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FOREWORD

The present report is one of a series of three reports
which describe analyses and computational procedures developed
for describing the behavior of high speed-turbulent boundary
layers under conditions involving both heat transfer and
arbitrary pressure gradient. Part I,serves as a summary report
and describes the analysis which is utilized in the numerical
calculation scheme. In Part II, the fundamental properties of
of the compressibility transformation used in the analysis
are examined in detail. Part III, describes the numerical and
computational procedures involved and serves as a computer
program manual.

The titles in the series are:

Part I Summary Report - "An Investigation of the High
Speed Turbulent Boundary Layer with Heat Transfer
and Arbitrary Pressure Gradient," by C. Economos
and J. Boccio.

part II- "The Compressibility Transformation - General
Considerations," by C. Economos.

part III- "Computer Program Manual) by J. Schneider and
J. Boccio. '
This investigation was conducted for the Langley
Research Center, National Aeronautics and Space Administration
under Contract No. NAS1-8424 with Mr. Kazimierz R. Czarnecki
as the NASA Technical Monitor.

The contractors' report number is GASL TR-719.
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AN INVESTIGATION OF THE HIGH SPEED TURBULENT
BOUNDARY LAYER WITH HEAT TRANSFER AND

ARBITRARY PRESSURE GRADIENT
Part III - Computer Program Manual

by Jesse Schneider and John Boccio
General Applied Science Laboratories, Inc.

I. INTRODUCTION

This manual is the third part of a three-volume report
describing a new computer. program capable of determining the
properties of a compressible turbulent boundary layer with

pressure gradient and heat transfer. The program treats either
the two-dimensional or axisymmetric problem with either a perfect
gas or real gas equilibrium chemistry model for the thermodynamics.
The description of the fluid dynamics is obtained by applying a
compressibility transformation to the equations for conservation
of mass and momentum, and coupling these to the low speed formula-
tion of Reference 1. The thermodynamic behavior is described by
simultaneous solution of the partial differential equation for
conservation of total enthalpy written in von Mises coordinates.

This solution is obtained by an implicit first order finite dif-
ference technique.

A detailed description of the problem formulation along
with the development of the working differential equations .and
the necessary auxiliary conditions is presented in Part I of this

report (c.f., Ref. 2). This part is intended primarily to serve
as a program user's manual and contains:

a) A description of the general program features and
a flow diagram describing the overall logical flow
of the program.

b) A detailed description of program options and
their use.



c)

)

g)

h)

Detailed instructions for the preparation of
input data with samples for a few cases.

A description of built-in default options(i.e.,
the modes of operation or pre-set data items the

progam will use if it receives no other instructions
to the contrary).

Avcompléte deseription of the progtam built-in
error messages and halts.

A description of the program output and some
sample cases.

A description and flow chart of each major
subroutine.

a description of program use, operation, accuracy,
and present limitations. ’

Table of program symbols.



II. GENERAL PROGRAM FEATURES

The program provides. the user with the ability to generate
the properties of a compressible turbulent boundary layer with
or without pressure gradient using a perfect gas or real gas
equilibrium thermodynamics. Either adiabatic or isothermal wall
conditions may be prescribed on either a two-dimensional or
axisymmetric body. The viscosity of the fluid is calculated
from either a y ~ T° law, Sutherland's law or from fits which are
functions of pressure and temperature. Both the laminar and
turbulent Prandtl numbers may be input constants or generated
from appropriate subroutines.

The user may specify the conditions external to the
boundary layer in terms of pressure, velocity or Mach number
as a function of axial distance along the body. The last of
these (i.e., Mg = £(%)) is only available with the perfect-
gas option.

Boundary-layer profiles will be calculated at user
specified values of the axial distance, x, the Reynolds number
based on momentum thickness, Regy, or the local Reynglds number
based on distance along the body, Rey. In addition, the user
may present the program with input data in either English
system engineering units or International (S.I.) units,

The general flow of program computation is to:

a) Evaluate all external conditions and their
derivatives with the prescribed input information
before any integration is performed.

b) Initially determine the solution to the energy
equation, analytically, via a Crocco integral
and then use this result to evaluate the initial
derivatives. ’

c) Integrate the system of equations, solving the
energy equation by finite differences.

d) Store the results of a complete integration step
in an output array whose size is determined
by the user. The output array is then separated
into five units which are always printed as a group
and consist of:



1)
2)

3)
4)

dependent variables in the transformed plane,
boundary layer properties in the transformed

plane,

derivatives of the dependent variables, and
two sets of boundary layer properties in the
corresponding physical plane.

After the output blocks are printed, the program then
searches through the input values of X, R .4, or Re  at which
profiles are desired, to see if any are within the present
bounds of the output array. If some values are within the
present output-array range, additional computation is per-
formed; profiles are generated; and the results are printed.

If no profile values fall within the present output-array
range, or if no profiles are desired, the program continues
with the integration and begins to generate a new output array.



III. PROGRAM OPTIONS AND THEIR SELECTION.

CARD 1 - Control Card

All program users' options are selected with one control
card which appears as the first member of the input data pack.
In addition, this control card may be used to output the
details of the computation of selected portions of the program
during selected steps in the computation. All. selections on the
control card are made in integer format as follows:

Columns

1 -3 NOXPTS The number of axial points along which
the external pressure, velocity or Mach
number will be specified. This number
must be right adjusted in the first
three columns on the card. At present,
program dimensions are set up tohandle
up to and including 50 points.

4 - 6 NPRFPT The number of points at which profiles
are desired., This number must be
right adjusted in columns 4-6. At
present, provision has been made for
requesting profiles at up to and in-
cluding 20 values of X, Reg or Rey.

7~ 9 NINTPT The number of integrations steps between
adjacent lines of printout. Since the
integration package is a variable step-~
size routine, this parameter provides
the user with some control over the
amount of computed information which is
actually printed., As above, this number
must be right adjusted in columns 7-9
and may be as large as 999.



Columns

i0-12 KTEST The number which determines the size of
' the output print blocks and must be

right adjusted in columns 10-12. At
present, program dimensions provide for
output blocks of up to and including 50
lines. Experience with the program has
indicated that a value of KTEST s 50 is
a good choice,

13-14 UNITS Provision has been made in the program for
SELECTION specifying either input, output, or both

in either English system engineering units
(i.e., the pound-force, slug-masgs system)
or the International System(S.I.)which
is basically the MKS system. Column 13
controls the uynits of the information to
be input. If column 13 is other than
zero, the program expects the input
information to be in S.I. units. Column
14 controls the units of the information
to be output. As above, if column 14 is
other than zero, the program assumes the
user desires the output information in
S.I. units. If columns 13 and 14 are
left blank, the default options (i.e.,
English system units are expected for
input and will be used for output) are
used.

Two additional items must be mentioned:
(1) the units of input quantities may
not be mixed between the systems, and
(2) all internal calculations of
dimensional quantities are performed
using English system engineering units
and the details of the computation of
some selected portion of the program
will be output in this system.



Colunn

15

GEOMETRY

This - switch is used to select either

the two~dimensional or axisymmetric
options of the program. A zero or
blank (the default option) selects the
two-dimensional case. If an axisymmetric
problem is to be done, the user has two
additional sub-options regarding the
form in which the input data for the
geometry may be supplied. If the user
chooses to supply the body geometry

as a table of r vs x, he merely puts a

9 in column 15. If the user finds it
preferable to specify the geometry using
curve fits, the number of regions into
which the body has been divided is input
in column 15. (A maximum of 8 regions
are permitted.) For the case below,

a 4 would be inserted in column 15, in
which case the program expects to have
available four sets of at most fourth
order polynomials to describe the body
geometry.

O
O
®

axis




Column

16 PROFILES Column 16 is used to specify the
' parameter which is to serve as the
independent variable at which profiles
are desired.

If the integer in Profiles will be
column 16 is: calculated at user
specified values of:

0 X
1 R g
2 Rex

(A blank in column 16 is assumed to be
zero) If no profiles are desired (i.e.,
columns 4-6 are zero) column 16 is

ignored.
17 PRINT Future plans call for providing an
CONTROL additional mode for generating the

contents of the output array based on
selected increments in the independent
variable. At present, output array
contents are governed by NINTPT

(Columns 7-9) which is the print control
default option and should always be

used. Column 17 should therefore

always be left blank in the present version
of the program

18 SPECIAL This switch is used only for the special
S.I. cases in which S.I. units are being
INPUT input (i.e., Column 13 # 0), the Sutherland-

viscosity option has been selected (i.e.,
column 24 = 0) and the user desires to
change the constant K'*, (see formulation,
Part I, Section F.l). This special
switch is required since a default value
of K' (which is dimensional with the units
of a temperature) is stored in the block
data routine of the program. For all

*in the Sutherland law relationship U= iiSES ~ (‘5)_3/2 where
K= cp/He. (l/p)+KHe




Column

18 (contd) other situations but the one mention'd
above, column 18 may be left blank.

19 PRESSURE With this switch the user may bypass
OPTION a portion of the program logic to do a

case which does not involve pressure
gradient and in so doing make some small
saving in computer time. If the user
inserts a number other than zero in
column 19, the program assumes no axial
pressure gradient exits. (Note: the
default option, column 19 left blank,
assumes an axXial pressure gradient exists
and may be used in all cases.)

20 EXTERNAL Column 20 is used to select the form in
CONDITIONS which external conditions are supplied
to the program.

If the integer in The input option
column 20 is: selected is:
0 Pressure as a

function of x

1 Velocity as a
function of x

2 Mach number as a
function of x

Note that the default option assumes the
user will normally input pressure infor-
mation., It should also be remembered
that Mach number input may be used only
with the perfect gas option.

21 THERMODYNAMIC. AND TRANSPORT PROPERTY CHANGES
This switch provides the user with the

capability to c¢hange any of the thermo-
dynamic and/or transport properties which



Column

21 (Contd) have been built into the program.
‘ Changes in thermodynamic properties could,

include the molecular weight and ratio
of specific heats of the gas, its
laminar and/or turbulent Prandtl numbers,
if they are constants, K' (the constant in
Sutherland's Law), and the mole fractions
of the species present if the chemistry
option is being used. Transport properties
which could be changed include the reference
values of temperature and viscosity in
both Sutherland's Law and y ~ T and the
exponent of the temperature in the latter.
If any such changes are desired the user
inserts a number other than zero in
column 21. The default option (column 21
left blank) assumes no changes are

desired.
22 CHEMISTRY Two chemistry options are available to
MODEL the user. If a zero is inserted in column

22 or it is left blank, it is assumed

the user desires to do a perfect gas
calculation. If no fluid properties are
changed the gas is further assumed to be
air. Any other perfect gas may be
accommodated by using a number other than
zero in column 21 and prescribing new
values for the molecular weight and

ratio of specific heats of the gas and
different transport properties. The

input of this information is described in
detail in Section IV of this volume. A
number other than zero in column 22 selects
the equilibrium chemistry option. At
present, the chemistry package has been set
up to do calculations for 8 species air
The mole fractions at some reference
condition which are regquired by the
chemistry package, are built into the
program as pre-set data. These may be

10



Column

22 (contd) changed by the user in the same manner
as any other chemistry or transport
property changes are made. For further
information regarding this chemistry
package the user 1is referred to
Section VIII of this volume which briefly
describes the pertinent routines.

23 SPECIAL Before making a lengthy computation. the
HALT user might like to examine the results

of the first few integration steps. By
selecting a small number, n, (i.e.,
2 or 3) for KTEST in column 12,inserting
a 1.in column 9 for NINTPT, the number of
integration steps between adjacent lines
of printout, and inserting a number other
than zero-in column 23 the program will
halt after printing an output array of n
lines correspondiné to n integration steps.
In all other cases column 23 should be
left blank.

24 VISCOSITY Three viscosity options are available
OPTIONS to the user.
If the integer in The option
Column 24 is: selected is:
0 Sutherland's Law

This option is available with either
the perfect gas or equilibrium chemistry

option. .
# from fits as functions
1 of pressure & temperature
available only with equilibrium chemistry
option.
2 B~ ™

available only with perfect gas option,

11



Column

24 (contd) The reference conditions used in both the
’ u ~ T and the Sutherland Law options

and the temperature exponent of the former
are for air and are stored as pre-set
information in the block data section of
the program. They may be changed as
described above by inserting a number
other than zero in column 21 and pre-
scribing the desired new values in the
input data section.

25 WALL The program has been set up to handle
CONDITIONS either an adiabatic or isothermal wall

condition. For the former, a zero is
inserted in column 25 or it is left
blank. Any number other than zero in
column 25 selects the isothermal option.
In either case, a wall temperature must
be input in the input data section,with
it being considered as the initial value
for the adiabatic option.

26 PRANDTL This switch provides the user with the
NUMBER choice of having the laminar and
OPTIONS turbulent Prandtl numbers generated by

a sub~-routine (c.f. Sect. VIII) or
using constants for both. A zero or
blank in column 26 selects the latter.
Note that if constants are to be used
they may be either the pre-set values
stored in the block-data routine or
new ones which the user prescribes in
the input-data section after inserting
a number other than zero in column 21.

27 SPECIAL S.I. This switch is similar to the one used
INPUT in column 18 and is for the special cases
in which S.I. units are being input
(i.e., column 13 # 0) and either the
Sutherland rLaw or u ~ ol viscosity
options have been selected (column 24 = 0

12



Column

27 (contd) or 2) and the user desires to change
the reference temperature, reference
viscosity or both. B&As in the previous
case, this special switch is required
since these quantities are dimensional
and default values of them are stored
in the block data routine of the pro-
gram. For all other situations but the
ones mentioned above, column 27 may be
left blank.

28 DATA DUMP FOR CHEMISTRY PACKAGE

When a number other than zero is inserted
in column 28 the program will print the
value of selected members of the data
arrays used in the chemistry package.

This switch is used only as a check to
insure that curve fit data has been
stored properly in the chemistry routines.
Under normal program operation column 28
should be left blank.

29 SPECIAL HALT FOR EDGE CONDITIONS

Before performing any integration the user
may desire to examine the input and
default data the program will actually
use in the calculations as well as the
wall conditions, edge conditions and
particularly, the derivatives of the
latter. This may be accomplished by
merely inserting a number other than

zero in column 29, The program will

then print the above information and halt,
During normal program operation, column
29 may be left blank.

30 ITEXT (Integration Package Test)

When a number other than zero is inserted
in column 30, the integration package

13



Column

30 (contd) will print out a time history of the
computing interval and the reasons for
its variation. For normal program
operating, column 30 should be left

blank.
31 - 38 ORDER These switches may be used to change
CHANGES the order of the interpolation which is

used in various parts of the program or
change the number of points being used to
calculate derivatives in certain routines.
(Note a Lagrangian interpolation and de-
rivative scheme is presently being usedl)
If these columns are left blank, the de-
fault values of these order parameter,
which are stored in the block data routine,
are used. A number, n, other than zero
inserted in any of the above columns will
change the order to n. The user is

advised to use the default values unless
there is a strong reason for changing them.
The table below indicates the control:

Order Service Routine Subroutine which calls
Column Parameter which uses it for the Service Routine
31 LORDR1 L.GRANG PRFILE
32 T.0RDR2 LGRANG XTERNI,
33 MORDR1 LAGR DEFINT
34 MORDR2 LAGR FUNCT
35 MORDR3 LAGR FUNCT
36 MORDR4 LAGR AXISYM
37 NORDR1 LAGDER INITL1
38 NORDR2 LAGDER AXTISYM

14



Column

DUMP

39 - 59
SWITCHES
Subroutine
Column Dumped _
39 HSITER
40 THERMO
41 AXISYM
42 PRFILE
43 STDM
44 DERSUB
45 MAIN
46 BLPROP
47 XTERNL
48 CONV
49 PROFIL
50 FUNCT

The 21 switches represented by columns
39-59 may be used to examine the details’
of the computation being made by a
particular subroutine of the program.
Each switch controls one subroutine

and all switches are independent of one
another., If a number other than a zero
or a blank is inserted in any member of
this group, the important parameters

and some of the guantities used to
compute them will be printed each time
the routine associated with them is
called. For some routines with many
branches, a sequence of tracing numbers
is also printed. These switches were
originally intended to aid in debugging
portions of the program and have been left
intact from that time. The user is warned
that the use of these switches can generate
a large quantity of output. Control is
as indicated below:

Subroutine
Colunmn Dumped
51 COEFF
52 FPRIM
53 GETFS
54 MATRX
55 GETPHI
56 INIT2
57 DEFINT
58 INIT3
59 NERIT

15



Column

-60

PI CORRE-.

LATION

This switch is available if the user

wishes to correct the outer region of the
velocity profile by means of the
correlation law discussed in Perts I

and II and written here as (PI) qpy =

PI + 0.53 1In P where P = P(ﬁé,Gw)

In this connection two points are
noteworthy. If the initial value of the
parameter PI, namely PIO, is generated

from an experimental velocity profile

and the PI CORREIATION is desired, then the
proper input value of PI will be that which
has been generated from the profile

with the correlation term subtracted from
it, i.e.,

(PI)., = (PI)

= 0.53 1In P
input :

profile
where

P = P (HTILDA, GWALL) = P(f,G,)

This procedure is required so that when .
the correlation is applied initially the
working value of PI will be that generated
from the profile, i.e, (PI)profile
The second noteworthy point is that if
the input value of PI has been obtained
from other than a profile, e.g., from
some equilibrium incompressible turbulent
boundary layer analysis then the input
value will be corrected forthwith. A

more detailed description of this corre~

lation and its intended ramifications are
presented in Section III.C.1 and 2 of
Part I.

Finally, the normal default option (zero
or blank) is understood to mean that this
correlation is not to be applied.

16



Column

61 ~ 64

65 -~ 68

69 -

72

DUMDP
SWITCH
VALUES

These columns may be used to turn on

or off the tracing sequence selected in
columns 39-59 by specifying the in-
tegration steps (as integers) at which
the user would like the changes to occur.
Three such changes are permitted and the
integration step at which each is to

occur should be right adjusted in columns .
61-64 for the first, 65-68 for the
second,and 69-72 for the third. The on-
off mechanism is keyed to the switch

for MAIN (column 45). The following
example will illustrate the use of the
above. The user desires to trace the
routine called "DEFINT"for the first

three integration steps, then trace the
program between the 52 and 153 integration
steps, and then continue the calculation
in the normal mode. The switch settings
would be: ' -

Column Integer

45
57
64
67
68
70
71
72

WU N UL W

. This would result in MAIN and DEFINT

being traced for the first three integra-
tion steps. The tracing sequence would be
shut off after the third integration step
and would be turned on again for all

‘routines at integration step number 52.

The tracing would continue through step
153 at which time it would be turned off
and the computation would proceed normally.’

17



Column

61-64 Note that for normal program operation,
65-68 (contd) columns 61-72 may be left blank.
69-72

To illustrate the preparation of the control card a
sample is presented below,

000000000000000080000000000000000000000000€C00000000000005000000000!

1234587891100 !lell-ﬁ % IlI!?ﬂ2172231‘2525_1"'2'6133011 3723 5t b ol o 9930 41 32 4563 45 A6 30 40 49 50 U1 S2U0 U3 U S S 59 b0 61 67 §3 64 65 66 b

~ For this case, the user will prescribe 12 points along an
axisymmetric body where the external Mach number distribution
will be prescribed. The user has broken the body down into 5
regions and is specifying the geometry in terms of 4th order
polynomials. Recall, that at present the program can only handle
polynomial representation for the body geometry with a fourth
order fit as the highest order possible. The calculation will
assume a perfect-gas-thermodynamic-~model and will be @one
with pressure gradient for an isothermal wall. The user has
also selected the u ~ T viscosity option and intends to change
some values of thermodynamic or transport property data.

The ' output information will be in blocks of 25 lines, each
line representing 1 integration step. Profiles will be generated
at two values of Reg to be specified by the user and the output
will be in English system engineering units (the input is in S.I.
units).

A table of the control card parameters is provided at the

end of this report for quick reference in preparing program
input.

18



IV. PREPARATION OF PROGRAM INPUT DATA

As previously mentioned, the first card of any set of input
data must be a control card and its preparation is described
in Section III. This section will discuss the remaining input
data and its preparation.

Information input to this program is facilitated by
combining the use of two standard FORTRAN features; a) block-
data storage of a large number of data items which are not
changed often or which are standard for a particular input
option and b) namelist which provides greater flexibility by
(1) permitting only the information actually required to run
a given problem to be input in any order, and in any format,

(2) by providing for the input of array information in a simple,
compact form, and (3) by providing a permanent, easily
identifiable record of the input information.

Four separate categories of namelist information can.be
supplied to the program as input:; two of which are always re-
quired. They are discussed below in the order in which they
appear in the input-data pack.

(A) OVRIDE - This namelist array is always required and
is used for input of all free-stream or reference conditions,
initial values of the dependent and independent variables, wall
temperature, program constants, mesh sizes, reference lengths,
initial and maximum permitted integration step sizes, truncation
error tolerances and points at which profiles are desired.

~ Consequently, the second card of the input data pack must
always begin with the following format:

$ OVRIDE| i~T~——~—-at least one space

Column 23 8 9

Any or all of the above mentioned items may then be loaded
beyond Column 9, free field, in any order, in any format, and
in as many cards as are required to complete the input data
requirements for the particular case of interest. The data is
input by punching its program variable name, an equal sign,
and the value of that variable, in any format. Each data item

19



must be- separated!by a comma and no- attention need be paid to
spacing between data items, between the variable name and

‘equal sign ox between the equal sign and the actual value of the
parameter.

A few additional simple rules must be observed:

1) all data continuation cards must start in column 3 or
beyond,

2) no. unnecessary blanks are permitted in the middle of an
input number,

3) the last item on each card, except for the last item on
the last card, must be a comma,

4) “input must be termlnated by a $. somewhere after the last
data item.

A sample of a typical program input is shown below:

CARD 2 e N . . .- .
SOYRIDE « UED = 2390..  PED = 15.0» HTOTE = 3.675E6s

fllHil!l|l 8000!000 9_0000000009000 0000 0T G 0000000000:0_0000

14 ’; 3 ,’5 l [ R l?“l"i lﬁll|l|!lﬂl)22132‘151521"7330-11JZJJMJ&JSJI]!J9l01l4?4]lll dbllﬂl?ﬂﬂb FERAR R R 5859606'5(5]

CARD "3 o
ssu.msm— oso,wu—s..m.mn-z 3,cmnm<=o 1E9: EHTBRE5000. 3 CHI D=0, 3

M_UHIL!IHH ll! [ HLHM' MMMMD"MHM B 0000t 00800000._,,,_0 00000, Ud.i
Ili‘t551l!lﬂ"IIB"ISIG"lli!?ﬂ)l22232!25252)1!25303!37331!Jb:syll)!‘onlluu( FEURT] 43!!505!57;)1 JS;IBSQSUSI67636!655551686910"12
CARD 4
T =—.'303335,PH1BQD=13.‘4,ETLMD=1.'n.. UERARD= 1.0
. i o - LL | Li
FORTRLNLSWWTEMENJ_
llﬂl IIHBIHLMII'NNIINGMLBJMMMJ_MLMMUMMM"MMI
Jlz:sss1|onnnquunnnnanaaa:anlaumnaa:auuaauuausuuuuwnnnﬁssauamuuut

CARD 5

-

FORTRAN STATEMENT
qane qaen 6_588.686" ounouaonnnnansaaosounonnnnunnouoonoooonooonn(

1345071snunwumununnnnnxa:uaaamnnassnunnnuuu«nu«uwnunusmnusununc

20



Note that cards 3 and 4 could have been switched with no change
in the input data received by the program.

The following list of variables may be input to the
program via OVRIDE. Only the first 6 must always be specified.
Default values for the remaining are stored in block data and
may be changed, if desired, by merely including the desired
values anywhere on the OVRIDE input cards before the last §
(Note: no numeric zeros are ever used in any variable name in
this program.) For a complete description of all program
symbols the user is referred to the table of symbols in
Section X. )

UEO - the free stream or reference velocity -

ft/sec or meters/sec
These are

required PEO - the free-stream or reference static
input in 9 pressure - 1bf/in? or Newtons/m?
OVRIDE

HTOTE — the free~stream or reference total
enthalpy - ft2/sec? or Joules/kg

PIO - initial value of the Coles wake
parameter - dimensionless

PHIBRO - initial value of the skin-friction
parameter - dimensionless

W - the wall temperature - °r or_oK

CHIBAR | — initial value of the independent
ETLDAO >variable and other dependent variables,

Input of . S
these is UEBARO | are preset in block data. For definitions,
at the CHIO see table of symbols
choice of ¢ 3
the user ACONST .

B Program constants preset in block data.

BETA ) For a complete description, see table
ETASTR | of symbols
| ¥YBPLUS

/
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[ DppsI } Mesh variables preset in block data.

ALPHA { For a complete description see table
of symbols,
Input of
these is PHIMAX
at the { CHIMAX |Integration package parameters (ie.,
choice of DCHIBR |step sizes, cutoff points, truncation
the user DCIMAX [error tolerance) preset in block data.
ELE1l See table of symbols for their
ELE2 description

LREF Reference lengths preset in block data.

X0 See table of symbols.

XPROFL Points at which profiles are desireﬁ.
These are preset to zero in subroutine
MAIN.

(B) PRESSR/SPEED/MACH - One of these name list names is
always required and follows immediately after OVRIDE. The one
to be used depends upon the selection made in column 20 on the
control card.  In any case, 50 values of x and either PE, UE,
or EME, the external pressure, velocity or Mach number,
respectively, may be input. A sample of the input is presented
below:

$PRESSR X{1)=0.51.0:1,5:2.0:3,0:4,» PE(L) = 14,7: 2%15,4:

980890 )80 000 0. 00 4 000,00, 00 00_0000_ 000080000 00000000_0000000

12345873 %1001 1201151%3719192021 222324252627 2829230 31373334 3535 31 38 3940 41 42 43 44 44 a6 47 a8 ls_bm 52 53 4% % % 57 58 %9 60 62 52 63 B3 65 66 5/

15.6:16.5s i7.2 s

vllllﬂ'llliﬁﬁlﬂlﬂMH!GUE000!‘100000000000000Oﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ0000000000000000,!

23358573 910K 1213015161 W20212223242576272829302313233 X 35 36 37 33 394D 41 32 4343 45 46 47 48 39 50 52 52 03 9 5‘-36515’6?960& 62 63 64 65 66 67 '
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In this case, the control card would show
column 20 =—=== 0 (or blank)
3 ~--~ 6 (for 6 input points)

The program would then expect to be given 6 sets of external
conditions in terms of the pressure, as above. The one-
dimensional arrays of information which represent the coordinate
x, and the pressure, PE, are loaded sequentially by merely
identifying the array position of the first member in the group.
Any repetitive information may be handled using a repetition
factor (an integer and a multiplication sign) as it would be in

a data statement or in standard FORTRAN arithmetic. Note that the
PE array could have appeared before the x array.

For the case above, the x coordinates at which pressure
information is specified.are 0., 1.0, 1.5, 2.0, 3.0, and 4.0.
The corresponding values of pressure would be 14.7, 15.4, 15.4,
15.8, 16.5 and 17.2.

Tf external velocity or Mach number had been the input
choice, column 20 would have been set to 1 or 2, respectively;
the name list name used would have been SPEED or MACH,
respectively, (e.g., $ SPEED x(1l) = 0. , 1.0, etc.) and in
place of 6 values of the pressure there would have appeared
6 values of the velocity, UE(l) = nj, ... ng $ or 6 values
of the Mach number, EME(l) = Myseea. Mg S.

The only variables which can be input with PRESSR, SPEED
or MACH are:

X - the running coordinate along the body for the 2-D
case or the non-dimensionalized axial coordinate for the axi-
symmetric case ft or meters and one of the following:-

PE - the external pressure distribution - 1bs/in? or
; Newton/m?
UE - the external velocity distribution -~ ft/sec or
meters/sec.

EME - the external Mach number distribution - dimensionless.

The remaining two namelist arrays are FLUID and RBODY
and are required, respectively, only when the user desires to
change the thermodynamic and/or transport properties of the
fluid or use the axisymmetric option.
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If FLUID is used (i.e., column 21 is set to a number other
than zero) the input data associated with it is read immediately
after the PRESSR, SPEED or MACH input data is read. There are
9 variables which have default values stored in the block data
routine and only those that are to be changed need be input in
this section. A sample of this input is presented below:

SFLUIED PRNLQ&=1;GQ PRNTUR=1,0: VEX=1,0: KMOLE(3)= 16.001:14.08 %

uuoniuouunuunnuoenrxjnnn'.nnuo goos 0 00of oo/"oo-o0f oeoco06f; 00000000008

CV 2345678 810123115 1K018192021 22132‘2525}1‘1‘148"2’53911 NNHH B JBJ?ID" l?f}{ﬂ!';“)‘iluﬁ)ﬂbl $25454 55 %0 37 Y8 59 60 61 62 63 b4 63 86 61 68 63 70 11 12 1.

In this case, the user elected to change the values of the
1aminar'and,turbu1ent Prandtl numbers from their default values
to 1.0. It is assumed that the user also has set column 26
on the control card to a number other than zero (i.e., has
‘chosen to use an input or block data value of these parameters
rather than have them generated by a subroutine as a function of
temperature). 1In addition, the user also wished to change the
exponent in the viscosity law from the default value preset in
the block data routine to the value 1.0. (It is assumed that
column 24 on the control card has been set to 2 to select the
u ~ T™ viscosity option). Finally, the values of the third
and fourth numbers in the mole fraction array have been changed
from their preset values to 16.001 and 14.08, respectively.

The parameters which may be changed under the control of
FLUID are:

GAMA - the ratio of specific heats ~ dimensionless

WGT -~ the molecular weight of the fluid in lbm/lb-mole
or kg/kg-mole

PRNLAM = the laminar Prandtl number . .

: dimensionless
PRNTUR -~ the turbulent Prandtl number
CAYPRM - the Sutherland rLaw constant - oR or oK

(Note: see column 18 instructions for input
in S.I. units) '
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XMOLE - the species mole fractions fer 8-species.
air at some prescribed reference conditions-
dimensionless

VEX ~ the temperature exponent in the p ~ ™
viscosity law - dimensionless’

TEMPR - the reference temperature for both the
Sutherland or p ~ T viscosity laws - °R or °x

VISTR - the referenqé viscosity ( p at T = TEMPR) used
in both Sutherland Law and p ~ TR =~ Ibf-ssec/ft2
or Newton-sec/meter?

(Note: see column 27 instructions for input of these last two
parameters in S.I. units)

If RBODY is used, (i.e., column 15 is set to a number other than
zero) the user has requested the axisymmetric option. As
mentioned earlier in Section I, the axXxisymmetric geometry may
be input in either of two modes, determined by the number, n,

(n > 0) which has been inserted in column 15.

(a) if 1 = n < 8 - the program expects to find n sets
of numbers,one set for each of n regions of the body, where n
is determined by the user. Each set of numbers consists of
5 polynomial coefficients and a terminating value (i.e., the
last value of X for which the particular "curve fit is
applicable), The fits in each region must be of the form

r¥ = a, +oa x4+ é3x*2 + a4g*3 + asx*4

(Note that r* and x* are non-dimensional gquantities and are
the body radius and distance measured along the axis,
respectively, both normalized with respect to the body length.)

These are loaded into the 6 x 8 array, AAXI. one region at a

time, with the polynomial coefficients in ascending order followed by
the terminating value. A sample of this input format is-
shown below:
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sD.Sé?B?«P 30,00,
: I o

WORD 4

SREBODY ASKi(1.10=0.

v

Ll
:m&msxnmm

56069 008, 0:8 OBO AR, YV
_:;_Lunlnamnqramm]nuls_ iy

4142143 1 45 46147 48 49 50J51 5253 54 55 56{57 58 59 GO}t 62'63 64 65 8667 6 69 70

For this case, the user divided the body up into two
regions (n in column 15 is 2). The curve fit valid in the first
region is

r* = 0,36937x*
¥axis
and is applicable up to and including X* = —— = ,14158
Leopy

The curve fit valid in the second region is

% = — .00461 + .33498%% + 1.22668x%> — 6.40221x*"

+ 6.3473}{*4
and is applicable up to and including

x* = x__ ., /LBODY = .45752
axis
(b) if n = 9 - the program exXpects to find the body
geometry prescribed as a table of r* vs x*, For this case,
%% should have already been input with either the external
pressure, velocity or Mach number in PRESSR, SPEED, or MACH,
respectively., Noteworthy here is that for the 2-D option the
dimensioned array name, X, is understood to be the dimensional
running length along the body whereas for the axiéymmetric option
it is understood to mean the axial distance which has been non-
dimensionalized with respect to LBODY.
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The corresponding r* information ( a maximum of So;values
permitted) is now 1daded under.control of the -namelist
RBODY, as illustrated below:

SREODY RSTaR{1? = Dos .21.35+.38:.42:,55 .5

0000071000, ﬁnﬁeuuuoﬁﬁTonuiunu‘ﬂun;onnfodnuuouuuuuonuuouuunounnnunu

T2 345678 900121314)351§1718192021222324252627282930 31323334 35 36 3/ 38 1940 41 42 43 44 45 3 &) 4B 43 G0 01 W2 W3 W 55 36 57 98 99 60 61 62 €3 64 65 65 6/

In this case, the control card would indicate-

Column 3 === 6 (for 6 input points)
15 === 9

and 6 values of the body radius, normalized with respect to the
body length, LBODY, would be loaded into the program. These

6 values of r* would correspond to the 6 values of xX* previously
loaded with the pressure, velocity or Mach nunber.

The last items of the input data pack are three cards which
may be used for case identification. Up to 72 hollerith characters
may be punched oneach card  and their contents are printed on
the first page of the output. If less than three cards are
required for identification purposes, blank cards must be
inserted to make up the difference.
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V. BUILT-IN DEFAULT DATA

This section eontains a description of the pre-set
information in the block-data routine and presents the stored
values and their associated units. The first group of these
are dimensionaless program constants which are typically
used in turbulent flows:

ACONST

BETA

ETASTR

YBPLUS

2.43 - a universal constant w.r.t. incompressible
turbulent flows

7.5 - a uhiversal constant w,r.t. incompressible
turbulent flows

0.016 - a parameter used in the description
of the incompressible eddy viscosity (c.f.,
Part - ¢« II Equations (42a) the subsequent
discussion in Section III.C.l with regard
to its implémentation for wake correlation
results,)

0.5 - a percentage value of the incompressible
boundary layer height where the Clauser
eddy-viscosity model is assumed to apply.

10.6 -~ the value of incompressible Reynolds

number based on she7 velocity and sublayer
weight (i.e., uT s ﬁ

The next group are commonly-used values of some thermo-
dynamic .and transport properties. These include

VEX

PRNILAM
PRNTUR

CAYPRM

0.76 - the exponent of the temperature in
the viscosity -law of the form u/uR=(T/TR)n

-0.72 = the laminar Prandtl number } taken to

0.72" - the turbulent Prandtl number be constants

198.6°R - the constant in Sutherland's Law
formulation for the viscosity

1.40 - the ratio of specific heats for
"perfect" air
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XMOLE = the one-dimensional array of 8 values for
the species mole fractions of air at a specific
referepce condition (taken to be p = .0807
1bm/ft” and 1330°K, (c.f., Reference 3)

XMOLE (1) ® x = .209727
(2) = .778987
(3) =.,25x10~6
(4) = .009288
(5) = ,25x10
(6) .00197
(7) . .25%10°
(8) = .25%10
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TEMPR = 500°R - the reference temperature used in the

¢ ~ T™ and in the Sutherland Law formulation

3.58475x10~7 lhf:fgs - the reference viscosity
£t

associated with the above reference tempera-

ture, TEMPR

VISTR

Another portion of the block-data routine contains pre-set
values for the order of the interpolations which are done in
various portions of the program and the number of points used
to numerically calculate the derivatives in certain routines.
These data are:

igﬁgi;.}' = 2 ~ used in call to LGRANG by §dbroutines
PRFILE and XTERNIL, respectively. (Note:
LGRANG requires the number of points used
in the interpolation (i.e., the order +1)
If the order -is to be changed, columns 31°
and/or 32 on the control card should contain
the order not the number of points.)

MORDR1

xgigig = ] - ?sed in- the call to another version of

MORDRA the interpolation routine called IAGR. This

service routine is called by DEFINT, twice by
FUNCT and by AXISYM, respectively.
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= 1 -~ used in the call to LAGDER which calculates
numerically, the derivatives of certain
quantities in subroutines INITL1l and AXISYM,
respectively.

NORDR1
NORDR?2

The next section of pre-set data values contains usual
values of certain of the dependent variables and pre-sets to
zero the initial value of the independent variable and the
reference lengths,

ETLDAO = 1,- initial value of a modified Coles
scaling parameter

UEBARO = 1l.- initial value of the edge velocity
ratio in the transformed plane.

CHIO = 0.~ the initial value of the streamwise
Reynolds number - Pep Uép(x-xo)/u%p
CHIBAR = 0.« the independent variable which is the

Reynolds number in the transformed plane,
i.e., puep(x-xo)/ﬁ

igEE } = 0. ft. reference lengths for the axi-
symmetric option LREF is equi-
valenced to LBODY

Pre~set values are also included for the mesh parameters

DPSI = 5,0 variable grid-system parameters
ALPHA = 1.3 (c.f., Part I, Figure 4)

The last set of pre-set data in the block-data routine
contains the default values of parameters associated with the
integration.

PHIMAX =100. - the maximum permitted value of the
' skin friction parameter (PHI is one of the
dependent variables). Should this value be
exceeded, the program prints an error
message, the output array is dumped, and
any profiles requested are printed. The
program then proceeds with the next case.
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CHIMAX = 0.1x109 = the maximum permitted value of the
streamwise Reynolds number, a dependent
variable. Should this value be reached in the
course of the computation, the output array
is printed, any profiles requested up to that
point ‘are printed and the program returns to
the input section to get the next case. This
mode of case termination is the standard one.

DCHIBR = 5000. -~ the initial integration step size for
the independent variable, CHIBAR

DCIMAX = 1.0x10° = the absolute value of the maximum
step size that the integrator is permitted
to use

ELEl ~ the one-~-dimensional array of 7 values, one

corresponding to each of the 7 dependent
variables, which is the upper bound of the
local relative truncation error for the
respective dependent variables. If the error
for ahy variable exceeds its respective ELEl
value, the computing integral is halved and
the integration restarted at the beginning
of the present interval. If the error for
all the variables is less than 1/128 of
their respective ELEl values, the computing
interval is doubled for the next integration
step. The pre-set values of the ELEl array
are shown below.

ELE2 ~ the one-dimensional array of 7 values which
represent a "relative zero" for the
respective dependent variable. If the
absolute value of any of the dependent
variables is less than its respective ELE2
value, the relative error criterion for the
variable will not be applied., The pre-set
values for the ELEZ2 array are also shown
below,
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INDEPENDENT .ELEL  ELE2

VARIABLES MEMBER VALUE MEMBER VALUE
PHT (o) (1) .0001 (1) 1.0x10"2
RBAR (R) (2) .0001 (2) 1.0x10™°
PI (m) (3) .0001 (3) 1.0x10"2
UEBAR (Te) (4) .0001 (4) 1.0x10"°
CHI (X) (5) .01 (5) 1.0x10°
ETILDA (7) (6) .0001 (6) 1.0x10™°
STILDA () (7) .0001 (7) 1.0x107°

A summary of the pre-set data and default values are presented
in a separate table for quick reference at the end of this
report.
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VI. BUILT-IN ERROR MESSAGES

This program has been constructed with a subroutine called
"ERROR" which prints informative messages should trouble
develop in the normal course of a computation. This subroutine
may be called by any program routine and has a separate set of
program termination logic.

Not all error messages are fatal (i.e., terminate the
calculation). Some are merely informative and might possibly
warn the user that' some parameter has exceeded its table range
or fallen outside the limits of applicability of some curve
fit. 1In these cases, the informative message is printed and
control is returned to the routine which called ERROR.

In most cases, however, the error message indicates that
the program has had some serious trouble with a particular
portion of the calculation. In these cases, the program is
terminated by the error routine after the error message has
been printed. The termination procedure is to:

(1) call the output routine which prints the present
contents of the output array. This array will contain the
results of all the calculations for all the integration steps
since the last printed block.

(2) call the profile-~generating~routine. The first of
these, PRFILE, checks to see if any of the points at which
profiles have been requested lie within the present output
array range (i.e., are there any remaining profile values which
fall within the present output array range for x, Reg, or Rex).
I1f there are, profiles for these remaining points are generated
along with profiles at the very last complete integration step
and all are printed. The program then returns to MAIN where
internal switches are reset and new input data is sought.

The following text describes these error messages,

indicates what routines call them and discusses the information
they contain:
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Error
Number

Description

Error detected in subroutine '*STICKY' - the
temperatur e at which the species enthalpy and
species entropy are to be evaluated from curve
fits is higher than the upper bound of
temperature over which the fit is valid. The
temperature and particular species are
printed; the upper bound values are used and
the program returns to the calling routine
and continues.

Called from subroutine *STICKY' - an attempt

at computing the temperature given the mixture
enthalpy and the pressure has failed to

satisfy the prescribed value of enthalpy within
a relative error of 107° after 10 iterations.
ERROR prints the last iterate for the temperature
and the species number. The program uses this
last iterate, returns to the calling routine

and continues.

Called from subroutine 'STICKY' - the temperature
has become negative during some iteration in
solving for the temperature given the pressure
and the mixture enthalpy. ERROR prihts the

value of the temperature and the number of

iterations performed to this point. The program
terminates using the procedure described above.

Called from 'STICKY' - attempt at computing the
temperature given the pressure and the mixture
enthalpy fails. (A relative error of 107% on the
enthalpy is exceeded.) Error prints the initial
quess at the temperature and the value of the
temperature as computed after the last iteration
(this latter temperature is printed in integer
format). The program uses this last value of
temperature, returns to the calling routine and
continues.
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Error
Number

10

11

Description

Called from entry point 'PERFCT* in
subroutine 'STICKY' - the temperature is
outside the range of validity of Sutherland’s
Law ( 180°R to 3400°R). ERROR prints the
temperature and viscosity  computed from it,
the latter multiplied by 1 x 10~Y, and returns
to the calling routine (Note: this error
message will be printed a maximum of 5 times
in any one case).

Called from entry point 'PERFCT' in subroutine
'STICKY' - the temperature is outside the range
of validity of a simple power law, u ~ T9,
variation for the viscosity (300°R to 900°R).

ERROR prints the temperature and viscosity, the

latter multiplied by 1 x 1010 and returns to. the
calling routine. (Note: this error message will
be printed a maximum of 5 times in any one case).

Called from subroutine INITL1 - an enthalpy
computation in the extermnal-velocity input
option has not converged in 30 iterations.

The last values of the enthalpy and the number
of iterations are printed by ERROR and the
program is terminated as described’'above.

Called from subroutine 'GENL7X' - the
temperature has exceeded the maximum range of
some fit for the species enthalpy or entropy.
ERROR prints both the temperature and species
number. The program returns to the calling
routine and continues using the upper bound
values.

Called from subroutine - 'GENL7X' ~ prescribed
values of the mixture enthalpy or entropy have
not been satisfied to a relative tolerance of
10-6 after 10 iterations in attempting to
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Exrror.
Number

11 (contd)

12

i3

14

Description

compute the temperature given the pressure

and one of the above. The input value of the
enthalpy or entropy and the last iterate, the
latter in integer format, are printed. This
last iterate is returned to the calling program
and is used to continue the computation.

Called from' 'GENL7X' - a pressure, temperature

input problem has not converged in 30 iterations.
The pressure and the temperature, the latter in
integer format, are printed by ERROR, the

program returns to the calling routine and continues
the computation using the last iterates for the
mixture enthalpy and entropy.

Called from ‘'GENL7X' - if between two successive
iterations for a pressure - temperature problem,
the residual vector used in the chemistry
formulation has not decreased, the value of the
relaxation factor used to find a solution to

the chemical system will be reduced. This
relaxation factor is reduced until the residual
vector begins to decrease from iteration to
iteration. This error message indicates that the
relaxation factor has been reduced for 10
consecutive pressure-~temperature iterations and
the residual vector has not decreased. The
program terminates using the above described
procedure. New guesses for the mole fractions

-should be made and the run resubmitted.

Called from subroutine'INITL1' - the perfect
gas option section - the static enthalpy is
negative. The velocity from which it was
computed is printed by ERROR along with the
array position of the X table value. The
calculation is then terminated.
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Errorxr
Number

15

16

17

i8

19

Description

Same as error message (1l4) but called from the
equilibrium chemistry section of INITL1l and
associated with the static enthalpy at the
initial point. The calculation is terminated
after the error message is printed.

Same as error message (14) but called from
general locations in the equilibrium chemistry
option section of INITL1l. As above, -the cal-
culation is terminated after the error
message is printed.

‘Called from suybroutine 'THERMO' - the static

enthalpy has become negative - ERROR now prints
the total enthalpy and the velocity (the latter
in integer format) used in this calculation
and the program terminates,

Called from subroutine 'CONV' - the Newton-
Raphson iteration technique used in CONV to
determine ETABAR as a function of PSI in the
wake region has not converged in 50 iterations.
ERROR prints the initial guess for the root,
i.,e., the last value of ETABAR obtained, and
the error indicator, KE. The program then
terminates.

Called from .'FUNCT' -~ the interpolation to

find the integral I3ETA via subroutine LAGR

has not succeeded, ERROR prints the last value
of the answer from LAGR and the error indicator,
KE, which is either 1, 2 or 3 depending upon
whether the argument was below the lowest table
value, above the largest table value or the
number points were insufficient for interpola-
tion, respectively. The program then terminates
in the prescribed manner.
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Error

Number Description
20 ~ 24 Called from various locations in subroutine
'DEFINT' - the service routine, IAGR, which

performs Lagrangian interpolation to determine
the quantities MUTLDA, RTILDA and I3ETA

at the edge of the laminar sublayer, has failed
to interpolate successfully. The same message
information is printed in this case as is

printed in error message (19) above, and the
program is terminated. The quantities associated
with the particular error numbers are indicated

below.
Quantity
being sought Program option
20 MUTLDS
21 I3ETAS g~ Tt
22 RTLDAS
23 3ETA
I3ETAS Sutherland's Iaw
24 RTLDAS
25 Called from subroutine 'PROFIL' - to evaluate

the integral I3ETA the service routine 'TRAPIN'
is called upon to perform the integration by
guadrature using the trapezoidal rule. If
some reasonable number of iterations (50) are
exceeded in the attempt to perform this inte-
gration, this error message 'is printed along

with the last value of the integral and the
number of iterations performed. The program
then terminates.

26 Called from subroutine 'MAIN' - PHIMAX, the
maximum value of the skin friction parameter,
has been exceeded. ERROR now prints the last
value of IETMAX, an indicator of the boundary
layer growth, and IINTRL which indicates
the integration step. The program then
terminates in the standard error mode.
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Error X
Number Description

27 Called from subroutine 'DERSUB' ~ the matrix
which has been presented to the service
routine SIMQ to invert, is singular. 'The
error routine prints the values of the skin
friction parameter, PHI and the integration
step, IINTRL. ERROR now prints the contents
of the coefficient array, AR, and the solution
veg¢tor, COLD, before the inversion was attempted.
The program then . terminates in the standard
error mode.

28 Called from 'MAIN' by the integration package
'INT1A', ERROR prints the integration package
error indicator, IERR, which indicates that the
ELT table was not monotonic if IERR=2 or that
INT1A has run into truncation error problems
(i.e., IERR=3 or 4). 1In addition, ERROR prints the
last value of the independent variable, CHIBAR.

The program is then terminated.

29 Called from subroutine 'DEFINT' - the service
routine, LAGR, has tried to find I3EDGE from a
table of I3ETA vs ETABAR by Lagrangian inter-
polation and has failed. The same messade in-
formation is printed in this case as is printed
in error message (19) above and the program is
then terminated. '

30 Called from subroutine 'THERMO'. - in this case,
THERMO is required to evaluate the integral.
I3ETA via the service routine TRAPIN (c.f.,
error message (25)). The error message printed
in this case is the same as is printed in error
message ' (25). The computation is then terminated.
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Error
Number Description

31
Called from subroutine 'MAIN' - the skin friction

parameter, ¢ has exceeded the maximum value
permitted, i.e., PHI > PHIMAX. The error routine
prints the values of CHI, the streamwise
Reynolds number and IETMAX, a mesh size
parameter, and terminates the calculation.

32 Called from subroutine 'INITL1l' - the Mach
number input option has been mistakenly selected
with the option for equilibrium chemistry. This
input option does not provide enough information
to do an equilibrium chemistry caleculation. The
user is advised to check the input data and his
control card selections.

33 Called from 'FUNCT' - interpolation to find
RSTARI via the service routine, LAGR, has not
succeeded, ERROR prints the last value of the
answer from LAGR and the error indicator, KEg,
which is either 1, 2 or 3 depending upon
whether the argument was below the lowest table
value, above the largest table value or the
number of table points were insufficient for
interpolation, respectively. The program then
terminates in the standard error mode.

34 Called from 'FUNCT' -~ interpolation to find
DRSDXI via the LAGR interpolation routine has
failed. The same error message is printed in
this case as in error (33) above. The program
then terminates as indicated above.
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Error
Number

35 - 39

35
36
37
38
39._

40

Description

Called from various locations in subroutjne
'AXISYM' the service routine, LAGR, which
performs a Lagrangian interpolation. to determine
the quantities RSTARO, XO, XL, RSAXI, and XSAXT
which are required in the axisymmetric option

to make the transformatlon to two-dimensional

coordinates, has failed to interpolate
successfully. The same error message informa-
tion is printed in this case as is printed in
error messages (33) and (34) above and the
program is terminated. The quantities associated
with particular error numbers are

Quantity being sought

RSTARO

XO0

XL,

RSAXT

XSAXI

Called from 'AXISYM' - in this case, AXISYM
is required to calculate the transformed 2-D
coordinate using the servicé routine TRAPIN.
(c.f., error message (25) ). The error
message printed in this case is the same as is

printed in error message (25). The computation
is then terminated in the standard error mode.
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VII. PROGRAM OUTPUT

‘This section describes the format of the program
output for the various program options that may be selected,
defines the notation used in the output format and presents some
samples of the output for illustration.

The first page of output specifies the system of
units that will be used for all output quantities (note: a
different system of units may have been selected for input)
and the major options that have been chosen. In addition, the
identifying information which has been punched on the three
commerit cards used to terminate the input data for each case,
are printed.

The second page prints the values of the input and
computed free stream or reference conditions, specifically
the velocity, pressure, temperature, Reynolds number per foot,
stagnation enthalpy, and reference length, Below this are
printed the maximum number of mesh points in the ¥-direction
being used, the number of integration steps between adjacent
lines of printout and the values of the mesh parameters, ALPHA
and DPSI. 1In addition, the program prints the particular
variable name (x, Re9 or Rey) that has been chosen for
profile generation, and the values of that variable at which
profiles will be printed. If no profiles are requested, a
message to that effect is also printed. The last item on
this page is a printout of the control card indicators that
have been selected.

The next page is a printout of namelist OVRIDE and
contains: '

a) all the values of the quantities that have been
selected by the user along with

b) all the default options and pre-set data that
the program will use in the course of the

computation.

Following OVRIDE, namelist FLUID is printed and lists
all the thermodynamic and transport properties the program will
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use in the course of the. calculation. This output is made
of user-~changed-values and remaining default or pre-set values.

The following two pages contain all the wall and edge
condition information which has been input or generated by the
initialization portions of the program output in a variable
namelist-type format. These quantities are printed with their
program variable names and are, in the order in which they
are printed :

x (ft or meters) -~ the axial coordinate along the
body at which external pressure,
velocity, or Mach number
distributions are prescribed.

For the axisymmetric case, x

will be the dimensional values

of the transformed 2-D coordinates
and will not compare with the
non-dimensionalized input values
of axial distance.

PE(lb:E/ft2 or Newtons/mz) - the external pressure distribution
DPEDX (1bf/ft2/ft or Newtons/ and its derivative w.r.t. axial
-m2/m) distance, respectively.
UE (ft/sec or meters/sec) - the external velocity distribution
DUEDX (ft/sec/ft or meters/ and its derivative w.r.t. axial
' sec/meter) distance, respectively.

RHOE(Slugs/ft3 or kilograms/ - the external density distribution
m3) ] and its derivative w.r.t. axial
DROEDX(Slugs/ft3/ft or kg/m3/m)distance, respectively.

EMUE(lbf—sec/ft2 or Newton- - the external viscosity distri-

sec/m?) 2 bution and its derivative w.r.t,
DMUEDX (1bf-sec/ft" or ‘axial distance, respectively.
Newton-sec/m2/m)
HE(ftz/sec2 or Joules/kg) - the static enthalpy distribution
of the external stream.
2 2 0 _ s e
CPE(ft /sec "R or - the constant pressure specific
Joules/Kg ©K) heat capacity of the external
stream,
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TRMLKE(lbf/sec R or - the thermal conductivity distri-
Joules/meters sec- K) bution of the external fluid.

EME-dimensionless’ ~ the ‘external Mach number distri-
DEMEDx—(ft‘l or_meter“l) bution and its derivative w.r.t.
" axial distance.

12 (°R or °k) - the external static temperature
DTEDX (°R/ft or °K/meter) distribution and its derivative
w.xr.t. the axial distance.

‘RHOWO(slugs/ft3 or kgs/m3)‘ - the density, viscosity and

EMUWO(lbf—sec/ft2 or thermal conductivity, respectively
Newton—sec/mz) of the fluid at the wall at

TMLKWO (1bf/sec®R or o the free stream or reference

‘Joules/meter sec K) conditions.

RHOW(slugs/ft3 or kgs/m3) - the density, viscosity and

EMUW(lbf—sec/ft2 or thermal conductivity distributions,
Newtons-sec/m2) respectively of the fluid at

TRMLKW (1bf/sec °R or the wall.

Joules/meter~-sec oK)

The results of the integration of the governing equations
are stored in an array the length of which (i.e., the number of
rows) is specified by the user. (c.f., columns 10-12 on the
control card by ® the parameter KTEST.) The output of this
information is separated into five categories, each of which
is printed every time the output array is printed. This
printing normally takes place when the output array is filled
to the user specified length. The exception to this occurs
‘when the program is prematurely terminated at which time the
present contents of the output array are printed regardless of
its present length.

The five blocks of information printed in the order in
which they appear are:
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Properties in the Transformed Plane

A. Dependent Variables - The independent variable
CHIBAR, is printed followed by the 7 dependent variables,
PHIBAR ., the skin friction parameter, PI,Coles wake parameter,:
RBAR, the transformed-Reynolds number based on boundary layer
height, UEBAR, normalized edge velocity, ETATIIDA and SGMATLDA,
Coles scaling parameters, and CHI, the streamwise Reynolds
number.

B. Boundary Layer Properties - The independent variable
CHIBAR, is printed followed by 7 boundary layer parameters which
include CFBAR, the skin friction coefficient in the incompress-
ible plane, HBAR, the incompressible form factor, RDLTBAR, the
transformed Reynolds number based upon the transformed boundary
layer height, RBRDLSTR, the transformed Reynolds number based
upon the incompressible displacement thickness, RTHETABR, the
transformed Reynolds number based upon the incompressible
momentum thickness, CFRTHT/2, (1/2) the product of skin frlctlon
coefficient and momentum thickness Reynolds number, and
TAULAW, the residual value of Coles skin friction law (Eq. (38)
pPart I ); ideally this parameter should be identically zero.

"C.. Derivatives of the Dependent Variables - the
independent variakble CHIBAR is printed followed by the de-
rivatives of the 7 dependent variables listed in (A) above.
These are PHIBARP, PIP, RBARP, UEBARP, ETATLDAP, SGMATIDP,
CHIP, respectively.

Properties in the Corresponding Physical Planes

The output of this information is contalned in two print
blocks. The first contains the distance along the body, DELTAX,
followed by @F, the skin friction coefficient in the compressible
plane, H, the compressible form factor, RDELTA, the Reynolds
number based upon boundary layer height, RDLTSTR, the Reynolds
nunber based upon boundary layer displacement thickness, RTHETA,
the Reynolds number based upon momentum.thickness, DLTASTR, the
boundary layer displacement. thickness and THETA the boundary
layer momentum thickness.

The sécond group of-these’starts again with the displacement
along the body, DELTAX, and is followed by the wall conditions
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TTLDAW, GWALL, ROTLDAW, and MUTLDAW which are the wall values
of the temperature, total enthalpy, density and wviscosity

of the fluid normalized to their respective edge values. The
last three columns of this block contain the heat transfer,
QDOTW, the Stanton number, ST, and the parameter 2ST/CF.

If profiles are obtained, their output is presented in
two print blocks, The first is headed by a statement indicating
at which station the profiles were generated and what the
independent profile variable was (i.e., X, Reg, Re,). The
remaining two parameters are printed directly below.

Preceeding this first profile block are two smaller
blocks of information representing the interpolated values
of the dependent variables, their derivatives, the boundary
layer properties and the external quantities corresponding to
the %, Reg or Re, value which has been selected by the user.
This information is immediately followed by the profiles.

The output format for the profiles presents the
transformed coordinate, ETABAR; the physical height, normalized
w.r.t boundary layér heidght ETA; the corresponding
stream-function coordinate, PSI; the normalized total enthalpy
G, and the normalized velocity, density, viscosity and static
temperature, UTIIDA, RTILDA, MUTLDA, and TTILDA, respectively
in the first profile bilock. The second block, repeats the
normalized physical height, ETA; and then presents a Reynolds no.
based on transformed local external conditions and a transformed
height, RYBAR; the boundary layer physical height, Y; the Reynolds
nunber based on external conditions and the normal coordinate,
RSUBY; and the shear stress function, eddy viscosities, and mixing
length, TAUFCT, EDDYl, EDDY2, and IMIX, respectively.

A sample of the output of a complete two-dimensional case
is presented on the following pages including a sample of the
profile output at one particular point. Note the error message
printed at the end of the output of the edge condition infor-
mation warning the user that the temperature range for the
gt ~ T law has been violated.

For the case of an axisymmetric problem two additions to
.the output format should be noted. Following the output of all
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the thermodynamic and transport properties under the control
of namelist, FLUID, another namelist, RBODY, is printed which
contains either the table of input values of the normalized
radial coordinate, RSTAR(r*), or the table of polynomial
coefficients which were input for use with the curve fit
geometry option.

After the normal printing of the five block output array,
two additional blocks are printed., These contain the axi-
symmetric counterparts of the properties in the corresponding
physical planes. An example is included at the end of the
sample output.
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COMPRESSTBLE TURBULENT BOUNDAR* LAYFD WITH PRESSURE &RaDiEnT
{via COLES TRANSFORMATION AND BARONTIS COMPRESSIBLE SOLUTTAN)
{ENERGY FQUATION VIa IMPLICIT FINITE DIFFERENCES)

DIMENSIONAL UNITS

0D 5 D D €O 6P @ a6 1B B D g e &R

VELOCITY gT/SEC

DISTANCE FFET

PRESSURE LRS/SQ FT
TEMPERATURE 'DEGREES«=RANKINE
DENSITY SLUBS/¢cU FT
ENTHALPY F¢T SO/SEC S@
VISCOSITY LRS=SEa/FT SQ
CONDUCTIVITY LRS/SEC=DEG.R
SPECIFIC HEAT FT SQ/SEC SQ@=DEG.R
HEAT TRANS, RATE RTU/FT SQ/sSEC

'OPTIONS SELECTED

FXTERNAL PRESSURE DISTRIRUTION=PE (X)=INPUT

PERFECT GAS OPTION WITH CONSTANT SPECIFIC HEATS

PERFECT GAS PROPERTY CHANGES
GAMA = 1,400
WGT = 29@0ﬁ0k

VISCOSITY MODEL TAKEN IS MU PROPORTIONAL TO Te#n

TEMPERATURE EXPONENT IN VISCOSITY LAW IS 1,0000

WALL CONDITION==w==NON=ADIABATIC, TWALL = 850,000

PRANDTL NOs (LAMINAR) = ANSTANT « = 7200

PROGRAM TEST CASF =6h= HERTRAM AND NEAL=NO PRESSURE GRADIENT

©FLAT PLATE OPTION USFDhe= VISCOSITY FROM My PROP, TO T

NON=ADIABATIC WAlLL =



6%

FREE STREAM OR REFERENCF CONDITIONS

VELOCITY = 3453,09 PRESSURF = 57182 TEMPERATURE = 107.42
FEYMOLDS NOL/FT = 1,2R934TE+06 STAGENTHALPY = 6,606599E+06 REF LENGTH = 000

MAXIMUM NO,OF MESH POINTS IN THE v DIRECTION IS 50

PRINT DENSITY IS EVERY 1 STEPS
MESH FARAMETERS ALPHA = 1.300000E+00 DELTA PSI = 5.000000E+00
PROFILFS WILL BE PRINTFD AT RETHETA = 1.300000E+04 3.000000E+04
INDTCATORS

1 2 3.4 & 6.7 8 9 19 11 12 13 16 15 16 17 18 19 2n 2] 22 »3 24 25 26 27 28 29 3n 31 32 33 34 35 36
w) «fl 2 wh =t P e =N ] wy P & uol-n =0 1 1l =0 1 =0 )1 &0 1 2 1 1 =0 =0 1 = =0 «0 <0 «0 =0 =0
37 3R 39 4n 41 4P 47 4é 4% 46 47 4B 49 50 &] 52 53 54 55 54 57 58 89 60 6] 62 63.6A 65 66 A7 68 69 Tn 71 72

®f) =0 =0 «f 2 N wf wf w0 ) @l w0 =0 @l w0 w0 20 @0 o0l =) ©) o &0 =0 w0 =0 =) «0 =20 wh =0 =20 w0 «0 o) =0



0¢

BEms
PEQ
EHED
HTOYE
TTE
PTE
210
PHIBRO
EVLDAT
YERARD
¥
ACONST
]

BETA
ETASTH
TBPLUS
BRSY
DLEPE
BRI R
CHIpaB

DERTRE

. EXlo

(< (T
RO
LREF
ELED
ELE?
ELY
Doy R
BRE "

NPROTY

F. FATAOGRILE v
D, 1PRO36THHSARLLE+E T e
B.STPIR2EE+D] 0
2.6795992088R983FE Bl o
BoRGAGSORTIF 8T o
2.118PR5A2341635E 0B ¢
Bei97DLLQTT2ADTIE G0
=oPSE 400
@o3R8F 00
Bo1E001,
2,386081¢
Lo5FF 6030
0263500
0.75FeB3 6
Vo BIF=NT,
9.5C+066-
0,106E+02,
Bo5E+01 .
Y.13Fe01,
BolF 83,
VeiFeRGe
PoRFafid,
Voo
Bato
Bebo
Yofo
Bo1€af3e OB iFePie N IE=03c 0,1E=03¢ Q.1E=03, B-1E273s
GolIF=0Po A, 1F=CRo B.1F=08s 0,1E=08¢ Bo1EeB3c 0u1E=nRo
BaBo #.00 0,00 0,80 0,80 0.8s 0a0o B.0s 0.00 8¢
GajFonT,
[ 1Y

TalIFabn, £ 3e0%s  Bele N.fNo Colo Vol DBadle B8, 8,.8s

Gafe T.N. P e 0,0

B 1E=03,

P.lE=00,

BuGo

[P0

Gade

Qalie

<&

Q

s



16

SCHEM
GAMA
WGT
PRNL AM
PRNTUR
CAYPAM

XMOLE

SEND

DelbFalla
0.29F+02,
G, T2F«00,

Qs 7TPFe0N

L 0,1986F«030

0.,200727F¢00s 0,77TBIBTES00,
0s00 C,Nne

0,25E=06+

0.9288E=029

0,25€E=06¢

0,199TE=020

0.25E=06¢

0.25€=060



4¢

STRNMEPT

YEx @ DolFella
YISTR = Q,3HTF=0k:
TEMER 2 (.5EsN3,

FEND



8¢

$TESTER
X

PE

UE

DUEDX

RHOF

DROEDX

EMUF

DMUFDX

HE

TRMLKE

EME

TE

RHOwo

Qelle 0,1E¢nBs 0.0,
0,00 0,09 0,0s 0,06
0,00 0,00 D,00 0,0

0.5718P4FNT
0s0e NeOs Cole 0o00
0.0s 0.0e 0,00 0,04
0,0 0,0

0.345309331F+064,
0s0e D409 040e 0.0y
Qefle Dole 0sBe 0.0
0.0y O0.0¢ 0,0

GueDs 0,00y 0400 0.0,
Qe Dufe 0o0s O.fte
0.0 0,0y 0,0 0,09

D.31N440GS2R2BABE NG,
OeDs  0o0e 0oOv 0.0v
0e0c 0.0¢ 0.0e¢ 8,0,
040y 0,04 0,04 0,0,

V.0s O0.fe 0,0é 0,04

QaOe  Cufte 009 0,04
0,05 0.0s 0,02 0,0

0.R3143R43320403E~07T

QeBe NeBe 000 0afls-

Qefte 0,08 0,00 0.0,
0.0¢ 0,00 0.0e 0,0,

0s0¢ 0,06 0,0¢ 0.0y
Dofle 0.0 0,0s 0,0
Oe0e¢ 0.0y 0o0e¢ 0,0,

Ve bbsrT20262166LE+06,

Oe0e 0,0 N0 0,00
VeOo O,0¢ 0e0e 0.0
0.0 0,0y 0,0e 0,04

V.b0N13ANLISAPSATE 0L,
0.00 G.fy 0,0« 0,04
Oele 0,0 0,00 0,04
0ol C.0e 0,04 0,0,

UebF3NPI42R RPROE =0T,
Callse D,N0e Dole 0,0y
Ualle N.0e U0¢ 0,00
Vele n.nol O,06 0,06

U,h7000R3BRAGA3AE N,
Yoo 0N DDy 0,0
Dofie NN Ools 0,00
Yoo N Ne N e 0,0,

0 1NT4PCCRADRZUTE S0,
Yoslle 0,0 ofle 0,00
Coele N, 0, N0 0,0,
0.0, N0 0,06 0,06

UsBNAILIRURRARIAL o 1Q,

Go0v 040s 0.0¢

0,05 0,00 0,04
0,00 0,00 0,09

D.5T1R24E+01s 0.0y 0.0

0s0s 0.0 00+
QeBe 0,09 OCalo

0,345309331E+04y 0,0y

0eBe 0,00 000,
O0eDs 0o0e DoDr

0.0 0,09 0.0,
0e0s GaOs 0.0
0.0 0,05 0,04

0e0y

0,04
0,00

0409
0409
0400

0,00
0,0,
0,009

0,09
0.0
0,0

0.31064995262869E=04¢

Ce0s 0,00 ODe0o
0a0y 0,09 000
0.0, Co

0.0y 0,0s 0,04
0.0 0,00 0409
0,09 0,00 0,00

0,00
0,0,

0,04
0.0
0,0y

7.83163843320403E-07,

0ot 0409 040
0.0y 0,0+ 0.0
0.0

Oolly 0,09 0,00
0.0 0,00 0,0
Uols 0,09 009

0.0
0.0

0.0y
0,05
0,00

0.646672nP621664E+06,

0.0v 0,00 0Oe00
0s0¢ 0,09 0,0«
0,04

G0
0,00

N.6001360153256TE+0%,

Gelle G.0s Oo0¢
0.0 0,0y 0,00
0,04

0,00
0,00

0.69302242818289E=03,

0a0¢ D,00 Dol
0s0s 0,0¢ 000
040,

0a0v
0,09

0,679999988RA9RIBE+0L

De0s 0.0s 0,00

0.0

0,00
0,00
0,09

00
000
000

0.0
0-0'

D00

0.0%
0-0v
0400

0,09
De0e
0.0¢

0.09
Be0e
6,00

0,09
000
.00

0.0
04,09
0s0¢

0.0
0a0%
0.09

0,09
0o0s
0u0e

0,09

s 0»

040

0,09
0009

Oe0s 0.0
0,09 0,0,
0,09 0,0y
0209 0e0¢
0e0s 0000
0a0s 0,0,
0,00 0.0,y
0e0s 0.0,
0,00 0.0{
0,09 0400
0.0 0400
0,0 0,00

0s0s 0,00
0s09 0.00
0,00 0409
0.09 0c0y
009 0o00¢
009 0,06

0.0 0,00
0.0r Ds0e
0.0 0,04
0,09 000
Ce09 Da0o
0,0¢ 0,00

0.0, 0,0
0,0¢ 000
0.0 0,0

0.00 0,0
0,00 0.0¢
0.0e 0.0

0c0e 0,0
0.0r 0eDo»
0.09 06,0

0sfle 0,06

. 009 0.0

0s0¢ 0,00 0o0¢ 0,00 040% 0,0r 0,00

0.0'

N.10742008520207E+03,

Qo0e 0.09 0a0s
0a0e 0,09 000y
0.0,

0.0
[

0.0
0:00

000

0alte 0,00
N.00 0000
0,00 0.0¢

[ )
0,04
0,0¢

0a0s
0e0s
0.0¢

0,0,
0.0'
0.0

0.0¢
0,00
0,0

0405
[Py 1)
0,04

0.0y
0.09
0,09

0,06
0.0
0.0

0.0
0.00

0.09 .

0,04
0.0+
0.0¢

0.0,
[
0,09

0.0,
0,00
0.0

0,00
0.0
0,00

0,00
0,00
0,00

0.00
e,0¢
0,0y

0,04

0.04
0,00

0.0,
0.0,
0.05

0,0y
0.0'
0,05

0.0,
0.0v
0,0

0,05
0.0
0,0,

0,0,
0,00
0,0,

0,00
0.0,
0,06

0,0,
0.0
0,0,

0,0,
0,04
0.0¢

0,0,
0,00
0,089

0,V0
0,05
0,0

0,0,
0,00
0,0,

0.0
0e04
0,00

0.00
0400
0600

o0,
0.0¢
0:0s

0s0¢
0e00
0,00

000
0.0¢
0ele

6.0,
0.00
000

0,0
0+09
0.0

0,0
0.0
0.0

0,09
G0
0.0

0,00
0.0¢
0.0

6.0
0als
0e00

0,00
0als
0.0

0.0
0.0
0.0

0000
0.0y
0.00

0:0¢
Galv
0:0¢

0,0¢
0409
0.0¢

0409

0.0¢
0,00

0409
009
0.0¢

0.0¢
0.09
0,04

[
009
0.0

0s0¢
0.0
0e0¢

0e0¢
Qa0
0.09

0,09
0.0¢
0.0¢

0.0+
[ 1% 1]
0.0+

0,09
009
Qelv

0.0¢
0.0
0,00

0,0,
0,04
0,0y

0;0!
000
000

0,00
0,00
0,00

0,00
0,00
0,09

0,09
0409
0,0,

d.o,
0409
0,00

0,0,
0,05
0,00

0.0
0.0¢
0,0

0,0,
0.0¢
0,00

0,0
0.0¢
0.0'

0.0
0ohe
0.0¢

0,06
0,05

- 005

0,0.

0.0

0,00

0e0s
0.0
0,0v

0009
Ne0s
0.0¢

0.05
o.o'
0e0s

0-00
000

005
0.0
0.0¢

0000
0o0s

0.0,
009
0.0

0400
0.0

0,09
Gale
0.0s

0:0¢
800
0.0¢

0.05
Dsbs
0.0

0400
050
000

0409
0.0
0:0s



4

EMijun

THMLKWO 0,3564R304190613F=u2.

RHOW GahNAILPRLEBRBIRE=NS. N.60A342564686836E<05,
Oully 0,00 0,0¢ 0,08 0,08 0,09 0409 0,0
0o 0,ne 0o0e 0,8 0,05 0,0 0.0 0,00
D00 D,Ne 0,0 0,05 0,0,

EMuW 0.4787Fanbe 0.4257E=N6y 0,0e 0,0y 0,0¢
0eOs 0400 0s0¢ 0000 Ools 0,00 0s00 0,0
Qoo Oefe 0e0s 0.0¢ 0,00 0,08 0e0¢ 0,09
U s

TRMLK® 0.354RINLLIINGLIF =02, 0,3568304190613E=02¢
0efs 0.0 Ne8s 0,08 0208 0,08 0e0s DaDy
Q.09 0gfe 0.0s 0,0¢ 0,06 0,00 0e00 0,05
V,0y 0,00 0,0. 0.0,

SEND

ERRAR

CALIFU FROM#DEQF TS, T(NFG K= 275.18 MUITIMES El0)=

ERRNE

Vb 2BTF a0k,

CALLED FROMUPFRFCTA,TINFG P)= 245,54 MI(TIMES E]10)s=

0,00 0o
0.0
0.0+

0:0¢ 0:00

009
De00

0.0, 0.0,

0000
0.0

2129

1900

0¢ 0000 0.0
0,08 0,0 0.0
0.0s 0.0 0.0s

0,00 0,0 0,0,
0,00 0.0 0.0
0.0¢ 0409 8:00

0.00 0,09 0.0
0ale 0o00 0,09
0,0 Dole 0.0

T IS QUTSIDE RANGE

T IS OUTSIDE RANGE

0400 0600 000¢ 0406 8obo
0,0y 0o0¢ 0409 0,05 0,00
0,0y 0.00 0a0s 0,0 Bo0e

0,0 0,00 0.05 040c 0,00
0,00 000s 0002 0,09 0o00
0.0y 0e0¢ 0o0p 0,00 0o0o0

0,0y 0,00 0,09 0,04 0,09
0,09 000c 0c0s Q.05 0,094
0,09 0400 0s0s 0,00 0e00

OF VALIDIYY OF SIMPLE POWER LaW VARIATION

QF VALIDITY OF SIMPLE POWER LAW VARIATION



Gg

CHIRAP
n.
S.U00000Fen3

1.000nn0F ¢ na

2.,000000Fens
4,000000F NG
A UBDONCF4NG
A, U0NDONFens
1.200000F+05
l.600000Fan5
2.000000F&nS
P.a000n0Fens
3.200000F a0k
4,000000F+n%
4,800000F+n5
S.600000F«0%
7.200000F+05
8.800000Fn5
1.040000Fens
1.360N00F 0k
1:6R0000F+0F
2.000n00F 40k
P.6400NN0F enE
A,2R0000F 40k
4, RONNAF ek

FHTRAP
1.640000E+N)
1.H45059E+0]
1.P91711F+n1
T«R62654F+N1
1.882639E+01
1., 900573F+01
1.916869E+n01
1.043649F+n]
1970553 +n1
1,992534E£+n]
2,012274E+01
2.N66380E+0)
2:075355E+01
2.100532F 0]
2.12£R072E+01
2.160RTHE+N])
2.1927n8E+0}
2.,22006N0E+01]
2.,702437F+01
2.3022R5F 01
2+333288F4+0)
2.3037NKE+N]
2e023R87AE+N]
2,67 3HRGF en]

PROPERTIES IN THF TRANSFORMED PLANE

DEPENDENT VARIARLES
PI RRAAR UERAR
~2.500000E~-01 7.850389€+03 1,000000E+00
~2.4R6BBIE=01 B.056188FE+07 1,000000E+00
~2.671857F=0] 8,253331E+03 1,000000E+00
~2.450888E=01 8.648190E+03 1.,000000E+00
~2,4673261E=-01  9,437960E+03  1,000000E£+00
-2.4N7637FE=01 1.022520E+04 1.000000E+00
=2.39R395F=01 1.100829E+04 1,000000E+00
=2.390882F=01 1.255962E+04 1.N00000E+00
=2.3R9G964F =01 1.409056E+04 1,000000E+00
=2.301734E=0] 1.560216E+04 1,000000E+00
«2.39%0609F=01 1.700603E404 1.000000E+00
=2.4n1280F=01 2.003681F+04 1.n00000E+00
~2.407826E=01 2.297391E+046 1.000000E+00
-2.4138B09E~01 2.576573E+04 1.000000E%00
~2.419190€=01 2.8568T2E+04 1,000000E+00
~2,67R393F=0] 3.407699E 04 1.000000E+00
“2,638982F=01 3.947766E+04 1,000000E+00
-2.442386F-01 4,479013E+04 1,000000E+00
~2.482T2AF =01 5.520212ED4 1.000000E+00
.2 GANBLIE=D1] f£.53RT6TE« DG 1.000000€+00
-2,667502F=01 7.539305E+04 1.000000E4+60
«2.6T7986E=01 9,697964E+04 1.,N00000E+00
“2.6RE9TIF =01 1.1412645E405 1,000000E+00
=2,695607F=01 1.433710E+05 1.000000F+00

ETATILDA
1.000000E+00
9.962295E=01
9,925737E~01
9.856671E=01
9,736236E=01
9.629304E=01
9,538115€E=01
9.3R64ROE~01
9.264592F=0)
9.16368RE=01
9.078252F=01
8,940143F=01
8,832257E=01
8e7647R6E=0]
B.6718R2E=qQ1
8.555990E=01
8.4hKY29E=01
8,395534F=01
8.2RA4ROE=01
8.205799E=01
8.1427A2E=B]
8404B8837E=01
74980908F=01
7.903890F=01

SGMATLDA
2.225168E-01
2,216778E=01
7.208643E~01
2.193275€=01
2,166031€-01
2.162682E-01
2.122391F=01
2.088649E=0]
2.061528E~01
2.03907SE=01
2,020066F=01
1.989332F=01
1,965326F=01
1.945862E-01
1.929639€~01
1.9038526=01
1.884034F=01
1.868167F=01
1.843881E=01
1.825928E-01
1.811901F-01
1.791002€=01
1,775886E=01
1.7587488=01

‘eHI

00

1,186122E+05
20347682E+05
4.632106E+05
9,157548E+08
1,36R928E+06
1,824927E+06
2. T4THOBE+ 006
3,686375E+006
4,640182€406
5.607543E4+06
7.575486E«06
9.,583261F+06
1.162412E+67
1.369264E+07
1.780250E+07
2+,216585E.07
2.649B43E+(7
3,528965€E407
6,422568E+07
50327383E+07
T«159758E+07
9,018797E+07
1,195949€+08



cHIRAR

e

5,000000F«n3
1.000000Fans
2.000000F+n4
4.000000F+04
H0NO0NOF w4
B.000000F<ns
1.200000F+nS
1.600000F 05
2.000000F«ns
?.400000Fens
3.200000F+ns
4.900000F NS
4,800000F+NG
S5.6000N0F+05
7.200000F«n5
R ,uNONNOF IR
1.0an00nFene
14350000F 48
1.6R0DINE+NS
7.000000F+N6
2.660000F 06
3,2ANN0NF ek
4.2ROB00FenR

CFRAR
5.907372E~=03
S RAVPIGE=N3
5,R32AR9E=N3
S, ThaBR2E~N]
Sehu2815E=03
5.530829E~03
R.6630R3F=03
5.783766E=03
Ba19yB82F =03
S5.037R6NE=03
4.939636F =03
4, 7T1592RE=03
4,54 349TF=03
4532R49F=03
4,438262FE=03
4,PHR3211E=-N3
44199776E=N3
4,N3TRIIE=N3
3,R%097%E=n3
3.773231E=03
3.67361158=03
3 R1IRS
3.4061%55=03
3,26 70 A7 =03

PROPERTIES IN THE TRANSFORMED PLANE

DIMENSIONAL BOUNDARY LAYFR PARAMETERS

HRAR
1.297223E+00
1.296287E+00
1.295360F+00
1.293539E+00
1.290071E+00
1.286862FE+00
1.283907E+00
1.278681E+00
1.2764211€+00
1,270335E+00
1.266932E+00
1.761194F+00
1:.256499E+00
1.252547E+00
1.249147E+400
1.243539E+00
1,239038E+00
1,235300E+00
1.229351E400
16224738F+00
1.2720993F+00
1.215168E+00
1.710741E+00
1.205479F+00

RDLTBAR
7.859389E+03
8,05618RE4+03
8,259331€+03
8,6648190E403
9,437960E%03
1.022520E404
1,100829E+04
1,255962E+04
1,400056E+04
1.56n216E+04
1:709603E+04
2.003681E+04
2.292391E404
2.576A573E+«04
2.856B72E+04
3,407699E404
3.947T6H6E«04
4.679013E+04
5,520212E+04
6:.53RT6TE+04
7.539305E+04
9,497964E+04
1.141245E4+08
1.433710E05

RARDLSTR
7.784639E+02
7.969842E«02
8,153616E+02
8,517167E+02
9,229957€+02
9.926179E+02
1,060813€+03
1,193582E+03
1.322310€6+03
1,464T6T5E+03
1.570170E+03
1,807961E+03
2.037A33E+03
2.,261222E+03
2,479152E+03
2.901518£+03
3,309254E+03
3,705174E+03
4,46B905E+03
5,203186E¢03
5,914366E+03
7,283163E+03
B,597001E+03
1.056826E+04

RTHETABR
6+001002E+02
60168206402
6.2544A0E+02
6+5R4393E+02
7+1548)11E+02
T.713479€+02
Be262384E+02
9.336481€4+02
1.037748€+03
1.139601E+03
10239349403
1433531F+«03
1:621834E+03
1:805300E+03
1:9846758403
2+333276E+03
2.67NB25€+03
Z2e899411FE+03
3.635175F¢«03
4o26R40TF+03
4cB43B9TE+03
5.999946E+03
7+100610E+03
B.756860F+03

CERTHT/2

1.772508E00
1.804262€400
1.835750€+00
1.897804E+00
2,018607F00
2,135411E+00
2.,248643€4+00
2,465818E+00
2,6726B88E+00
2,870392£400
306084230
3,423218F400
3.765491€400
4,091575€00
4,606235€400
4,996956F+00
5,555013E+00
600856645400
7.083099E00
8,015218¢£+00
8.897297F400
1.0546821E401
1.208578F 401
1.4326685601

TaULAW
5.6806342E16
4,405365€=13
T,123191E13
1,512035€=11
4,621157€<10
64588134E-10
T.486261E-10
2,724450E-09
3,309205E=09
3,507918E-09
3.,583819E=09
5,927282E-09
6,572106E-09
6,786330E=09
$5,868163Ew0?
1.056948E=08
1,154780E-08
1,1864321E=08
2.383505€-08
2.644255E~08
2,71B12%€E-08
5,095148E~08
5.,55156%E£~08
7.689723E98



LS

CHIRAR

L%

5.00000NE«N3
1.000000FsnG
P.UBONNNF+0L
4. 00NN00F+n4
. 00N0000F 4G
3,00N0POF«ns
1.200000F+n%
l.6000n0F+05
2.000000F+NS
P.4000NNF <05
3.200000F405
4,0000NNFenk
4,800000F+nb
GBeb0NNNIE+NS
T.200000F a0
R.gNONONFeng
1:060000F AR
12360000746
1.0RANNNFenA
2.000000F 0k
P.040000Eerl
3.2RA00NF ek
4, 2RANOAF a0k

PHIBARP
1e213634E=05
1.170517E=05
1.130737€~05
1.059KR7E=NS
9,438397E=n6
R G2u8RIE-D6
7.791684F=06
hohB1ITGE=NH
5.R29NRIE=NE
5,18/275F=n6
4ohT5T7RRE=NG
F.909723E-n6k
3.362051E=-06
2«93VG11F =0k
P F2ILSBF =06
?+1H09AR7E=NG
1eH835244F =06
1e59264ATE~06
1.P6oRTIE=NGK
LeNa3R228wng
R.Q71621E=0T7
A, 995872607
G FR3GLPFnT
4,b2397%E=NT

PROPERTIES IN THE TRANSFORMED PLANE
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PROPERTIES IN THE COORESPONDING PHYSICAL PLANES

MUTLDAW
54120042E+00
5,120042E+00
54120042E400
5.120062€400
5,120042E+00
5.120042E+00
S,120042E¢00
5,1200%2E+00
5.120042E¢00
5,120062E400
5,120042E¢00
5,120042E+00
5,120042E+00
5,120042E«00
5,120062€¢00
5.120042E+00
5,120042E200
5,120062E¢00
5,120042E+00
5:120042E+00
5,120042E+00
5.120042E%00
5.120042E+00
5,1200462E400

0B0TY
4¢1561156~01
2.975295E=01
2.7646046E=0)
2.578137E=0}
2.383035E=0]
2.271160E=01
20191633F=01
2.063595=01
1.98R123E=01
16929006€=01
1.879713E=01
1.78)278E=01
16722329E=01
12673032E=0})
1:630290E=01
1e542475€=01
1.490243E=0]
14466463E=01
1.35a919€=01
1:309103E=01
1.26A001E=01
1.188169E=01
1:144896E=01
1:081886E=01

SToNO,

9.1270226+04
6.533686E.06
6,071200E=06
5.66)1710E=04
5.233256€=064
4,987573E=04
4,812929E=06
4,531750E-06
§,3660)1E=06
4,236186E=04
4.127039E-04
3,911769€04
3,782316E04
3.674056E-04
3.580193€=04
3.387348E04
3,272643E=06
3.176501E=04
2,984249E-04
2.874852F =04
2.784589E =04
2.609274E~04
2.513806E=06
2.375872E-04

2ST/CF
1.388679E¢00
1.006369400
9,425301E=01
8.956101E=01
8.563307E=01
8.408151€=01
8.3323772a01
8,213525E-01
8,223789€-01
8,2680926-01
8,274100€<01
8,234521E~01
8,289114E=01
B8,330913E«01
8.360828E-01
8,307823E«01
8,351610E-01
8:,380448E=01
8,306231E-01
8,345312E=01
8,366876E=01
8.278067E=01
8,316640E=01
8.26758)E~01
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PROFILES AT STATION RFTWFTA = 1,300000E+04

X = 15.1561899 pFx2 » 1,954895E407

DEPFNNENT VARIARLES.THEIR DERIVATIVFS.PROPERTIES IN THE CONRESPONDING PHYSICAL PLANEvAND BOUNDARY LAYER PROPERTIES

CHIRAR=z 7, RP020E+NS  PHIz 2,17321E+n] Pl=w2,43133E-01 RBAR=x 3,61704E404 UERAR= 1,00000E400 ETILDA= 8,5214TE=01

STILDAz 2.13141E=n) CHI= 1,95689F+07 CFRARz 64,23536E~03 HRAR= 1,24179E+00 RBRPIR® 3,61704E«04 RBADSR= 3,05957E+03
RRRTAR= 2,4AG1PE+N3  CFTHNR=s 5,21327E+400 TAULAWE 1.09487E=08 PHIP= 2,03472E=06 PIPm«4,856176E=09 RBARP® 3,38320E«02
UERARP=Z 4,21303F=19 FTLDAP==R,76349E=08 STLDAP==1,28247F=08 CHIP: 2,66554E+01 ONELTAXx 1,51616E¢01 CFz 8,03155E<04
H= 1,5607%F+01 ROFLTA= 3,77576E+05 ROLTSR= 2,02886E+05 DLTSTA= 1.57356E=01 THETA® 1.00826E-02 TTLDAW=E 5,12004E+00
GWA{ L= 4,99A)4F=01 RTLDAW= 1,95311F=N]1 MUTLDOW= 5.12004E+00 QDOTW= 1,52223E=0]1 ST= 3,34280E=04 TWSTCF= 8,32480E=01

EXTERNAL QuUANTITUES

UEX= 3,45309Fen3  QHOFX= 3.10450E~05 MUEXs 8,31438E-08 PEX= 5,71824E+00 TEx= 1,A7421E+02 MEX= 6.80000E+00

T.053450F 800

4,340R02F+00

273984 TE+OD

1.000000E«0n

1.000000E+N0

1.000000F 00

1.000000Fe00

CONDUC=z £,99022E=04  UEXP= 0. ROEXP= 0. MHEXP= 0. HTILBX= 1,02480E+01  CPX= 6,00136E°03
’ HTLDXP= 0. RHORHW= 1,95311E-01 RHOMUW= 1,00000g+00
FTARAR ETA PSI ] UTILDA RTILDA MUTLDA TTILDA
n, Ne 0s | 4,996138E=-01 Ne 1.953109€~-01 5.120042E+00 54120062E+00
1,8999R1E=n3  5,M613R0E=03  5,000000E+00 5,488155F«01 1,455115€=n1 1.842147E=01 6.42B448E600 S.620648E400
2.BR14LAIE-N3 7. 7T680R4E~03 1.150000F«0] 5.785965E=~01 2,206791E=01 1.825122E=01 5.479086F«00 5.4T79086E+00
3,79520RF=n3 1.02913RE=02 1.995000€+01 6£,090072E=01] 2,906590E=01 1.831566E=01 5,459810F+00 5,455810E+00
4, 77495]1Fwn3 1.2439N1E=02  3.093500E+0] 6,426692E=0), 3,619607E=01 1.860612F=01 5.374576E+00  5,3T4576E+00
S.713574F=n3 1.56480P9E=02 4.521550E+01 6.813857E=07 4,375785E=n1 1:91R620F=01 5,212080E400 5,212080E+00
6.795275F=n3 1.R23305F =07 6,378015F+01 6.97N961E=01 4,962326E=01 26054844F=01 4,866550F+00 4,866550E+00
Re112791E=n3 22144939E~0? B,791419F«01 7,083339F=0) 5,160449E=01 240R4966E=01 4,T96242FE+00 4,796242€E+00
§,759672F=n3 2.540789F =07 1.1972885E«02 T.202674E=01 S43670S6E-01 2.119817€=-01 4,T717387F+00 4,71738TE+00
1,181834F=r2  3,026910F=02 1.600750E+02  7,328547E=0) 5,580992E=-01 24159932F=01 4,629776F+00  4,629776E+00
1o439249F =02  3.622797F=02  2.130975E+02  7.460564F=0)] 5,R01222E=01 2.205924F=01 4.533248FE¢00 4,533248E+00
1.741273F=n2 4435 )794F~n2 2.H20267F+02 7.59R363E-01 64026R30E=0] 2+25R5]19E=01 4.427681E¢00 4.427681E+00
2.1643089F=n? SeP4 1B TRE=ND 3.716348E+02 T.741608E=01 6,257021E=01 2.31A583F=01 4.312980F+00 4.3129080E+00
2.669311F=n2 6,3203A9F =07 4.8R1252E+02 7.880984E-01 6.,491100E=01 2,387166E=01 4,189068F+00 4,189068E4+00
3.3023P8F=n2  T,644R34FE=-0N2  6,395627E+02 8,043176E«0) 6.728455E«01 2.465555E-01 4,0558B82E+00 4,055882€400
4,996572Fan2  9,P2637]RE=0N2 B,3A4I16E+02 8,2008647E=01 6.,968521E=01 24555340E=-01 3,913373E+00  3,913373E+00
5.093974F=n?2 14117734F=nl 1.092361E+03  8,362602E~01 7.210750E=01 24658511F=01 3.761504E+00 3,761506E400
6.,36T634F=n? 1.350851€E=01 1.425069€E+03  8,527938E~0] . 7,.454566E=0] 2:777573E~0) 3.600265F«00 3.600265E400
T7.926RA0FwN? 1.63090NE=01 1.857590E+03 8,696173E=01 7.699302E=01 20915713E=01 3.429692E400  3,429692E+00
9.91110nF=n? 1,969973E=01 2.,619867F+03  B,866342E~01 7.946118E=01 3.077012F=01 3.249306E+00  3,249906E400
1,241507Fan) ?4365060F=n1 3.150827F+03  9,037059€-01 8,187889E=-01 3.266T16E=01 3,061178€+00 3,061178E+00
1.587513F=n} 2.837779F=n1 4, 101075E+03  9,206337E-0 8,429052E~n] 3.491558E=01 2.864051Fs00 2,864051E+00
1.98A381F=n] 343Y4RA5E=01 9.336398E+03 9.371384E~04 B,665415E=01 3.760070E=01 2,659525F+00 2,659525E+00
P 462264F 0] 4o Nun?INF=n1 ©.942318E+03 9.529449E=«01 8,893951E=01 4. 0APE87E=0] 2464936 TE+00 2444936T7E«00
3.103004F=n1 4,B)3841F=n1 9,030013€+03  9,672908E~0 9.110669E=01 6,671154E=01 2,236559F400  2,236559E400
A.917163F=n] 5,67916TE=n1 1.174402F+04  9,B80n03SE-ny 9,310833E-01 84,936236E=01 2,025835F+00 2,025B83%E+00
4,956 1R1F=nl  6,689923E=0] 1252722264046  9.907153E«01  9.6490256E=01  5.483531E~01 1.823642E+00  1,823642E+00
A 2TBAINFwr] T R60)113F=n1 1.9R6889F+04  9,995656E=01 9.649421E=01 6,125155€-01 1.,632612F«00 1,632612E400
T7.973014F w0 9.128922P€=~n1 2.5A21556F« 04 1.003232F+00 9 ,AD4ATSE=01- 7,1A8GT7RE=N1 1.390864F+00 1.390864E+00
1.U12R20F Ny 1,039537E+00 J.357302F+06  9,987601E~01 1.000000E+00 1.01R154E+00 9.B21696E=01 9.821696E=01
1.291615F +n0 te179053F+00 4,364993E+04 1.000007E+00 1,000000E+00 9,999333F=n1 1.000067F+00 1.000067E400
1.6535R89F enn le362066F+00 B.6T6991E+04 1.000000F«00n 1.000000E+00 1.000000F<00 1.000000F+00 1.000000Fe00
?.126418F+00 1.899970F«0N 7.3779B8F +04 1.000000E+00 1.000000E+00 1.000000€200 1.000000F«00 1.000000£+00
?.7164Q0F NN 1.90924RE+00 9.591884F«04 1.000000E+00 1,000000£+00 1.000000F+00 1,000000F900 1.000000F«00
3.53218GF«np 2.311310E+00 1.266995E+05 1.000000E+00 1.000000E+00 10000006400 1.000000E¢00 1:000000€+00
6 5666RGF AN ?2.R8339%9F+00 1.A21143€+05 1.000000E+00 1.000000F«00 1.000000F+00 1.000000F+00 1.000000£+00
S.,¥1131aF«nn 3.613473F+00 2. 1N7536F«0% 1.000000F 00 1.0000008+00 1.00n00OF 0O 1.000000F«00 1007000800

16000000800
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ETA

(U

5,0A13RAFwr)
7,7A6N4Fan3
1.u23)98Fan2
1.2R3901F=n2
1.568029FEwn?
1.823306F=n2
241466939Fan?
2.540769F=n?
3,02691NF=n2
3.62P79FF=n2
6,351704F=n2
85.,24187TAFan?2
6,370380F=n2
T.04bLBIF N2
9,24371AF N2
1.417734F=n1
1,350R8 1Fan]
1.630900F=n]
1:965973F=n}
2.35504NFan]
2.837779Fan]
3¢3945R8Fwn]
4o Pe6PINFun]
6.803861Fwn]
S8.0791ATFa=n]
6.0RRIPIF=n]
Tes860113F=n1
Q.128922Fwn]
1,09837F4nn
1.,179n83F«np
1.3hn2064Fsnn
1,599970F«nn
1.99924RFanN

P.311310F 00,

2,8331989F N0
3,5134673F 0

4, 306R0PFsND

RYRAR

HeRIZINDE+N]
1 N6eg22375+02
1,372743E+02
1.709396E+02
2.0H06623E 407
2.457BT9E+0?
2.936430E+02
3.530114E+02
4,274742E+02
B.209823E+02
6o ITOBI6E+N?
7.R28613E+02
S.A5D00RE02
1.1946A6F+n3
1.48174TE+03
1:Ra2812E+03
2.795966E+03
2:,R68455E+03
3.534836E+03
4490566E+03
S5.633589E+03
T.078011E+03
Re906039E+03
1.122370F 06
l.410B47F+04
1.T9194RE+NG
?.2TU989F +n4
PRBIBRT2E+NG
3,A63611E+06
4, ATLIORPES DG
5.981100F +n4
T AB40QTF NG
9.R97993E+nN4

1.2TT7TA0ARE NG’

1.A51754En5
2.1381475 05
2.77U4SRE*NS

Y
Do )
1.4R1939E~03
2.273R5RF=03
3,013249E=03
3.759178F=03
4,532526E~03
5,338516F-03
6.780240F=03
7.4392064E-03
8,R842592€«03
1.0A0731F=02
1:274177E=02
1.534787E~02
1.852325F=02
2.238357F=02
2.706500E=02
3.277652E=02
3.,955202E~02
4, TT5167E~02
5,7566239E=02
6,92468NE=02
8,30R8830F=02
9.939120F=02
1.184710E-01
1.606533E=01
1.66P822€<01
1.957594E=01
2.295533E«01
2.,672R88F=01
3,043694E-01
3.652190E~01
3.98R034E=01
%, AA4A0TF=01
5.590153E=01
6.7AT362E-01
8,297734E-01
1.02R722E+00
1.2087355€+00

2syBY

Ne

1910733E+03
2.931792E+03
3,885124FE403
4,84A884E+07
6.8643998E4+03
6.8A3200E+03
B8.097409E+03
9,591715E+03
1.142696E4+04
1.3676%50E+04
1+642856E404
1.978873E+04
2.388290E404
2.,884019E+04
3.48961TE+04
4,219585E4+04
5,099628E+04
6.15684TE+04
Ta421790E+04
8.928315E4+04
1:071296E405
1:281498E405
1.527502E+08
1.813509E+0%
2¢143955E408
2.524018E+08%
2.959739E4+0¢%
3,644280E 05
3,924378E+05
4445107T1E+05
5.141960E4+05
6+040085E+05
7+20764TE+05
B.7254TBE«05
1.0AG866E+06
1.326379E+04
1.659847E+05

TAUFCT

0.

«3,652124E-04
©1.203944E~03
«2,750301E-03
~5,309082E~03
-9,378148E-03
«1,320165E=02
=1,37303TE~02
=1.,44T070E~02
«1,566339E=-02
=1,680833E~02
«1,862727E~02
-2,108313E=02
-2,439348F=02
-2,884821E-02
«3,483243E-02

w4 ,285553E~02

«5,358713E=02
-6,789961E~02
«8,691608E~02
=1,120416E~01
=1.450011E=01
«]877776E=01
~2,426623E-01
«3,1N09042E=01
=3,941907E=-01
-4,924734E~01
=6,076235E=01
w7 ,579615E=0]
=1.000000E+00
=~1,000000E¢00
=1,000000E+00
=1,000000E+00
«1,000000E+00
«1,000000F+00
=1.000000E+00
~1,000000E+00
«1,0060000E+00

EedY1
1,000000E+00
141230736400
1.122708BE+00
1,120970E+00
10118094400
1.113520F00
5.163310E+00
6.161400E+00
7.407283E+00
R.961854F+00
1.090103E+01
1:331930£+01
1e633%01E+01
2.000038F+01
2:476T39F+0)
3.058655E+01
3.TROV4TF+01
446THO52E+01
5.TRGBTNESD]
7.152017E+01
8.835398F+01

1.090410E+02

103664495E+02
1.656977E+02
2.064187SF+02
2.510712F+02
3.031010E+02
3.316011E+02
203809658002
1.000000E+00
1.000000E+00
1.000000E+00
1.000000€+00
1+.000000E00
1.000000F+00
1.000000F200
1:000000E+00
1.,000000€+00

EDDY2

0.

1.796287¢~05
1.8156732-05
1.777381€-05
1.681370E=-05
1.519994E =05
4,859916E-06
5.852176F =064
7.027886E=04
8.411664E=04
1,002876E-03
1.190383£-03
1.405913€E=03
1,6511906=03
1,927081E=03
2,233136E03
2,567027C=03
2.923915F=03
3.,295819E=-03
3,671154E=03
4,034667€03
4.368153E=03
4,652356E=03
4.870160E=03
5,009628F =03
5,0586F6F«03
6.951985€=03
4,36328)1F=03
2.260695€=03
0,

0,

0,

0,

0,

0.

0,

0.

0,

LMIX

8o
1.772271E=03
15 796354E=03
1,785500Ea03
1,761614E-03
1,659824E-03
6,957402E-03
8,125246E-03
9,531865€-03
1.121820E-02
1.323013E=02
1,561818E=02
1,843689E-02
2.176366E=02
2,559565E=02
3,004893E=02
3,515265E=02
$,096672E=02
6,746948E~02
5,667393E=02
6,261296E02
7,126554E=02
8,067321E~02
9,099064E=02
1,025797E-01
10159676E=01
1,306378E=01
1.376861E=01
9,897400E=02
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NEL T X

NDa

1.973%9aFwnqy
3.924127F =]
Totiah111Fmnly
1.9%0387Fwn?
?2:537%0632F =y
A, 1ARPRLFwrD
3.94RAGHF =
4. f1RNEIFar)
85.H5R73Q3F wnp
AL ARIEAT mn P
7,391 1F=np
RadS3BANTmny
9,30R122F=r2
1.U299ANTwn]
lol?o?vl‘r"rw‘
1og29133F =ny
13377495 =n ]
1e445152F =]
1.95704AFar )
1oe074221Fwn]
1.923200F <0
Pe197T703 =p}
Pe514910F~n]
PeatnTal“aFan)

ce
P.2923]THF =13
2.P10204F =13
P« 199091F=n3
2.199798F =03
Pe:\937264F =03
2.N2BYTAF =07
1.963354F=n3
1 e RYSRSNF =23
1.%49137F =03

1.7h371268=03.

1.79343)14F=03
1.A3/930F=n3
1e570AP9F =03

"1e514304F =03

lettodHaRdF«ny
1. 3914R83IF=03
1a442]191F=n3
1,24nT4%E=n3
1423DN48F =03
1.140801F =03
1.130399F=n3
1133069 =n3

AQ_“Ogl?RF-ga

mL,43]904F=0
7.934908F =G

H
3., 7T19457F+0p
3.832446F+00
3. RANATOF+00
3.RT79435F+(0n
3.RR8523F+00
3.200104FE 200
3.HR9194¢E+ V0
3o RRT4GO6F+U0
3.8R87853F+00
J.H62072F+00
3:H26560FE+00
J.TQ2A2RE+00
3. 750970E+00
3TNRTHSE« (]
3.5ARPORF00
3.631334F+00
3.59648%FE+0n
J.R88081F+00
3 B1R454F 09
3.4R2A31F+00
3.4S81867F+00
3.3919R8RE+00
3.332A34F %00
3. P52082F+00
3.721NH%9E+00

RNDELTA
4.1070%7F+04
%, 1R6274E +04
4,236165F+04
4.327515E+04
4.,50R007E+04
4,6952T4E+04
4o, 89NB82F 404
5.095391F «n4s
5,.309068F+04
5a530346F +04
B.784384F+04
6.060138BE+04
h,312911E+04
%.595951F¢0a
6.R882825¢F +0s
T.21653RF+04
7.555306E+04
7.919594E+04
B,P9RTHBE+QG
8,705124E4+04
9,146913FE+04

"1.014229E405

1.132743E+08%
1.274065FE+0%
1.351959F+05

RPOLTSTR
1.221300E+04
1,771956E+06
1,795102E+04
1.329656E+06
1,391434E+04
1.453110E+04
1.516086E+04
1.580763E+04
1.A4T264E+04
La722271E+0n¢é
1.802841E+n4
1.R85121€+04
1.975523E+04
2.06T406E+04
2.152128E+04
2.265976F+06
2.373155€+04¢
2.490379E+04
2:.610104E+04
2.736159E+n4
2.R72531E+04
3.180061E+0¢
3.549454E+04
4.N06AIBE+04
4,267TRT4E+04

AXL=SYMMETRIC PROPEQTIFS IM anRRESPONDING PHYSICAL PLANES

RYHETA
3.2R83191E+03
3431R916F+03
3:3%4605F+03
3a42T7449E+03
3.57R310F+«03
. T7IRGONE+03
3.89R202F+03
4o NB6K2TBE+(O3
4e23Q240F+03
4 o454 4RE+ (3
4aT711414F+03
4.,97n048TE+Q3
5.266T00F+03
5¢574368F+03
SeR94E36F+03
6.239981F+03
4£.59R541FE+03
60999220E+03
Te«41R3IPAFE+0N3
7.856588E+03
A.32P203F+03
9.3752)11F+03
1.068060E+04
1.232033F+04
16329262E+06
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Deck Name

AXISYM

BLOCK DATA

BLPROP

CHSUB

CLEM7X

COEFFS

CONV

VIII. DESCRIPTION OF ROUTINES

This routine uses the Mangler Transformation to
convert the axisymmetric -inputs to a corresponding
two-dimensional set of coordinates. Once the
two-dimensional solution has been obtained, this
routine is also used to convert back to the physical
axisymmetric plane. A flow chart of this routine

is included at the end of this section.

All pre-set data and default-option data are
stored and initialized in this routine.

This routine calculates all the boundary layer
properties in both the transformed and physical
planes and sets up the output arrays for x, Reg,
Rey and G.

This routine is called by the integration package
to perform certain tests. At present it is a dummy.

This routine is a service routine for the
equilibrium~chemistry package and solves a system
of simultaneous equations using the method known
as pivotal condensation.

This routine calculates the coefficients for the
matrix of ordinary differential equations and their
solution vector.

This subroutine converts specific properties from

PSI coordinates to ETA coordinates and generates
the velocity profile UTILDA.
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Deck Name

DEFINT

DERSUB

ERROR

FPRIM

FUNCT

This routine calculates certain definite intégrals,
their related quantities and certain important
derivatives for both the Crocco and non-~Crocco

integral portions of the calculation for each of

the different viscosity-law options and wall
conditions.

This routine is called by the integration package
to evaluate the derivatives of the dependent
variables. 1It, in turn, contains the logic¢ which
calls the routines which solve the energy equation;
determine the proper edge conditions, determine the
coefficients needed to solve the matrix of ordinary
differential equations and invert that matrix. A
flow chart of this routine is presented at the end
of this section.

This routine prints all error messages and sets
up the standard error termination mode of the
program. When termination is complete, this
routine returns to the true main program (sub-
routine Main) for processing of the next case or
run termination.

This function sub-program is used by the service
routine, NERIT, to evaluate the derivative of the
function required to find the ETA associated

with a particular PSI.

This function sub-program is used by various
routines in the program to; (a) evaluate the
integrand required to find the integral I3ETA
(from subroutines, PROFIL and THERMO), (b)
evaluate the function required to find the ETA
associated with a particular PSI (from subroutines
INIT3 and CONV), and (c) evaluate the function
required to determine the reference length and the
transformed 2-D coordinates for an axisymmetric
case (from AXISYM).
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Deck Name

GENL7X

GETFS

GETPHI

HSITER

INITL]

This routine is the essential part of the

equilibrium-chemistry package used in this program.
Given the pressure and the temperature, enthalpy or
entropy, this routine generates the remaining
thermodynamic properties for 8-specie-air

using curve-~fit data, It should be noted that
GENL7X is a general chemistry routine which can

be generated for a wide variety of gaseous chemical
systems via a chemistry-routine-generator program
(Ref. 4) developed at GASI.

This subroutine calculates some of the coefficients
required in the solution of the energy equation.

This routine calculates guantities required to
determine the coefficients of the tri-diagonalized
matrix used in solving the energy equation. In
addition, it also stores the G profile into the
GOLD array after the completion of an integration
step.

This routine does essentially a Mollier~type ‘
calculation (i.e., when presented with the enthalpy
and entropy of ‘a mixture of gases, it uses the
equilibrium chemistry package to determipe the
pressure and temperature of the mixture via an
iteration. It is used only with the equilibrium-
chemistry package and then only when the external
velocity as a function of axial distance is input.

This subroutine calculates the remaining free stream
or reference condition quantities, calculates and
tabulates all the external quantities and their
derivatives, and generates the initial wall-enthalpy
ratio.
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Deck Name

INT1A

INIT2

INIT3

INPUT

The integration package which is a closed routine
used to solve the set of ordinary differential
equations. It is a fifth-order integration routine
which uses a classicial fourth-order Runge-Kutta
formula in conjunction with Richardson's Extra-
polation to the Limit Theory. The routine provides
for variable step size with the computing interval
varied to meet local relative. truncation-error
tolerances, independently, on each of the dependent
variables. The routine uses the single precision
mode exclusively.

This subroutine calculates certain constants re-
guired by the program. The first group depends on
ETASTR while the second group is associated with
the mesh parameters and is needed in the solution
of the energy equation, The third group contains
the members of the two-dimensional array, A, which
are needed for both the adiabatic and non-adiabatic
wall options. In addition, certain miscellaneous
constants depending on the initial conditions and
laminar sublayer properties are evaluated depending
upon the viscosity option selected., A flow chart
of this routine is included at the end of this
section.

This subroutine initially forms the arrays G,
I3ETA, UTILDA, RTILDA, MUTLDA, ETABAR and PSI using
a Crocco-integral solution to the energy equation.

This routine is responsible for input of all
required program data and options. 1It, in turn,
calls the necessary routines to; (a) convert the
units of all input gquantities to the desired
system, (b) to complete the evaluvation of free-
stream or reference conditions, (c) to evaluate
external quantities, and (d) to convert axi-
symmetric input information to transformed two-
dimensional coordinates. A flow chart of this
routine is included at the end of this section.
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Deck Name

LAGDER

"LAGR

LGRANG

MAIN

MATRIX

NERIT

ouTpUT

This is a service routine which numerically
calculates the derivative of a function using the
Lagrangian scheme.

"This is another service routine which when given

tables of an independent variable, x, and a function
y = P({x) will find, by Lagrangian interpolation,

(up to tenth»order) the value of y, associated with
a particular,xn.

This service routine interpolates to any desired
order from tabulated values of one or more functions
of a single independent variable. (It is similar

to the above service routine but is more general.)

This. subroutine is, in reality, the true main
program. It sets up all the internal switches, sets
up the initial values of the dependent variables

for the integration package, sets up and increments
all counters and terminates the program in a non-
error mode. It is the only program routine which
contains all the common blocks.

This subroutine calculates the coefficients of the
tri~-diagonal matrix which has been generated by
writing the energy eguation in finite difference
form.

This service routine when given a function F(X) -
and its derivative F'(x), finds the zeros of F(x)
within some prescribed interval (a,b).

This routine, once integration has begun, processes
all program output. Two separate entry points

are included for processing the output of profile
information and for processing the output for the
special blocks of information printed in the
axisymmetric option.
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Deck Name

PRFILE This subroutine sets up the necessary inter-
polations of boundary layer properties required to
obtain profiles at pre-specified points. . In
addition, it sets up the interpolation to obtain
the enthalpy profile at a particular profile point.
A flow chart of this routine is included at the
end of this section.

PRINT This subroutine sets up the dutput format and prints
all the unit designations, option selections, case
identifying information, free stream or ‘
reference condition information and control card
selections.

PRNDIL, This routine extracts the laminar Prandtl number
from tabulated information in Reference 5 as a function
of temperature only. The pressure is. included in
the calling sequence for possible future extensions.

PRNDLT This routine has been included to permit extraction
of the turbulent Prandtl from tabulated or curve fit
data. At present, this routine is a dummy, but the
calling sequence permits specification of this para-
meter as a function of any two variables.

PROFIL This routine calculates certain profile properties
' required in order to solve the energy egquation.
A separate entry point, PRFL2, is provided for the
evaluation of EDDYZ2, LMIX, ETA, ¥YDIS, RYBAR and
RSUBY, which are calculated and printed at a
particular profile point.

SIMQ This service routine solves the system of linear
ordinary differential equations AY = B by matrix
inversion. '

STDM This service routine is used to obtain a solution

td the energy equation by the inversion of a
tri-diagonalizedmatrix. The enthalpy profile thus
obtained is valid down to but not including the
wall. The computation for the wall enthalpy is
treated separately.
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Deck Name

STICKY

TBLAYR

THERMO

TRAPIN

XTERNL

This subroutine calculates all the transport

‘properties for the options which are available

in this program. A separate entry point, PERFCT,
is provided for the calculation of the viscosity
from a g ~ T law or from Sutherland's Law.

This is a dummy main program and is simply a
device for permitting the true main program,
subroutine MAIN, to be referenced by other program
subroutines. This provides for ease of handling
multiple case input.

This subroutine, when presented with boundary layer
external conditions and velocity and enthalpy
profiles, calculates the remaining thermodynamic

and transport properties of the fluid, as a function
of y, after which it normalizes these quantities,
and then constructs profiles of them. This function
is performed with either the perfect gas or
equilibrium chemistry options. 1In addition,

the routine calculates the density and density-
viscosity ratios at the wall, RHORHW and RHOMUW,
respectively, and updates the integral, I3ETA. A
flow chart of this routine is presented at the

end of this section.

This is a service routine which performs numerical
integration by quadratures using the trapezoidal
rule.

This subroutine calculates the requisite external
conditions and their derivatives at a prescribed
station along the body by Lagrangian interpolation
of existing tables of this information constructed
by the INITL1 routine. 1In addition, this routine
calculates, (a) certain other quantities which
depend only on these external conditions, (b)
certain logarithmic derivatives needed elsewhere
in the program, and the normalized wall quantities
for a non-adiabatic case. A major portion of this
routine is bypassed for the flat.plate(ie. dp/dx=0)
option.
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Deck Name

UNITS

This subroutine makes all the necessary unit
conversions between English system engineering
units and S.,I. (International) units for all
input and output information. Five separate

entry points are provided in this routine to
facilitate the conversion.
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SUBROUTINE DERSUB
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SUBROUTINE INPUT
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SUBROUTINE THERMO
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SUBROUTINE PROFILE
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IX, PROGRAM .USE, OPERATION, AND LIMITATIONS

This program is designed for use on the CDC 6600
series computer. All coding has been done in standard FORTRAN
IV language with the idea of making the program as readily con-
vertible to other computer systems as possible. The source
program is approximately 5000 cards and has been compiled and
executed on both the standard run FORTRAN and Extended FORTRAN
CDC systems. No intermediate utility tapes are required.

With little modification, the program may be
executed on an IBM System/360 Computer. To accomplish this,
tte following subroutines would have to be replaced with their
System/360 counterparts:

GENL7X forms of the data statements which store curve

aTT fit information into multiple subscripted arrays
is not compatible between the systems

COEFFS the members of the AA and C one-dimensional arrays
constructed in this routine were formed from a
two~dimensional array. The conversion is not the
same in both systems.

INT1A the present form of the integrator package takes

advantage of the word size of the CDC 6600 series
computer to afford adequate control of round-off
error without resort to some double precision
computation - a companion integrator package, INTI1,
which uses a "partial double-precision mode" of oper-
ation should be used for program execution on the
System/360 computers.
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The program may be batch-processed with others and any
number of cases may be input at one time. The program logic
(including common block) requires approximately 33,000 decimal
locations (= 100,000 } for execution and an additional 14, 000g
for loading on the 6600 series computer. Program execution tlme
depends tc a large extent on the options selected and the problem
attempted. ©“resent experience indicates computation time in
the range of .rom 1/2 to 1-1/2 seconds per integration step.

Most of the present program limitations have been mentioned
elsewhere in the text. They are summarized below:

1) ‘A maximum of 50 data points may be specified in
the axial direction.

2) The y-mesh is permitted to grow to a maximum of
50 points.

3) The subroutine which generates the laminar Prandtl

number has tabulated data which is a function of
temperature only.

4) The subroutine for .generating the: tufbulent Prandtl
number is at present a dummy routine.

5) Only NINTPT Print Control is available in the
present version of the program.

Two sections of the program have, as yet, not been
thoroughly tested. These are:

1) the routine which calculates transport properties
as functions of pressure and temperature - the
user is advised to use the y ~ T or Sutherland
law formulations at present,

2) the -equilibrium chemistry package - the user is

advised to use the perfect gas option of the
program at present.’
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NOTE:

TABLE OF SYMBOLS. AND PROGRAM NOTATION

When appropriate the correspondence between program

notation and the notation utilized in Part I of this
report is given in parentheses.

ALPHA (@)

al—*as

A

ACONST (A)
AA

B (b)
BETA (B)
C

cp

CPE
CHIBAR (X)
CHI (X)

CHIO(xo)
CHIP(X')
CHIMAX

CAYPRM
Co1LD

CFBAR (C)

‘a variable grid system parameter

polynomial coefficients used for geometry
specification in conjunction with the axi-
symmetric option.

-the 2-D array of spnstants used to evaluate
wall quantities for the various wall options.

law . df the wall constant

a l-D array of coefficients used to solve the
system of ordinary differential equations.

mixing length constant
Clauser eddy viscosity parameter

the solution vector for the system of ordinary
differential equations.

the constant pressure

ecific heat cagacity
of the gas - ft 2/5ec?

R or Joules/kg “K
local external value of CP
stréamwise independent variable of the system

- the physical streamwise Reynolds nuMber,
a dependent varlable

the initial value CHI
the derivative of the dependent variable, CHI
the maximum value of CHI - an input used for

normal case termination.

Sutherland Viscosity Law constant - °R or oK.

the solution-vector, C, before being operated on
by the matrix 1nver31on routine, SIMQ.»

the skin friction coefficient in the transformed
plane.
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CF(cf) -~ the skin friction coefficient in the physical
plane.
CFRTHT/2 -
{ 2
(cR/2)
DPSI(Af) -~ the minimum increment, PSI
DCHIBR (A% )~ the initial increment of CHIBAR
DCIMAX - the maximum permitted increment of CHIBAR.
DRSDXX - a derivative needed to transform axisymmetric
coordinates to 2-D coordinates.
DPEDX(dpe/dx) - Ibs/ftz/ft or Newton/mz/m ] The derivatives
DUEDX (dU _/dx) - ft/sec/ft or meters/sec/meter of the external.
e 3 3 pressure, velocity,
DROEDX(dpe/dx)— slugs/ft°/ft or kg/m” /m ( density, viscosity,.
: 2 _ 2 Mach number, and
DMUEDX(dye/dx) Ibs sec/ft /ft—ir Newton-sec/m /m static temperature,
DEMDEX(dMe/dx)— ft™! or meters respectively.
DTEDX (dT_/dx) - °r/ft or °K/meter /
DELTAX (Ax ) - the axial displacement along the body-ft or meters
DLTASTR(G*) - the notation used in the oﬁtput format for the
physical displacement thickness -~ ft or meters
ELEL - a 1-D array containing the upper bound of the
local relative truncation errors
ELE2 - a 1-D array containing the lower bound or
. relative zero for each dependent variable
EMUW (i) - the viscosity of the fluid at the wall -
lbs-sec/ft? or Newtc_)ns-sec/meter2
EMUWO(MWO) - the initial value EMUW
EMUE(ue) - the local external value of viscosity =~
lbs-sec/ft? or Newton-sec/m?
EME(Me) - local external Mach number
EMEO(Meo) ~ initial or reference value of EME
ETABAR(E) ~ transformed normal coordinate normalized w.r.t
boundary layer thickness
ETASTR (*) -~ specified (constant) value of ETABAR
ETA (n) ~ physical normal coordinate normalized w.xr.t

ETATILDA ()

boundary layer thickness

the name used in the output for one of Coles
scaling parameters
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ETLDA) (%)

~ ETATLDAP (')

EDDY1 (1l+¢/v)
EDDY2 (e/ue 69

FLUID

G(g)
GWALL(gw)
GOLD
GAMA (7)

H (H) _
HEAR (H)

HE(he)

HTOTE (He) :

HTILDA(ﬁe)
IETMAX

IERR
TINTRL

ITEXT

I3ETA(I,)
I3ETAS(I. )
3S
I3EDGE (I3 )
e

K

§

the initial value of ETATILDA
the outpﬁt name of the derivative of ETATILDA

-Voutput names for eddy viscosity functions

}

the namelist name used to input changes to
thermodynamics and/or transport properties
of the fluid.

the 1-D array containing the working value
of the enthalpy profile

the wall value of G

the 1-D array of the G profile at the end
of an integration step

the specific heat ratio of the gas

the compressible. form factor.

the transformed form factor } output names

Ehe statlc enthalpy of the external £luid -
ft2/sec? or Joules/kg

the total enthalpy of the free stream -
ftz/sec2 or Joules/kg

the local ratio HTOTE/HE

the maximum number of mesh p01nts 'in the PSI
direction :

an error indicator set by the integration
package

running counter Whldh 1nd1cates the number of
integration steps completed.

a print switch used by the 1ntegrator for printing
a history of the computlng interval and reasons
for its change

density integral

I3ETA evaluated at the sublayer edge
I3ETA evaluated at the edge of the boundary layer

dimensionless grouping utilized in the Sutherland

‘'viscosity law K = CAYPRM(CP)/HTOTE
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KE -~ an error indicator printed by LAGR(c.f., erroxr
message 19, Section VI)

KTEST - the input integer with which the user selects

the number of lines in each output print block.
LORDR1 - inpuﬁ-parameters which may be used for changing
L.ORDR2 the order of the interpolation performed by

LGRANS in subroutine PRFILE and XTERNL, respectively.
LREF = these two parameters are used in different places

(L) to refer to the same quantity (i.e., the body length)

LBODY in the axisymmetric option - ft or meters

LMIX (1/8) ~ the output notation used‘to/present the dimension-
less mixing length.

ﬁgﬁgﬁ; - the quantities which may be input to change the

MORDR3 order of the interpolation performed by the service

MORDR4 routine, LAGR in '‘DEFINT, FUNCT (twice) and by AXISYM,
respectively. .

MACH -~ the namelist name used for input of the external

Mach number distribution.

MUTLDA (i) - viscosity normalized with respect to local
external value

i

MUTEDS(ﬁs) MUTIDA evaluated at the sub-layer edge
MUTIDAW(ﬁw) ~ MUTLDA evaluated at the wall

NOXPTS -~ the number of axial points along which external
information is supplied

NPRFPT -~ the number of points at which profiles are
desired :

NINTPT - the number of integration steps between adjacent
lines of printout in an output block.

NORDR1 } - the quantities which may be input in order to

NORDRZ2 change the number of points used in computing the
derivative in INITL1l and AXISYM, respectively.

OVRIDE - the namelist name used for input of all required
program input information

P(P) - the PI correlation parameter - a function of
HTIIDA and GWALL

PE (pe) -~ the external pressure distribution - input in

1bs/in" or Newtons/m
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PEO (pe-) -

(o]
PRESSR ~
PTE (pt) -
PI (1) -
PIO (_vo) -
PIP (w") -
PHI (o) -

PHIBAR (o) -

PHIBRO (Eo) -

PHIMAX -

PHIBARP (p') -
PRNLAM{PL) -

PRNTUR (P) -
PSI () -

QDOTW (EJW) -

RBEAR (R) -

RBARP (R') -
RYBAR (Ri) -

RDLTBAR (R-g) -

the initial or reference value of PE
the namelist name used for input of the external
pressure distribution '

the total pressure of the free stream 1bf/ft? or
Newtons/meter

the working value of the wake parameter, a dependent
variable

the initial value of the PI
the derivative of the dependent variable PI

the working value of the incompressible skin
friction parameter, a dependent variable

the output name used fior the dependent variable,
PHI

the initial value of PHI

the maximum value of PHI - parameter, (i.e., if
PHI exceeds this value, an error message is
printed and the program terminates).

the derivative of the dependent variable PHT
laminar Prandtl number I .
. may be input
turbulent Prandtl number ! with these names
the lateral independent variable of the system

the heat transfer rate to the surface ﬁBTU/ftz/sec
or watts/meter?

the transformed Reynolds number based on boundary
layer height and initial unit Reynolds number -
a dependent variable

the derivative of the dependent variable RBAR

transformed Reynolds number based on the normal
coordinate and the local unit Reynolds number

the output name used for the transformed Reynolds
number based on the boundary layer height and

“the local unit Reynolds number

RBRDLSTR(ﬁé*)—the output name used for the transformed Reynolds

RTHETABR (Rg) -

number based on the displacement thickness and local
unit Reynolds number ‘

the output name used for the transformed Réynolds:

number based on the momentum thickness and local
unit Reynolds number
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RSUBRY (R ) - physicai Reynolds number based on normal
Y coordinate and local unit Reynolds number
RDELTA(RG) - the output name used for the physical Reynolds

number based on the boundary layer height and
the local unit Reynolds number

'RDLTSTR(RG*)— the output name used for the physical Reynolds:
nunmber based on the displacement thickness and
the local unit Reynolds number

RTHETA(RG) - the output name used for the physical Reynolds
number based on the momentum thickness and the
local unit Reynolds number

REX - local value of the physical unit Reynolds number
ft=1 or meters~

REQLO - Initial value of REX

REX2 ~ physical streamwise Reynolds number based on
local unit Reynolds number

RHOE(pe) ‘= the local external value of density =~ slugs/ft3
or kg/m3

RHOW(pw) - the density of the fluid at the wall - slugs/ft3
or kg/m3

RHOWO (o, ) - the initial value of RHOW

RTILDA (f) - the density normalized w.r.t the local external
value

RTILDAS([)'S) ~ RTIIDA evaluated at the sublayer edge

RHORW( ) - RTILDA evaluated at the wall

ROTIDAW (B ) - the name used for the output of RHORW

RHOMUW(ﬁwﬁw)— the normalized wall value of the density viscosity
product

RSTAR - radius of'body of revolution normalized w.r.t
LBODY '

RSTARO ~ value of RSTAR corresponding to the starting
length x*

o}
RSTARI - an interpolated value of RSTAR
SPEED - the namelist name used for input of the external

velocity distribution
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SGMATILDA (§) ~

SGMATLDA -

ST( st) -
T -
™ (r,) -
TEMPR -
TE (T,) -

TTE (Ty ) -

TTILDA (T) -

~

TTLDAW(T-)w -
TRMLKE -

TMLKWO - -

TRMLKW -

TAUFCT
T
(F= -1 -
Tw

TAULAW -

THETA (9) -
vE () .-

UEO(er) -

UEBAR(Ue) -

the program output name used for one of Coles'
scaling parameters

the derivative of SGMATLDA
the Stanton number

the temperature in the y ~ " viscosity law
. o o
formulation - R or K

the wall temperature - °r or °x

the reference temperature used in the u o~ " and

‘Sutherland law formulation- °R or °K

the temperature of the external fluid - °R or °K

the free stream or reference total température
R or °k

the static temperature normalized w.r.t. the
local edge value

the wall value of TTILDA

the thermal conductivity distribution )

of the external fluid 1bf
the initial thermal éonductivity of sec °Rr
the fluid at the wall or
the working value of the therm. Joules
cond. of the fluid at the wall msec ©R

/

the output name used for the shear stress
functions
PHI/ACONST + ALOG (PHI/(RBRDPR*B))-2.*PI

physical momentum thickness - ft or meters

’

the local external velocity - ft/sec or meters/sec

the initial or reference value of UE

the local external velocity normalized with
respect to UEO - a dependent variable
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UEBARO (G, ) - initial value of the dependent variable UEBAR
i)

UEBARP(ﬁe') - the derivative of thé dependent variable UEBAR

UTILDA (u) - the velocity normalized with respect to the
local external wvalue

VEX (n) - the exponent of the temperature in a p ~ ™
formulation

WGT - the molecular weight of the fluid - 1b/lb mole or
gr/gr mole -

X (%) - the running value of the axial coordinate along

' the body -~ ft or meters

X0 (xo) - the initial, starting or reference value of X

XPROFﬁ - the 1-D array of user-prescribed values of X, REe
or REX at which profiles are to be computed

XMOLE - the'mole fractions of the species used in the
equilibrium chemistry package

Xg - the initial starting or feference value of the

' axial coordinate normalized w.r.t. LBODY

X1 - the maximum body length in.transformed 2-D
coordinates -~ ft or meters

XSAXT - the interpolated value of the normalizediaxisymmetric
coordinate used to generate profiles

YBPLUS - a transformed Reynolds number based on sub-layer
height and shear velocity- a program constant

Y (v) - the physical normal coordinate - ft or meters
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68

COLUMN

VWO OOVET W

11
12

13

14

15

16

17
18

20

21

22

NOXPTS No. of 10's

NPRFPT No. of 10's

NINTPT No. of 10's

KTEST No. of 10's

O O O
1

1
']

O O MO
[

O NWO =0
i

IDENTIFICATION
No. of 100's

. of x pfs.
which are to

No. of 1's be input

No. of 100's No. of pts. at
which profiles

are desired

PR

No. of 1's

No. of 100's No. of inte-
gration steps
between adja-
cent lines of
printout

No. of 1's

P —

No. of lines
of printout in

No. of 100's

~e

No. of 1's each print
block.
English System Units
S.I. units (INPUT)
English System Units
S.I. units (oUTPUT)
2-D case
Axisymmetric case
profiles at specified x
. .. Reo
Rey

Leave blank

Do nothing
If S.I. units are used and K' is
to be changed

with dp/dx

dp/dx = 0

Pe (x)

ue (x) (INPUT)
Me (x)

No fluid property changes
Changes to either thermo. ahd/or
transp. properties

Perfect gas
Equilibrium chemistry

COLUMN
23

24

25
26

27

28

29

32 -~
33

34
35

36

37

-0

O O =0 WO =O - o o O O =0 ~Q

HO =O

CONTROL CARD TABLE

IDENTIFICATION

Do nothing
Stop after printing a short block

Sutherland’'s Law
{both chem. option)
p from fits - only
equil. chem.)

® ~ T ~(only
perfect gas)

Adiabatic wall
Isothermal wall

{Viscosity
optiox_-xs)

Use Prandtl Wo. from subroutine
Uses input or block data value

Do nothing
If $.I. units are used and viscosity
ref. values are to be changed

Do nothing-
bump data array in chem. package

Do nothing
Stop after printing edge condition
info. :

ITEXT = 0 Do nothing

ITEXT = 1 - Trace reasons for step
sire changes

Default

Change order of LGRANG in. PRFILE

Default

Change order of LGRANG in XTERNL

Défault

Change order of LAGR in DEFINT

Default

Change order of LAGR in FUNCT for
evaluating the integral I3ETA

Default
Change order of LAGR in FUNCT for
evaluating r* and dr*/dx

Default
Change order of LAGR in AXISYM

Default
Change order of LAGR in AXISYM

COLUMN

38

39
40
41
42
.43
44

46

47

48
49
50
51
52
53
54
55
56
57
58
59
60

IDENTIFICATION

0 - Default
1 - Change order of LAGDER in AXISYM

Dump switch for HSITER
Dump switch for THERMO
Dump switch for AXISYM
Dump switch for PRFILE
Dump switch for STDM

Dump switch for DERSUB
Dump- switch for MAIN

Dump switch for BI,PROP
Dump switch for XTERNL
Dump switch for CONV

Dump switch for PROFIL
Dump switch for FURCT
Dump switch for COEFF
Dump switch for FPRIM
Dump switch for GETFS
Dump switch for MATRX
Dump switch for GETPHI
Dump switch for INIT2

Dump switch for DEFINT
Dump switch for INIT3

Dump éwitch for NERIT

0 - Do not use PI correlation
1 - Use PI correlation’

No. of 1000's
No. of 100's
No. of 10's
No. of 1's

First integration
step at which trace

No. of 100's step at which trace
No. of 10's {sequence is to change
No. of 1's '

No. of 1000's 1Second integration

No. of 1000"s {Third integration
No. of 100's ;step at which trace
No. of 10's sequence is to change
No. of 1's

sequence is to change



ACONST
B

BETA
ETASTR
YBPLUS

VEX

il

il

SUMMARY OF PRE-

= (.76

PRNLAM =

PRNTUR

CAYPRM =

GAMA
TEMPR
VISTR

XMOLE
(0,)
(¥2)
(e™)
(AR)
()
(N0)
(Not)
(0)

DpSI
ALPHA

1

]

i

= ,25%10

ton

il

0.72
0.72
198.6°R
1.49
500°R
3.5847x10
ft2

.209727

. 778987
6

.009288
.25x10-6
.00197
.25%10~6
.25%10~6

5.0

= 1.3

90

-7 1bf-sec

SET DATA

LORDR1,LORDR2 = 2
MORDR1,MORDR2, _ ;
MORDR3, MORDR4
NORDR1,NORDR2 = 1
ETIDAO,UEBARO = 1
CHIO, CHIBAR -0
X0, LREF
DPHIMAX = 100.
CHIMAX = 0.1x10
DCHIBR = 5000. 6
DCIMAX = 1,0x10
ELEL 3§§Z ELE2
.0001  PHI 1,0x10™°
.0001 RBAR l.OxlO‘g
0001 PI 1,0x10_
.0001 UEBAR  1.0x10
.01 CHI 1.0x102
.0001 ETIIDA l.OxlO'g
1.0x10°

.0001 STIIDA

NASA-Langley, 1970 —— 12
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