ym which in. this casge will be the first y of the input
array. Assuming that the value of x corresponding to the new ym (eall 1t
xl) is in the neighborhood of x,, we assert that P xo) is in the neighhborhoed:
of the property P at x;., Tha solutlon of the asymptotic momentum eguation

1s given as Wlxi, ) = where all properties, P, are evaluated at xe.
Associated with u(x ,YL,) are the parameters given in section 2.2.3.

value of Re s:b the new value of y is then approximeted using the itere.tive
equation (14) from which the yalue of x, call 1t ¥, is computed. Note that
nowhere was. the value of x used so ‘shat ve define x as X,

The Ym arrey :Ls e:dmuﬁf;ed ine simi.L&r manner, L epying to ‘the la.rger
value each time assuming

- o (XJ;'Q ) based on P (i:'j;_i)‘,.
then defining Xy 8s X, '

2,2,8 Notes on_quadrature

_ _ b
Wherever quadrature 1s required, such as j'f-(:x)’-dfx, numeriical

approximations are made. The quadrature a equation used throughout
~this program is & variable interval extension of Simpson g rile. An effective
control of the global erroi-cen be achieved by & variable interval scheme.
The exmct description of the method 18 given in ref. 3 and will not be
further discusped here. HNote that the analysis presented here is not
dependent on a particular quadratwe fm:la. Any ressonably accurate
approximation will suffice.: ' L ' ‘ n

. 243  Mathemetical Model - Ablator Program

'2.3.1 Ablator eguations’

_ - Five nonlinesr equations . discusged in Volume I Trovide
“the m‘bhemticel model of the a‘blation mechauism. Thense wquations are .
summerized ast Lo

Surface heat balance eguation: -

18



=Yg, + FthAHGJP + me AHea + 9pad
fer Tt ey [l ne[E R
+ V;'FAHPS" + y;]sh [E%JC(TW"EH

g [ By (T T + V%SML,AHSLJ,} - 0

Correction term for ﬁ!-c determination:

E=A- {c;?l Io/r“’J}:t)

Mass flux due to pyrolysis:

F;I: m‘b B {5[Tw [ P( F-—-—-surfjj} -0

Mass flui due to combustion:

E;. = Mg = { A Koye fo e 5t), - A ';‘f’} =0

Mass flux due to shear stress:
_ 4
FSF M sh— {q}z(q}%}eue Kz ) } =0

where @ (R) means the ith tabular function of the relationship R.
1 = 1, note that

= 4

me—— Kl
TP

(56)

(57)

(58)

(59)

(60)

(61)
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The simultaneous solution of tne above five equations determines the
variables My ./\., Trs r'u.sh, and. ﬁ:.c. The method of solutlon 1s based on the

fivet order approximation of the funcbtions ¥ 5 Consider the kth epproximatlon
of the jth equation:

o VI (X,& X, =0 (62)

) N
where h’-\
BN

5 A

W
. (63)
| Msh
\ Mo
T = 3RO+ 328 ()4 )42 )
and both F 3 and V F sre evaluated at z{ 1* The initial approximtion
to ¥ 18 provided by the user.
Note that equation (62) is ome of a set of five linear equations in
the wnknown X . The set of lineer equations can be written in matrix
notation asa
AX, =G (6k)
vhere
[ . 'q;
| dF dF 3R JF 2R
| "iﬁ-"sp oA Tw ah‘sh 31’171'1(-, .;
| oF2 3F. JdF, JdF2 JF:
| Omp 3R Oy Ok me |
A= | 2Fs 9F: JF OFs IFs|
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and G is a column matrix having the element G, of the ith row

i
G =VFR-Xp~F (66)

All, partial derivatives are evaluated at ..}.{.1,;_1.

When attempting the iterative solution of nonlinear equetions, experience
dictates that care must be exercised to keep each successive approximation in
the neighborhood of the last approximstion. Also, certain bounde determined
externally may not be exceeded due to mathematical or physicel limitations on
the domsin., In order to effect this, we do not use the Yk_ predicted by
equation (64) but rather, modify it by the algorithm below.

Taking the element 1ln ‘the kth row of the vector to he X

1} 1f X > X (X 1s the upper bound of x), then let In x = 1/2
(ln x‘k—l + 1ln X‘U’B) where Xk-l was the value of x on the previous
itention5

11) 1r x < X a (X;5 s the lower bound of x), then let lm x = 1/2
(n X, +lnXg);
iit) if Xp< X <Xp no‘chs.nge is made ;
1v) X, = Ax}'@l +{1- A) x,
where typlcal values of A are 1/2.

Convergence is defined as

) x;(xi R -
for all rows of the vector ﬁ vhere & was chosen as 0.08, and

) IF |
(B) < 0.05

l‘iol

The second inequality is required bectuse staps 1) and 11) may satisf the
tnequality (A) But not satisfy equation (56). If the inequalities (A
(B) are not satisfied before k = 100, the iteration is terminated and an
error message 1s given {no convergence},

In some Instances ﬁah or ﬁ:c my be dropped from the vector X. In these
cases equation (59) andfor (60) are disregarded and the mtrices adjusted.

By definition, case 1 refers. to the instance when @ .y, 80d mc are included in
sh

the vector -i case 2 to m but not m h’ case 3 to m_ . but not mc, and cage ‘1#

to neither &, nor m .



Due to the nonlinearity of equations (56) to (61), the existence of
miltiple roots is not surprising. Unfortunately, multiple roots often
reside betwean the upper and lower bounds provided by the user. As of yet,
no simple analytical means has been found to separate the desired solution
from the spurious roocts. An effective method of selecting the proper root
is to underestimate the initisl guess to X,

2.k  Mathematical Model - Coupling between Ablator and Flow-Field Progrems

2.4.1 Ablator - flow field interface metching

ILettling the iteration Index N=T for the initial computaticns on hoth
progxrams, and subscripts f and a refer to the flow fleld equations and
ablation programs respectively {for Tw) ; the valuees of TaIf » “'If and *VH,

must be assigned initial values, which are usually 535, O and 0.6, respectively.

(The values of Twa and <« TP should be chosen te give cold wall performmnce

for no mass Injection: ‘the value of ‘{) T TOY be any reasonable value based

on & priori experience.) The values assigned to T d’N’ and lP N (N>I)

are: wiE’
RN,F = [’-I:‘f (N—I)] a
OCN:: -.._hﬂ.(-t_- . _S_;t__ 5
and HcoeFF Cf/z
WN = QWN
Tvr
where
T ot wall temperatimre Inpul inte the flow field program
T, = vall tempersture calculated by the sblation program
and mG = total gaa mai‘ _fmux at the surface.
{¥or cases when “—»‘:‘E{;ﬂ.?émwhere € is arbitrerily assigned the

s
value 0.1, the value of q . for use in calculating Waﬂ- shoulid be recalculated
by the ﬂaw field program at each fteration, Letting Twlf = Twa = Tw(N-1)a’

. v e | ; T e - 1 1w | ',;
oLy = 0.) 'Me fteration is terminated when | ‘-HN‘"-%‘-I :l?/ ”Vw < €¢

where - €y has been arbitrarily assigned the value 0.1l. -S‘l:!.lzfxce in most.
applicetions T and of will be functions of distance, iterations must be
performed con'cg‘nitantly at selected distances along the wetied path.

Input decks and progm;i printouts are ghown for the case of ﬁpﬁl’lo- .
flight 202, body station 1L, time 52 seconds and a=20 {(first 1teration only).
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2.5 Results and Discussicn

To test the oversll performance, accuracy and relisbility of the
boundary layer cowputer program, the followlng polnts were considered:
convergence performance, comparison with an exact solubtlon, and comparison
with experimental dete.

(a) Convergence characteristics
(1) Asymptotic equations

In general, the convergence of the lteration scheme for the
asympbotic equatlions 1s good at all external flow conditions and for small
to moderately large values of o< ( < 10).

(2) Inbepral boundary lsyer equations

The convergence of the lterstive scheme used to solve the
integral boundary leyer eduatlons is dependent on the success of the iltera
tlon for the asymptotic equatlone end The step slzes of the y$ array that
is input. Sample cases # and 2 1llustrate the latter point.  TFor exactly
+the pame external flow and surfece conditlons, two arrsys of y* were used,
one with & smeller step size then the other. The array with smaller step
slze converged whereas the other dld not.

1

In genersl, the numericel resunlts obtained using different
converging arrays of y+ are not signiflcantly different., This 1is {1lustrated
in semple cases #3 and@h. Two arrays were used which led to convergent
golutions, one with smaller step sizes than the other. The numerical
results obtained were within 1% of each other.

(b} Comparison with an exact solution

In order to test ‘the accuracy of the computer program, it is
necessary to compare 1t with an exact solution. An exmct solutien to the
veloclty profiles and skin friction dilstributlion mey be obtalned when the
physical propertlies are constanit. For this case

0 = Q(g._y?) (69)
Crs — _0.8leT
o=

Re,

The exact solution and the numericsl results are plotted in
figure 2. It can be Been that agreement 1s very close,

(70)

(¢) Comparison with experimentsl data

The overall reliability of a computer model can be tested ultimately
by its ability to duplicate physlcally observed deta. Unfeortunately, the
extent of experimental data available in the literaturé in the reglon of
greatest interest in this program, i.e., hypersonic turbulent flow dats,
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i Bxmet solution

O Mmerical solution

Figure 2.+

Re
X

Comparisch of numerical solution with exact solutlon.



are scarce. The greatest asmount of data is aveilable for the flat plate
geometry so that ¢ isons can only be made with dats avallable for the
flat plate (figure 3;.

The golutlion deacribed in the ablation analysis is best justified in
only those regimes for which experimental data were correlated, The correla-
tilons developed were necessarily extrapolated, however, to help predict
performance at all conditions encountered in the given Apollo trajectories.
For the Apollo spplicstion involved, only two cases did not converge on m
probably as & consequence of the corvelation extrapolstions. Few cases
require more than {ifty iterationas.

2

Ag a test of the ability of the programmed ablation analysis to predict
performance, the predicted surface mass flux is compared with experimental
values in figure 4. Deviations are mainly due to the scatter in the experi-
mental dats aboub the line selected for correlation of shear-induced surface
recegsion .

2.6 Conclusions and Recommendztions
The following coencluslons way be drawn:

(L) A ccupuber program based on an integral solution of the boundary
layer equations wag developed and successfnlly’applied for the -calculation
of smooth wall hest fluxes to & surface with mass transfer in laminar and
turbulent flows. The progrem ls essentlrlly system independen®t and machine
independent,

(2) A computer routine for simlitanecusly solving five transcendental
slgebraic eguations describing ablation performance of AVCOAT 5026-39HC/G
has been developed,

Ag hag been steted in the text, the boundary layer computer program has
been designed to be flexible and does not depend on the partlculsr eddy
dirfusivity, thermodynamic and transport properties and potential flow field
used., These are inputs intc the program, which may be improved if better
approximations are available. If very high Mach mumbers GMJ\J#O)*are antici-
pated, the inclusion of shock &4nd bowmdary layer gas radiation is necessary.
This offers no mejor obstascle to the program as new formulated.

3.0 INPUT-ONTEUT
3.1  TInput

This section describes the input format necessary to exercise the two
programs described in the preceding sectlons. All user supplied input is
via punched cards. In uwsing vhis sectlon note the distinetion between
CARD # and CARD SET #. “A Sieting of the input carde used in the sample case
18 given in section 3.1.k.

3.1.1 TInput of flow field progrem
CARD SET 1 Formet (12A6)

Col l-TE‘ Any‘alphanumeric charucters used for case jdentification
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. 2
L — lbm/ ft-sec (predicted)

1.6 x 1073

1.2

i ] ° o
i o

: a,
_ @]
| ') |
| - O Predicted velue |
I : ' —— Tdeal correlation f'
;L/ ' lfne 1
| |
" L L | il L 4 I3

0 4 8 1.2 1.6 x 1073

L Mbm/fte-see (experimental)

Flgure 4.- Comparison of predicted and experimental

ablator performance for turbulent flew.
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VRE SET 2 FORMAT (215)

T+%  RYMP theber of yn In folloving arvey
F.)0 Kb + 0 print solution of asymptotic vexriables

I suppress print of asymptotic variables.
Thege tvo variables must be right sdjusted in the field.
CARD EET 3 FouMAT (710.0)

(ARD L

Col 1e1d, 7. Muber 1
ol 11-20 y; Newher 2
Pl 230 ,«.:-,; Humher 3
Yl 3Ll :;'w Rumbor b
Col 150 ¥ Nuwber 5
Col 5160 V i fmber 6
ol 6170 ;y; Tumiber T
MNP 2 7 snother card misth be used.
CARD 2 youMar (7T210.0)
ot 140 ¥, Wamber 8
ol L1-20 y, Fber 9
ol El-%0 v; Bumber 10

Col Behis v, Mumber 11
ol ¥1-50 3‘; Yamber 12
Go). S51-50 3’; Mumber 13
ol 6170 ¥, Wanbar L

Similarly, 3£ NYME > 1b, another card smst be used. The number of cards
‘used, ko praseribe the arvay ie the integer I where

- Y v "
T-1 < [ NYMP. ] T
The restriction on the arrey is
i
G < ¥y mumber L-) < ;y_': musber 4

i L 2,3,.0., m



in order that %
an implied rest
ym number L.

X4, for each y

he program will oroceed in the downstream direction. Also

riction is that y+ number (1-1) is in the neighborhood of

The program will Galculate the appropriate downstream distance,
in the array.

CARD SET 4  FORMAT (8F10.0)

Col 1-10

Col 11-20

Col 21-30
Col 31-4o
Col 41-50
Col 51-60
Col 61-T0

Col TL-80

AN, Step size of N used for output and table
definition between U = 0 and | = ux

AN, Stsp size of N used for output and table definition
between ¥ = "u;c and W =1

'ﬁ'x Veloeity at which to change from Al , to Ane
k Qonetent in equation (5)

& Congtant in equation (5)

Pr Moleculsr Prandtl number

Sc Molecular Schmidt number

XqmoP One criterion for termination of a case

CARD SET 5  FORMAT (4F10,0)

Col 1-10
Col 11-20
Cel 21.-30

Col 31-40

Col hl-50

Col 51-60

PS Stagnation pressure

Ve Free stream veloclty

HB Total stagnation enthelpy

X, Value of x after which the flow is assumed to be

similer to flow over a flat plate

> Input species mass ratics for combustlon

CARD SEP 6  (Formet described in Section 3.1.3)

Pefinition of pressure ratio as a function of x. The independent

variable

X=x

and the dependent verlabile

=B
Y=+

CARD SEF 7 (Format described in Section 3.1.3)

Definition of wall temperature &8 & function of x. The independent

variabile

X = x
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30

and the dependent variable
Y = Tw
CARD SET 8 (formst described in Section 3.1.3)
Definition of & as a function of x. The independent varisuie
X =x
end. the dependent variable
Y = ol
A case 1s termineted hy one of three means:
1) x> Xggp
2) . :(I: array is exbausted
3) Some type of error is detected.

3.1.2 Input of ablator vwrogram

CARD SET 1 (Format descritazd in Section 3.1.3)

Definlticn of the tabular function q} 1 vhere the independent variablk-
4
‘ " 10 /
ml‘J "V —T\&j k‘. T\..,/
P

and the dependent veriable Y =_/A\. .

X =

CARD SET 2 (Formet described in Seetion 3.1.3)

Dafinition of the tabular function ﬁ? 5 where the independent variable

and the dependent mi&ble

CARD SET 3 {(Format describved in Section 3.1.3)

Definition of the tebular Function where the independent Variable

40
X:: L{Jﬁouek 10/‘.][’\,.r

<,
and. the dependent variable

Y =thgh .
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CARD SET & FORMAT (8F10.0)

Col 1-10 H,
Col 11-20 q)

Col 21-30 q,
Col 31-40 ),0

Col 41-50 Te
Col 51L-60 Ue
Col 6L-70 PP
Col T1-80 Oy,

NOTE: For the Apollc materilal, Ep and p_ have been "dummied in" as 10'6 s

in whileh case K3 = 1.,10.

CARD SET 5 FORMAT (8F1C.0)
. Col 1-10 z
° ‘p,e
o ) —
ol 11-20 ,p
Col 21-30 AHC
Col 31-h40 AH
Col 41-50 An
BT
Col 51-60 E
Col 61-T0 o~

Col. T1-80 A

CARD SET 6 FORMAT (8F10.0) CARD SET 7 F@RMAT_(.';‘_MQ-.@)
Col 1-10 Koaf" Col 1-10 Al
Col. 1l-20 K 0ol 11-20 B
Col, 21-30 Ky Col 21-30 qm a
Col 3140 % Gol 31-LO £
Col 41-50 AR

3L



CARD SET §  FORMAT (%5X10.0)

Col 1-10 ﬁap(U.B) Upper bound of ﬁ;p
Col 11-20  .A. (UB) " A
Col 21-~30 TV(UB) " T
Col 31~40 zﬁ_ﬂh(ma) H {nsh
Col. 41-50 ﬁc(ma) " rhc
CARD SET g  FORMAT (3F10.0)
Col l;lO ﬁiP(IE) Lover bound of ﬁxp
Col 11-20  ./A-(LB) n A
Col 21-30 'rv(ma) " T,
Col 31-40 ﬁaﬂh(ms} " m
Col 41-50 t'nc(LB) " m,
CARD SET 10 FORMAT (5F10.0)
Col 1-10 ﬁp(m) Initiel guess to W
Col 11-20  \(1G) n A
Col 21-30 Tw(lzc) " T,
Col 31-40 &B-_h(xc;) " '&sh
Col 41-50 n‘ac (1a) " ﬁac
CARD SET 11 FORMAR (I5)
Col 1-5 FASE Control integer (must be right adjusted
in field)
KASE = 1 Begin next case at CARD SET 1
KASE = 2 Begin next case at CARD SET 4
FASE = 3 Bagln next case at CARD S8 10

This last assignment to KASE 1s provided to make several different
guesses to X. This may be useful if convergence 18 not eagily attainable.

- While the user should b cereful to input & meaningful set of inputs,
the program muy change sows of the inputs to insure consistency. Suck
sxamples would be ' '



1} zip (16) < "*p (LB)
2) A (16) < (from table) min (_/\1)

3.1.,3 Tabular input format

This section glves the input format for all tabular functione defined

via input. The general tabulsr function will have the form r(xi) =Y,
i =1,2,,..n. The Fformat scheme is
CARD 1 FORMAT (I5)

ol 1-5 NP n, the number of ordered pairs constituting
the tabular function (this mmber must be
right adjusted in the field)

CARD 2 FORMAT (8F10.0)

Col. 1-10 Xi first independent variable

Col 11~-20 Yl first dependent varieble

Col 21-30 XE second inderendent variable

Col 31-Lko ¥, second dgpé;dent variable

Col 41-50 X third adependent variable

Col 51-60 Ia third dependent variable

Col. 61=-T0 Xk fourth independent varisble

Cold T1.-80 T, fourth dependent varieble

T NPT > 4, another card must be used,

CARD 3 FORMAT (8¥10.0)
Col 1-10 XS
Gol 11-20 !5
ol 21-30 X¢

ol 4%-50 x,r

Col 51~-60 o
Col 61-70 Xy
Col T1-80 Yq

Siwflerly, f NP > 8, another card must be used. The number of cerds
used for & table will be the integer J where '



J-1 <1+ —N;,r’f’-?' < T

Restrictions on the tabular function are
1) FpT Z 2
2) X, _ <: X 1 =2,3,00e0, n
3.1.4 Listing of input cards

3.1.4.1 Iisting of flow field input for first iteration.

N

3.1.4.2 Listirg of ablator input based on first iteration of flow field .

SEE
SAMPLE #6
3.2 Output
The output ia annoted such thet further des_qribtﬂon here is minimal,
The output of the sample case, given in Section 3.2.1, best 1llustrates
the output. All output is of printed form.

3¢2.1 Gutput of sample case

The case presented is the 202 trajectory at 60 sec.

3.2.1.1 outgx; of flaw field. Progran for first iteration (sm-nry only
as | T = 1},

[ s r)

Fe2.1.2 Output of ablator program based on first iterstion of flow field,

| em |
| SAMFLE ﬁ i
- In this sample, the firat row under cach iteration ststement represents
the F s, 4= 1,2,3, & »5; the case statement identifies each zolumn in the
rmining 3 rows. 'I'he necessury concordance of nonobvious relationships
between the program langvage and nomenclature, respectively, follows:
PEL L = @ 7
Iz = Qg
mr3= @,

M DOT 3 ﬂllsh
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The values for tables 1,2, and 3 were cbtained from Pigures 34, 37, and 36,
respectively, of Volume 1 of thias report; the extrapolations used should
not be considered finel.

L,0  OPHRATING INSTRUCTION

No spectal operating instructions are necessary for executlon of either
program. All computer input (both programs and dete) mey consist of punched
cards. All output is of printed form.

Typical execution times for the Univac 1108 are 1 minute for the flow
field program and 10 seconds for the sblation program. Owtput in pages from
the flov field program is about NYMP+6 where NYMP is the number of y 's used.

Cutput from the ablation program is sbout % pages.

5.0 PROGRAMMING INFORMATION
5.1 Flow Diagrnms

5.1.1 Flow fleld program

+

Flow dlagrams fellew for subroutines developed for the flow field program --
ANALGY, PROPX, SPECIE, VONKAR, FUNCT, and MOMENT, In using these, several
pre~existing packages are further necessary -- INTEGL, LAGIT, DLAGIT, DTAB,
and TAB -- which sre described in References 3 and 4. (DLAGIT is a Fortran IV
rewrite of subroutine NUMDER of Reference &.)

In addition to routines developed under this contraet, subroutine ANALGY
calls INTEGL {a quadrature routine); subroutine PROPX ealls LAGIT (a
ILagrangian interpolation routine, DLAGIT (the derivative of the Legrangian
interpolation formula), and DMAB (a double table lockup routine); subroutine
SPECTE calls INTEGL and LAGIT; subroutine VONKAR calls INTEGL; subroutine
FUNCT calls LAGIT; and subroutine MOMENT calls INTEGL and LAGIT,

The flow field program is iisted in Section T.l.
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5.1.1.1 Subroutine ARAIGY

C— ARALGY )

Interrogate

)
‘Set solution for ym v 0l

1

Perform Lnput |

¥

[Cell PROPX to complete tnput]

lcall PROFX to determine properties st this xje——

ESelve asymptotic momentum equ&f;icﬂ

[So:lve. ssymptotic species equation]

:Pﬁutput asymptotic _func_tionﬂ

'%Ev_nluute parsmeters based on solution of W,

[Bolve integral momentum equation]

-;LCn';l-culate heat trl_ms:fe._;}i‘-é-‘.

Hasy.

: i
— array been Diwe=

roiPrint swmary of fancticns of ¥y mf,
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5.1.1.2 Subroutine PROPX

PROPX

Define Tables .(T) and T(h,p)

{caleulation]q _~Tnterrogate™.
/ “trype of entry”

\E’Fﬂvaluate alT.properties defined by this value of x]_j....,

edge of the boundary layer and
construct tables

v

[Print all tables]

="




5.1.1.3 Subroutine SPECIE

‘ SPECIE >

@ <> &
: L

‘ |
f3et trivial solution: - Evaluate .é A al - :
iof asymptotic specier : for all values | . INTEGL

equations ‘ : of ,1
{‘i’

Petermine 50 A ad |

| Interpolate |
to find 1 {
; N
I Solve for W ‘ . and w N
i [ - i,e ~ 1,my

~ Solve for

we__ " -w-c, and w.p | ¥ _

in reactton | || Solve for
zone IT il fw. ', W, and & _
——p—= e’ e’ P

in reactiocn
" zone I
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5.1.1.4  Subroutine VONKAR

1Evaluate the difference of perameters |
et y (old) and ym(new)

m

_ !
Hyaluate pk for p a function, of ym;b-—-------s INTEGY

: | e . 1
i 1 1 1 m, k .
Ik =%+ 1) "Evul;ua‘be‘é. G. & Re_ |

i .
‘ E-m,’k-—l :

' |

! H

| N |
‘E‘Evalua-the new Xx !I;
il

I Set functions et y;(npw){
il




5.1.1.5 PFunction FUNCT

(:» FUNCT i:)

~Hes this
o integrand beer
Sevaluated 500
\t mes?

Yes

elect
desired
integrand

;}f—iﬁsympt@tié momentum equ&tiorﬂ'—{ RET!'JRN j
:L—_—FRe-;mold-a number (momenturn) }——-’C RETURN )
te{Stanton number |- - ’( RETURN j

!:r'-’h\symptotie gpecles equation p—al RETURN )

|
55' +Integral mementum e.quati@f'—b(— RETURN )

LCadReynolds number .(d‘i_apmacementﬂibc RETURN )

;[Pfﬁn[t_ -ei'——f?qr cemmenq

rcallANArIfGY with error ﬂa‘gj‘




"5,1.1.6 Subroutine MOMENT

(:; HOM?NPﬁtj)

Start timing routine
{not. used)

;

| Calculate a, b, and P]

First time
through?

Generate Iinitialy
guess to U

1+ A4
. Solye ° F (3 *y.a
i p N k-17 '1 1
| 4 - - ---( INTEGL
- . l; i
lkﬁ?__‘t_l] ' 1= lp 23 3, reep N

Define u'/2y’, &, /T, EN, /T
q based on above quadrature _

"Stop timing routine |
{not used}

[




5.1.2 Abletor program

A flow diagram of the ablator program MAIN follows; & listing is
iven In Section 7.2. This routine requires several pre-existing packages
?documented in References 3 and 4). These are LAGIT, DLAGIT, and NSIMEQ
& routine for solving N simultanecus linear equations).



1.2, ARIATOR PROGRAM e
5:1.2:1 (Cwmy )

(1) [Perform type I dinput/cutput |
"

i
(2) [Perform type IT 1hput/outpd€t]

(3) [Perform type IXI input/output |

A tm_ from R, solution|
ceept or rejec mB TOom 12 solution

'LBegin iteration 1092J

{ Accept or reject ﬁ;gfrom R3 solution

Evaluate necessary functions end partial - { LAGIT )
derivatives to form elements of matrix equetion - DLAGIT )
lgglve matrix eoustion for next approximetion to x-a{ NSIMEQ

tion o r(omER )

Matrix solutiodn
ceomplished

r I. '. " ‘ h N
| i;ﬁnﬁaizzczio:s, *Ovewflow/undcrflowf
1and new value of x singular matrix

‘Hrror criteria

~Tterationd
exceed
L 50T

TRREA - 4y :
S —=No convergencel=1hy *7d diresting

(1) —| —

,h3
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Sample case F.. Nonconvergent case (Flight 202, Station 4, 612 sec) te large =

VARTARLE OF INTEGRATION =

A UE

0.,00000

W 2634002
3,15056~62
1.12843=n1
1.,56528=04
1,92530=01
2.27235201
2.60845~01
2,93488-=01
3,25219~+04
3,56034501
Y, ap121=01
#,.49362=01
4.43a348-01
4,71560=0]
4.98557-01
S5,24543=01
5.50431=-01
5,75330~03
5,99551+01
6.,2309%%ay1
6,45280-01
6,68198~07
6,89755+-0}
7.40760-02
T.87623=03
B.Sﬂzaﬁﬁgl
8, 58658=01
9, D2589=0}
9,31p96-0]

S B L,5637T0y

9, 75766501
9, 89TULS08
59,8792 %0}
1.00000+00

T/TE

2.88%25-01
3.10€6" ~01
3.?562“?01
3.TW037+01
4, 00474~01
i, 196G 1~01
L y485apany
4.74776 01
4,98077-01
5.20720=01
S.42737-01
5.864156-01
5.85000-01
£.05289+01
6.25029-01
A,80255-01
6-6297?“01
6,81185-01
6,98699~01
T.161248-01
7.32865-01
7,49123-01
7.64901-01
7.80211-01
B:163:8-D1
B. 4964301
R.T9816-061
2,07055~01
2,31011-0!
9.50553~01
9.568039<01
9.81924=01
2,91985=01
3,97¢534n)
1.000nD+DT

Wil)

1.0C000+00
1.06219+00
1.1395%400
1.21238+00
1285862400
1.36273+00
1.848754+0n0
1.52071+00
1.602581+0N
1.60645400
1.772204+00
1.8%GE454+00
1.9uC324+00
2.04053+00
2.133545400
2,228164+00
2+32u30400
2.421p4+80
2.52073+00
2.62078+00
2.72kpg+0N
2.823p0+00
2.92645400
3.029¢04+00
3.2B838+00
3.,54558+00
3. 79719+0D
4,02867+00
Y,.2E504+400
4.47072+00
4.55010+0D
4.79727+00
4.90625+400
4,9T711S+pn
4.28778+00

33)'#6) hs, 50)-

1.29309+01

Tay/TAUW

1.00000+00
L.01788+00
1.0%299+00
1.059/9+00
10073&8+D0
1. 08234400
1.39222+00
1.19180+00
1,10712+00
1.13CB240D
1,11238+00
1.11249+00
Y.11100+00
1.1079740D
l.10345+00
1.09747+00
1.09C05+00
1.0®125+400

1.07107+30-

1.05952+a0
b.0Les3+00
1.93239+00

-1.01881+00

9.99%20-91
§.51724-01
B.95572-01

8, 306567T-01

7.575i4-p1
£,75131=p1
5-875g5‘01
4,.87195-p1
3.76422-01
2,5u851-p1
1-21714?61
l.00000-05

EPsnU

0,00300
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
6.00000
0.00030
0.00000
0.50000
8.00G00
0.02300
0.60000
0.00090
0.00600
¢.00000
0.00000
D.0000C
0.00000
0.030G0
0.0a000
0.00008
5.00000
0.,00000
0.00000
0.00000
0,00000
0.0000G
0.00000
0.00000
0,00000
0,00000
0; 00000
0.006000

+ + . 5
step size in y, array (ym: o, 1, 4, 8, 10, 12, 14, 16, 18, 20, 25, 30,



TUR3LLEHT 8O0WDARY LAYER 2MALYSIS vITH COwMnUSTION

INTEGRAL SOLUTIOM OF wApETU EQUuaTION
EﬂERGx LHD SPECTES EQUATIENS APPBOYIWATED 237 BEYLOLDS ANALOGY

FLIGHT 20%

X

G.00090

0.00a0

8. n332-04
5.5155-03
2. 038302
£.5783-92
1,1862-01
2,2517-01
3, plyBu—-pl
B, orSpl=0d

6,5515-61
E,2571-02
1,.0150+00
Y.23e3+ 00
1.,5228+00
2.09144+00
2.23u0% G0
2.334400
S.78udevop
11020401
172572+
2.023m+71
2.0216461
2,.2215+01
2.02%54 01
2.6217+01°
2.0217+¢1
2.0217+01
2.0218401
2. 0218+
2.9215401
2.0m215+401
£,9212+71
2.0215+4)
2.0215471
f 1
. 213%01
-”£1§4ﬁl
V2IE4CD
r2y0401
218401
n21R40l
n21E421
f21e+0)
. 2328401

k)
o
=
m

+
=

[SELAE SR S SN SR )
H

Sample

ST Al 1ON

RE{X?

9.330¢8
1,8192-39
3,2179=p1
2.8208+n0g0
1.1%2062+01
4, 30nprgl
1.3095+02
3,31955+0z
6, 3534+02
1.3R33+03
1.7953+0%
1,73554:2>
2.8p28%4nx
3.35BE P03
4, 9848902
6. 8791 +DL

TIVE 612 SEC

RE{)

0. c0ch

1.6191-91
a4 510-n1
L. 571400
2.5%917+00
4. C330+20
S.Ein1+a0
7.95a2+04
M SvES WL
1,3217401
1.6357401
1.5310+n3
2.3622+03
2.781%i 01
3.2372+01
3.7196+m

B, SRSB4 <<t DRGug ]

1.2280+04
1.41054 04
1,439047Y
1,5597+p0
L.atha+au
1.7s0G400
1.7568+04
1.757214¢H
1,7573+40u
1.7575+04
1, TETFT+pu
1.757840%
1.7579+104
1.7584+0%
1.323%+04
1,936p+04
2.0543%04
2.1556+0u
2, 2R&E2+0Y
2.54T78+0
2.9323+04
3.1215+04
3, L1u2epi
3, 7105404
4,125+ n4
4, 3176+04
8.,562T70+54
5.756140Y
5.9000+04
6,5505+04_

case .

L,77rAend
5.3795+111
EaZnT+n1
£.ED134n1
BL5USALa]
1.04314%52
L.122%402
¥.15714022
1.22934+32
12731402

1.31435+n2

1:355R+p2
1:396L+02

CLJHDRTANR

1. UT5T74n2
1.51694+32
1.55pR4N2

+5968+n2
1.53R7402
3. 736N+ N2
1. 833402
1.9365492
?: 0358402
241371402
2.2302a02
2.2T2R4N2
PeddIDnE
e NS T )
28500402
2. 1580+ 92

Convergent cas

P{AT)

2.0000
1.168%9-p1
1,168%-791
1.16E6-01
1.,1579=01
1.1661-01
1.,1628=m
1,1381-g1
1.1527-ny
1.1872~01
]}1uuu_gl
1,14800-g1
1,1338-01
1.0%97-01
1.0629-01
1, 01Ru=-p1
8,2750-0?
3,55%2-p2
2.,25R7~-p2
2,3721-03
2.0175=n3
1.33487-03
QUL
4.1058-0%
=2, 4300~p5
-2,05363~15
-1.,8396—05
=1.7025~05
-1,6251-25
-1.56R0=-p5
-1.515%—=nYy
0.0000
n.agnan
0.0000
o.on00
5,000
q,0n0n
n,o0en
0.906G0
n.[ROG2
G onnnn
M. NBNn
G.oonn
n. oo
0.0000
g,0007% .
G.071n

JIERSE)”

0.000n

3.15p5+0]
32085401
3.3035+01
4.5725+01
6.2310+01
1.1i4p4 02
1.715102
2.8)1624n2
3.137¢+n2
3.30014+02
SewdGudry
S.liukie2
4.70204n2
S.5071h0 2
B.2LA+0R
T 4280402
J.0751402
Y,u751+n2
9.u751+ng
S.u751+n2
9.uT51tngs
9. 075L+NE
F.U7514ne
o,a7b1+02
G.JTD1+H02
9.u751+nz
Y.nT51+n2
9.u7T51+02
Y.9751+02
R AR 2P
Q. i7S1+ng
9.2751+n2
2.475)+np
9.9751+02
G.a7h)+ng
L.UTR14+N2
.u751+02
wL.uToitng
S.u75i+n2
CLUTRY D
T.u731% 02
CeuTSyang
GL.0T51+02
P RS Ik 1 P
J.u7hi4nz
WL UES1HNE

atep slize 1ﬂ'yi ayrey.

A5 2591

CFs2

1.0005432
1.5709+0D
3.92R0-01
1,.745%87+01
9.8179-u2
6.2725-02
4, A5u58—-g92
3.19n23-G2
2.u3348=n2
1.9152~02
1,8480-02
1.276b-p2
1.0675-02
9.0509-03
T.7550-23
8. T2FG=01
5.88%31-03
5.19¢31-03
4.5785-03
b.p720-03
3.53r5-03
2.75e95-yu3
2.1%20-:3
1.9955-43
1.9UW82-03
1.9141-u3
1.8921-03
1.874B~-03
1.BeGl-u3
1.R6T0-03
1.P350=-u3
1.3237=02
1.8120203
1.FG20-03
1,7926=02
1.782%-33
1.7528=-2
1.73F2-u3
1.7176~63
1.6985-u3
1.rENH=3
1.6632=-032
1.6365=02
L1.6314-03
1.6025=p32
1.8763-03
1.,8523-03

far mame conditlons as

ST/CFr2

0,0000

1.2752+G0
1.2752+n0
1.2752+900
L.2752+G0
1.2753+00
1.2756+090
1.27860+00
1-27Db+00
1.2772+G0
1.2T78+G0
1.27hl1+00
1.27¢6+00
1.279%+00
1.2805+00
1.281b6+00
1.2230+00
1.2R48+00D
1.2881+09
1.28944p0
1.2857+p0
1.307%9+00
1.3209400
1,3265+G0
1.,3195+00
1.315%3+00
1.3089+00

- 1.3005+nD

1.2971+00
1.28459+00
1.28)0+00
1.2771400
1.2750+00
1,2712+00
1.2691+00
1.2b71+00
1,2621+00
1,25%42+00
1.2510+00
1.2509+00
1.287H+400
1.2448+00
1.24822+00
1°,2391+090
1.2355+00
1.23z24450
L.2z22+n0

G}

D. 0000
1.0754+ 52
2.7301+351
1.3262+01
9,51554u0
2.286254+90
T.0472+0]
1.1772+u1
1.2607+4)
1.2819+01
1.10603+¢)
9.84784 G
9.2630-p0
A.88x29+p0
8.5630+00
A.3T0bvpc
7.06584+y0
33,3628+ 90
1.8373+G0
1.765§—u1
1.3075-p1
&.810U-g2
1.9%abk-y2
1.5323=-y3
—-B.Byg7-pu
~7.3295-,t
—6.4552-(4
~5.3511-y4
-5.5555—-¢4
“5,2799= 4
-5.0455- 4
0.00650
0-0093
0.0e90
0.0000
0.0ong
t.0003
0. 0000
t.. "G4
0.0¢70
0.0000
N+0G"y
0.0000
0.007%3
0.00N1u
g.e000
C.000u

Y(M)+

0,0030

1.6000+00
2.0800+00
3.00906+6G0
H.uoo0+go
5.30006+00
2,.2000+G0
7.8000+00
3.000D+00
3.0090+00
1.0020401
1.139C+L:k
1,2000+01
1.3g00+D1
1.+080+01
L.3000+01
L. 5000+
1,7300+01
1.800G%tut
1.90004 01
2,43004G1
2,200C0+01
2.8020401
2,.86930+01
2.4J00%y1
3,9006+01
5.2030+01
3. 44ud+pl
d.oBdh+ol
3.3¢90+01
4,0000+01
4.,2000+01
4,500+ 01
5 .ay0p+0l
4,.3500+01
5.0000+C1
3.5000+u1
D.uLD0+0)
2.5030+01
7.i000+91
T.5u004u1
F.2000401
3.5000+41L
N U T AR TR
L.ogo0+L2
i.ludnrg2
i.2udlto2

Uind+

0.0000

7.9780~01
1.59556+400
2. 33955%+00
3.1915+00
3.S50b+00
4.7921400
5.8357+00
o.4150G+00
7.22a0+00
5. -33+0u
c.837+400
C.6T5T7+00
1.0511+01
1.13%6401
l.21:1+01
1.2033+01
1.237534+01
1.8779401
1.86-6+61
I.0330+01
1.%071+02
.1, 7401
2.2390+01
£.2073+01
2.,2d357+01
2.2950+01
£+ 3026+01
éo31;b+ﬂl
ce3Eub+01
FRR RS |
i2.38317°402
2.5 0 U1
c.3553+31
2220]19+01
2.30:23+01
23530401
2.3%,06+01
e-BlzE+01
P M
Z.8300+01
e.t521+01
C-LBH2+01
z.4T759+401
2.%3F,0401
2.51aT+0%
2.53:1401

pample case #., except smaller

H{COEF)

0,0806
5.1877-p2
1,.3170-p2
6.32375-03
L.5202-03
&, u777-p3
5.0515~02
3,.576a-03
5. 0814-p3
o.1340~0d
3.3103-p3
L 150%—p3
4, u7CE-03
5,2555-03
+,1331-03
4, 0376-03
3.4365-93
1,86222~pd
9,104 3-p4
3.5152-9S
S.ayT 395
3.2853-35
I.o2u7—-0b
7.-a253~p7
—4, 2p47=0a7
=3,2357~47
-3.11239-37
=2,8310-u7
-3,579%~-07
-2.5:2p-07
-2,5335-97
0.0000
J. 0300
J.56005
00,0350
0.0C00
Q,Le00
¢, G300
9.933C0
0.06060
g.04G00
u.CoLo
v.C006
t.0c60
J,CC00
0,600D
u,0500
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TURBULENT BOUNDARY LAYER ANALYSIS wITH COMRUSTIGN

FN“’GRAL SOoLETLoN OF vEMENTYM EQUATION

IENERGY ANG SPECIES £QuATIONS APPROXIUATED BY REYNOLDS

~Fil. TGHT Sbm

X

o,0b800
0, 0000

3.7022~03
2376602
7.1773=02
15220010
z_buss-ol

6 9520-01
'9,2225~04
1, ¥9274+00:
1. 4977+010
1. E038+Dm
2,08E6+00
248288400
2, 6640400
3, 1717+00.
X874 1400
W, 5680+00

STATEOHN

RE (%)

0, oot

8,4925-39

9. 3895=0y
T. 2559+90

d.SllZ*ﬂZ
S 2U B4
'B.e ¥6G24+02
1. 3T 1B403
2,1953+03
3 3679+03

4,927 04 0F
6,?199+0;
8,6050+03
1,0484408
1. 126484904
1.19668+04
1.2263+04
1,2586+04

5. 2843400\ 1, 2THSH Y

i 5346+00|~1 F142+nk
7. 73B§¢nn- 1,.34624p%
B, 5612400 ;.3717*94
9.9105+00  1,3918%py
1\0891+aa 1,4072%gl
1 1812+01 - 1.,4187+04
J2BTS+HOL 1. 4270404
1.«493«01 1.4326+04
A 4268401 1,43574pu
w,5003»ai 1,4369+404
15145401 1.,4370+04
1,514340% 1,4375%04
1,5240401 -1,4372+0%
1,5137+p1 1. a3T2+04
1.5135+01 1,4373+04
Saxple case #3.

4 TIME 120 SEC
RE (M) RE(D)
0.0000 00000

3.6617201 =2,3128~01
1.4660+00 =B, #635=-01
3. 2955+no S1,2015+00
—3 3B2T+430
—5 2833+n0
1.3 ~7.6013+00
1. 7933+01 ~1,032%+07
2.3901401 ~1.,305T+03
2.9599401 -1,6999+01
3.6511401 =2, 0919+51
4.410%401 =2,5377+p1
5.2327+01 +2,0717+02
6. §152+401 =3,44%25+01
D264 7401 =8, T915+02
T.TBo2+01 -4,032T7+0)
a 6216+01 <4,1955401
9. 73p2+01 <4, 7338+p1
1,0909+02 ~5,3071+01
1.2356402 —5.0133+401
_1.2%67+p2 <£,5519+01
1.6300402 =7,9313+01
1.9398402 ~5.4388+01
2:2766%02 =1,1077+p2
2.6407¢02 =1.2851+02
2,0314402 =1,4753+02
u.4461+02 =i, 6786*02
- 1Bud0+.‘2 "1 B S+02
4.363b402 <2,122B+02
4,8637+02 ~2,3653+02
5.3559+92 =2.,6208+p2
5.9391402 =2,8B94+02
6.51P2+02 ~+3,1711+02
7.1271402 =3,48681+02
T, 7603402 <X, 7762402
8,.42r0402 —u 875402

1ﬁ yL Brray.

AS 2591
ANALOGY

RE{DEL) CF 2 ST/CF/2
p.0000 1.0000+38 0,0000

9. B054=01 1,0401%00 1.3076+00
3.%223+00 2.6000<01 1.3076+00
8.8252+00 1,1556%01 1,3076+00
1.5689+01 6.5002=02 1.3076+00
£.4513+01 4.16n4=02 1.3076+00
3.5297+01 2.88%6-~02 1,3G76+00
4.8035+01 2,1236-02 1.3076+00
£6.2720L+61. 1,£267=02 1.3076+00
7.9371+01 1.2858-02 1.3076+00
9.7e6p*NL  1,0421-p2 1,3G76+30
1,LEB47+02 B.6206-03 1,3076+400
1.4p69+02 7.2539=03 .,3076+00
1.8518202 6.1%44%-03 1.3076+00
1.9103402 5.3719-03 1.3075+00
2.1825+02 4,7222-03 1,3075+00
2.4729+02 4.1B62~03 1,3076+00
2,7917+82 3,7083-03 1.3076+00
3.,1293+062 3.3076-03 1.3076+00
3, UBT72+02 2.9686-03 . 1,3076+00
3.8639+02 . 2.6792-03._1.3076+00
4,6755+02 2.2142-=03 1,3076+00 -
5.5643+62 1.2605-03 1.3076+00
6.5300+02 1.5853-p3 1,3076+00
7:5733402  1.3669+03 1.3076+00
5.6939+02 1,1907-03 1.3076+0D
©,8917+02 1. 6603 1,3074+00
1,1167+03  9,.705«04%  1.3C76+400
1.2519+03  8,2690=04% 1.3076+00
1.,3949403  7,4215504 1.,3076+00
1.5u56+03 ° 6.6979-04% 1,3076+00
1.708p+03 6,0752<04% 1.3076+00
1.8701+403 5.5355304 1.3076+00
2.0840403 S.06u6<04 1.3078+00
2.2256+03 4.6513~0% 1,3078+00
2.4150+03 4 _2B67=04 1,.3078+400

@(w}

0.0p00

3.3894%+02
2.0851401
5.5908+51
5.3096+01
S. 7630401
6.3254+01
6.T168+01
5.9945+]1
S5.6141+01
S 4454+01
S5.3706+01
5.,2237+p1
5,1010+61
4,3760+01
2+5201+01
1.2940+41
3.0817+00
1!5632+00
1.2752+00

_1.0770+50

7.79n8=-01
S.6316-01
4.6715-g1
219249”01
2+0709-p1
1.4268-p1
9.3708-02
5.,5992-g2
2.6805<02
4.1093-03
1.262ﬂ’0¢
1.1778=04
1.1807=04
1.0326=-0h
9.6703=05

T(M)+

0.0000

1,0000+00
2,0D000+G0
3,0000+00
4,.0000+00
5.0000+00
&,0000+C0
7.0000+00
8,0000+00
9,0000+00
1,0000+01
1,1000401
1,2p0D0+01
1,3p00+01
1.4p00+01
1.5p00+01
1.6000+01
1.,7000+01
1.8000+01
1.9000+01
2.0000+0%
2.2000+6L
2.4000+01
2,6000+01
2,8000+01
3,0000+01
3,.2000+401
3,4000+01
3.6C00+401
3.8000+01
4.0000401
4,2000+01
L, 4000+51
4_6000+01
4,.8000401
5.0000+01

UKl

0.0000

9.8054=01
1. 9612400
2.94%17+00
3.9223+00
4.9027+00
5.8B823+00
6.8622+00
7.8405+00
5.8190+00
9.7955+00
1.0770401
1.1741+01
1.27p6+01
1.3644+01
1.4552+01
1.5456+01
1.6422401
1,7358+01
1.8354+01
1.9320+01
2.1252+01
2.31g4+01
2.5118+01
2.7047+01
2.8950+01
3.0911+401
3.2853+01
3.4775+01
3.6707+01
3.8639+01
4.0571401
4.25p3+01
4,4435+01
4.63p7+401
4.829%9+01

K (COEF)

0.000D
3.1677=-p2
8,4905-p3
5.,225p-93
2622-03
5.%865-03
5.5115-p3
6,277 -3
5‘6§?3wa5
5. zvégvﬂj
S04 °f T3
S Ls5ep3
4%,5525~p3
4,7873-03
4,G5897-03
2.355z2-03
1.25%4—-03
2,85C01-p%
1.5609-p4
1.1813~g4
1,.5065—04
7.,25811-05
5.263z~05
3,5051-05
2.7335=-005
1.,9354-05
3335~p3
8,75785—p6
5,2325~pb6
2,505z=-pb
3,8405~p7
1794—p8
l,1005-p8
1.0845-08
3.6504-0%
9.0375=~39



TURAVLENT BOWNNARY LAYER ANALYSIS ¥ITH COMDUSTION AS

TTINTEGRAL SOLUT Tl 0F o dMENTUM EGUETION T _
EMERGY AND SPECITS FauATIGUS 2PPROYIMATED BY REYNOLDS

FLIBHT 5p1 STATION &

b'd

0.06060

0.0000
3.Tn2e-03
5.0836-02
2.32239-01
h.o422-01
BeT7976~01
1.4580500
2.0831500
2.6867+00
3.7337'1'09
L Z639400
T55664+00
_8.6630s g _
9.7a87+00
1.06B81401
1.1593+0%
1.2%88+01
1.3259+40y
1402740y

PE(7)

g.000n0

5-49?5"3“
2., 340501
18307+l
l.eu7434nz
Tu7Tr4n2
1.99014n3
4.AZTT+r3
LAGERERT

1 121240y

1.2242+04
1.27%31+0%
13137404
1.345u+ny
1.371in+p0

“1.3931Caph

1.5 Ta4+nn
L.41994n4
1.4282+04
l.aZgosnl
1.4F85+0Y

PELY T

0. namo
3.6817-0]
1L9ERNERD
TS BL3A+0N
1.31R1+n}
2.243n4n%
RPR-LUE ST
5.PLFTHL
T, neaend
B RRANeNn]
I, nGi2+ry
13472402
1. 6200402
]_Q?Qq+r2

2.PT6R%02

?.6407+07
3.0316402
TR S
Z.0092ne02
it 3A3u+02

LB ORITHRZ_

L7584 L.sbnuspt  5,33F3402
1.5840240) I:v«ﬂﬁiﬁw*fSTaig?icz

1.5110401
1.6745401
1.7349401
127930401

L L.429040Y

1-4362+ny
1.4323+n4

_1.42754py

A.51a2402
7.12714r2
T.7502+02
a.4pna+n2

TI®E 120 SEC

2591

AHALOGY

le case &, Convergent case for

input identical to case #3 except

step size in y;_ sreay.

TRE(D) RE (DEL) CFs2 ST/CF/2

c.n0hpod p.onon 1.0000+38  0.05069
—2.1128-p1 9.ansy—-01  1_.7401+p0 | 1,3275+00
=-2.8635-p1 3.9223+N0 2.6000~-31 1.3076+70
=3, 2E53400 1.56972+01  6,.4997-02 1.3976+90
~7.06040+00 3,53pn+01 2.8390-02 1.3276+4N0
-1.3503+81  6,2743401 1,€257-32 1.3976+73
-2,7998+p1  T_T79G2+N1  1,.081&=y2  1.3076+0G
—2.9907+01  1.4101+402 T,.2424-03 1.3976+N0
—2.9900361  1,.91e1+72 S.F3PI-pX  1.3nT7H+0H
=& BT7LE431 2 HR3R4TZ B 1890-p2  1,3070+n0
=53, heY+ . 3 109R4N2 3,707 -3 1.3nT7&+N00
~6,5557+01 I abun+DZ 2,8791-03 143075470
=7.93134p1  4_.6754402  2,218F-53  1.3176+90
-8, L335640)1 5,5A314M2 1,06505-02 1.3776400
=1, 1077+02  6_5300402. 1,5ES53-03%  1.3075+00
~1.28%1402 7_5733+402 1.76AS-3X 1.Z375+00
~1.3753402 H_p0I0+N2  1,1907-02  1.3775+70
~1.67R6+D2 F_E217+02  1,78646~03 1.3076+70
~1.8935+52 1_,1167+33 ©°_27NS5~34 1.3076+0)
~2.1228402 1,251S+03 8, 2590~-p4 1.3075+00
~2.7653+p2 1,.3049+403 T, L4215~ 1,3075+00
~2.6206+52 1 [USs4NI_ 6 _(979-134 1.3076+70
=2,8804547  1_7pgq+0N3  H_0752-54%4  1.3UWTE6+90
~3,1713+52  1.8701+03 S5.S355-p8  1.3076+00
—Z,506R81+02 2_0440+03 5.na%p-)n 23075400
—~3.7752407 2_22%4+73 L _A513-54  1,3076+00
-4.0975+02 2_43150+"3 4,2B867-pu  1.3°975+0

e{nl

0,002390
J.2508%5+02
9,0851+G1
4,2739+01
=.5245401
£,7301+01
S5.2138+03%
5,0807+01
4,4356+03%
1,2970+03%
1.6131+UB
1.1008+00
T,9430-01
5.76581~0%
t,19645~01
2, 0343~01
2.1723~01
1.5125~D1
1.0222~01
£.,3330~02
3.8031-02
1325202
-7.3521-u3
~2.1020-02
~3.2879-02
-4 .,le070-02
-4 .8320-02

oy

PRy

YiM)+

0.0000

1.0000+00
2.0000+00
4,.0000%00
&.0000+00
2.00450+00
l.0000+01
l.2¢00+01
t.4600+01
1,0500+01
1.6000+01
2.0000+01
2.2000+01
2.400040]
2.6000+01
2.8000+03
3,0000+01
3,20004+01
3.4p00+01
3,6000+0}1
3,8000+01
4,0000+01
4,2000+01
4.4000+01
4.5000+01%
3.8000+0})
5,00p0+01

Uisl+

¢.o0G00

Q.8054—01
1.9612+00
3.92z8+00
5.8833+00
7.8430+00
9,7992+00
1,1751+01
1,3087+01
1,5524+01
1,.7538+01
1,9320+01
2,.1252+01
2,3154+01
2,5116+01
2,.7047+01
2.R880+01
3.0911+01
3.2843+%01
3, 4775+01
3,6707+01
3,8639+01
%,0571+01
4,.2503+01
4 yg35+01
4 6367+01
4 _R299+01

H{COEF}

0.0C000
3.16?7‘“2
8,%208-03%
3.5590-03
5,1631~03
5.:020-03
L,2T24~D3
4,7u83~D3
B.,1255~03
1.2121~-03
1.5285~p4
1,.0286~04
T.~233~D%
5.39308~05
3.3201-05
2.8377-05
2.8302~05
1.5%201-05
8,5530-06
5.95855~06
3,i824-086
1.3120-06
-6.5711~07
~-2.0206-06
=3,0726-06
-3.3948%L-056
-4 535506



SAMPIE CASE # 5: Input of first iteration for flow field program

(Combustion routine not used)

FLIGHT 2n2 STATIONS 119245 TIME &P SFC

26 1
1.0 P.O 4 o0} ﬁuQ 8.0 10-0 1?-0
1440 16.0 1840 20.0 221 240 260
28.0 0.0 A0 14 .0 46.0 18.0 40.0
2.0 44,0 46,0 48.0 5N, 0 :
.02 N.O" e Ne3f 20.0 0.77 077 Py, -
N,00%4673 1100, PI287. 1040

206
0.0 1.0 D.642 0.998 1.283 0.99% 1.925 D.9856
PeRET 0-‘?74 3'?03 O-Qﬁ 1+850 anfl"! tl-‘!q? OOQ?
4524000 0,%18000 %4133 0.89 e 17 0.832 T.10 Na7H7
BaUR2 D.68% 10.767 0,945 10,459000 0.539000 10.908 NGO
11229 0.7292 11+5R5 0.1 17197 0.07 1636300 0.010000

el
1,00 515, 2240 515,
2

N«0 .0 2040 0.0

SAMPLE CASE # 6: Input of first iteration for ablator program
0.0009%90272 0.7 148 000341 5315, . 4365 0.000001 0.00000]
0.43 0.62 2130, 6154 250, D75 4« 8060E-131 866
0773 0,12 1.10 0.50
0.00 103/00¢ 0,00 1,00 126R00,
0,000 1000000, 7500, 0,05 00"
1.0000F~13=-700 200. 1 0000F=171.0000F-17
T« OOUNE-0910.0 600, 1.0000F-111.0000&-11

0u0Q32



“TURGULENT BOUNDARY LAYEA ALALYSIS wITH COMRUSTION

TNTEGRAL SHLUTION OF wOMENTUN EQUATIGN
ENERGY anO SPLCIES EQUATIONS 2PPROYIMATED RY PLYHNOLDS ANALOSY

FLIGHT 202 STATIONS 3.2:5 TIME 52 SEC

T 0862501

BI-MJQ_fﬁl_ Qutpu@ngzugggpée_cgse f%.

X

¢.0040 -
0.0009
1.1106~01

2,0594+00
3,9465+00
6,2014400
B8.87574+00
1.0856+01

RE(%)
0.4200
2,8629-39

~1.7551+00
4,8950+01

2.5R3L+02
8,3339+02
1,2u41+03
3.5921+03
§,90727+03

T1,2555401 5.5571+03

RE(F)

2.00g0

2,84829-01
l.i463+00
4,5E50+00
1.0258+G1
1.76S2+01
2.65%5+01
3,4821+01
4.008b4nl

T4L,7019401

P{ATH)

2.5555-03
1.9562-03
£.9380-03

G(EDGE)

8.0okh5+01
8.0bh5+01
2.81kh7+02
1.1107+23
2. Lb730+03

14.3650+03 _

6.6382+03
9.1261+03
1.0bS7+ph
1.9458+0k

45 2591

CEr2

1,0Dp0+38
1.5027+00
2.77u47-01
o, u3GLU-Q2
4,.2080-G2
2.3931-02

e

1,8703-02

1,1672-02
9,u578-93
7.7287-03

STsCF/2

0.0800

1.2446+00
l.2L46+00
1.2486+0G
L.zt8o+00
1,26u6+00
1.2840+00
1.2546+00
1,248456+00
L, 2u=s6+C0

Glal

0.00G"

1.851. 4l
1.LC37T+51
1.82a6+41
1.46306+01
1.6513+01
1.4187+01
1.2952+01
G.Blab+0D
7.1095-01

Y(=)+

J,.000<

1.92030+60
2,0603C+uid
4. CULd0d
. 2a0Ltuo
- FRVIVI] B VR3]
1.30030+31
1.203G+ul
1.5p020+01
l.e0co+Cl

Ul L+

g. 0450

83.1357-01
i1.0270+G0
3.25-7+0u
4,67-0+Co
0. 0.2+00
7'95C1+BG
G,.2%2u44+0p
1.6253:01
1L.1377+01

={CCEF}

<«

]
I dp i Ty

1HA) wg e )
S ke f)
? ©
@
u

1-p
a—D%
5-0%
15-g4

T4

{11 san
[RYE:
£

™

|

=]

z

[= TS ITCIRY o VY RNY J 3 L
i
=]
=

CEEC IR B A

8,5371-64
=, 73224~05



144

T4BLE 13
2.00000
1.00000-03
3.00000-02
2.00000-01

TaatE 2
0.040000
L.06000402
S.37600+02
4.0THUDSAR

TaBlE 3
0.00000
1,pp000-02
1.35000+00
8.00000+00

(PHIT,LAMCA)
L, rOGGE+DE
P OArDGLR
Y nafeueen
2.7~}

APHIT,¥ 0T M)
1.brnup~12
L OGO (-GT
A,70000~03

7.55000-02

(PHIZ« 00T S}

‘1.0n000-17

1.00R00-12
2.500600~0%
9.00000—pY

PARAMETER IHPUT CARDS

5.902000=-0u
*4,300700-01
230700001
0,903000
UPPER BOUNT
LGxER BOURD

ITERATION - -1
3
X
pEs, X
X1
ITERATION 2
F
X
CELX
X3

ITERATION 3

.

%
DELX
X1

ITERATION &
F
X
bELX
X1

ITERATION 5
F

P

TON. 6

7.000200-01
6.2n0000~01
1.20n000-01
1.036000+40E
1.na0p00~02
1.000009~13

CASF 1
1.0313221401
g,000000G-10

-2,0031194-06
5.000629%-30

CASE 1
=1.7262693-01
7.50024¢9-10
3.4709751-08
3.5u50777~08

CASE |
7.6539581+50
1.B1p08G0-D8

=1,4392312-n8
3.7080891-69

CASE 1

2, 0950056+00
1.0°05245-CE
~5.8257151~¢9%
5. 078529908

CASF 3
9.5622760400
T.9213874~p%

-4 2052005~p3
3.0957436~-p%

CASE 3
1.0051009+01

Semple #8.

1,00000-05 1,00000+4C3
&, R00R0-03 3.00GRD+gN
4 pp0po-nz B,00000-01
5.80000-011 ~5,Lr00G~07
2.00000+902 l.660Qc~-12
2,85700+02 L uro0b~u3
7.54700+02 5.30L00-03
7.25030+04 8.0%000~C3
1,00000-05 1,00000-16
1,00000-01 lL.ocoq0-10
2,entn0+00 3,00p00~C2
1.00000+01

1.30000~03

1,480000+01 3.4irQ00-03

2.1300Dp90+03 6.154000+03
1.310G00G+0r 5,000000-01
n.pocoog 1.860900+0n
1.000000+06

~7.000500~01

{X) =
-g_9a99001+05
10000000401
9,4999301u1+05
1.3a00000+06

Xy = { ¥ OOT P
=i GQRTAGT+DS
5.000C500+E5
4, 9e8TALE405
9,3u68305+05

(¥} = { » pOT P
-2.5259551+n5
T 4736432405
2,52952264+p05
8,7367216+05

(X)) = ( M DOT P
~1.89up04 8405
B8.1050824+05
1.8249918+05
2,0525413+05

X)) = { H DT P
~1,2211857+05
8.57B8118+05
2.9162868+05
9,2894059405

¥y = { MDOT P
~1,0555913+¢5

1,000 0-04
1.057LF~"e
F.hanur-C2
1,005+ Cu %

5.7ul( 0+ 0e
3.2.3 0403
1.2:2ir+04
1.50nGR+05

1,0unL0-0x4
4,0u00c0-01
h.cgopo+le
3.005C0+01)

5.35000C+02 i
2.504008+02 7
1.263000+05

7.550000+32
2.00000C+02

a,5000001-10

Cutput for sample case #6

1,.p0an0e51
e, 1837 0G+uY
£.Shny-01
PR A LANE J O

l.oC6Mu—-11
2,080 0=
. sN00d-02
2.27004-63

1.¢0009~15%
1.06000-07
L, 20Dn,~0u
0, S000y~03

. 205800+43
+S00600-01

S.0003C0-ug
1.00000L0-17

9,93970v1~12

€.0000D0N+52 9.9993999~12
2,93322254+ (4~ 0.0004L0u0
4, 0493932453 3.,9995999~32
v LAMDA ¢+ T 6 ¢« P ODT S 5 4 DCT C
-0, k55602704 “1.789¢929-08
2.32498004 03 9,99acq9g9~12
=1 .3347065+53 1.B8688655-05
9,0029343+2 ™ 1,86Ba6865-05
y LAMDA 5 T & ¢ ¥ LDT.S » = 0OT C
-4 . HS6E09T-Cy 9.3442965-06
1.8570807402 9.3483374—05
“~5.732655M402 -9, p559¢127-06
1.0888012403 2.8542408-037
r LAMDA » T » » mLCT S » » GOT C
-2,4238315-pu 4,8103693~06
1.37102%0+C3 4,8143810-~36
~2.87T14595+02 1.2683025~0%
1.0838730+03 1. 749540505
» LAMDE + T o v M ECT S )

~1,30%3976~Cu
1.2274510+02
~5.PHE608S4C3
7.13725uB+02

g LAMDE
-$.SLB1R70-(E

1.1154892-05
1.1154B93-05
—=1.313p243-05
1.8649757-08

Twn « ¥ICT S5

5.5867714-06

L.0Duu0-04 1,20600401
2.Coble-02 1,306506+00
LeLedi=itl S.50nnG-0y

1.09000+01 -7, 36000~

&.CC0Cul+b2
[TRCT TR e SR oK |
2elpzlutds
1.0UDIVHLE

1,06GLE~15
2,3000u~03
T,«LllL~03
PRSI T

1.00L0G~632 1,060C00-14
1.08C08+406 2,GR0CC-0y
£.0C000+00 o,3L800~04
L DpUdo+02 ©.7CL806-0z

1,800000-0a
4,8460U00-13

1.000000-0g
lefuolils+ Dy

5.030000-07
1.606000-17

{ MDOT P s LAMD2Z + T & ¢ MDOT S5 , » DOT £ )

=4, 2UGHLE G I-04
- 99059993 &
-5.54994 7904
S.00p00%9-12

—l o, ¥3577B0L-35
7.50,0080-12
~1.7071c30-02
3. TID50083~12

1.31,225E~02
5.6250082-12
—0.92,1526~03
2.B1:5G671~12

E.4130063-03
B.2157557-12
5. 732563503
£.1093826-12



X
DELX
*1

ITFRATION
F

X
DELX
S|

ITERATION
[

A
DELX
X1
ITERATINN
F

%
CELX
X3

ITERAT 10,

F

X
DELY
X1

ITERAT Dol
F
X
NELX
X

TTERATI I
F

X
DEL X
X1

ITERAT .
F
b4
DELX
X1

ITERATILI
F
X
DELX
¥1

ITERATICL,

F

X
GELLX
X1

H)

11

5,5935%655-00
2.7277676-04
2.7278475-08

CASE 3
-5.5524874+00
1.363%537-04
1.19981P8-03
L.20R2142-03

CASC 3

~4, QU9BLOEL00
6,0130478-0%

S, 33153000

1, pPEYSST-03

CASE 3
~2,1973307+00
9.5786176—-0b4
2.1112192=n4
1.2350037-03

CASE 3

=1 67645 7R+00
1. 0988427 ~003
1, 36EBBE76-4
1,2353315-03

CAGE 3
=R.H16972B-01
1,16668871~03
£, 81350935
1.2313001-p3

CASE =

=, 37377%4-n1
1,1990493/-03
2, nR/REYLS-R
1,2299620-03

CASE 3
~2.2052537-01
1.2185278-03
1.4236055-05
1.2287543-n3

CASE 3
=1,i071083-01
1., 2?71 swA0-0n3

7, 0E3CAET~NG

1.2286897-03

CASE 2
-5,55017%27=n2
1,2731672~03
3,.3137188~0h
1.22R48186=03

8,93410b8+65
1,06499548405
Q,o00910Y2+55

(XY = ( ™

9. 8664993405

9. 46660565+03

-9, 4565344+05
4,7332993+05

(% = ( In
7.0N25923+05
7.069U53140%

~7,.0993893+p5
6.3R28125+00

(X} = { ¢

3,5u284349+05
3.55N00085%+p5
=3,.54599360+05
7.2392812400

(X} = (M
1.7749717+05
1,7750404+n5

-1,77459663+n05
7.4n23438+00

{(¥y = (P
R, B706300+DY
2,a7557z2+94
~G.878g302+p4
T.4399219+00

(¥} = (

o, 4373+,

4 B3IR1571+0n4

= BT 5T g
7.414062.:+ 0

(x) = { &
2.2187ib4+0y
2.21°44502+0Y

~2.218708+04
F.00965630+00

(Xy = (¢ ™
1.1095%86404
1.1105951+n4

=1,1r0935u5+01,
T.4061272406

tx)y = ¢ -~
RONUARTA4T+OS
S5.5%41736903
-5,34567760403
T.40485810400

boT

LoT

LoT

Dot

0T

LoT

Lev

~

PP

[&]

9,705ER23+02
R.755811R+03
1, 2352040403

y LAMDA o T w
=1.0692123~03
2.602%6811+403
-1.6552652+01
?.5363875+03

s LACDA +» T w
-8,aat3TiIn~-ny
2. 539UERL2+03
=2.,641bBv2+02
2,32305057403

v LARDA 2 T oW
=X, NY96485R-04
2.4025850+03
-1.02877a7402
22337071403

r LAMDAE T %
—1.56316%91-04
F.3511800+03
-0, 268 cHULH0L
2. 2BB990+03

r LAEBA o T ow
-7,78111d46-05
P A3MTZ27HL3
—LLAUATRN2H0L
2, 734300 RS

r LAFDR o T &
—x,05564832-G5
2.3J097618403
=2 . H9870234061
Z2.283LB4R+05

e BARDR o T W
—1+PYHYRIR-LD
Fa2RHTRII4NS
=1.3220655P+C1
P.PB35TB+03

e heDA 2 T o

-6 3519352-I'b

FePONIRYI+NS
-5, BTREQYT+Oy
7.2B3S03¥0D

I Lﬁ:;pr" [ 4 T il
—u,£12870" -0
P.obbe 1Rt 3
2,308 0328409
2, 2EIUQTN40S

5.5867715~06
-5,5865036—06
2.267:B19-09

M LCeT &)

)
ot

2.7574525—-056

2,79¢5197-056
-0, 0000000

2.7545197-0b

S LeT 5 )

2.758u4873-06

2.7945197-06
—{, 00035000

2.7922197-06

Loy 5 )

P.7675078-08
2.7945197-06
-0, 0006000
2,7955197-08

&oT 5 )

2.772eBB87-006
2,79251%70o
-1,4617479-0b
1,3327716-00

Lot s 3

2,N45,983-06
2,063.4857-06
-1,4Ln.310-05
&6,2382u72-07

Lol S )

1,3260167-06
1,3435302-06
“1.0715%12-06
2.,71%3%01-07

HoLnT 5 )

7,8161375-n7
5. 076 us-07
=7.,1155306-07
3,6129085-08

LeT 5 )

4,36202b2-07
4,519,684-07
4,437 LG0T
R,1027771-09

0T 5D

214576157
2, 20R L Es0-07
-1, 773265137
5. 20028708



£

ITERATION
F

X
DELX
xl

ITERATION
F

X
DELX
X1

ITERATION
F'
X
RELX
X1

ITERATION
F

X
RELX

X1

ITERATION

n

ITCRATION
F

X
DELX
X1

ITERATION
E

S

BELX
X1

{TERATION

F
X
DELX
X1

ITERATION
r_‘.

X
bEoLx

- X1

ITERATION
F_‘

X
DELX

1&

17

19

206

21

22

23

24

CASE 3
—2.77516p0~02
1.22668247~-03
1.6248953~06
1,2284406-03

CCARE 3
~-1.3878812-02
1.,2276371-03
T.72628F6-07
1,2284098~-03

CASE 3
-6, 90875303
1.2280235-03
2, 6040805-07

CASE 3
-3.4698001-03
1.22B2037-03
J . BUN29T5-07
1.2283601-03

CASE 3
=1.7335295-03
1.2282859-03
3,0919603-08
1,228366R-03

CASE 3
-8,5672205-04
1.2283263-03
3,7150470-08
1,22B3635-03

CASE 3
-4,3352146-p4
1.2283449-03
1,7250064-G8
1,2283621-03

CASE 3
-2.1657506--04
1.2283535-03
6.9667005-09
1,2283605-03

CASE 3
-1,0820277-04

1.pPR3570-03 .

3.1516755-09
1.2283601-93

CASE 3

-5, 4505A853-03
1.2283586-03

1,48099763~-09

(X} = (&
2,7733983+03
2.7807915+03

-2, 7733R80+n3
7.4025950+400

(R = (N
1.3p66996403
1.3940976+03

=1.3R866944+03
T N316T7T+00

(X =t &
6,9335006102
7.0075037+402

-6, 9334742+p2
7. 4029u65+90

Xy = { &
3,4667515+02
3,5407666+N2

-3, 4RA7382402
7.50268359+Q00

(¥) = { M
1.7333763+02
1.80732754n2

-1.,7333697+n2
T, u4n27767+009

(X) = (14
8,6668R50+N1
9,4n071262+01

~8,06665513401
T 40278931400

(¥} = (¥

4, 323a4480+01

5,0737005%+n1

~4,3334270+01
7. 4n27352+06

(X} = (¥
2.15667228+91
2.90p9870+01

—~2.16671431+n01
T 4p272566+09

Xy =t
1.0R33R18+01
1.8P36286+01

<“1.0633%75+q1
7,4027248+00

(X = (
S,81648113+00
1.2R1651z+01

~5.4167892+00

GoT

Letr

Mol

LT

BoT

Lch

10T

LT

.07

LoT

r LAMBA » T @
—-2,7692256-06
2.28516932+03
—~1.6755226+040
2.283493+03

; LAEDA T w
-1,1071973-0a
2.2843315403
—f, 259488201
2. pa3L95T+03

y LAMDA T %
-1, 3368280067
2.28391.56403
~u.,1638093-01
2.28349723 0%

r LAMDA ¢ 7 &
—-2.6185081-07
2.203705L+03
-2.071214501
2.+.283L9a33+03

r LAMDA , T %
~1,28065685-07
2.263€018+03
-1.n346649-01
2.25359334+03

y LAMDA + T &
~6.1700121-038
2.2835591%C3
—-5.10254558-02
2.2834935+03

1 I._.!\-‘in\ t T W
~2.9842251-08
2.,2835243403
~2.5785761-62
2.2838945%5+03

v LAMDA + T &
-1, 407176208
Z.P835114+03
~1.2782452~02
2.283L956403

v LAYMDA » T
~fHs 7811925-0¢
22835050403
—F+363H856~03
2.2834955+03

y LAMDA P T a
-Z,.2h3629n-09
2.263501R4C3

-3,1921959-03

0

M

M

potT 5}
1.28601561-07
1,u153655-07

-~1.1077746-07
3,.055%984-08

00T S )
7.7 oRp8e9-05
8.5947815-08
-6,.6423093~038
1.9595717-08

o7 s )
3.74831856-08
5.2723266-08

=3,322021lo0~08
1.65p3050-08

LoY 5 )
2.08Rc477-08
2.6113159038

~1.6609029-58
1,9504129-08

GOt 5
1,25R4631-08
2.7BNgB4b~0b

~9,68R2870-09
1.812;357-96

CGT S )
7.7478155-09
2,29645061-08

-6,920y938-093
1,5044407-08

LoOT S )
1 . 2894292-09
1,9504454-06
~2,8060206-09
1.5685453-08

LT 5 1}
2.,3872856—09
1.7601483-06

-2.24903032-09
1.535:4405-08

Lot S}
1,2631571-6G9
1.647p0942-CB

-1,2105993—-n%
1.3265%42-10

LOT S )
6.5785226-10
1.58714842-08

-6.54874897-10C



b3
gﬁék&#lamx 26
\F o

X

DELX
Xi

- X
bew
X1

ITERATION 28
'F
FERATION 29

ITERATEON 30
3

%

BELX

Xy

IFERATION 31
F
X

PELX

ITERATION 32
IF

- X

BELX

Xy

EASE COMPLETE

TTERATTON 27
F

1.22A83599=n3

CASE 3

£2.7529076-05

1.2253592=03
5,5984673710
1.2283594=03

_EASE 3
=1,3708191£05
- 1.2283595-03
. 2.2808637=10
'1,2283597=03

_ EASE 3
£7.,.0399352=06
1, 2283596203
6.2205462%11
1.2253597-03

1.2283597=03
=5.1837924=12
1.2263597203

26.479742312
1,2283597=03
¢ASE 3

=9, 13177568=07
1.2283597=03

‘£1.5143281=1)

1.2263596=03

LASE 3
<h,3987567=07
1.2283596=03
1.2283596=03

T 4n27230+90

%y = UK
2+ TNRGOEA+OD
1.011:118+01

=2, 70R3955+00
T un27220+00

(X} 2 m
1.3542037+08
8,7569197+006

+1, 3541960+ 00
74027218400

(X) = (M

&, 7710233201
8,0723208+00
=&, 7709936<01
T 4n27214+400

Xy 3 (™
3,3n55122=01
T.T612711+00

=3, 3R54990=01

F.un27212400

XY 2 Ui
1,6927570701
7:5719962+00

=1.6927505=01
7,4027211400

XY = { K

8.4637940=02
7.4873586+00

=8, 4563753102
7. 46027211406

Xy = (W
4.2319059=0z
T 4457399400

=y, 2314787500
7,4n27281400

LoT

poT

coT

LoT

=0T

Lot

;)

2.28349936403

v LAMDA ¢ T w
=1.5576549=-09
2.28358¢2:03
=1,5036097=03
2.2834946+03

¢ LABDA 5, T W
T, L214THAZ10
2.283499%5403
<7, 045958204
22834956403

o LAMDA » T W
=%,5924597-10
2.2835990%03
=4, 037TSTI=04
2.2825936+0.3

i LANDA , T @
=1. 309672410
22834948403
1. 7468100=00
2.28349a7+03

v LAMDA T W
=5,8207601+11
Z.2834937+03
“,1290965405
 2.2B349237+403

r LANCA » T
+5.0103830%11
2«2B838957403
=C.BBRT7E93-05
2,2834987+03

e LAFDE o T W
=7,0103030-11
FarLIUSETHOS
=3, 6275045505
Z.2834956+03

M

M

1,5222693-08

GoOT S )

3,3359004-10
1.5547068=-08
=3, 027493710
1,5244319-08

DOoT S )

1.8225731-10
1,5395693-08
=~1.7299%60=10
1.5222693~08

boT S )

9.5790486=11
1.5309193-08
£9,1906027<11
1.5217287=08

BoT 5 )

5.9851900-11
1.5263240~08
=4,5955006=11
1.5217287+08

ool S )

2,6881608+11
2,524p264-08
£2,7031182~11
1.5213232=08

pot s )

1,3367085=11
1,5225748-08
~1,3515590+11
1.5213232~:8

4 GoT %)

6.611,222-12
1,521699G~08
=6.0820157 =12
1.5213808=08
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PROGRAM
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55



56
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Flow
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Ls

FOR BLAYER

CALL ANALGYLL)

CEIND

BLAYERO1
RLAYFRO?Z
RLAYERO?3
BLAYEROA
BLAYFROS



4

F W W W T WY

'E@R ANALGY

OR ANALGY 7 B ANALGOO1
SUBROUTINE ANALGY (JENTER) . ANALGOO?2
-INTEGRAL SOLWUTION OF BQUNDARY LAYER BY ANALOGY ANALGOO3
APPLICABLE FOR FLAT PLATE WITH MASS TRANSPORT AT WALL ANALGOOS
CONTRACT NAS 9$=6288 ED DEL CASAL PRINCIPAL [NV.e {ANALYSIS) ANALGDOS
o ' S o - o ANALGODO6
REFa == CHARRING ABLATION PERFORMANCE IN TURBULENT FLOW ANALGOD7
o p2=1313078= _ ) ANALGOODS
REFe == AN ANALYSIS OF THE TURBULENT BOUNDARY LAYER USING A ANALGOOY

MODIFIED MISING LENGTH EXPRESSION D2-23990=1 DEL CASAL> ANALGO10
KOH 1965 ANALGOY1
- ‘ _ . ANALGO12

- DIMENSTION HEAD(12)sHCOEF(100)>PT(100)UET(100) ANALGO13
COMMON  GAM» RGAS s Gs XJs  CPs SAA NLOOPU, DETALs ANALGO14
] DETAZS UX s MXLPUs  HESs XNMUs TAUTWX . PRs ANALGO1S
2 EPNUX 5Cy TTEX s FIMEU(2) AK s ERR o AMOL ANALGO16

- COMMON  /7PROFIL 7/ ETAL1000}s Ut 10007} s ETAZI1000) » UZt1000)sANALGOLT

1 TTE¢1000) s EPNUT 2000 ) TAUTW{10001) W1(1000)s ANALGO18

2 NETA NETAZs NYs NYMP ANALGO19
COMMON  /FUNCTX/  YMP (100} REM{1001 REX{10GC) s CF2{100) > ANALGOZO
1 _ STEF211001) s TETW, XME » ALPHASs  PHI, YMPX s ANALGOZ1
2UMP (100 » XPt100% s Xs UMPX » TE» UE» ANALGO22
BRHOEs  XMUEs . Py T DLNUE » DLNMUE » FZs VINF, ANALGO23

GREDI 100 » DLNR» S REGEL(188) 5 CF2XXs REDXXs ZE ANALGO24
5 s FHWs X%T@Ps REOW» GZL100) XMUW ANALGO25
COMMON/MASSD/ETACA (1000} sWO2(160C) sWIELL0GO) ANALGO26

IWE (10001 WP L1000) yWIMI1003) +BETAOZ»BETAIM ANALGO27
o o ) , ) ANALGO28
@ATA GA@& R@ﬂsi Gs XJs ANMUs CP /1ess 15454 32s9 778es a7 25 /ANALGD29
DATA AMDL /29497 ANALGO30

. : ANALGO31

GO TO (5955956557958 ) o JENTER ANALGO32
: - ANALGO33
CONT INUE ANALGD34
YMP{Y 92040 ANALGE3S
uwp_qp(]; .)*;’z@:.o ANALGO36
REM(11=040 ANALGO27
REX(11=2040 ANALGD38B

CCF201)21.E438

ANALGO39



66

e

€

11@
20
102

21

TAUTWEY 72140
XDU112040
RED{1120.0
REDEL( 1Y20e0
HCOEF (11204
QZt112040
MXLPUZ20
ERR=,01

CONT INVE

READ(S59 101 )YHEAD -

FORMAT1 12A6)
READ(59105)NYMP o XPOUT
FORMAT(218)

'NYMP=NYMP+1
READIE+120)(YMP (1} 91=2,NYMP)
FORMAT(7F104 0

CONT INUE

READ(59102)DETALDETA2»UX2AK » SAASPRsSCeXSTOP

FORMAT (8F1040)
PFIDETAY110+10421
CONTINUE '
¢ALL PROPX(3)

WRITE(6+201)

‘ANAL G040

ANALGO41
ANAL GO&2
ANALGOG 3
ANALGO4 G
ANALGO4S
ANALGO46
ANALGOGT
ANALGD4S
ANALGO4S
ANALGOS50
ANALGOS1
ANALGDS 2
ANRALGOS3
ANALGNS&
ANALGOSS
ANAL GOS6
AMALGOST
ANALGOSS
ANALGO59
ANALGO6O
ANALGO61Y
ANALGO6?
ANALGO63
ANALGOG4
ANALGO65
ANALGO6S

201 FORMATE60H1 TURBULEMT BOUNDARY LAYER ANALYSIS WITH COMBUSTION AS ANALGO67

202

VC

30

12591/740HC INTEGRAL SOLUTION OF MOMENTUM EQUATION/63H
2PECIES EQUATIONS APPROXIMATED BY REYNOLDS ANALOGY//)

FORMAT(2HO 17461}
WRITE(69202 ) HEAD

KSTOPY=0"
NY=1

CONT INVE
NY =NY +;

CALL PROPX(1}

ENERGY AND SANALGO68

ANALGO69
ANALGOTO
ANALGO72
ANALGOT72
ANALGNT3
ANALGO74
ANALGOTS
ANALGO76
ANALGOTY
ANALGOTS
ANALGO79



ole]

YMPXZYMP(NY]
TTE(1)2],0/TETW

e
- CALL SPFCIFE

IF (¢POUT 14040550
40 CONTINYE
REXA = REX(NY=1]
. WRITE(63205)YMPXsREXA X ] ) _
205 FORMAT(46H1 DEPENDENT VARIABLE DISTRIBUTION FOR Y{M)+ = 1PE12.5/
128H  ASSUMED VALUE OF REIX) IS E12.5+10X +5H X = E1245)
_ WRITE(6+206) o o _
206 FORMAT(36HO ASSUMED PROPERTIES AT THIS STATION!
WRITET&+207)P sTEWRHOE + XME 2 UE s HE o ZE » XMUE

ANALGOBO
ANALGOS1
ANALGOB?2
ANALGNB3
ANAL GOS8
ANALGNHBS
ANALGNBE
ANALGOB7
ANALGOBB
ANAL GDBS
ANALGOSO
ANALGOS1
ANALGO92
ANALGD93
ANALGO94
ANALGO95

207  FORMAT(17HO EDGE CONDITICGNS/5Xs2H Ps13Xs2H Ts13Xs4H RHO»11X»5H MACANALGOS6

1R 10Xe2H Usl13Xe2H He13Xs2H Z913Xs3H MU/I1PBEIS.5)
WRITEL6 9208 )ALPHASFZ »TWsHW s RHOW » XMUW
208  FORMAT(17HO WaLL CONDITIONS/5Xs6H ALPHAS9Xs6H F {0)29Xs2H Ts13X,
12H Hey13Xs4H RHO»11X93H MU/IPBE1545)
WRITE(§209) 7 -

209 FORMATY{ 1HO/ 7HO ETA »5Xs5H U/UE»7Xs5H T/TE
16Xs9H TAU/TAUWSIIXs6H EP/NU»T7Xs5H W 0297Xs5H W IE»
2TXo4E W CoBXesH W Ps8Xs5H W IMs 8Xa2H A//)

DO 45 I=1+NETA _
. WRITEC6+210)VETALLIYsUIT)YsTTEL I}« TAUTWII) sEPNU(T )
IWOZII)sWIE (T oWCIT I sWPIT Yo WIMIT)SA(T)
210 FORMAT{F7:39,1P10E124%)
4% CONTINUE
CWRITE(6+2113TIMEUSNLOOPU

ANALGOOT
ANALGOSSB
ANALGD99
ANALG100
ANALG101
ANALG102
ANALG103
ANALG1O04
ANALG10S
ANALG106
ANALG1O7
ANALG108
ANALG109
ANALG110

211 FORMAT¢36HOTIME FOR THIS INTEGRATION OF U =-= 2A6s5XsI3s11H ITERATANALG111

R I@N‘S b
50 CONTINUVE
. AMAGRM= 40001
AMAGST=4 0001
) AMAGRD=.0001
d o , . L o )
€ SOLUT ION OF REYNOLDS NUMBER BASED ON MOMENTUM THICKNESS

ANALG112
ANALG113
ANALG114
ANALG115
ANALGT16
ANALG117
ANALG118
ANALG119



SOLUTION OF RATIO OF STANTON NOe TO SKIN FRICTION COEFFICIENT ANALG120

51

52

53

55

56

58

59
60

. ANALGY21

CALL INTEG1(0eO31e09HIAMAGRMI2sERRIREMXHX) ANALG122
CALL INTEG1{Qe091e0sHIAMAGST»3+ERRsSTCFUSHX) ANALG123
EALL INTEG1(DeDsl1e0sHsAMAGRD 36 ,ERRyREDX yHX} ANALG124
. ANALG12S
UMP (NY )} =UMPX _ ANALG126
REMINY J2UMPX¥YMP X #RF MX ANALG127
CF2(NY)=140/UMPX%%2 ANALG128
REDEL [NY ) =UMP (NY ) #YMP INY) ANALG129
REDINY )EREDEL (NY)*RFDX ANALG130
TFLALPHAY51952351 ANALG131
CONT INUE ANALG132
STCF2INY)=ALPHAZ (EXPISTCFU)=140) ANALG133
GO TO 53 ' ANALG134
CONT INUE ANAL G135
STEF2INY)=140/STCFU ANALG136
CONTINVE ANALG137
6O TO 60 ANALG138
: ANALG139
CONTINUE ANALGl40
MYMP=NY-1 ANALG141
GO TO 59 ANALG142
CONTINUE ANALG143
NYMPENY=1 ANALG144
GO TO 59. ANALG145
CONTINUE ANAL G146
GG TO 59 ANALG147
CONTINUE ANALG148
CONT INVE AMALG149
CONTINUE ANALG150
ANALG151

CALL VONKAR ANALG152
_ ANALG153

HCOEF (NY)=STCF2 (NY ) ®CF2{NY ] #RHOE*UE ANALG154
QZ(NY )=HCOEF (NY ) # {HE-HW+UE*#2/2.0/G/XJ) ANALG155
UVET(NY)=UFE ANALG156
PTINY)12P/2116. ANALG157
. ANALGISE
IF(KY=NYMP)30+80+80 ANALG159



80 CONTINUE ANAL G160

WRITE(65201) ANALG161

“ ANALG162
WRITE(69202)HEAD ANALG163
WRITE(69220) ANALG164

220 FORMAT(1HO#3Xs2H X+BXs6H RE{X}»5Xs6H RE(M)sSXs6HP(ATM) =5X»8H ULEDGANALG165
1E) #3Xe5H CF/296X%s8H ST/CF/2+3X»5H QUW)96Xs6H YIMI+:5Xs6H UI{M)I+95X ANALG166

2+8H H(COEFY/7/) S _ B ANALG1&7
WRITE( 692251 IXDI{I)sREX{I}sREMIT)s PTUINSUET (1) ANALG168
ICF2{1)9STCF201)19Q21T) s YMPII)sUMP (T} sHCOEF(T}sI=1aNYMP; ANALG169
225 FORMAT(1P11£11+4) ANALG170
GO TO 20 ANALG171

END ANAL G172



€9

it

1

FOR PROPX
SUBROUTINE PROPXI(KGO)
DETERMINE CONDITION AS A FUNCTION OF X

DIMENSION XXP(501+PXT(50) e+ XXTWI50) s TWXT {501,

IXXALP 6501 s ALPHT (55 s XXTE(SC) s TEXTI50) s XXUE(50) sUEXT(50) »

2TMUT (50} s XMUT (501 9 XXMUE(50) 9 XMUET(50) s XMUEL {50 ) s XLNUET(50) »
AXXR (50 sXLNRT{50)

DIMENSTON LT(13)sHTT(16) sPHTI6)sTHPTI{6916)

COMMON  GAM>» RGASs = G XJds CP» SAA» NLOGPU» DETAl»
¥ DETAZ» UXs MXLPUs  HE» XNMU o TAUTWX s PR
2 EPNUX ¢ SCo TTEXs TIMEU(2)» AK s ZRR s AMOL

1 TTEL1000)s  EPNU(1071C)» TAUTW(100C) W1(1000)s
2 "NETA» NETAZs ~ NYs NYMP

COMMON /FUNCTX/ YMP(1001}s REM(105) REX(100)» CF2(100) s
: . STCFZ2(100)y TETW, XME s ALPHA>» PHI 5 YMPXs
2UMP (1001 XD1160)1s . Xs  UMPXs TEs  UEs
3RHOEs - XMUE: P TWs DLNUE » DL NMUE » FZs  VINF»
4RED(100) s DLNRs Se REDEL(100) CF2XX»s REDXX s Zg
B s ' HWs XSToPs  RHOWs OZ{1001}) XMUW
COMMON/MASSD/ETACsAL10C0 ) sWa2{1000)WIEI1000)

IWCT{1000) sWE(1000) +WEMI{1C00) sBETAQZBETAIM

DATACTMUT L) s XMUT (1191=1211)/0,050423E-622000420.92E-61

140004 91637E~696000431470E~698000492.07E<5910000¢+2¢63E~6

212000493¢17E=6314000433458E=5116000023476E-631800C.~%e4TE~6
32000060!2.35Eé6/

DATA 1HT?(1)51=1s16) / 040 9 2000a s 40C0s » 60004 » 8000+ o

1 100004 » 1200Qe s 14600, s 1600Cs » 18C3C, » 200004 » 22000s +

2 2QOGO§.Q 250@0. v 28000, » 300004 /
DATA (PHT(I)+1%196) / «00001 » +0001 » «001 » «01l » o1 s 1a0 /
DATA (THPT(1esT¥s1=19161/ Gs0 » 3933. ¢ 63454 » 70206 s 73624

PROPX0OO1
PROPXGQOZ
PROPXNO3
PROPXO04G
PROP X005
PROPX006
PROPXDO7
PROPXOOS
PROP X009
PROPX0O10
PROPXO11
PROPX012

COMMON /PROFIL / ETA(1000), Y1000 ETAZ{10001}>» UZ(1000)sPROPX013

PROPXD14
PROPXG1S
PROFX016
PROPXJ17Y
PROPX018
PROPX019
PROPX020
PROPX0?1
PROPXG22
PROPX023
PROPX0Q24
PROP X025
PRODX026
PROPX027
PROPX0D28
PROPX029
PROPXQ30
PROPX031
PROPX0O3?2
PROPX033
PROPX034

1 765Ce » 78664 » Bl72¢ 9 9450e v 11250, » 119584 » 12510. s 12870.PROPX035

2 9_131§@§7a71337ﬁ5 ’ 135@0@ /
DATA (THPT{2+[1e1=1+16). 0.0 ¢ 4230s » 66964 s 75066 v TB974

PROPX0D36
PROPXOD3T

1 82264 » B4S6, » B865e » 99004 » 11552e s 12852+ » 13410, s 13842,PROPX03E

2 141300 ] 14364' y 1458C, /

PROPX039



40

20

30

34

DATA (THPT (3914912131617 0.0 s 4554, s

7092+ o

8100. »

8595,

4

Y

1 8955, » 9288+ 5 9756« s 105304 5 12650e 3 13896« » 145BCe
2 15120e s 15480s » 158404 » 16074s / ) '

DATA (THPT( (49 [)2122916)/ 0.0 s 4905, s 7452, s 88204 s 9450

1 9828, 5 10206e » 104854 » 11520e » 12410, » 150304 3 159306 »
2. 166504 9 1710Ce » 176404 » 179104 /

DATA (THPT(SoI)!I=1!16)/ Uel » 5328, 7830s ¢ 95944 » 103Bb.
1 10926+ » 11430s » 11944, » 127084 » 14130s + 16056e¢ s 17370e »
2 V82704 » 19080e s 19620, » 199804 /

OATA (THPTI691)51%i516)7/ 0.0 s 57254 ¢ B271. » 10494, » 11538,
1 12186e » 1278B0e s 134464 » 142204 9 153724 s 17280e s 18900« »

-

20070e » 2115Ce » 218704 » 226804 /

GO TO{20s60+80)sKGD

CONTINWE

IF(X<XC130532+32

CONTINUE

CALL LAGIT(XsXXTEsTEXT»40925sTE» LERR)

CALL LAGIT{X»XXUEIWEXTs40925UEsTERR)

CALL LAGITIXsXXMUEXMUET s404+29sXMUEs IERR)
CALL DLAGITIX9sXXUEsXLNUET+40+3 s DLNUESTERR)

EALL DLAGIT(XoXXMUE s XMUEL 940+3+DLMUE» TERR)
CCALL DLAGITEXsXXReXLNRT »4993sDLNRPIERR)
GO TO 40

CONT INUE

TF {NXC) 34534336

CONT INUE

NXE=1

36

CALL LAGIT(X@;XXTE;TEX?.@O,Q,TE,IERR)_
CALL LAGITUXC s XXUEsUEXT v4022+UE s TERR)

DLNUE=040
DLNMUF 2040
: DLN@ =0 a0
CONT INVE
CONT I'NUE

s

PROPX040
PROP X041
PROP X042
PROP X043
PROPXD4 4G
PROP X045
PROPX046
PROPX0O4T
PROP X048
PROPX049
PROPXOS0
PROPX0O51
PROPX0OS52
PROPX053
PROPX0DS4
SROPXOSS
PROPXOS6
PEOPXQS5T
PROPXQS58
PROPX0OSS
PROPXOGD
PROPX0OB1
PROPXQ62Z
PROPXQS&S
PROPXDSA
PROPXD65
PROPXO&E
PROPXOG?
PROFPXOGS
PRNPXOEY
PROPXOTO
PROPXOTI
PROPXOTZ2
PROPX(QT3
PRGPXDT4
PROPXQTS
PROPXDTE
PROPXNDTT
PROPXOTS
PROPXOT9



59

44

46
48

60

80

10%

150

110

CALL LAGTIT(XsXXPsPXTsNPT929P s IERR)
CALL LA@%I(X!XXTW;TWXT!NTWTyZoTN;TERR)
CALL LAGITIXsXXALPoALPXToNALP»2 s ALPHAY FERR]

Catl LAGITITWsTMUT$XMUT 911929 XMUWSTERR)

XMUW = XMUW*G
TEITE=600N0V4h 384+ 46
ZES1a40
GO TO 46 7
ZESt1.0E=3) /64 O*TE
CONTINUE
P=PES*P#2114 40 .
HEZHS ‘UE**?/GZJ

HC ;P/RGASITEIZFxAMOL

E —FE/TH
XME= UE/S@RT!ZF*GAM*G*RGAS*TE/AMOLr
FZ= AL PHAZUMPINY =1 )%%2
RHOWEP /REAS / TWRAMOL

CHW = CP*TW

RETURN
CONT INUE

_ RETURN

CONT INWE

CNYC =0

CAPRZ15 40

G2I22 4 OXGEXY

READ{55105)1PESS HS.VINF.XC,BETA@Z,BETAIM
FORMATLBELO « D)

WRITECE 150 YPESs HSsVINF

FORMATAH8HEG PES = 1PE20+7910Xs7H HES = E20.7»
188 VINF = E20e7///7%
RENDIRoIIBINPT;(XXPOI}9PXT(I}sI 1oNPT)
READLS s 10 INTWT o EXXTWIT ) s TWXT(I o I2T1aNTWT)
READ(S 9110 INALP s (XXALP (I Yo ALPXT(T) 911 sNALP)
EFORMATEIBZIBEICLN) )

PROP X080
PROPX0OB1
FROP X082
PROPX0D&3
PROPX0O84
PROPXDO8S
PROPX086
PROPX0ORT
PROP X088
PROPX0BQ

PROPXOSD

PROPX091
PROPXNO 2
PROPX093
PROPX094
PROP X095
PROPX0%6
PROPX0O9T
PROPX0%S
PROPX099
PROPX100
PROPX101
PROPX102
PROPX103
PROPX104
PROPX105
PROPX106
PROPX107
PROPX108
PROPX109
PRODX110
PROPX111
PROPX112
PROPX113
PROPX114
PROPX115
PROPX116
PROPX117
PROPX118
FREPX1IO



85

HESAMAX {2004 yHE)

- CONTT

LTCIISLOCALT (L) )
LT42)=LOCPHT (1)
LTE3)=1
LT(4) =6
LTS y=1
£TE61=1
LT(7)=0

LT(8;=0

LT(91=LOCIHTT (L))
LT{I0)SLGCITHPT (111
LTe111E1

LT(12)=6

LTC135216

DELXXZ ot
X200 .
DO 85 1=1:40
XXTEL THEXX

XXUECTYEXX

XWMUEQQM§Xx

CARRCT Y EXX

XX=XX+DEL XX

_ NQNRTGEIEKLGG{XX}
uékhL'Eﬁﬁ@¢*xxiKNPwPX?QNPT:ZiPATMahERRh

YEXT( 1)1=XX*SQRT(160/640%(240=1.0/640)) #VINF/CAPR

HESHS-UEXT (1) %%2/G2J
PATM = PATM¥PES

- PATM=AMAX] ( 00001 sPATM)

PATMZAMINI( 1 «OsPATM)

N

HE=AMINT{ 30000 yHE?

.TE@Q?NB@HE,QAIM,&TfQ})

£TE
CONT INUE
WEXT(1)1SUEXTE24%41

TEXT(i@

PROPX120
PROPX121
PROPX122
PROPX123
PROPX124
PROPX125
PROPX126
PROPX127
PROPX128
PROPX12G
PROPX130
PROPX131
PROPX132
PROPX133
PRNPX134
PROPX135
PROPX136
PROPX137
PROPX138
PROPX139
PROPX140
PROPX141
PROPX142
PROPX143
PROPX144
PROPX145
PROPX146
PROPX147
PROPX148
PROPX149
PROPX150
PROPX151
PROPX152
PROPX153
PROPX154
PROPX15%
PROPX156
PRAPX157

PROPX158

PROP X159



90

200

210

320

230

240

. 250

260

280

DO 90 T=1,40

CALL LAGITUTEXTAI) oTMUT9XMUT 91192 9XMUET 1) s TERR)

XMUET (1 13XMUET ( 1) %6
XMUEL ¢ 1) =2ALOG ( XMUET ¢ 1))

WEZUEXT A 1)

XLNUET ¢ T )=ALOGIVE)

CONTINUE

WRITE(65200)

FORMAT( 13HO TABLES WSED///)

WRITE(6+210) (XXPITYsPXT(I)s[=1sNPTY
FORMAT(THO (XoP)/1P6E20s7/L6E2067))
WRITEC65220) EXXTWET ) sTWXTIT) o 12T »NTWT)
FORMATI(BHO (XeTW)/1PEE20,7/(6E2C67))

WRITEt69230 ) XXALP L) s ALPXT (1) sI=1sNALP

FORMATITLIHO (X +ALPHA)/IP6E20.7/t6E2047))

WRITE(6 9240  (XXTEE]) »TEXTAHL ) ¢ T=1540)
FORMATEBHO (XsTE)/1P6E2047/(.72047))

WRITELE 9250 ) ¢XXUE (I Yo UEXTII) s 121940}
FORMAT(BHO (XosUE)/IPGE2D 47/ (6E20671)

WRITE(69260) EXXMUEC L) s XMUET IV 9121 940)

FORMAT{9HO (XsMUE)/1P6E20eT/(6E20.T))
WRITE(69280) {XXREI) o XLNRTILIY9121940)

FORMATCX2HO (X9LOGIRY)/IPEE20.7/t6E2047))

RETURN

PROPX160
PROPX161
PROPX162
PROPX1673
PROPX164
PROPX165
PROPX166
PROPX167
PROPX168
PROPX169
PROPX170
PROPX171
PROPX172
PROPX173
PROPX174
PROPX17S
PROPX176
PROPX177
PROPX178
PROPX179
PROPX180
PROPX181
PROPX182
PROPX183
PROPX184
PROPX185
PROPX186
PROPX187
PROPX188



10

FOR SPECIE SPCIEOO1
SUBROUT INE SPECIE SPCIE0O?2
SOLUTION OF SPECIE EQUATION BY ANALOGY SPCiEQO3
MODEL OF COMPLETE COMBUSTION SPCIEDO4
> _ SPCIEQOS
COMMON: GAMs  RGAS» Gs» XJs CPs  SAAs  NLOOPU, DETAls  SPCIEQOS
i DETA2s UXs MXLPU » HE » XNMU » TAUTWX » PR+ SPCIEQO7
2 EPNUXs  SCs»  TTEXs  TIMEU(2)s  AKs ERRs  AMOL SPCIE0OS
COMMON /PROFIL / ETA(1000), Utico0)sy  ETAZ{1000)s UZ(1000)sSPCIEOOD9
1 TTEC106G)Ys  EPNUL100Grs  TAUTWI(1000)»  W1(1000)s SPCIEOID
2 - NETAs  NETAZs NY»  NYMP SPCIEO1l
CCOMMON  /FUNCTX/ YMP(100} REM(100)s  REX(100)» (CF20100)s  SPCIED12
¥ STCF2(100)s  TETWs XMEs  ALPHAs  PHIs  YMPX, SPC1E013
2UMF (1001 XDE10G)rs  Xs UMP Xy TEs LE s ) SPCIED14
FIRHOE » XMUEs Py TWs  DLNUEs  DLNMUE, FZes VINF» SPCIEN15
4REDC1GO).» DLNR» S REDEL (1001, CF2XX» REDXX» ZE SPCIED16
5 s HWe  XSTOPs  RHOW,  QZ0100)s.  XMUW _ SPCIENL?
COMMON/MASSDZETACAL1000) sWO2(100D) sWIELID0D) » SPCIEQLS
IWC{1000) s WP 1000) sWIME1000) +BETAD2sBETAIM SPCIEQL19
_ SPCIED20
BETACS1 «0=BETAIM SPCIEOD21
BETAP=BETAC+BETAGZ SPCIED22
WO2E20e 23 SPCIED23
WIEES 1 O=WQ2E SPCIED24
o o SPCIED25
IF{FZ)10s10915 SPCIED26
CONT INUE B SPCIEN27
DO 12 F=1+NETA SPCIE028
WO2 (1 y=WO2E SPCIED29
WIECtTY=WIEE SPCIED3C
WP{1)2040 SPCIEN31
WEL11=0e0 SPCIED32
S WIML LY =040 SPCIE0N33
CONTINUE SPCIED34
RETURN - SPCIEO:'!S
o SPCIEN3s
CONT INUE SP¢ .37
SPCIcN38

' DETERMINE POSITION OF REACTION PLANE

SPCIEQ39



69

£

AA B

Py

A

AMAGL=1 o0
A-itl 1 }';'0 .:i@:

DO 20 1=2sNETA

CALL INTEGLEW(TI=3)0wdlT) sHsAMAGSL 94 +ERRsDA sHX)

Att)&ﬂlial)+bﬁ

CONT I NUE

DO 25 I£1sNETA

ALT) =80 1) #F ZRUMP X% YMPX*SC

CONTINUE

AXC2AUNETA) +ALOG(BETADZ/ (WOZE+BETAO2) )
IF (AXC) 104510426

CONT INYE

CALL LAGITU AXC sAsETAsNETA»2+ETACS IERR)

EVALUATE MASS FRACTIONS
DO 40 1=1,NETA

AXEACTY

3¢

35

40

WRE( 1) 2WIEESEXPLAX=ACNETAYY
WIMUT) =BETAIM® () o 0=EXP (AX=A(NETA)})

IFCETAGI)-ETAE ¥30930 932

CONT INUE

WO2(1)50,0

WETISBETACH{ 1 s O=EXPIAX=AXEC) )
WPITYSBETAP*(140=EXP{-CAINETA)=AXC) ) ) REXP {AX=AXC)

j-G@ TO 3%
32

CONT INWE

Wezbll—WQZE*(EXPtAx =AXCI= 1« O}/ LEXPLAINETALSAXC)=148)
WEL1)20,0

WP{1)=BETAP®(}.40= EXP(AX—A!NETA)))

CONT TNWE

CONT INUFE

RE TLRN

1E1ND

SPCIED4D
SPCIED4])
SPCIEO42
SPCIEDNa3
SPCIEO4L
SPCIEQSLS
SPCIEOGG

SPCIEO4T

SPCIE048B
SPCIEGGS
SPCIEOSO
SPCIEOS]
SPCIEDS2
SPCIENS53
SPCIEDS4
SPCIEDSS
SPCIEDSE
SPCIEBST
SPCIEONSS
SPCIENS9
SPCIENGD
SPCIEDG]
SPCIE062
SPCIEGH3
SPCIEDG4
SPCIEQSS
SPCIEBGE
SPCIEQN6T
SPCIEDS8
SPCIEO69
SPCIEDTO
SPCIEDT]
SPCIEQ72
SPCIEQT3
SPCIEDT4
SPCIENTS
SPCIEDTE
SPCIERTT
SPCIENTS
SPCIEDTY



 COMMON /PROFIL / ETA(1000),

FOR VONKAR
SUBROUT INE VONKAR
SOLUT ION OF VON CARMAN MOMENTUM £0

 COMMON  GAMs.  RGASs  Gs  XJs  CPs»  SAAs  NLOGPUs
1 DETAZs  UXy  MXLPUs  HE,  XNMUs  TAUTWX,
2 EPNUXs  SCs»  TTEXs  TIMEUI2)s  AKy  ERRs

W10009s
] _T$Efl@ﬂ@){ EPNULE 1000

2 NETASs NETAZs NYs  NYMP
COMMON  7FUNCTX/  YMPL1D01, REML1001} s REX(1001)
1 STCEZ 11007y TETW, XME » ALPHA » PHI »
2UMP(100)s  XDE100G)s X5 UMPXs TEs  UE
IRHOE s>  XMUE s Ps TWy PLNUE »
4RED1100)s  DLNRs 1) REDEL (1001, CE2XXs REDXX s
5 s HWs XSTOP s RHOWs ~ 02(100)%  XMUW

sy ETAZ(1CQ0}s
TAUTW(1000)»

NRExxx 50

‘DREMxéfREMiNYJEREM@NﬁéllrIMQEXXX

. REMI=REMINY=1)

REXX2=REX ENY=11)

'_#M@GRX¢.GBOI

PO 40 T=1 »NREXXX
REDXX=REDXX+DREDXX
CF2XX2EF 2XX+DCF2XX
REM2=REMT +DREMX

CALL PROPX(Y)

WI{10001)

DLNMUE » FZs VINF»

VNKAROO1
VNKAROOZ
VNKAROD3
VNXARNOAG
DFTAT » VNKAROOS
PRy VNXARNQODS
AMOL VNKAROOT
UZ{1000) s VNKARQOB
VMNXAROOS
VNKAROQLD

21100) VNXARO1L]
YMPX s VNKARG1D

VNKARN1 2
VNKARO14
ZE VNKARQ1S
VNKARDL16
VNKARD17
VNKARD1S8
VNKAROL19
VNKARDZ20
VNKAROZ21
VNKARD2?2
VNXARD22
VNKARO24
VNKAROZ5
VNEARDZ26
VNKARD? T
VNKARN2B
VNKARN29
VNKARO30
VNXARG31
VNKARN22
VNKARD33
VNKARD34
VNKARD25
VNKARO36
VNKARN3T



1L

30

35

40

- CONT INWE
CREX ENY.) =REXX2
XD ENY y =X

CALL INTEGI(REHIlREMZ9H0AMAGRX;5»FRR9REXXXsHXl

REM1 =REM2
REXX2=REXX2+RF XXX

CXEXMUE £RHOE JUESFREXX X +X

IF (XSTOP=X)30530135
CONT INUFE

NYMP=NY=1

60 TO 50

_CONTINUVE

CONT INUE
RETURN:
END

VNKARQ3E
VNKARN39
VNKAROL4O
VNEARNL )
VNV AROGL?
VNKARN4D
VNKARNSG4
VNKARQ4S
VNKAROALSE
VNKARO4GT
VNKARO4LSB
VNKARQSGY
VNKAROSD
VNKARDSY
VNXARDS?
VNKARDSA



€.

n oo

‘= FOR FUNCT

FUNCTION FUNCTHVINGNG

COMMON. GAMs  RGASs Gs  XJs»  CPs  S5AAY  NLOOPU»
v DETAZs  UXs  MXLPYUs  HE» XNMU » TAUTWX
2 EPNUXs  SC»  TTEXs,  TIMEU(23s  AKs  ERR,
COMMON /PROFIL 7 ETA(10007, Y1000y ETAZ({1060) 5
I TTE(1000}s  EPNUI10CCYs - TAUTW(ICO0): W1l
2  NETAs  NETAZs NY»  NYMP ]

COMMON . /FUNCTX/ YMP(105). REM(100) v REX(160)»
1 STCF2€100)s  TETWs  XMEs  ALPHAs PRI,
2UMB{100) » XpL100ys Xy UMP X » TE» UE»

IRHOE » XMUE » Ps TWs DLNVE » DLNMUE » FZ» Vi
4RED(100) » DLNRs  S» REDEL (180, CF2XX s REDXXs
5 s HWs  XSTOP, RHOWs  9Z(100) s XMUW

IF(NY90 9901

CONT INUE

. IFINSAVE=N)2+392

CONTINVE

NSAVE &N;

NSTEP=1

NUSAV=D

GO TO &

CONT TRUE

10

15

NSTEP=NSTEP+1 |

1f (Ns T_EIP;' 5800164+4+95
CONTINUE

.G@ ?gglg,geigﬂmkeiSQyéoivM

CONTINVE o
INTEGRAND OF DEGENERATE MOMENTUM EQ.

CALL LAGITIVINWETAZsUZINETAZ»2+U1+1ERR)

TTEXZ(1e0=UII# {10/ TETWSULR{GAM=1401/2 JORXMER®2 ] 4]

JFITTEX*TE=400040)15415416
GG TO 17

DETALl>
PR
AMOL

FUNCTOOL
FUNCT002
FUNCTOO03
FUNCTOO4
FUNCTO005
FUNCT0O06

UZ{1000)+FUNCTOOT

1000) »

CF2(100}»
YMP X

NF s
ZE

FUNCTOOB
FUNCTO0S
FUNCTOL0
FUNCTO11
FUNCTO12-
FUNCTO13
FUNCTO14
FUNCTO1S
FUNCTO16
FUNCTO17
FUNCTO18
FUNCTO1S
FUNCTD20
FUNCT021
FUNCTO022
FUNCTD23
FUNCTO24
FUNCTQ2S
FUNCT026
FUNCTO2ZT
FUNCTO28
FUNCTO029
FUNCTY030
FUNCTO31
FUNCTO32
FUNCT(G33
FUNCTO34
FUNCTO025
FUNCT036
FUNCTO37
FUNCT038
FUNCT0?29
FUNCTO40



£l

16 Z5(1e0E~3)/640%TTEX*TE

17

e )

™

29

25

nooAan o

26

30

32

CONTINVE =
PHIRHOzZE/Z/TTEX
PHIMUET TEX®%¥XNMU

TAUTWX =1 4 O=VIN+{ALPHA I * (U1=VIN}

 TAUTWX= AMAX1{ 00001 » TAUTWX )

F1=TAUTWX/PHIMU
F22(2 4 0¥VINSYMPX®AKH (1o 0-EXP(=PHI*VIN) ) )**2

F321«0+F 1 #F2#PHIRHO/PHIMY
" F42F1/(10+SQRT{F2))

FUNETSFo

EPNUX= o B*F 2% 4

RETURN

CONTINVE o |
INTEGRAND OF REYNOLDS NOs BASED ON MOMENTUM_THICKNESS

CALL LAGIT(VINSETA sU sNETA #2sU191ERR)

TTEXS(1,0-U1 )% (140/TETW+ULR{GAM=140)/2,0%XMEX*2 )} +U]
TFLTTEX*TE=~6000:0125+254+26

22140

GO 10 27 _ )

2=(1e0E=3)/6+0*TTEX*TE

CONTINUE

PHIRHO=2E/Z/TTEX

FUNCT=PHIRHO®U1#(1,0-U1}

RETYRN

CONT INUE o _ o By
INTEGRAND OQOF STANTON NOD. /7 SKIN FRICTION COEFFICIENT

CALL LAGIT{VINS>UsEPNUINETA»2+sEPNUXs [ERR)

PRETR=PR* (1 40+EPNUX) / (1.0+PREEPNUX)

IFCALPHAY32934932

CONT INUFE

FUNCT=PRSTR* %, 666/ {VIN+1,0/ALPHA}
RE TURN

FUNCTOD41
FUNCT042
FUNCTO43
FUNCTO%4
FUNCTD45
FUNCTO46
FUNCTO47
FUNCTO48
FUNCTOD49
FUNCTO50
FUNCTD51
FUNCT0S52
FUNCTO053
FUNCTO54
FUNCTQ55
FUNCTO56
FUNCTODS57
FUNCTODS58
FUNCTO59
FUNCTO60
FUNCTO61
FUNCTOK2
FUNCTD63
FUNCTO64
FUNCTO65
FUNCTO6S
FUNCTOR&?
FUNCTO6B
FUNCTO6%
FUNCTO70
FUNCTO71
FUNCTOQ72
FUNCTOT3
FUNCTO74
FUNCTOTS
FUNCTOT6
FUNCTOT7
FUNCTQT78
FUNCTOT9
FUNCTOBO



L

34

40

i T

50

60

65

66
67 -

90
200

CONTINUE
FUNCT=PRSTR*#,666
RETURN:

CONTINUE

INTEGRAND OF SPECIFS EQUATION

CALL LAGIT(VINsUSEPNUSNETA»2+EPNUXs IERR

CALL LAGIT(VINWUSETASNETAS2sETAUX »IERR)

CALL LAGIT(ETAUXSETAsTTESNETA+2sTTEXsIERR)

PHIMU=TTEX®#XNMY

FUNCT=1.0/ (PHIMUR{]1,0+EPNUX) )

RETURN

CONTINUE

S=REDXX/VIN

F111121e0/(FZ+CE2XX=VIN®{ (1,0+5)*DLNUE+DLNMUE+DLNR}}
FUNCT=ABS(F1111)

RETURN -

'CONTINUE

TALL LAGIT(VINSETA +U sNETA 32sUl1»1ERR}

TTEX:(I O0=U11%11, 0/TETW+U1*(GAM =140)/2,0%XME#*%2)4UY
IFITTEXHTE=60600}659655".5
Z=]

GO TO 67

22(1e0E=3) /6 0#TTEX*TE

- CONT INUE

PHIRHOS2E/Z/TTEX
FUNCT21 o 0=U1 *PHIRHO
RETURN

CONTINVE
WRITEC6200)

FORMAT( 1H1 28 (SH *amx%x )/2]1H0O ERROR IN QUADRATURE)
WRITEL6+201INSAVESVIN

FuncTns:
FUNCTO82
FUNCT0B3
FUNCTOB4
FUNCTDBS
FUNCTO086
FUNCTOAT
FUNCTOBS
FUNCTOBY9
FUNCTGS0
FUNCT091
FUNCTH92
FURCT093
FUNCTNS4
FUNCTO9S
FUNCTO096
FUNCTO097
FUNCT098
FUNCTO99
FUNCT100
FUNCT1O01
FUNCT1G2
FUNCT103
FUNCT104
FUNCT105
FUNCTIDE
FUNCT1O0Y
FUMCT108
FUNCT109
FUNCT110
FUNCT111
FUNCT112
FUNCT113
FUNCT114
FUNCT11S
FUNCT116
FUNCT117

201 FORMAT{91HO SUSPECTED VALUE OF OUADRATURE BETWEEN PREVIOUS VALUES FUNCT118

10F THE INTEGRATION VARIABLE 15 ZERO/6HO N = 12510X»27H VARIABLE OFFUNCT119
2 INTEGRATION = IPE1245)

FUNCT120



)

WRITElbiZOQ)
NRITE(6’210)(ETAZ(I)9UZ(I}'TTEII}'N1(I)'TAUTw(IivEPNU(I!'
11=]1+NETAZ)

209 FORMATU(IHO/1HO »3Xs4H ETAg@Xv;H U/U599Xo5H T/TEs9X25H W{l}s5Xs
19K TAU/TAUWs 8Xs6H EP/NL//)

210 FORMAT(F10e4s1P5E1445)

CALL ANALGY{2)

95 CONTINUE
NSTEP=0

FFANF1196997 596

96 CONTINUE
WRITE(6+2001)

WRITE(69205)NsVIN

FUNCT121
TUNCT122
FUNCT123
FUNCT124
FUNCT125
FUNCT126
FUNCT127
FUNCT128
FUNCT7129
FIUNCT130
FUNCT131
FUNCT132
FUNCT133
FUNCT13a
FUNCT135

205 FORMAT160H0 THIS QUADRATURE EXCEEDED 5000 EVALUATIONS OF THE INTEGFUNCT136

IRAND/6HO N = 12»10Xs27H VARIABLE OF INTEGRATION.

WRITE(&+209)
wR1T5(6s210)(ETAZ(I},UZ(x;sTTE(I)-wllzggTAUTw(I)oEPNUtI),
1121 sNETAZ)

CALL

ANALGY (3}

97 CONTINUE

IFINUSAV=NLOOPU)9B596+98

98 CONTINUE
NUSAVENLOOPU
GO TO 10

- END

1PE12.51

FUNCT137
FUNCT138
FUNCT139
FUNCT140
FUNCT141
FUNCT142
FUNCT143
FUNCTIG4
FUNCT145
FUNCT146
FURCT147
FUNCT148
FUNCT149



LAY OO

(ﬂ‘u :Q\.g’:\

10

12

FOR_MAMENT MOMNTOO1
SUBROUT IINE MOMENT _ _ ' MOMNT00?2
INTEGRAL SOLUTION OF MOMENTUM EQUATION MOMNTOO03
£Qe 51 OF D2-113078=1 EQe 31 OF D2-23990-1 MOMNTO04
EQe 7 OF GILL AND SCHER == MODIFICATION OF MOMENTUM TRANSPORT MOMNTO05
REYNOLDS ANALOGY USED FOR ENERGY MISTRIBUTION MOMNTDO0S
: MOMNTOO07

COMMON:  GAMy ‘RGAS» Gs X CPs SAA s ‘NLOOPU DETAL » MOMNTOOB
¥ DETAZs UX s MXLPL » HE » XNMU » TAUTWX» PR MOMNT 009
2 _ EPNUX s SCo TTEX s TIMEUL2Ys AK » ERR» AMOL MOMNTO10
COMMON  /PROFIL 7 ETA(1G00), Ut1000) s ETAZ11000) s UZ{1000) +sMOMNTO11
1 CTTE(100Q) e EPNUL 10001} TAUTW(1000) W1(10G0), MOMNTD12
2 NETAs  NETAZ»  NYs  NYMP MOMNTO13
COMMON:  /FUNCTX/ YMP{100}s REM(E100) REX1100) CF2(100) s MOMNTO 14
1 o STEF24 00 TETW XME s ALPHA » PHT » YMPX s MOMNTO15
2UMP (100G ) XDE1OO)s X UMBX»  TE»s UE MOMNTO16
3RHOEs  XMUEs  Ps  TWs  DLNUEs  DLNMUEs  FZ»  VINFs MOMNTO17
4RED(10OOY DLNR = S» REDEL (1001} » CF2XXs REDXX ¥ 7€ MOMNTO18
B HW o X3TOP s RHOW » NZ11001}s XMUW MOMNTO19
‘DATA 5BB.SO0Qw NBB/Z? 0s0e 0/ MOMNTO020
MOMNT0 21

CALL FLTI MOMNTO 22
2 o MOMNTO23
WE1Y20.0 MOMNTD 24
ETA(1)20e0 MOMNT0O25
CALPUMP =ALPHA/UMP (NY = 1) MOMK 7326
IF (ALPUMP ) 10510512 MOMNTO27
CONT INUE MOMNTA2B
SBB1=SBB*({]1+0+4PREX . 66666% XME** 2% LGAM=1, 0}/2 0)/TETWX%SQNO) *#NBB MOMNT029
GO TO 14 MOMNTO 30
CONT INUE MOMNTO31
SBR1=SBR MOMNTO32
CONT INVE MOMNT(Q33
SAAL= SAA*(1.0+tGAM~1.0)/2 O*XME*%#2) x%0,125 MOMNTO34
O PHIZ (YMPX=SAAL11/SRAT MOMNTQ35
C PHIZAMAXL (Ce@ s PHI ) MOMNTO26
TEINY=2) 15915922 MOMNTO37



=J
=3

15

30

22

40

45

36

TUXX=EUX

CONT INUE

PO 20 1=2+20
FFAZI132e03%FLOAT(=1)
WZLTI=ETAZ (T Y #%51
CCONT INUE
NETAZ=21

CONT INUE

NLOOPU=0
CONT INUF

NLOOPW=NILOOPYS ]
AMAGU = 407

KSTOP

=

DO 60 12,1000

ETALLY=FTAtI=))+DFTA
TF{]e0=ETACI)=e2#DFTAIS040945

CONT INUE

ETA{IN=1W0

" NETA=T .

KSTOPYU= ]

CCONT INWE

AMAGUSULT ¥

ETAL )
HUMPX /24 0/ YMPX

GENERATE INITIAL GUESS OF U

WETy=yti=1)+DY
TTE(1)eTTEX
TAUTHE 1) =TAUTWX

MOMNTO28
MOMNT039
MOMNTO40
MOMNT D41
MOMNT 0G4 2
MOMNTO4 3
MOMNT 04 4
MOMNT N4 5
MOMNTO4 6
MOMNT 47
MOMNTO048
MOMNTNG 9
MOMNTOS50
MOMNTAS ]
MOMNTOS 2
MOMNT 053
MOMNTOS 4
MOMNTOS55
MOMNTOS56
MOMNTQB7
MOMNTO58
MOMN TOSO
MOMNTO 60
MOMNT 061
MOMNTO6 2
MOMNTO&3
MOMNTOG6 4
MOMNTO65
MOMNTO66
MOMNTNDGET
MOMNTO68
MOMNT069
MOMNTO70
MOMNTOT1
MOMNTOT2
MOMNTOT3
MOMNTOT4



55

&0

250

70

_hF(UXXdU{I))SnySOgSS

C@NTINUE

IF (KSTOPYI 60960970
CONT INVE
WRITE(6+250)
FORMAT t6H ERROR}

éﬁwTPMuE

UMPX=2 o OXYMPX %Y LNETA )
KERRU=O -

DO 74 1224NETA

ﬁﬁbg-gmﬁl?téigtl)wE?az,uszETAzgzruzx,IERR)

WET 15 .40% YMPXHUL T ) /UMPX

ARERREARS ( (Wl [ Y=UZXYLZULTYY
| LF1{ARE
CONTINVE

R—.0®1)74s72972

KERRUEK ERRU4 1
CONTINUE

PO 76 T=2«NETA

T WZ T EAMAXTIAUC 1) 90 @)

WZLE)I2AMINIGUZ (1) +140)

'ETAZﬁm);ETA@TJ

76

CONT INUE

- NETAZ=NETA

78 ¢

79
80

TFICERR) 808078
CONT! TNUE

TF ENLOOPUSMXLPU) 30930979

CONT I'NUE
CONT INUE

MOMNTQA TS
MOMNTOT7 S
MOMNTQ7 ¢
MOMNTO 78
MOMNTOT9
MOMNT 080
MOMNTOS 1
MOMNTDS8?2
MOMNT0O83
MOMNTNB 4
MOMNTOBS
MOMNTOB8S
MOMNTOB7
MOMNTDB S8
MOMNTOB9
MOMNT 090
MOMNTO91
MOMNTNO?
MOMNT 092
MOMNTO94
MOMNT0O95
MOMNT096
MOMNTAST
MOMNTO98
MOMNT099

"MOMNT 100

MOMNT 101
MOMNT102
MOMNT103
MOMNT 104
MOMNT105
MOMNT 106
MOMNT107
MOMNT 108
MOMNT109
MOMNT110
MOMNT111



CALL FLTZ(TIMEUY

RETYRN
END

MOMNT11?2
MOMNT 113
MOMNT 114
MOMNT 115



1n2

101

300

C
400

SUBROUTINE TNTEGY (XL+XUsHjiAMAGISNIERRSANSsHX )
FORTRAN L[V ROUTINE TO EVALUATE BOURLF INTEGRAL
REQUIRES FUNCTION SURPROGRAM WeITTEN RY USER
SPECIFICATION STMNTS

LOGICAL SWCHX | |
RESET OVERFLOW AND DIVIDE CHECK INDICATORS

CALL MVERFLEDY

CALL pveectIy )

ENSURE CONSISTENCY OF INPUT DATA
TEE XU «F0e XL )} GO TO 102

XLA £ AMINLC XU,Xt ¥

XA = ANMAXT (0 EWL XL )

TEL H oLFe 00 ) H = 0425 % ( XUA = XLA )
TF{ AMAG «EQW Ce ¥ GO THO 101

IF( ERR obLTe PeONAAPY ) ERR = D,00NNR1Y
GO TO 200

ANS = M0

RE TUPN

WHEN &MAG = 0 SET N 2 =1 AS A SIGNALs RFTURM NIRPECTLY

TO CALLING PROGRAN,

N = o=

RETURN
COMPUTE CONSTANTS FOR LATER USE

CCMAG = 0e0007 * ABS( AMAG )
RERR = la / ERR

DX = H

X CLINF

ANS = OCG

XA = XLp

Ta = FUNCT( XAs N ¥

QWOHX = JFALSF,

G0_T0 401 | .
RETURM FROV PATINs CYCLE REJECTEDS
DX = HT '

CSWCHX 2 oFALSF.

GN TH 401

STED EFOR NEW PASSs FIFTH GRNINATE 18 mMOW FIDST.

XA = X8
TA = TB. _
X1 = X& % DX~

IMTFGOO1
INTEGOOQ?2
ITNMTEGOO?
INTEGADSG
INTEGNANG
INTEGQOE
[MTFGNOT
TNTEGAQE
INTEGOOD?
INTSGO10
INTEGH11
INTEGOL?
INTEGRT 2
IMTEGNY &
INTEGA13S
INTFCQO1E
fNTEGN17
IMNTEGN]E
INTFGOLQ
TNTEGNZ2N
INTECHD ]
INTEGOZ 2
INTEGD23
INTECN24
INTEGO25
INTEGD? 6
INTEGD27
INTEGN/®R
INTEGRPQ
INTEGRH2D
IMTEGR2]
INTEGR2?2
INTEGDR3
IMTEGN34
INTEGATEC
INTERAA
INTEGNHRT
INTEGOA2R
INTEGAZQ
INTEGN4O



403

604
=
405

450

500
502

504

£69
503

506
G

423

406

xZ Xk % DX

X% = X7 + QX
XB = X2 + DX

TEST FAR ENR AF X INTEPVAL
TEE X® = XUA JLGS 40450002
IF AVERSTEPPING END, AR JUST

X2

[R2:

= NeP5 ¥ L XUA = XA )
¥1 = XA % DX
= X1 o+ DX

X3 X7 + DX
XB = xus
SWEHX = 4 TRUF,

(1T 1]

USE TEMPORARY STORAGF T SAVE RFCAmMPUTING FUNCT

T? = FUNCTL X535 N )
TB = FUNCT¢ XBs N )

COARSE AND FINE ARPDAXTMATIANS

5l = 0.6666R667 * DX * (TA 4 4,0%#T2 + TR )
$2 = 0033333233 % DX#{ TA + 4O¥FUNCTIX1s N) + 2,0%T2

1

C1FC RATIO

# LaO*FUNCTEX3s N ) + TR )
DEL § = %2 = §1
FORM TFST RATIA B L
RATIO = (RERR * ABSIDEL S5) ) / AMAXI(ARSI{SZ )y (MAG )
HT = DX
RATIO TEST
IF( RATIA

Tel 1507 s501,50]

Ne® V160435034807

IEt RATIO = N1 )5N6s4NELN5

REJECT €YCLF, BRANCE TO X LIME 08 Y STRID,
HT = RGRFABBAAET % HT

GO TH 403 _
ACCEPT £YCLEs BRANCH TO X LINE OR Y
HT = 066666667 ¥ HT '

GO TO 406

HT = 1e% = HT

RECUVE X L INE

HX = aminy{ HT 0¥ )

nX HT

ADD EXTRAGALATED VALIIF TN PARTIAL Sy,

ANG = ANS + &2 + 0,7ABEREALET = DEL ©

EHECY SWeHX IF DONFs IF NOT MAXKE ANNTHEP PASS

S
]l
o]
v

IMTECENE]
INTECNG ?
IMTECAL 2
INTEGNLL
IMTEGO4S
IMNTFGOGE
INTEGOLT
INTEGQLE
IMTEGH4Q
INTEGHSN
INTTGEAS]
INTFGAS?
INTEGAS?2
INTERARSL
INTEGNSR
TNTEGNSE
INTEGNST
INTEGOSE
INTEGEASQ
INTFGOSND
INTFCENS)
INTEGOSE?
INTEFCNER
INTEGRGESL
INTEGOAS
INTEGASS
IMNTEGAAT
IMTEGOGR
INTEGARG
INTFGATH
INTFCGTI
INTEGNT 2
INTEGNAT?2
INTEGo7e
INTFEENT=
INTFENT &
INTECATT
INTFGATP
INTEGQT S
INTECQBO



CIF (. SWCHX ) RETURN IMTEGAR]
GO TO 407 ' INTSGAR?
END INTFERas



@g

€ INGs

SUBPOUTINE L ACTTIXEAR g XY 3N ND,YRAR [N
¢ LAGRANGE "INTERPOLATION ROUTINT BY A, 0a5TFnR,

RIVENSTAN X(N) Y (V)
LOGICAL oW
TEINPLLTS?2) G(OTH 2030
€ TEST FOR XBAR IM RANGF

'maiﬁ
TEOXBAR=X(NY) &0y 45,0000
45 YRARZY (M)
, RETURN ] |
Y5 IFIXBAR=X[11) 901NN ,RN

9010 1OE=NP

_ 60T0 302
900C  10=RP
GOTO 305

EOFIED T=2%%) WfFa N
50 1272
J=1 -
20 IF(N=T) €8,08,40
&6 F=1+1
: SNENTS )

6070 3¢
€ SFT UP FAR BINARY SFARCH

A& I=tr2-

K=1
€ BINARY SCARCH FOoP  X({I1) NMEZR XNRAYQ
] J1=2
a0 Kzk /2

FFAXBAR=X(T1Y 120,100,117

6N VEAR = Y(T)

-PETURN

I 1=TaK

T35 TFITeLTFuN) AOTAYIEA

KZk /2
1s1=x¢
Ji=91+7
GOTO 115
120 I=1=K
150 JI=J1#1

LARTITAD]
UMIYAC SYSTEMI BROGRAMYLAGTTNG?
LACITAN?
LAGITNDE
LAGITNOS
LAGTITQODE
LAGITNOT
LAGTITOOR
LAGITANS
LAGITALN
LAGITA1]
LAGITNY?
LAGITD13
LAGITO1:
LAciTN1E
LARTITN1A
LAnETN1?
LAZTITNIR
LAGTTNL?
LAGITOPC
LACTITO2]
LAGITOR22
LAGITNZ?3
LARTTN?
LAGITn?=s
L*GTTNP26
LAGITNnZ?
LEGITNn28
LAGTITn29
LAGITQRQ
LAGTTN3)
LARTITN=Z
1L ACTITH?
LE2R]TNRe
LA TRz
LAGT T3S
LAGITNAT
LAGITnRR
LAGITh=a
LAGITnaD



200
<

220
210
230

240

¢
302

310
e
308

340

38n
40N

IF{J1=J) @nsa1,27n
XINC= XBAR=X{I)
IP1=1+1
TE(XINCY 220510052107
X¢I) SHALL BF LESS THAN XRAR
1=s1=1
GOT~ »0n
AEvVs ne/? _
IF{NP=TFV2D) Q000G ,54f 4020
TEIXEIPTI I =XBARWLTXINT) GOTO240
IP1=1 '
J=IP1=1EV
IF{JeLEs0) GOTO302
SW=oFALSF .
GOTN310
SET FOR EXTRAPQOLATE
J=1
SW=QTQUE-
J1=g#Np=]
IF(JTLENIGOTO3ED
IF(SW) GOTO%C2C
EXTRAPOLATE OR ADJUST POINTS
JENSNP+Y ‘
TF{Jel.FaFIGATNONIN
J1=N
YRARZD O
DO 406 K=JsJ1
QROD :.100
D0 390 L= JsJd
IF{K &EQeL) ¢OTO 29C
PROD = (XRAR=X(L))/ (¥ [¥)=X(L))*FRAN

CONT IMUFE
YRARS YRARGy YL IBRDRAN
RETLIEM

9020 . WRITE{Gs0N20)

903
904

WRITE(6#904OJ MNP yNsToX{TsXBAR
STOP : '

0. FORMAT( 1H121HINPUT FRRNR IN LAGIT

LaniTna)
LAGTITN4ap
LAGLITOG?
LAGITNGY
LAGITO4S
LAGITNRLE
LAGTITNn4T
! AGITﬂh?
LA~ T TR
LACITOS0
LARITNR]
LAGITDR?
ABITES
LARTTNSL
LARITASS
LEETITNnSA
LAGI TS
LARTTNeR
LAGITNRS
LA Tnaen
LAGITDAY
LAGRITOSB2
LantTnga
LAGTITNAY
LAGTTNGS
LAGTITRGG
LAGITNAY
LAGTITO6ER
LAGITpee
LAGTTO70
LARTITATY
LAGITN72
LAR[TNT
LAGTITNT4
LAnITATE
LAGTTO7e
LAGITNT?
LAGITQ7S

0 FORMAT(1H03HNP516fQXEHN=Té9&X9HMTP+POINTI5,hX¢HXfI)F]b-7sﬁXﬁHXP&RFLAGIT079

T14.71

LAGITNEQ



<1

8999

9990

WRITE(652990)

STOP -

FORMAT I 24HIMACHINE ERROR IN LAGIT

END

)



NN OV OO ALCTOLORO O O A A O O

20

25

30

35

FOR DLAGIT

SUBROUTINE DLAGITIXRARsX»sFXsNsKsFXBAR [ERR)
LAGRANG IAN NUMERICAL DIFFERENTIATION
K=2 INDICATES THE ORDER OF POLYNOMINAL FIT BEING USED

- POINT TO BE INTERPOLATED MUST FALL WITHIN GIVEN

RANGE OF X POINTS (USER BEWARE OF INDICATQR )

IF NEAR END POINTS THEN [T WILL REGUCF TO LOWFST POLY.
TO FIT DATA POINTSIK=1+FTCe TO 31 _
THIS ROUTINE RETURNS ONLY ONE VALUE AT ‘A TIMF

N2THE NUMBER OF POINT [N ARRAY
k=THE NUMBER OF POINTS TO BE USED IN FORMULA
X=INDEPENDENT VARIABLE ARRAY

FX=DEPENDENT VARIABLE ARRAY

XBAR= TO POINT WHERE Y = F(XBAR) 1S BEING SOUGHT

- FXBRAR= RFSULT OF CORRFSPONDING XBAR

IND= ERROR INKDICATOR s-1 THFN XBARGTaX{N!s
0 THEN XRAR DRy 1 THFN XRARLLT.X(1)
PIMENSTON X{N)+FXIN)

LOGICAL ODD

IND=0.

KAT=MOD (K 52) _

IF(KATEQul}ODD=e TRUE «

D 20 FE14N

L=1

TIF(XBARSETX(TIIGO TH 25

CONT INWUE

. INDZ=1

RETURN

CONT INUE

IFtLeNE«1IGO TO 30
INDET

RETURN

CONTINUE

IFLODNIGO TO 40
IFtLeLEeK/2 ) GO TO 66

DLARTOD]
DLAGIDO?
DLAGI003
DLAGICOG
DLAGIQOS
DLAGIDOSG
DLAGlOO7
DLAGIOQOR
NLAGINDS
NLAGIOI0
DLAGINI]
NLAGIRG?
DLAGIOL3
DLAGID14
DLAGIDIS
DLAGInle
NLARTO17
DLAGINTAR
MLARINIG
DLAGIQZO
rLAGIn2]
DLAGIQZ2
DLAGIOZ3
DLAGIN24
DLAGINZ=
DLAGINZE
DLAGINZT
NLAGINZA
NDLAGINZS
DMLAGIN30
DLAGIDR2]
PLAGIO3?2
NLAGIN23
NDLAGIOZ4
NLAGINSA
PLAGIO3G
DLAGIQ37



ig

40

6

&

- 46

. 60

36

37

6

2

CONT INVE.

IMTGH:

TF{LeGTo{N=K/2+1)) GC TO 46

T *K/2=7
TLOW=L =K /2
G@ TO 60

CONT I NUE

TFiLeLE«K/2) GO TO 67
TFL+GT o IN=(K+1)72+1)) GO TO 46
CONT INIE

#(K*1Y/2=1

L=tK=1)/2

TLOW=

GO TO 66

CONT INUE

KEK=]

GO TO 35

CONT INUE

K=Kk=1 -

GOTC 40

CONT INUF
KE24N=(L=1) -
IFteE0s316O TO 50
IF (MODA{K 921 eEQea1)GO TO 37
GO0 TO 36

STRATGHT LINE FIT AT FAR END POINT TWD BEHIND AND ONE AHEAD

CONT FNUIE

THIGH=L

TLOW=Y =2

CONT INUE

FXBARz0.0

DO 90 IQ=1LOWs IHIGH,
SUMUJ=040 '

b 80 JO=TLOWsIHIGH]
IF (JQ.EQ.IQ)IGO TO 80
PRODZ ) e

DO FO LO=TLOWs IHTGHS 1
IF{LQ.EQeIQ¥GA TO 70
IFILAB.FRJQNGN TO 70

L aGgliols
NLAaGIN39
PLASTI 040
pELASTNSGD
NDLAGEINAZ?
DLAGID43
DLAGIQAG -
DLAGI QA4S
DLAGID46
DLAGIN&GT
NDLAGIO&4S
DLAGIDA4S
DLAGINSD
DLAGIOS1
DLAGTING?
DLAGIDS3
DLAGIOSY
DLAGINSS
NLAGINGSG
NLAGINET
DLAGINSS
DLAGIDSS
DLAGINGOD
DLAGIDG]
DLAGINGZ
NDLAGIODG3
NLAGIO&S
NDLAGINGS
DLAGINGE
DLAGInG7
Ot AGINGS
DLAGIDES
DLAGINTO
DLAGICT]
DLAGIOT?
DLAGIOTA
DLAGIO74



70

80

90

 PROD=PROD* { XBAR=X(1LQ))
" CONTINWE

SUMUJ 2 SUMUJ+PROD

L CONTINUVE

PRODI=1o

- DO 85 MO=TLOWs THIGH 1

TF{MQaEQs 1QIGO- TO 85
PRODYI =PRODI*F (XL IQ) =X (MG} )

CONT INUE )
FXBARSE XBAR+FX(IQI* { SUMUJ/PROD] )

CONTINUE.
RETURN
END

DLAGIQTS
DLAGIO76
DLAGIOQTY
DLAGIQTSR
NLAGINTS
NAaGIORD
nLAGINS!
PLAGICSB?
DLAGIDB3
DLAGIQBS
DLAGINBS
DLAGIOBE
NLAGINGT



FeY

11

12

FUNCTION DTAB{X+Z5L)

DIMENSTON TEMPEL)s LISTE8)s LL113)s AUXY(6)s AUXZI(6)
-LNTEUER DE LY’DFLX!D LXTaQCLYT95WITCH

LDST(10

LOCHLIST{ Iy
LE2%
LE3)

A

s

.N“IF £ LISTC4)

NDIF=11 10s 9 19
*‘ﬁFF ARRA™ S
L(12)

@ELX = L0711

AAMDA = DELX=1

TECLAMDAYT2920412
X ARRAY SINGLY SUBSCHIPTER
DELXT = L AMDA :

X ARRAY DOUBLY SUBSCRIPTED

N 2 LE13)
LOCY £ 10

60 TO 126

10

126

49

ONE ARRAY
M= LLTST(LY$10/2
DELXT & LE3)

DELYT = L (3}

SWITCH = 0

N 7R
N ¢
1
\.n: O DR

3
i I<Z+1

SET UP AUXTLLARY Z ARRAY

M2 = Lba)

NZS 2 Li4)=1

INFTZT = LE2)=LOCITEMP (L} +1

F e

]

b
nméﬂﬁwrn

IF CINITZTaLTe0) INITZT265536+INTTZT

IF (NZS=KZ) 28s 524 49
1Z = INTTZT+NDIF

DTABNO1
LDTABQO2
DTABQC?3
DTABQOG
DTABNOS
NDTABNOE
NTARQOT
NTABQOS
NTARNOS
DTARNIOD
DTABDI
DTABOL1Z
DTABG 12
DTABOY4
DTABO1S
DTABOLG
DTABDL17
OTAB01A8
DTABQ19
DTABQ20
DTABOZ21
NTABO22

viBA2Z3

ABOZ4
OYABO25
DTABO26
DTAaBO27
DTABOZS
DTABN29
DTABO3D
NTARN2]
DTABN3?
DTABN312
DTABO34
DTABOA3S
DTARD36
DTARD3Y
DTABO38
DTARA3G
DTARNGD



51

53

52

17
19

20
21

KZIDZ = K272

KZP1D2 =

KZP1 /2

1K = INITZT+EKZPID2+1I¥NDIF
IHE = INITZT+NDIF*(NZ5=KZP1D2)

F (TEMPLIK=NPTF)=Z)
Do 53 T=zIKe THI, NDIF

F (T FWT_D t1Y=2
- CONTINVE ) _
1 = INITZT#NZS =NDIF

GO TO 62

I = INITZT+#KZ*NDIF

G0 TO 62

DO 57 T=1ks IHLs NRIF

T (Z=TEMPCLIYY 57,
CCONTINYF

545

T2 INITZT+(NZS)*NDIF

GO TO 62

TF ((KZD2 + KZD2}eNEsKZ)

1Z = 1=NDIF -

IF (ARSHTEMPUIZ)=Z)=ABS(TEMP(I)=2)) &7 55, 55
o= 12
GO TO 58

T = 1+KZD2*NDIF
JK = B=INITZT

AUXZINY = TEMP(I)
1 = I=NBIF '
PFESWITEHYITa1R 17

LIST o

GO TO 21

| % ’I ST 42

L EST 4

LISTE6 )

CHLISTERY

LTST(TY
LISTERY

£ T T B | T

it

- §F (L AMPDA) 19,920,716

LAEX + K

LBEX

LOCY + Jv
DEIL X

DFLY

KX

N

N

MF (TEMPUINITZT) aGTLTEMB(IZ))

£1452452

B3y By R4

CIF AZ-TEMP(IK=NDIFY) S5&s 52, 52

ey

GO tn 50

Go To 55

NDTARDG]
DTABQ42
DTABDSG3
DTABQ44
DTABD4S
DTABND4S
DTABAGT
DTABDA4S

NTABO49

DTABOSO
NTABNS51
DTABDS?
NTABDS3
DTABDSG
NTABNES
NTARDSA
NTARAST
DTAENSE
NTABDSS
DTABOGD
NTABNG]
DTAROEL?
NTABNG2
NTARNGS
NTARNGS
NTABQG6
DTABOGT
DTABOSS
DTABGKY
DTABATO
DTARAT
DTABA7?
DTABQ73
DTABn74
DTABpD7S
NTARDTE
NTARQTT
NTARATR
nTAaRATG
NTARNRN



18

Wy
o

a1

ETS

CLTSTA3
L ISThad

LTETOR

60 TO 3P
LISTE2Y = LISTI2)#Jv+1
LIST(2Y*1

2.

?

<X
LISTOTY 2 N
LISTtay = O

LISTI5)

H:

i

SET we AUXTILARY ¥ ARPAY

e 35 151,¢ZP1

AUXYLTY = TABEXSLISTY
TFOLTISTERY=2031237+28
LISTE2Y = LISTE2y=DELXT
LI3T43Y = LEST(3N=PELYT
CONT JRIF

[ILEN ||

LACLAUXZ 1))

L IETESY) =
CLISTHERY = LOCAUXY (1))
LISTt4) = &

LISTAT)

<7
€Z91

LIST(6)

131

9]

LIE?@QT

CYDEP 2 TARLZWLT5T)

IFLLTST(RI=PIRE 427428
L8y = 1
nTaR = YODFP

RETURN

Ligy = 2

RE TUIRNI
A Ltey = 3

PETRN
FMD

RTARAR]

DTABQR?2
NTABQ8?2
NTARNAG
nTAPNES
NTARMBRE
NTABNRT
NTABNRA
DTABnRO
NTABNID
DTABNQ]
NTABRNG?
DTARAG?
DTABRNQGL
pTarnes
ntaBneog
NTARMOY
ITARNASE
pTaARQOO
DTAR1QD
“TAF10)
NTARTO?
NTAR1N?
NTaARINeG
NTAR10®
NTARIOE
NTAR1IDT
DTaBE10P
NTAE1QC
nTARYLIN
NnTAR11]
PNTARLTLZ



74

FUNCT TOR Ta2 (Xsl)

DIMENSION LIBYsT{1) +XX(&}aYY(S5)
EQUIVALENCE (1,11

EQUIVALENCE (T41)s INITXT)
IVLX =1 a4y

KIN LAY
MTARSL Ty =1

IMITXT2L €21 =LAC (TC11) 1
INTTYT2(2)=LAC (TOI¥) +1
IF iIM@?*TagT@OG INITYT=655356+INTTYT

KPL=K#]

If (NTAB=K| 106 +1700 423
kD2 /2
KEPIDZ=LtKPY Y/ 2

CEXS TN TTXT # TV X

JEENITYT#(CP IR 1Y S IVLY
TISINTTXT 4 (xOUD2+ 1 p# 1 VL X
THEGH=TNT TXT+I VL X% (NTAR=CPINY)

IE (TEINITXTYSGTLTEIXY } A0 TA 1nn
IF 4TCII=1VEXY=X) 115100051027
@@{?7 T#ml,iHﬁGH,Ika.

TF (Telh=x) 579606

U TVLY __
TEINITXT+ONTARI*TVLX

60 TO 102 _
TE {1 (KD24KD2) aNE oK) &0 To
mx%IeQWEx

un

BF GABSTT(IX=X)=APEATIII=X)) T,5,5

TP TV X
JEJHUDTEIVLY
DO 8 M= 4KP]
MY = KPI=N#1
XXAML ) = X=FLL)
YYtMLY = T
I=1=TvL X
JEJ=TVLY o
CALL VYEPFL (%)

h

TrEAGT
TAEQQD
TAEOO®
TALAN
Trﬂncc
TARNNE
TAPANTY
TAERODE
TARpN®C
TA2010
TARE11
TARN1Z
TARNY?
TAZAT L
TARNATS
TARNTF
TARALT
TARQY®
TARNT D
TARQ2N
TaARNT]
TARCZ2?
TARAD2
TARADL
TABN?E
TAEN?&
TABOG27T
TABN2E
TAEQ?G
TABRN=2A
TABNR?2]
TARAZ?
TAEN22
TAEQ?4
TA3N35
TAFQ2E
TARQRT
TARN2?
TAEAID
TARQ4N



‘;.Q‘

5y

£6

DO G K=K TARALT
NP L=M#] TAEQ4?2
DO @ NNENP1sxPI TappeL3
YV ONNGSEYYEN * XX ENMNY =YY CNNF#EXX N )L/ EXXINNY=XXEMN)) TABOLE
CALL OVERFL (V) TARALS
IF (¥eEQe 1) GO TR 1° TABNLG
CANT INUIF TARQA4LT
LBy =Y TARN4A
TAR =YY{KPLY TARN4Q
RE TURNL TABGS5Q
SLegrsa TABRS]
GO TS j0o7 TARAS2
Litgy=? TABNGR
TAR =X TARNSS
RF TURM TABOSS
I=1x TARNBE
JEJSTVLY TARNST
60 TO 5 TARDSE
PE tX%=T4TI=1lvLx)) 10351008R,1000 TAENSQ
DO 104 T=T1sIHIGHIVLX TABASGQ
BF (X=T41)) 106 shs6 TARNAT
J= JFTVILY TASNs?
GO TH 10s TARAAR
I INETXT e ive X TARQSE
JEINITY THK*TVLY TARQOSGE
GO TO Q€2 TARDPSS
CEND ' TABNGT




o

7.2 Abvlator Program



= FOR MATN
€ SOLUT TON OF 5 ALGEBRAIC EQUATIONS WITH THE
C UNKNOWNS XL13= tMDP oL AMs TWaMPS yMDC) CASE 1
€ WNKNOWNS XEI)e(MDP s AMs TWeMDC ) CASE »
€ YUNKNOWNS XE1)z (MDP s AMs TWsMDS ) CASE 2
€ jWMKNOWWS XET Y {MDP ol AM» TH) CASF 4
REAL MDPyMDC sMDS oL AMKOZ2E 9K 1 9K2 oK G s MDEX
L LAMYsMDP1sMDS1
@FMENSP@N X{5)9oF (51 sDF1595) sX1(5)eXL{5)sXUB(5)aXLBI5}sEL5)
 DIMENSION LAMY 2001 »TPHIL(100)sMDP1(100)sTPHIZ(100)sMDS1{100)
1TPHIZ (100 )
EQUIVALENCEIXE 1) sMDP ) s {X12) 2L AM) s (XT3 ) aTW) 5 (DF {1911 9X101))
*D!TA‘MQ@@)91?@05)/o5r559o5115yoﬁf
€

1 CONTINUE
READ (55100 INPHT Ly (TPHLL (E) sl AM1CT 9 1= oNPHT 1)
WRITEGGe201 4 TPHITEI Y sLAMLIET) » 121 sNPHI )
201 FORMAT(GHO TABLE 1s10Xs13H [PHIL1sLAMDA)/
1IPBE1545/ (BEYTRL5) )
READ (S w1 QCINPHIZ « {TPHI2 LT ) sMDP1I LT ) s 12T sMPHIP)
. O WRITE(6e202}(TPHIZ2LT) »MDPLE 1) s TELsNPHED)
202 FORMATE9HO TABLE 2s10Xs15H (PHIZsM DOT P)/
1IPBE1S5+5/ (BET5e5) )
READ(59 10D INPHIS ot TEHIZ{ L) oMDST1HT ) 9121 sNPHI 3
WRITE(G9203HETPHTI3 (T sMDELLTI)si=1sNPHES)
203 FORMATEOHO TABLE 3+10Xse15H (PHIZM DOT $1/
VIPBEIS 45/ (BE1545) ¥

c
2 CONTINYE
. MWRITEL63205)

20% FORMAT(23HO PARAMETER INPWUT CARDS)
ImEA@lﬁsilﬂlﬁ@iﬁsl!@09?9701U1RHOP7RHOC
WRITE(£42101409PST9Q0sP s TCsiJs RHOP »yRHOC
READ(5+110)CPC sCPPyDHCCaDHCP s DHPYRsFP ST GaA
WRITE(63210)YEPCsCPPsDHCCsDHCP o DHPYR sFPsSIGeA

CREAD(S +310MKO2F s K 19K 2 9K4

MATN
MAIN
MATN
MATN
MAIN
MAIN
MA TN
MA N
MATN
MAIN
MATN
MATN
MA TN
MATN
MAIN
MATN
MA TN
MAIN
MATN
MATN
MATN
MATN
MATIN
MATN
MATIN
MATN
MATN
MATN

MATN.

MATN
MATN
MATN
MATN
MATN
MATN
MATN
MATN

001
002
N63
004
005
noé
no7
008
noo9
010
N1t
01?2
013
D14
01s
016
Q17
0ig
nlo
0?0
021
02z
023
024
02¢
026
027
nze
n29
03n
D31
032
033
034
035
036
037



WRITELG6+210I1KOZEsK19K22K 4 MATIM 038

READ(551101ASsBSsQRAD S FP s DHS MAIN 029
WRITEC(622101A5»B5+QRADIFP+DHS MATM D40
READI59 120 (XUR(TNsT=2195) MATM 04l

PEAD S, FTOYIXLRETI Yo T=195) MATN 047

¢ MATN A&7
a XUB (1) =AMINYIVMDP T (IMPHT2 Yo XUB( 1) MATN 044
XUBLZI=AMINT CLAMLE L) o XURBE2) ) MATN 045
XWBLAY=AMINT CMDST INPHT 2 s XUB{ 4 }) YMAIN D4&
XLBL1Y=AMAX] (MDP1{119XLB{1)) MATN 047
XLB(2)=AMAX ] CLAMI(NPHEL) sXLR( 1) MAIN 048
XLEBL4YZAMAXT(MDS1(1 Y e XLBLA Y MATN 04

¢ MATIM NS0
KDONE=0 MATN N5]

3 CONTINUE MAIN NG2
READ(59110IMDP oL AM o TW e MDS 8D MATN 052

10@ FORMATCIZ,5%X/(8F10.01) MATIN NS4
110 FORMAT(B8F1040) : MAIN NE&
210 FORMAT(1PBEL5+6) MATN 056
€ ' MATN 087
¢ SHOULM MRS BE INCLUPED TN VFCTOR MATN NER
d ' ' B MAIN Q5O
TEIUI 1091091 Y MAIN DBD

10 CENTINUE 7 _ MATN p6l

C EASE  OR CASE 4 (DISCARD MDS FROM VECTORI MAIN D62
NEO=4 - MAIN 063

1L5=5 MAIN 064

LC24 MAIN N6S

Kus=1 MATN 066
MRG0, 0 MATN 067
Xe&)=MDS SAIN NES

XUB L4 =XNUR(5 ) #AIN 069
XULBLGyEXLBIS) MAIN D70

6o TO 12 MAIN 071

11 CONTINUE MAIN D72

¢ CASE 1 OR CASFE 3 (MDS IS IN VECTOR) MAIN 0773
o NEA=5 MATN N74



16

12

220

13

14

15

16

17

L5=4
LEC=S
KLS=0
CONT I NUE

XL S)r=MDS
XtLC)=MDC

CWRITE(69220)XUBsXLR _
FORMAT{ 12H UPPER BOUNDsBXs1PS5E20.6/12H LOWFR ROUNDBXs5E2046)

PO 13 1=1+5%

X T)ISAMAXTIIXEL Yo XLBLT )
XOCI)=AMINTLEXCE)1sXUBEL DY)
CONT INUE :

FFLKDONE) 14914990

CONT INUF

KMDC=0
KLC=0

DO 50 JaJ=1+50

XMDC=A*HO*KO2E =MDP*L AM
TE(XMNC)115915417

CONT INUE

KMDC =KMDC +1

FFI3-KMDC 11616418

CONT INUE

TASE 3 OR CASE &4 (DISCARD MPDC FROM VFCTOR)
KLC=1

NEQ=4=KLS

MDC=0a0 _

X(LCIEXLALILD)

GO TO 18

CONT INUE

CASFE 1 OR CASF 2 (MDC IS IN VECTOR)

KLC=0
KMDC=0

MATN
MA TR
MATN
MATN
MATN
MATN
MATN
MATN
MAIN
MA TN
MA TN
MATN
MA TN
MATN
MATN
MATN
MATN
MA TN
MATN
MATN
MATN
MATN
MATN
MA TN
MAIN
MATIN
MATN
MATN
MAIN
MATN
MATN
MATIN
MATN
MATN
MAIN
MAIN
MATN

nir=
nie
N7y
o7e
079
080
na1
ngz
083
084
085
086
087
088
0g°
nen
no1

n9py
nes3
094
NI5
096
nov
n9g
099
100
101
102
103
104
105
106
107
i08
109
110
111




18

62

54

NEQ=5+KLS
MDC=AMAX1 (MDCs XLB(LC})
CONTINUE

MDEX=MDP*( (MDP /RHOP ) ~ {MDC+MDS+AS*EXP (=BS/TW) ) FRHOC)
MDEX=AMAX1 (0o sMDEXY

TEMP=TWHALOG (KD ) ¥K 2% ¥MDEX

TEMP1=TEMP* (2, 0*MDP /RHOP = (MDC+MLCS+ASHEXP(-B85/TW) ) /RHOC)
DIFM=PS ] #HO®0 4 23=-MDP*G,002569)

TF(NIFM) 52482457

FPI={PST*HO*¥0 53]/ (MOP*0 44000097 )

PFRI= 040 ' '

GO TO 54

DFPI=FP*DHCP

CONT INYE

PHITSMDP*SQRTETWI#K 1 #% (1, 0E+4/TW) /P
PHT o= ETW)*K DR RMDEX

PHT1=AMAXTIIPHIYI»TPHI1 1))
PHI2EAMAXYI(PHIZ2 s TPHIZ2 (17}
PHI1=AMINI(PHI T+ TPHII (NPHI 1))
PHIZ2=AMINLIPHIZ s TPHT2INPHI Y })

CALL LAGIT(PHI1 sTPHITsLAMIsNPHI1s2sFPHITsIFRR)
CALL LAGIT(PHI2»TPHI2 sMDPLsNPHI2»24FPHI? +IERR)
CALL DLAGIT(PHILsTPHIISLAMLyNPHI1934DPHI14IERR)
CALL DLAGIT(PHI2+TPHI2sMDP14NPHI293+sDPHI2s1ERR!

F11=P5SI*Q0+QRAD+FP*FP I #DHCP*¥MDP + (MDC+MDS ) #DHCC=EP%SIC
1%TW**4=MDP* (CPP* ( TW=TO Y 4+DHPYR) = {MAC+MDS+ASFFXP {25/ Ty )
SREPCE(TW=TO)LASREXP =R /TWY xDHS

DF (191 )=DFPT. =CPP*{TW=TO)=DHPYR
DF(IQ?,=0.0
DEA133)E=4 0% EPAS[GHTWH*A=MOP ¥ PP= (MNC+MDS+ASHEXP (=RS

MATN
MATN
MATN
MATN
MATXN
MA M
MATN
MA TN
whLTM
YATM
24 TN
MATN
MATN
MATN
MATN
MATN
MATN
MA TN
MA TN
MA TR,
MALN
MATN
MATIN
MATN
MATN
MATN
MATN
MATN
MAIN
MATN
MAIN
MATN
paTH
MATN
WA TN
SATN
MATM

112
113
114
115
116
117
118
119
120
1721
122
1723
124
125
126
127
17F
12¢
130
121

122
133
134
125
136
137
138
13¢
140
141

142
1472

144
145
146
147
148



21

1/TW) 1 ¥CPC=AS*CRPC* (TW=TO)*EXP(=BS/TW)#BS/ TWR*2-AS*DHS
IREXP(=BS/TW)#BS/TWh*2 | |
BF (151 $1=DHCCSCPC (TW-TO)

lmgfl,&cyzﬂF(¥9L53

Fii2)ZLAM=FPHI i

CDF(2511==DPHI I *SQRTETW)I #K 1% % (1 o OF+4/TW) /P
DFL2s2¥51a0 :

DF {29 33:==DPHI 1*MDP /P*K1¥% (1 ,0E 4/ TwW) * {SORT (TW)
THALOGIK D) # (=1 s OE+4) /TWR%240,5/SQRTITW ) |
DF (291512060

DF(29LCY=0e0

CDF{3»1)=10=DPHI2*TEMP]

DF'(392']&000

COF{393) =<DPHE2* (K2**MDEX=TEMPRMDP® ASXEXP{-RS/TW)

1*1BS/ TWA*2) /RHOC ) . '
DF{3sL.Cy=<DPHI? *TEMP* (=MDP/RHOC )
DF 39 SHEDF (3L C) |

FLE »=MDC=XMDE

DF tLC oL} =LAM
DF (1.C 921 =MDP
DEILCI)=0a0
BF (LC L) 2140
' DFILC s 512040

CIFAKLES121921022

CONT INUE

PHI3=PS TRHO®URK 422 (1. OF +4/TW)
BPHIZ=AMAX 1 (PHT3 s TPHIR (1))
PHI3=AMINI (PHI3sTPHI3(NPH{3))

MAIN
MA TN
MATN
MATN
MATN
MA TN
MAIN
MATN
MATN

MAIN

MAIN
MATN
MATN
MAIN
MATIN
MATN
MAIN
MATN
MATN
MATN
MATN
MATN
MATN
MATN
MATN
MAIN
MATN
MATN
MATN
MATN
MATN
MAIN
MAIN
MAIN
MATHN
MAIN
MATN

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
187
183
184
18%



142

242

143

243

144

244

145

'CALL LAGIT(PHDBiTPH139MDolvNPHIBsZsFBHI?9I—RR)

CALL DLAGIT(PHI3»TPHI3sMDS1sNPHI3»3+4DPHI 3 [ERR )
FULS ) =MDS=FPHT3

'®F{Ls,11-n 0

DFlLS’3T=-DPHP1*PSI*HO*U*ALOG(KQ)*((Ka)**tl DE+6/TWi)

1% 4=V OE+4/{ TWR®2]) j

DE(LS»LS) =140
DF LS #LEI =040
CONTINUE

JKASE=2 %KL C+KLS+1

GO TOU141+14201430144) 9 JKASE
CONT INUE

WRITEt6+2641) 3092

. FORMAT(12HO ITERATION I13»70Xs7H CASE 1s10X»
153H Xy = ( M DOT P » LAMDA » T W » M DOT S s» M DOT T 3}

GO TO 145

CONTINVE

WRITELE92620V008 _
FORMAT(12HO ITERATION I3s10Xs7H CASE 2»10X,

43H IX) = ( M DOT P o LAMDA » T W » M DOT € ;)

GO TO 145

CONTINUE

WRITECG#243 ) JJJ

FORMAT( 1 2HO TTERATION I3+10Xs7H CASE 3930Xs

V43H  AX) = ( M DOT P s LAMDA » T W 5 v DNAT S )

G0 TO 145

CONT INUE

WRITE(6s264)00d | -
FORMAT(12HO ITERATION 13+10Xe7H CASE 4910X,
133H XY = ¢ M DOT P s LAMDA » T W )}

CONT INUE

WRITE16525014F(T)ol21sNEQY

MA TN
MATIN
MATIN
MATN
MATN
MATM
MATN
MAIN
MAIN
MA&TN
MATN
MATM

MATIN

MATN
MATIN
MATIN
MATN
MAIN
MAIN
MATN
MATM
MA TN
MATIHN
MAIN
MATIN
MAIN
MAIN
MATIN
MATHN
WATIN
MATH
MA TN
MATN

MATIN

MAIN
MATN
MATN

186
187
188
189
190
191
192
193
194
195
196
197
198
19%
200
201
202
203
2046
205
206
207
208
209
210
211
212
213
216
21%
216
217
218
219
220
221
272



259

€

251

24

EORMATEIH  Es10Xs1PSE20D47)
NRIT’16’?511(X(11sF 1y NER]
F@RMAT(ﬁH XaTXe TPEE?G 73

DO 24 151 +NEQ
Filys=F419
CONT INUE

DE1e8

 MENSIMEQLS sNER s 1o DF o F aDsE Y

e T@m25|95w35@rM
CONT INVE

WRITEL&9262) (X1 (I)sT=1sNEQY

'1FORMATﬁ6 DPLY!?X;]PSE?O,T)

DO 35 121,NEQ
XTCTIEXE T eXi )

TEFXUBL ) =XT¢13)28+30 30
CONT INUE
x1tI)_.5*(xUB:I)+x(I))
GO Te 3%

CONT INUE

TFIXTATY=XLBEDT1 132035538
CONT INUE

XU4T Y=o 5¥ LXLBULII+X0TY)
CONT INUE

WRITE4692552 X1 ¢ el=1sNEQY
FORMATI4H XTs9Xs IPOEZ20.71

DO &40 1=1+NF®
SUME = SUMF « ARS(F I T 1)
ERR=ABSA (X{Ly=X1FaysXETY)

IFALERR=,040140+624542

40 CUNTINUVE

MATN
MATN
MATN
MAIN
MAIN
MATN
MATN
MATHN

MATN

MATN
MATN
MATN
MATN
MATN
MATR
MATN
MATN
MATN
MATN
MATN
MATIN
MATN
MATN
MATN
MATN
MATN
MATN
MATMN
MATN
MATN
MATN
SMATN
MATN
MATN
MATN
MATN
MATN

723
224
2725
226
227
228
229
230
731
232
2313
234
235
236
237
238
23¢
240
241
242
243
244
245
246
247
248
249
250
251
252
2513
254
255
256
257
258
259



2ot

47

45

46
47
48
49
50

260

.815

90

445

IF(SUME = ,N5)60 542 542
EONT INUE

DO 45 T=),NFCQ

XULYEXL T I¥X AT+ €1 002X (T ) X {1}
CONT INUE -

TFIKLS 146946447
MDE=X LSy
TFLRLE V&8 48449
MBTEXFLCY

CouT TRUE.
CONTTNUE
WRITE(69260)

FORMATUI16HD NO COVERGENCE!
6O TO 90

CONT INUE

CWRITE(69270) _
FORMAT(J6H0 CASE COMPLETE S
GO TO 90

CONTINUE

WRTTE (.6.47 80 ¥M

FORMAT ¢ 298 ERROR IN MATRIX SOLUTION & =12)
CONT I N

REAPDLS+ 116 YKASFE

FGRMATE I Y

G TO T2 eAyek ASF
EIND

ﬁjﬁli\!
LV T
MA TN
MAIN
AATN
MATN
MATN
MATH
MA TN
MATN
MA TN
MATN
MATN
MATN

CMATN

MATN
MATN
MA TN
MA TN
MATH
MATH
MATN
MATN
WAIN
MATN
MATN
MATN
MATN

760
261
2R
2672
264
265
266
267
268
749
270
271
272
273
T4
218
276
277
*78
IS
280
281

282
283
284
285
’R6
787




FUNCTION NSIMED (N[N “sAsBeDs5}
M2 | _

CALL STMFQUA L NaLMaAsH Dyl g}

NS IMEQZM

RE TURN

END

NSTYEND]
NST*ENND
MSIMEQQ?
NSIMENOG
NSTMENDS
NSTMEDOS



KOt

S

SUBROUTINE STIMFQINsLN LM s AsRaN T oMy

INTEGER €
EQUIVALENCE (SAVEs 1SAVE]

DIMENSION EC(LNIsAININTSEL NsiM)
IF {MeEQeD) GO TO 2

DO 1 T=1sLN

ElLIV2l

LNMTZEN=T

CALL OVFRFL (IRIGY)

DO 139 K=L1sLNMI
SAVES=)0 '

Kl2K#1

PO & JKHLN

DO & TeKLN

1F (SAVE = ABSUACT»JI) Tebat
SAVE=ABSIAET 90

IBie=T

JBIG=Y

CONT TNUE

TF (KEQeTIBRICGY GO TO 61
Di==D

DG & JEKsLN

SAVEZAIK »J)

Bl s JIZBLTRIG I
AUIBTIE#YY=SAVE
CHE (MJFRLOY GA TO 61
DO T JET LM

SAVE=BIKsJY

BIK ¢ JI=BUIBIGsJ)
BEIBIGs I 2SAVE

T (K=JBIG) 83898

e <0 .

DO & [=1sLN

SAVEZANTsK)
ALTaKISATT 9 JBIG)

Atl 4 J9T6G)=SAVE

ITF (MEQeD) GO TO 89
ISAVE=E (%)
Eiky=FEIBRIG)
EtJr1G)L=ISAVE

SIMFONO]
STMERNQ?
SIMFGRO03
SITMEQOO4
STMEONDS
SIMEQRCO6
SIMEQ007
SIMEQNGCH
ST4EQN09
STMEQNIQ
SIVMECN1]
SIMEQQ12
SIMEQPN13
SIMEQOL4
SIMEQALS
SIMEQNI6G
SIMFOALT
EIMEQ0LB
EIMENNALQ
SIMEGH20
SIMEQQ2L
SITMEQD22
SIMEQO?3
SIMEQQO24
SIMEQAZS
SIMFCA26
SIMECQHZ2T
SIvEQR28
SIMERQN2S
STYEQQ0
SIMEQA3T
SIMENRNRZ
SIvEON3R
SIMEQD3L
SIMEQN2E
SIMEQQD3E
SIMEQNRT
SIMEQO38
SIMECDRQ
SImEQNALN



“got

600
602

605

TE CAfK X)) €0Ns10s600
IF (DY 602y 6N3s 60?2

D = D¥AIKX)

DO 139 I=Kls LN

CSAVEZAL I JALK K )

139

601
60%

1150
118

19

20

21
250

DO 15 J=KlsLN
Al Do )AL T s JV=SAVFXALK s J)

CALL OVERFL(IRIG) _
IF (1816G=1) 71085175710
IF (™ e GO TO 179

DO 138 J=1.LM

BUIs IV s B(I’JN-SAVE*R(KsJ)

CALL OVERFLIIBIG)

IF (IRIG=1¥ 139412+139

CONT TNUE

TF (AGLNENY Y 601510697

B (Y 60&4s V1EDs &0

IF CLNGNE 1) DaREALLNLNY

mu_'@WyHQI)

IF (IBEG=1V 1=@,17,150

IE MY 1189250118

A 20 JE1 $LM
LNeJFER (LN J) ZA LN LN

CALL BVYERFLALIRIG)

I t1816=1) 18412418

DO 2€ JBIG=1slLNM]

T2LN= 816

SA VE 20w

TP12141

DO 19 K2IP1sLN
SAVEZSAVE#ALT oK I %#B 1K ¢ J)
BETs0) 2tBtTog¥=SAVEL/ALT 1)
iCAL L OVcRFL(IRIG)

¥ (IBIG=1) 20512520
CONT INUE

DO 21 K=1sLN

CIEEIK Y

B0 21 JE1sLM
ACTsJISBIEK wth
M=

SIMEQNA]
SIMEQNL?
SIMFONS2
SIMFQNGY
SIMEQD4S
SIMFQNGS
SIMEQ04T
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STMENNALS
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SIMEQQES?2
SIMEQHH3
SIMEQOS4
SIMEQRNSS
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STMEQNHRT
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SIMEQO66
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SIMEQOGR
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SIMEQRTI
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SIMEQOTT
SIMEGQOTS
SIMEQGQD79
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M=2
RETURN
Mg
RETURN
END
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