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COMPUTER PROGRAM FOR CALCULATING LAMINAR, TRANSITIONAL,
AND TURBULENT BOUNDARY LAYERS FOR A
COMPRESSIBLE AXISYMMETRIC FLOW
by James A. Albers and John L. Gregg

Lewis Research Center

SUMMARY

A finite-difference program is described for calculating the viscous compressiblé
boundary layer flow over either planar or axisymmetric surfaces. The flow may be
initially Jaminar and progress through a transitional zone to fully turbulent flow, or it
may remain laminar, depending on the imposed boundary conditions, laws of viscosity,
and numerical solution of the momentum and energy equations.” The flow may also be
forced into a turbulent flow at a chosen spot by the data input. The input may confain
the factors of arbitrary Reynolds number, free-stream Mach number, free-stream tur-
bulence, wall heating or cooling, longitudinal wall curvature, wall suction or blowing,
and wall roughness. The solution may start from an initial Falkner-Skan similarity
profile, an approximate equilibrium turbulent profile, or an initial arbitrary input pro-
file. This program is an extension of the finite-difference program of H, J. Herring
and G. L. Mellor.

INTRODUCTION

Accurate methods for calculating boundary layer growth and boundary layer separa-
tion are needed for the analysis and design of aircraft and propulsion system components
Nacelles, turbomachinery blading, nozzles, ducts, splitter rings, and airfoils are ex-
amples of some of the aircraft components that require information on the properties of
boundary layer flow. The ability to use boundary layer methods enahbles one to replace
much testihg with calculations that consume less time and result in more deta.ﬂed in-
formation. _ .

This report discusses a FORTRAN IV program for computing laminar, trahsitional,
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and turbulent boundary layers for compressible flow over planar or axisymmetric sur-
faces. rThe present program is an extension of the finite-difference program of H, J.
Herring and G, L. Mellor of reference 1, The program of reference 1 was extended to
include an internal mechanism to determine transition from laminar to turbulent flow,
The transition subroutine was written by H. J, Herring under the partial sponsorship of
the Gas Turbine Products Division of General Electric Company. The program has been
extended in its flexibility by the authors of this report by giving (1) detailed documenta -
tion of the program, (2) additional input and output options, and (3) restructuring the pro-
gram by breaking it into more subroutines. Some of the additional input and output op-
tions that have been included are (1) option to scale input data, (2) numerical routine to
increase accuracy at the start of the boundary layer growth, and (3) printout options,
The structure of this program has been modified for use on smaller storage computers,
This program includes instructions for interfacing with other programs which require an
additional subroutine to supply a solution of the boundary layer.

The equations of motion, boundary conditions, and method of sclution are the same
as contained in reference 1. The major equations are taken from reference 1 so that
they can be cross referenced to the computer program. A modified Crank-Nicolson
scheme is used to reduce the governing differential equations to finite-difference form,
Since the momentum and energy equations are decoupled, a solution of the momentum
equation can be obtained without solving the energy equation in many cases of interest.
The decoupling thus may lead to shorter execution time. The solution may start from an
initial Falkner-Skan similarity profile, an approximate equilibrium turbulent profile, or
an initial arbitrary input profile. The flow may be initially laminar and progress through
a transitionzl zone to fully turbulent flow, or it may remain laminar, depending on the
imposed boundary conditions, laws of viscosity, and numerical solution of the momentum
and energy equations. The program can calculate variable property flows with arbitrary
pressure gradients and heat transfer. In addition, it can calculate flows with arbitrary
Reynolds number, free-stream Mach number, free-stream turbulence, longitudinal wall
curvature, wall suction or blowing, and wall roughness,

This report gives a detailed description of the computer program., ! It describes the
function of each subroutine along with 2 discussion of all the variables in COMMON. The
computer program source listing contains many detailed comments throughout which
identify the operations carried out by the program. This report also discusses the input
and output variables and presents special instructions for preparing input. Sample test
cases including input and output printout are described.

1Inquiries concerning this program should be directed to COSMIC, Computer Center,
Information Services, 112 Barrow Hall, University of Georgia, Athens, Georgia 30602,
(Reference: LEW-12178).
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PROBLEM FORMULATION AND METHOD OF SOLUTION
Basic Equations of Motion, Boundary Conditions, and Method of Solution

. The techniques for solving the boundary layer equations can be divided into two
general methods. The first includes the explicit integral method which requires a pro-
cedure for solving ordinary differential equations for ''integral'' properties of the bound-
ary layer. Some of the more commonly used integral techniques are discussed in ref-

erences 2 and 3. The second method of solution of boundary layers is the finite-
difference method, which provides a procedure for solving the bartial differential equa-
tions of mass, momentum, and energy. Three finite-difference boundary layer tech-
niques for turbulent flow commonly used are those of (1) Herring and Mellor (ref. 1),
(2) Patankar, et al. (ref. 4), and (3) Cebeci and Smith (ref. 5). This report uses the
method of Herring and Mellor (ref. 1). A brief synopsis of the problem formulation and
method of solution is presented. (All symbols are defined in appendix A.) |

The equations of mass, momentum, and energy for a compressible boundary layer

for axisymmetric bodies are

orpu + arpv _ 0 (1)
8X ay
pu du + pv du _ = peU dU 1 _B(I‘_'r), l . (2)
oxX ay dx r ay
o .
pua—h——+ v?_tl_: rl._%[r(q+uT)] (3)
X 3y r oy 7

Fquations (1), (2), and (3) apply to both laminar and turbulent flow if the definitions of
7/p and ¢q/p are taken to be
T au '
—= Vg (:) {4)
p 9y

4. oh 5
Ja V'eg (a?) s ()

where p, is the effective viscosity and Vo is the effective conductivity, For laminar
How, v = v and Vg = vg, the molecular kinematic viscosity and condx,mtivi'tf,r9 respec-
tively. An illustration of the coordinate system used in the boundary layer equations is
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{b} Description of velocity and total enthalpy profiles.
Figure 1. - ltlustration of coordinate system.

given in figure 1 where X and ¥ are the untransformed coordinates,
The boundary conditions are
uX,0)=0
v(%,0) = v, (%) or pV(X,0) = p v, (%)
O/ 0 =
hO(%,0) = h)(®) or q(,0) = q (%)
v .
&*p U = lim [p eU(}_:') - pu(X, ?')J (—I-'.) dy' is bounded

Yo A Tw

(6)
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tppeU(hg -h) = lim ou [hg - h¥(F, 37')} T \dy' is bounded (10)
Y0 0 ' I‘w

Equation (8) is a general wall boundary condition. Equations (7) and (8) are general
wall boundary conditions on v and h® which include the effects of wall transpiration
velocity v, W and the wall heat flux Ay Equations (9) and (10) require that as y —
the displacement thickness &* and the enthalpy thickness i/ be finite (ref. 6).

Mellor and Herring use a Probstein-Elliott transformation (ref. 7) to transform
equations (1), (2), and (3) so they become closer to their planar form. For the calcula-
tion procedure a new set of variables is introduced, The velocity and enthalpy profiles
are expressed in defect form according to the following transformations:

pUC) - pulx,¥)

£1(x, 1) = = (11)
o pUx) an
02 -h%x,y)
g'(x, 1) = —— = e (12)
hd - h, on .
where
_ ¥ 13
n P . (13}

After these transformations have been introduced, the partial differential equations
are still nonlinear and parabolic in the flow direction (see eqs. (I1-14) and (IT-15) of
appendix B), Mellor and Herring linearize the partial differential equations by using
finite differences for the x-derivatives resulting in a series of ordinary differential equa-
tions. The x-derivatives are represented by finite differences according to an adapta~
tion of the Crank Nlcolson scheme (ref. 8). The momentum and energy equations are
written in terms of average functions at a point ha]iway between the x-position of the
known profile (xi-l) and that of the profile to be calcu!ail:ed (xl) as follows:



- {(1 + Cyn) a1 - fr)]} + L Q+R)n -1) -

I
<i

peU

- = - pWVW _ = == -
-[Q +R)(n -1) - —=| - ¥ |d" + P(d - 1) + &*d
pU
- (1 -Tyeray
1 4
T l(k - I)Me 1
(1+C,m) Elgn - (i 1) [dz(l -f*)2]
d Hi1+ Lk -ym2 |\
2
— - PV == - - -
+ 1@ +R)(n - £ - — 1 - 6*fx g =(1- f')ﬁ*g;{
pPU
where
a="e
o

Finally, the forms in which the momentum and energy equations are solved are

: .
[b4(f” + 135)]i = by + byft! + b f1

p ——— —_—— —_
w W) - B |d' - (Pd + 8*d )2 - 1)} I

(14)

(15)

(16)
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byt +b5’]i = by + bygi’ + by {an

where the b coefficients are defined in equations (III-9) and (III-10) of appendix B.
The solution of equations-(16) and (17) is carried out iteratively because of their non-
-linearity. The coefficients by to b5 are evaluated using the results of the previous
iteration, The resulting linear equations are solved for f' and g' by applying a
Gaussian elimination procedure. Then f'' and g'' are obtained by taking the first
differences of f' and g'. The ordinary differential equations are then integrated nu-
merically across the boundary layer at each x-location to get the integral momentum
and energy relations. ’

In order to solve the partial differential equations for turbulent flow, an expression
for the turbulent effective viscosity is required. Mellor and Herring, in formulating
their effective viscosity hypothesis, divide the boundary layer in terms of an inner
layer, an overlap layer, and an outer layer. The viscosity of each region is based on
experimental data and is uniquely determined by values of a pressure gradient param-
eter and a displacement thickness Reynolds number (refs. 9 and 10). The effective
viscosity hypothesis as used in the program includes the influence of longitudinal wall
curvature (ref. 11).

Method of Predicting Transition

Theoretical investigations into the process of transition from laminar to turbulent
flow are based on Reynolds' hypothesis that transition occurs as a consequence of an
instability developed within the laminar boundary layer. The transition region is de-
fined as the region between the instability point (or critical point) and the fully turbulent
point. The instability point is the point on the surface at which amplification of an
individual disturbance begins and proceeds downstream. The boundary layer becomes
fully turbulent some distance downstream of the instability point since the disturbance
takes time to be amplified to fully developed turbulent flow,

The basic formulation of the transition equations used herein was developed by
H. J. Herring. The physical factors which influence the transition location that have
been accounted for in this analysis include the pressure gradient parameter IT’., sarface

roughness Sy wall suction or blowing Ve free-stream turbulence level qz, heat-
transfer parameter 8, and longitudinal radius of curvature parameter ¢ /cw. The

point of instability is determined from the critical Reynolds number R, Wwhichisa
function of the pressure gradient parameter K and the Stanton number St:



Rcr = f(K, St? (18)
where

2

K=" (19)

&

w

The difference between the Reynolds number at the fully turbulent point th and
the critical Reynolds number R cr is a function of both the pressure gradient param-

eter and free-stream turbulence level c:12/U2 where

2
= 9
R R = RA(K)f —2 (20}
U

If the effects of longitudinal radius of curvature g/ ¢ @nd surface roughness sw/ &*
are included, the Reynolds number at the fully turbulent point becomes

— — /2
Rey = | R (K, 8) + R, (K) ‘15 f<i>f(s_“’) (21)

U cw o*

All the functional relations of equations (18) and (21) were obtained from refer-
ence 12, except the critical Reynolds number when heat transfer is considered. This
functional relation was obtained by the method of Lees (ref. 13).

The effective viscosity in the transition region is determined from the kinematic
viscosity v, the intermittency factor », and the turbulent viscosity 2%

Vo= V+ YY | (22)

The intermittency factor is defined as that fraction of time during which the flow at a
given position remains turbulent. It is calculated from the method of Dhawan and
Narasimha (ref. 14).



PROGRAM DESCRIPTION
. |"
Program Calling Sequence and Operating Environment

A simplified functional flow diagram of the main supervisory program TUF is
shown in figure 2. The program TUF is segmented into four principal parts: sub-
routines INIR, ITFR, ITSR, and NDIR. Subroutine INIR calls the input subroutine
COTR. Subroutines ITFR, ITSR, and NDIR, in turn, call several other subroutines.
All the subroutines and their relation are shown in figure 3. Subroutine INIR calls sub-
routines VIS, FILE, INTEG, and A6IR besides COTR. Subroutine ITFR calls sub -
routines VIS, FILE, PROFYL, INTEG, and A6IR. Subroutine ITSR calls subroutines
TRANS, VIS, FILE, PROFYL, and INTEG. Subroutine NDIR calls subroutines VIS,
FILE, and ASIR, Subroutine TRANS calls subroutine INDEX, and subroutine VIS calls
subroutine INTEG.

Five of the subroutines in TUF use the same set of variables., These variables are
all placed in labeled COMMON blocks which transmit information between subroutines,
These variables are all defined in the Common Arrays and Single Word Common Stores
sections. All subroutines using these variables are described in the Main Subroutines
section. The remaining subroutines are described in the Auxiliary Subroutines section.
Their major variables are described in the comment cards with each subroutine,

The program can handle as many as 99 points along the boundary layer surface and
up to 300 points normal to the surface in the velocity profiles. The program is run at
Lewis on the IBM -7094/7044 direct-coupled system with a 32768 -word core (77777(8)).
The total program storage requirement is 67047(8) of which 30117(8) is used in storage
of labeled common variables, '

Main Subroutines

A brief description of the function of each subroutine will be discussed. Detailed
comments are given throughout the source listing.

COTR. - Subroutine COTR reads, recomputes the starting data, and prints all the
input data. Subroutine COTR reads in the x-station data from either cards or tape. In-
structions for reading in data from the tape are given in the Special Instructions for
Preparing Input section. Subroutine COTR calls subroutine AGIR to read and print com-
ments that are a part of the data input.

INIR. - Subroutine INIR carries out some of the required initialization of the pro-
gram and calls COTR for reading and listing the input data, Subroutine INIR calculates
the x-station potential flow velocity U(X} if the Mach number M(X) is input, and
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Yes

Initiat call by TUF

!

Subroutine INIR Subroutirie COTR
Get boundary conditions and Read and modify input data
x-station data. [nitjalize arrays, according to input data op-
prafiles, parameters. Refurn tions,
here for next case,

Yes

Test to go to next case,
Are there too many points on F'{ETA), G'{ETA), and Y(ETA) profiles?

~§ No

Subroutine ITFR
Get starting profile, either laminar or turhulent, Enter here also for

turbulent restart at I{X)=1C after efther forced transition or laminar J

separation,

Yes

Test to go to next case,
Was only starting profile to be computed ?

‘No

Subroutine ITSR
Compute profiles and parameters for each x-station except for sta rling pro-
files and parameters, Determine location of critical point for turbulent flow
and test for either case end or turbulent restart at 1) by subreutine ITFR,

!

Subroutine NDIR

At end of case call FILE, if profiles go out of bound, Iist table
of wall parameters and table of correction coefficients (CLIS).
Initialize necessary quantities for case continuation at 1(X)=1C
by subrouting ITFR, Restart for forced transition to turbulent
flow, If ISTO(14).EQ. 1 and laminar separation has occurred in
subroutine ITSR, initiaiize necessary quantities for case con-
tinuation by turbulent restart in subroutine (TFR,

'

Yes

Test to-go-to-next case, :
Was case ended by subroutine NIR, by either normal end
ISTO(01.EQ. 4, or by profile going out of bounds with
ISTO(10), EQ. 57

‘No

Test to go to next case on laminar separation,
Does I1STO{I0L. EQ.6, AND, |STO(14), NE. 17

T

Go to subroutine ITFR for restart at {(X)=IC.
Either ISTO(L0), EQ. 6 for restart on laminar separation or
ISTO(10). EQ. 7 for restart resulting from turbulent flow
forced by input data,

Figure 2. - Flow diagram for main supervisory routine TUF,




TUF
COIR nsllt)R n(?a IT(;)R N(S;R
L TRANS INDEX
M Py —

el VIS [od INTEG L] VIS =
b= FILE | e FILE

PROFYL (-] : b{ PROFYL

Lol INTEG ] bl INTEG
Ll AGIR = , AGIR [~

Figure 3, - Calling relation of program subroutines, -

calculates the Mach number M(X) if the velocity U(X) is input. It nondimensionalizes
the calculated U(X) by the value at the second x-station, It subdivides the initial in-
tervals on the momentum and energy profiles (YY(J), f'(n}, and g'(n)) according to the
input JDIV. It computes i(7) by calling subroutine INTEG which uses the trapezoidal
rule to calculate f(n) from the f'(n) profile, Subroutine INIR computes fr'(n) and g"(n)
bjr using forward differences. The computation of the secondary profiles of density D{J)
and derivative of density DP(J) is followed by a call to subroutine VIS, which computes
the effective voscisity VE(J) and effective conductivity VEG(J) from the input profile.
Subroutine INIR then computes the local shear stress profile TAU(J).

ITFR. - Subroutine ITFR carries out the rest of the required initialization of the
program. It calculates the momentum and energy starting profiles, except when the in-
put profiles are used as the starting profiles. For variable property flow it recalculates
the density D(J) and the x~derivative of the density DP(J). Subroutine ITFR calculates
the parameters P, Q, R, etc., for laminar and turbulent flow. It calculates the coef-
‘ficients of the momentum and energy equations and calls subroutine PROFYL for the

£'(n) and' g'(n) solution. The momentum and energy loops are iterated until convergence
is obtained. For both the momentum and energy loops, the maximum number of iter-
ations equals 15. Subroutine ITFR calculates &* and Ry, for option 4 and rescales
P, @, R, etc., for laminar flow. It prints the profiles and parameters by calling sub-
routine FILE.
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ITSR. - The subroutine ITSR performs the calculations for the forward motion of
the p;:zg_;am for each x-station. The loop begins by moving the known profile into
storage for the profile at the x-station before the one to be calculated. This is followed
by an iterative loop to calculate a new set of profiles at the x-station. Within this loop,
there is an inner loop to iterate for the f'(n) profile. These calculations are very simi-
lar to the initialization part of the program. When these calculations have converged
the integral parameters for the x-position are then calculated and used as a test for
accuracy. The process continues until profiles have been calculated at all x-stations
or the case is ended on (1) a profile out of bounds test or (2) a laminar separation. The
subroutine ITSR calls subroutine TRANS (if type of flow is not specified by input}, which
determines whether flow is laminar, transitional, or turbulent.

NDIR. - Subroutine NDIR prepares for a turbulent restart calculation by resefting
8, 0%, R ete,. It also calls subroutine FILE to list a summary of the principal

6%
boundary layer parameters at each x-station.

Auxiliary Subroutines

TRANS. - Subroutine TRANS computes the critical index IC for transition from
laminar to turbulent flow. It computes the intermittency factor TURB(I) in the transi-
tion region which is used in subroutine VIS to compute the viscosity and conductivity.
The subroutme itself was written by H. J. Herring under the sponsorship of General
Electric Com pany for use with the Mellor-Herring Compressible Boundary Layer Pro-
gram (ref, 1).

The input variable TOP governs the use of subroutine TRANS. If TOP = @,
transition is not predicted and the boundary layer program operates as specified by the
TURB(I) values (see table VI). The range of the transition zone can be specified by
changing TURB(I) from 0. 0 to 1. 0 either gradually or abruptly depending on the desired
size of the transition region. K TOP = 1, the TRANS subroutine will be called and it
will predict transition. For this operating mode TURB(I) values need not be specified.
However, transition may be forced at an x-~station by setting TURB(I) = 1.0 ahead of
the predicted transition, At the specified location the boundary layer will be scaled up
to a Reynolds number at which the current conditions would cause transition, In other
words, the boundary layer is thickened enough so that transition can take place and the
calculation continues downstream. _

INDEX. - Subroutine INDEX is used to find the index or position of a value of a
function S in a data table supplied by the TRANS subroutine.

VIS, - Subroutine VIS computes the effective viscosity VE(J) and effective conduc-
tivity VEG(J} using the viscosity and conductivity equations given by equations (IV-14),

12



(1B), (2), (3), and (4) of reference 1. The entire effective viscosity hypothesis for
turbulent flow is contained in this routine with the exception of the recomputation of
TURB(I+1) in subroutine TRANS under certain conditions, :

PROFYL. - Subroutine PROFYL computes f'(n) of the momentum equation using
the b's from equations (III-9A) to (III-9E) of appendix B and computes g'(n} of the
energy equation using the b's from equations (III-10A) to (III-10E) of appendix B.

INTEG. -Subroutine INTEG is used to sum the input profile by a simple trape-
zoidal rule,

FILE. - Subroutine FILE lists the momentum and energy profiles and parameters
at each x-station according to the input ISTO(k) and WSTO(I) list options. See the
Input Variables section for these options,

A6IR. - Subroutine AGIR lists comment cards that accompany the data input, A
detailed discussion of this routine is given in appendix C.

Cominon Arrays

This list is to be used with table I, the occurrence list of common arrays which
shows in which subroutines each listed array is used {e.g., initialized, computed, em-
ployed in a computation, or listed). All arrays dimensioned 300 yield the ETA coor-
dinate profile. All arrays dimensioned 100, except the JTR array, yield the
x-coordinate profile. JTR, ISTO, and WSTO are general purpose arrays. The array
B(300, 5) yields the five coefficient ETA profiles. All arrays shown by the table fo
be in subroutine INIR are 1mt1a11zed by subroutine INIR to either 0,0 or another
constant. '

In addition to the uses to be menticned for the arrays as they are listed separately
herein, the following functions are re-initialized in subroutine NDIR if a turbulent re-
start is required at the last critical point I{X)=IC. The re-initialization occurs if
ISTO(14). EQ.1 to get a call of subroutine ITFR by TUF after a laminar separation
occurs in subroutine ITSR. Otherwise, a re-initialization occurs when the input data
TURB(I) forces a start of turbulent flow at I{(X)=IC=IT. The single quantities MT(IC),
DT(IC), DTK(IC), HT(IC), and RDT(IC) are re~initialized. The array TURB(IC) from
I(X)=IC to IX is set equal to 1.0, and the profile of TAU(J) is recomputed. The ETA
profiles of F(J), FP(J), FPP{J), GP(J), GPP(J), D(J), and DP(J) are shifted backward
one x-station, and the coefficient CF{IC) is recomputed from the latest TAU(1).

The arrays X(I), U(I) or M(I) and TURB(I), GBC(I), RW(I), VW(I), SW(I), and
CW(I) are read in together by subroutine COTR as the x-station data. In the present
version of subroutine COTR, only the X(I), U(I) or M(I), and RW(I) can be read in
from the tape. The remaining x-station data are set to 0. 0 for the tape read in. The
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x-station data arrays near the origin are computed by a linear interpolation made by
subroutine COTR on the integer switches ISTO(8) and ISTO(9).

B(300, 5)

CAY(300)

CF(100)

CLIS(400)

CW(100)

D(300)

Coefficient profiles (5) for the momentum equation (II1-7) for computing
F'(ETA) profile and for the energy equation (III-8) for computing
G'(ETA). The B(J,K) profiles are computed in subroutines ITFR and
ITSR just before the call of subroutine PROFYL for F'({ETA) and
G'(ETA}. B(J,K) in subroutine ITFR is computed from relations sim -
plified in comparison with those used by subroutine ITSR, '

CAY(J).GE. -1, CAY(J)=CA*Y(J) in subroutine INIR is the scaled coox-
dinate on 2 /R(v(rall) normal to the axis of the body. "CAY(J) is used

in computing the TAU{J) profile which is computed from the same
formula in all routines, CAY(J) is computed primarily to prevent a
square root of a negative number from occurring in the function :
SQRT(1.+CA*Y(J)). In subroutine ITSR, CAY(J) is used to compute the
YY(J) profile for subroutine VIS, the TAU(J) proiile, and the B(J 4)
profile, CAY({(J) is not computed in subroutine ITFR.

Profile of the skin friction coefficient defined in appendix A, computed
in subroutines ITFR and ITSR, and listed by surboutines FILE and
NDIR. CF(I) is initialized to 0, 0 by subroutine INIR.. CF{I) is recom-
puted in subroutines ITFR and ITSR aiter lea.vmg the momentum—
energy loop as CF(I)=2,*TAU(1).

General purpose array used by subroutine ITSR if ISTO(6).EQ. 1 for
storage of COF1, COF2, COGl, and COG2 of equations (II- 21) and
(II-23) and listed by subroutine NDIR,

Radius of longitudinal curvature profile at 'I(X) wall sta,tions is in the
same units as x, and is loaded by subroutine COTR together with the -
other x-station data. CW(I) is used by subroutine VIS which is called
by subroutines INIR, ITFR, ITSR, and TRANS, which in turn is called
by subroutine ITSR. CW(I} is listed by subroutines FILE, COTR,
INIR, NDIR, and ITSR. CW(I) near the origin is computed by & linear
interpolation made by subroutine COTR on the switches ISTO(B) and
ISTO(9).

Density ratio profile is initialized equal to 1.0 by subroutine INIR.
Later, for MOP.GE. 0, D{J) is determined before the call of sub-
routine VIS in the momeéentum loop of the calling subroutine and is com-
puted from equation (II-16). D(J) is listed by subroutine FILE on an
option.
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DB(300)

DBB(300)

DP(300)

DPRB(300)

DT(100)

DTK(100)

F(300)

16

Density ratio profile one station back upstream, DB(J) is used to com-
pute the x-derivative DP(J) of the density ratio parameter profile.

See DP(300) herein. For starting the flow DB(J) is computed by sub-
routine ITFR and is given.by DELTA(*)xDP(J). See the density equa-
tion (II-16) and DELTA(*)*D(D(J))/DX by equation (II-32). Otherwise,
DB(J)} is loaded by subroutine ITSR at the nead of the I{X) loop,
DB(J)=0.0 for MOP, LT.O0.

Density ratio profile two x-stations back upstream., DBB(J) is used to
compute DP(J). See DP(300) herein. DBB(J) is loaded at the nead of
the I(X) loop in subroutine ITSR.

Density ratio x-derivative parameter profile on ETA computed from
equation (IT-27). DP is initialized to 0.0 by subroutine INIR and re-
mains 0.0 for MOP.LT. 0. D-P(J) is computed by subroutines INIR,
ITFR, and ITSR in the same loop as D(J)., DP{J) is used by subroutine
VIS and by subroutines ITFR and ITSR in the computation of the B(J,K)
profiles,

Same as DP(J) but one x-station back upstream. DPB(J) is saved for
the turbulent restart re-initialization by subroutine NDIR (possible
working storage file for those NDIR decks which do not use the turbu-
lent restart feature), DPB(J) is loaded at the head of the I{X) loop in
subroutine ITSR.

Displacement thickness in the same units as x and is defined by appen-
dix A (see DELTA(*)). DT(1) is initialized to 0. 0 and later read in by
subroutine COTR., For IOP,EQ.4 subroutine ITFR computes DT(2)
and may reset DT(1)=DT{2} and starts the flow at I{X)=2., The re- ,
maining DT(I} are computed by subroutine ITSR initially before enter-
ing the momentum loop and recorrected in the output parameter section
after the computation of COF1, COF2, COG1, and COG2 following the
exit from the momentum -energy loop.

Scaled value of DT(1) used only by subroutine TRANS, which is called
only if TOP.EQ.1. ITSR also uses DTK(I) to compute RMTW for
subroutine TRANS. DTK(I) is computed by subroutines ITFR and ITSR,
and by subroutine NDIR in the turbulent restart re-initialization séction.

See FB(300). Used by subroutines INIR, ITFR, ITSR, and NDIR.
F(J) is computed by subroutine INTEG by summing FY{ETA)=FP(J)
and is used indirectly by subroutine VIS,



FB(300)

FBB(300)
FP(300)

FPB(300)

FPBB(300)

FPP(300)

Subroutine I'TFR loads FB(J) with F(J) for I(X).EQ.1,2 just before
the return. Subroutine ITSR at the beginning of the loop on I(X) stores
FB(J) in FBB(J) and loads FB(J) with F(J). F(J), FB(J), and

FBB(J) are used to compute the coefficients for B(300, 5) for sub-
routine PROFYL. .

Used by subroutine ITSR. See FB(300).

F'(ETA) profile, used by subroutines INIR, COTR, ITFR, ITSR, NDIR,
FILE, VIS, PROFYL, and INTEG. F'(ETA) is the velocity defect pro-
file. Initial FP(J) profile is card read in and expanded by subroutine
COTR, and then filled in by subroutine INIR on JY., I«

IABS(DOP).EQ. 1,OR. MOP.GE. 0, then FP(J) is later computed in
subroutine INIR to become the initial profile for subroutine ITFR.

F(J) is obtained from FP(J) by summing using subroutine INTEG, and
FPP(J) is obtained from FP(J) by taking the first central differences
in subroutines ITFR and ITSR and first forward differences in sub-
routine INIR. FP(J) is used in the computation of B(J,K) for sub-

‘ routine PROFYL. FP{J) is also used by subroutine VIS to compute the

effective viscosity and effective conductivity profiles, and by subrou-
tines ITFR and ITSR to compute tht local shear stress TAU(J).

FP(J) profile upstream one x~-station. FPB(J) is loaded by subroutine
ITFR just before the return and by subroutine ITSR at the head of the
I(X) loop. FPB(J) excepting FPP(1) is used by subroutine ITSR, but
not by subroutine ITFR, in the computation of the B(J,K) coefficients -
for subroutine PROFYL,

FP(J) profile upstream two I(X) stations, FPBB(J) is loaded at the
head of the I(X) loop with FPB(J) in subroutine ITSR and is used in the -
computation of the B{(J, 3) profile for subroutine PROFYL.

F'(ETA) profile obtained by first forward differences in subroutine
INIR, and by first central differences in subroutines ITFR and ITSR
excepting FPP(1). FPP(1)=FPP(1*F(JE) in subroutine ITFR for
IOP.EQ. 1,5 where IOP,EQ.5 may initially be IOP,EQ.4. FPP(1)
in subroutines ITFR and ITSR is obtained from first forward differ-
ences. FPP(J) is used in the computation of the TAU(J) profile and the
B(J,K) coefficients for subroutine PROFYL. FPP(J) is used in com-
puting the TAU(J) profile and the B(J,K) coefficients for subroutine
PROFYL, '
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FPPB(300)

GBC(100)

GP(100)

GPB(300)

GPBB(300)

GPP(300)

F'"(ETA) profile upstream one x-station. FPPB(J) is used in sub-
routine ITSR in computing the B(J,X) coefficients for subroutine
PROFYL but not in subroutine ITFR, ITSR loads FPPB(J)} at the head
of the I(X) loop.

Wall boundary condition on the energy equation either G(ETA) or
G'"(ETA), See equation (II-19D). GBC(I(X)) is read in by subroutine
COTR as part of the x-station data and is used by subroutines ITFR
and ITSR according to the integer switch MOP., GBC(I) near the origin
is computed by a linear interpolation made by subroutine COTR on the
switches ISTO(8) and ISTO(9).

Energy equation profile of G'(ETA) the total enthalpy defect ratio in
appendix A (see GY(ETA)). GP(J) is initially read in and expanded by
subroutine COTR on JDIV and then filled in by subroutine INTR. GP(J)
is not later recomputed in subroutine INIR. The following GP(J) pro-
files are compuied in either subroutine ITFR on a call of subroutine
PROFYL for the starting profile on an option or in subroutine ITSR on a
call of subroutine PROFYL. The GP(J) profile is used to compute the
GPP(J)=G"(ETA) by first differences in subroutines INIR, ITFR, and
ITSR in the same manner as for FPP(J). GP(J} is computed only once
for each convergence of the momentum equation. GP(J=1) is used to
determine the convergence of the set of momentum-energy equations.
See also GPP{300).

G'(ETA) profile is one x-station upstream and is stored just before the
exit from subroutine ITTFR and at the head of the I(X) loop in subroutine
ITSR. GPBB(J) is loaded from GPB(J). GPB(J) is used to compute
the B(J,K) coefficients in subroutine ITSR for subroutine PROFYL,
also used to compute B1.

G'(ETA) profile is two x-stations upstream from IX) and is loaded by
subroutine ITSR at the head of the I(X) loop. See GPB(300). GPBB(J)
is used only to compute the B(J,K) coefficients in subroutine TTSR for
subroutine PROFYL.,

G'"(ETA) profile obtained by taking the first differences of G'(ETA)
after the exit from subroutine PROFYL in the energy section of the
momentum -energy loop in subroutines I'TFR and ITSR and after the
computation of F''(ETA} in subroutine INIR, Both GPP(J) and FPP(J)
are used in computing DP(J) in subroutines INIR, ITFR, and ITSR as
well as by subroutine VIS for VE(J), VEG(J) in the effective viscosity
and effective conductivity corrections from equation (IV-3). GPP(1) is



GPPB(300)

GPW(100)

HT(100)

ISTO(16)

JTR(100)
LABEL(132)

M(100)

MT(100)

RDT(100)

RW{100)

used in the final convergence test for leaving the momentum-energy loop
in subroutines ITFR and ITSR.

G''(ETA) profile is one x-station upstream from the current I{X) and is
loaded by subroutines ITFR and ITSR like GPB(J). A storage array

used only by subroutine NDIR,

Value of GP{J)=G'(ETA) profile at the wall, GPW(I)=GBC(I) if
IBC.EQ.2 but GPW(I}=GP(1) if IBC.EQ.3 where IBC=ABS(MOP).
GPW(I} is used by subroutine PROFYL. For MOP, see the card input
data of table VI,

Total enthalpy thickness is in the same units as x and is defined in
appendix A (see PSI). HT(I) is computed in subroutines ITFR and ITSR
after leaving the momentum -energy loop.

Set of integer switches read in by subroutine COTR, See the comments
in the data input deck of table VI for the ISTO(K) usage. ISTO(K) is
initialized to O by subroutine INIR.

Standby set of integers not used in the current program of TUF.

Array in alphanumeric format used for a heading to identify the case at
the time of the listing of the ETA profiles. Current version of TUF
uses only 18 of these stores,

Mach number at the x-station boundary layer edge, M(I(X)). M(I) is
either loaded with U(I) from cards when U(I) on input is the Mach num-
ber, or computed from the U(I), SHR, and MR data when U(I) is the
x-velocity input. See subroutine INIR after the exit from subroutine
COTR. See also DOPF in table VL

Momentum thickness in the same units as x and is defined in appen-
dix A (see THETA). Subroutines ITFR and ITSR compute MT(J)
after the exit from the momentum-energy loop using the relation
MT{(D=DT(1)/SF(I). '

Reynolds number based on the momentuam thickness
U*DELTA(*)/U(BLE). RDT(I) is computed by subroutine ITSR in each
momentum loop and reset to match CF(I) after leaving the momentum-
energy loop. ’

Radius of the body surface expressed in the same units as x. RW(D) is
part of the x-station data read in by subroutine COTR from either cards
or tape. RW(J) near the origin is computed by linear interpolation
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SF(100)

ST(mb)

STR(100)

SW(100)

TAU(300)

TF{100)

TURB(100)

20

using ISTO(8) and ISTO(9) in subroutine COTR. RW(l) may be reset in
subroutine INIR after the read in by subroutine COTR.

Ratio DELTA(*)/THETA where DELTA(*) is the displacement thick-
ness and  THETA is the integral momentum thickness of equation
(I1-22). SF(100) is computed in subroutines ITFR and ITSR after leav-
ing the momentum -energy loop, but it is also computed in the momen-
tum loop of subroutines ITFR and ITSR.

Stanton number is defined in appendix A and is based on the free stream
to wall enthalpy differences. ST(I) is computed in subroutines ITFR
and ITSR after leaving the momentum-energy loop. ' Either ST(I)=0.0
or it ABS(B1).GT.ZERO then ST(I)=STR(I)/Bl.

Stanton number is defined in appendix A and is based on the free stream
to reference enthalpy differences. STR(J) is computed in the energy
section of the momentum -energy loop of subroutines ITFR and ITSR.

In subroutine ITSR we have STR(D=-VEG(1)*GPP(1)/D(1).

Nikuradse (ref. 16) sand grain roughness scale in the same units as x,
and read in by subroutine COTR as part of the x-station data, SW(I)
near the origin is computed by a linear interpolation made by subroutine
COTR on the switches ISTO(8) and ISTO(9).

Profile of the local nondimensional shear stress. TAU(J) is initially
computed by subroutine INIR followed by the TAU(J) computation in
the momentum section of the momentum-energy lodp of subroutines
ITFR and ITSR. Subroutine VIS uses TAU(J). Subroutines ITFR and
ITSR compute CF(I)=2.*TAU(1). :

x-Profile of the Mach number function T(iotal)/T(static). _
TF(D=1.+(1. /2. *SHR-1. *M(D*M(I). TF(100) is computed along with
either M(I) or U(I) in subroutine INIR.

Intermittency factor .GE.0 and .LE.1. TURB(I} represents the
amount of turbulence present in the flow, See comments on subroutines
VIS and TRANS. TURB(I)} is cither card read in by subroutine COTR

or computed by subroutine TRANS during the run, It is used in the
computation of the effective viscosity VE(J) and the effective conduc-
tivity VEG(J) by subroutine VIS. TURB(I) near the origin is reset on
(TOP.NE. 1. AND.I0P.NE. 7) during the linear interpolation of the
x-station data by subroutine COTR on the switches ISTO(8) and ISTO(9).
All TURB(I) are initialized to 0. 0 by subroutine INIR before entering
subroutine COTR.



U(100)

VE(300)

VEG(300)

VH(300)
VHP(300)
VHPP(300)
VW(100)

WSTO(20)

X(100)

Y(300)

Free-stream velocity at the boundary layer edge is either read in by
subroutine COTR from cards or tape or computed by subroutine INIR
from the M({I) data read in by subroutine COTR as U(I). U(I) near the
origin is computed by a linear inte_rpolation made by subroutine COTR
on the switches ISTO(8) and ISTO(9).

Nondimensional effective viscosity profile computed by subroutine VIS
on call by subroutines INIR, ITFR, ITSR, and NDIR. Subroutine VIS
is called by subroutines ITFR and ITSR from the momentum loop and
by subroutine ITSR after the exit from the momentum-energy loop pro-
vided that TOP.EQ. 1.

Nondimensioﬁal effective conductivity profile computed together with
VE(J) in subroutine VIS. See VE(300) and comment in subroutine VIS.

Working store array, temporary storage.
Working store array, temporary storage.
Working store array, temporary storage,

Transpiration velocity in the same units as U(X) and read in by sub-
routine COTR together with the other x-station data. See table V for the
density weighting. VW(I) is used by subroutines ITFR and ITSR in the
computation of B(J,K) for use by subroutine PROFYL in computing
FYETA) and G'(ETA). VW(I) near the origin is computed by a linear
interpolation made by subroutine COTR on the switches ISTO(8) and
ISTO(9).

General purpose working array read in by subroutine COTR. See the
comments in the data input of table VI. WSTO(K) is initialized to 0. 0
by subroutine INIR.

x -Coordinate X(I). It is read in from either cards or fape by sub-
routine COTR. X(I) near the origin is computed by a linear interpola-
tion made by subroutine COTR on the switches ISTO(8) and ISTO(9).

Independent variable Y/DELTA(*) normal to the wall is computed as
Y(I)=YY(IP (1. +YY(J)*CA/4.) in subroutine INIR to account for the nose
angle of an axisymmetric body. It is not recomputed later during the
run. The profile of YY(J) is both read in from either cards or tape and
completed on the JDIV interval by subroutine COTR. Y(J) is used as
the normal coordinate everywhere except by subroutine VIS which uses
a YY(J) coordinate recomputed at each I{X) wall station. However, at
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YY(300)

the starting I(X), subroutine ITFR uses the initial YY(J) completed
profile.

y-Untransformed coordinate normal to the body surface as divided by
DELTA(*). YY(J) is used to obtain the transformed y of equation
(II-7B}. YY(J) profile is read in, spaced by subroutine COTR, and then
filled in by subroutine INIR before being used to compute the Y(J) pro-
file which includes the effect of the nose angle. Later, in subroutine
ITSR, YY(J} is recomputed at each I(X) wall station using the displace-
ment thickness which in turn is also computed at each I(X) wall station.
YY(J) is recomputed only when ABS(RW(I)/DT(I})). GE.1 so that the new
YY(J) is YY(I)=2.*Y(J)/(1. +SQRT(1. +CAY(J)=CA*Y(J)) where
CAY(J).GE. -1. CA is recomputed at each I(X) station. YY(J) is used
by subroutines ITFR and ITSR to supply subroutine VIS with a normal
coordinate. YY(J) as used by subroutine VIS at the origin, in both sub-
routines INIR and ITFR, is the initial complete YY{J) not corrected
using CA.

Single Word Common Stores

This list is to be used with table II, the occurrence list of single word common
stores which shows in which subroutines each listed word is used (e.g. , initialized,
computed, employed in a computation, or listed). The following abbreviations are used
in the computer equations: enthalpy, H; boundary layer edge, BLE; at reference level,
REF, total, TOT:

ATUF
B1

BH

BK
BS
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Not used,

Initially TF(I)-1. Inboth subroutines ITFR and ITSR, but is recomputed
later in ITFR and ITSR as GPW(-TF(I}-1.)/BH/TF(I} to compute in turn
ST(I)=STR(I)/B1 in ITFR and ITSR.

Enthalpy ratio (H(BLE)TOT-H(REF))/H(BLE)TOT data constant read in by
subroutine COTR.

Clauser constant 0. 016 set in subroutine INIR and used by VIS only,

Input for initial pressure gradient from data read in by subroutine COTR.
BS is the exponent in the power law for velocity =U(X)/U(L)=(X/L)**B at
the boundary layer edge in wedge flow. See equation (II-28a). BS=1.0
for plane stagnation flow and BS-0. 0 for Blasius flow.



ATUF
bi
BH
BX
B3

co
coB
ca
cAal
CMTF
CMTG
MU
COAL
DI
Dy
DOP INTEGER
DTM
DTS
DTXM
1
DAB
ET
FPE
FPPW
T
FTU2
FV
GAM
GAMX
GPE
GFPW

—_— |

ITER

NDIR

FILE | VIS

PROFYL_[ W™NTEG

THANS

INDEX

TABLE II. - GCCURRENCE LIST OF SINGLE WORD COMMON STORES

COTR

[Subroatines FILE, VIS, PROFYL, INTEG, THANS, INDEX have no vommon. An * indicates that the labeled store at the left occurs In a Jabeled subroating ahove the *.]
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Co

CoOB

CA

CAl

CMU

COAL

CMTF

CMTG

Constant in the displacement thickness at DELTA(*) given by
DELTA(*)/L=C*(X/Ly**(1. -B)/2. (eq. (II-28b)). C is computed in sub-
routine INIR as C=8QRT(2. /(BS+1.)/RL. If IOP.EQ.4, yielding laminar
similar flow, C is recomputed in subroutine ITFR as C=F(JEM*C and is
used in computing P, Q, VP, and CF.

Coefficient used by subroutinés ITFR and ITSR in computing the coefficient
profiles B(J,K=1, 5) used by subroutine PROFYL. See equation (III-6e).

First of five cofficient functions (COB, C1B, C2B, C3B, and C4B) com-
puted in subroutine ITSR from the (I-1) and (I-2) x-stations and used by
equations (I1I-%a) and (III-9¢) to compute B(J K) for the F'(ETA) profile in
subroutine PROFYL,

Nose angle parameter (2. *(DELTA(*)/R(W))*(COS A)) used to compute the
array CAY(J)=CA*Y(J). CA is used by subroutine INIR to compute Y(J)
and YY(J). Computation of CA in subroutine INIR depends on the IOP _
option used. If IOP.EQ.4, subroutine ITFR resets CA to 0.0 and recom-
putes CA as 2 *QIXCOALAC*(X(2)-X(1))/RW(2) provided

RWSL.GE. 1. 0E~-08 where RWSL is the slope of RW(I) at the origin, In
subroutine ITSR, CA is computed in the momentum loop and is given by -
CA=CAI*DT(I).

Function (2/R(W)*COSA. A function of RW(I) used to compute CA in both
the momentum loop of subroutine ITSR and the initialization section of sub-

routine NDIR. CA=CA1*DT(I). CAl is computed in subroutine ITSR before
entering the momentum-energy loop. CA1=0.0 in planar flow,

Shear parameter. See equation (1I-34), CMU is computed before the call
of VIS. CMU is used by subroutine ITFR to compute STRX, a Stanton num -
ber gradient parameter for the starting profiles, -

" Cosine of the angle of the nose of an axisymmetric body for the starting pro-

files. COAL is computed equal to SQRT(1. -(D(RW(X)=1, 2))/DX)**2) in
subroutine INIR, and it is used by subroutines INIR and ITFR in the com-
putation of CA.

Function initialized to 1.0 in subroutine INIR and. corrected by COF2/COF1
in subroutine ITSR at each succeeding I(3X) wall station but not used in a
further computation, an indicator of the history of the ratio CQF1/CQOF2.

Function initialized to 1. ¢ in subroutine INTR and corrected by COG2/CCG1
in subroutine ITSR at each succeeding I(X) wall station but not used in a
further computation, an indicator of the history oi the ratio COG1/COG2



DI
DJ
DOP

DTM
DTS

DTXM

DX

DXB
ET

FPE

FPPW

Not used.
Not used.

Integer switch read in by subroutine COTR and used by subroutines COTR
and INIR to interpret the input data, See DOP in table VI,

Arithmetic mean value of DELTA(*)=(DELTA(*)(I(X)}-DELTA(X)(1(X) ;‘1)) /2.

Convenient storage in subroutines ITSR and NDIR for the value of the dis-
placement thickness DT(I) which is then altered to conform to the integral
of the momentum equation. In the reset section of subroutine ITSR, after
computing COF1, COF2, COGI, and COG2, DTS=DT(I).

Arithmetic average value of DTX taken between the IX) and I(X)-1
x-stations where DTX is defined as the x-derivative of the displacement
thickness DELTA(*) at I(X). DTXM is computed in subroutines ITFR and
ITSR. In subroutine ITFR, DTXM=Q-P*{1. -M(I)*M(I)) computed in the out- -
put parameter section only, after exit from the momentum-energy loop,
for use by subroutine ITSR, Subroutine ITSR uses DTXM at the head of
the IX) loop to compute DT(I)=DT(IB)+DTXM*({DX=X(I)-X(I-1)). DTXM is
then recomputed at the head of the momentum loop and is used to compute
QM at the head of thf momentum loop. '

. First backward difference in x, computed and used in subroutine ITSR. In

subroutine ITFR, DX is initialized to 0.0 just before the return to TUF.
At the head of the XX) loop in ITSR DXB=DX followed by
DX=X(I)-X(IB=I-1).

Previous DX loaded at the head of the I(X) loop in subroutine ITSR.

" Convenient store now initialized in subroutine INIR to 1.0E-08. ET is

now supplied to subroutine PROFYL by subroutines ITFR and ITSR but is
not used in the current version of subroutine PROFYL. ‘

PROF YL end value or outer boundary value of FP(J)=F'(ETA)=0.0 set by
subroutine ITFR before calling subroutine PROFYL in which FP(JY)=FPE.

Velocity gradient defect at the wall, F''(ETA=0. 0) or the inner boundary
valse used by subroutine PROFYL. FPPW is used to compute F¥(J=2) by
subroutine- PROFYL. FPPW is set to FPP(1) by subroutine ITFR before

- entering subroutine PROFYL,

Fraction of the free-stream flow that is turbulent. It is read in by subrou-

* tine COTR and used by surroutine INIR to compute FTU2=FT+*U(I}*U(])

for I=1,2. Subroutine ITSR recomputes FTE as FTE=FTU2/(U{I*U{I))
for 1=2,3,4.... Subroutine TRANS uses FTE as FT.
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FTU2

Fv
GAM

GAMX
GPE
GPPW

10

IBC

26

Convenient store egual to FT*U(I)*U(I) in subroutine INIR and used by sub-
routine ITSR to get a scaled FT in subroutine TRANS. See FT.

Convenient store for 1.-FP(J) in subroutines INIR, ITFR, and ITSR.

Square root of the ratio of the friction velocity to the {ree-stream velocity
in the starting solution. GAM equals the SQRT(TAU(1)/
(DENSITY(BLE)*VELOCITY(BLE SQUARED). GAM is initialized to 0.0 in
surboutine INIR. GAM is recomputed to SQRT{ABS(TAU(1))) in sub-
routine ITFR in the momentum loop if JOP.EQ.3,7 and is then used to
compute GAMX,

Shear stress gradient parameter in the starting sclution, See also GAM.
Profi’z end value or outer boundary value of GP{J)=GP(JY)=0. 0.

Value of GP(ETA=C. 0) obtained by subroutines ITFR and ITSR by taking
the first differences of GP(ETA) following the return from subroutine
PROFYL and computing the profile GPP(ETA). Then GPPW=GPP(1) is
used as the inner boundary value when computing the GP{ETA) on the next
momentum-energy loop iterate. GPPW is treated similarly to FPPW.

Integer or index of the I(X) wall station where final profiles at each
x-gstation are computed,

Input integer switch, read in by subroutine COTR. Subroutine INIR sets
OI=IC. CI bececies & muitiplying factor in computing CA in subroutines
INIR, ITFR, and ITSR. I0.EQ. -1 for the inside surface of an axisym-
metric body such as a jet engine nacelle, 10, EQ.0 for planar flow,

0. EQ. +1 for flow on the cutside of an axisymmetric body. OI is also
used in the computation of CAIl,

Absolute value of the integer swiich MOP, read in by subroutine COTR.
IBC is used as a skip switch by subroutines ITFR and ITSR., If

IBC.EQ. 1, the computation of the GP(ETA) profile in the energy equation
section of the momentum-energy lcop. In subroutine ITFR, if IBC.EQ.2,
then GPW(D)=GBC(I), GPPW/GPP(1), and STR(D)=-GPPW/D(1*VEG(1).
If IBC.EQ.3, then GPW/GP(1)=GPPW=-GBC(D)*D(1)/VEG(1) followed

by GPPW=-GPPW*C*RL if IOP.EQ.2, ¥ IBC.EQ.3 and IOP.EQ.4,
then STR(I)=GBC(I)/C/RL. Otherwise, STR(I)=0,0. In subroutine ITSR,
STR(I) is always computed after the exit from the momentum-energy loop
as STR(D)=-VEG(1*GPP(1)/D(1), but GPPW is not recomputed when
IOP.EQ.4 as in subroutine TTFR. Otherwise, GP(I) and GPPW are com-
puted as in subroutine ITFR.



IC

IoP

XF

Index of the critical point, which is the point at which disturbances in the
laminar flow occur and begin to amplify toward the transition point to full
turbulent flow. At and beyond IC TURB(I+1) is computed by subroutine _
TRANS if TOP.EQ.1. Otherwise, IC is determined as IC=I(X) at the lami-
nar separation point on a test of F(JEF), WSTO(2), and FPP(1).GE.0.0 by
subroutine ITSR. I laminar separation occurs, subroutine ITSR resets
ITSO(10)=6, which causes a turbulent restart in subroutine ITFR provided in
TUF ISTO(14).EQ.1. IC is initialized to IX+1 by subroutine INIR after the
exit from subroutine COTR. All points after the first critical point and be-
fore points of fully developed turbulent flow are considered critical points.
See also the single word common stores RC and IT. '

Number of stores available for the profiles on x. In the current version,
ID is set equal to 100 by subroutine INIR,

Integer switch read in by subroutine COTR. IOP is used by subroutineés
INIR, COTR, and ITFR to set up the starting conditions, profiles, and
parameters for various options such as laminar or turbulent starting flows,
See table VI, ' ' ‘

Integer initialized to 100 by subroutine COTR and listed by subroutine COTR, |
and also by subroutine INIR when POP.NE.1. IT isreset to IX)+1 after
the x-station data read in by subroutine COTR if TURB(I). GT.WSTO(13),
which is followed in turn by a reset of ISTO(10)=7 by subroutine ITSR on
completing the computations at I(X)=IT. Subroutine ITSR then exits to TUF
and to subroutine NDIR in turn which re-initializes the necessary quantities
for a turbulent restart at I(X)=IT by subroutine ITFR on the call by TUF .
T causes a relist of the profile at I(X)<IT by subroutine ITFR. In sub-
routine NDIR, IC is reset to IT for a forced fully developed turbulent flow
beginning at I(X)=IT. ‘ *

I(X) of the last data station to be computed as determined by ‘subroutine
COTR. IX either is the number of x-stations whose data is either read in
or linearly interpolated near the origin or IX=IS-1 when IS reaches 100,
If (IK-I). LE. 0 after the call of subroutine FILE in subroutine ITFR, then
ITFR resets ISTO(10)=8, which causes a case end by the main routine TUF.
Subroutine TTSR uses IX as the limit on the I(X) looping. ) :

Convenient store, Not used,

Integer index. IXF-T+1 in subroutine ITFR. It is used by SubrOti;c_ine ITSR
as the starting index of the I(X) loop.
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JD

JDIV

JEB

JEF

JEG

JM

JTUF
JY
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Dimension of the arrays nsed to store the profiles on ETA {normal to the
x-direction). Subroutine INIR sets JD=300 in the current version of the
TUF.

Integer multipli_er which is read in by subroutine COTR and used by sub-
routines COTR and INIR to increase the number of points on the YY(J),
F(J), and GP(J) profiles, See table VI,

Index of the ETA profile outer end point as used by subroutine FILE in
ligting the function profiles on ETA and by subroutine INTEG in summing
the function profiles on ETA. In subroutine INIR, JE=MAXO0(JEF, JEG)
after JY, JEF, and JEG bave been increased (by using JDIV) from the JY,
JEF, and JEG read-in values. In the present versions of subroutines
ITFR and ITSR, JE is reset to MAXO(JEF,JEG) following the return from
subroutine PROFYL, Subroutine INIR resets JEF=JY if JEF.GT.JY.

It also resets JEG=JY if JEG.GT.JY to prevent JE.GT.JY.

Last computed value of JE in subroutine ITFR on entering the IX) loop

of subroutine ITSR and the last computed value of JE at the previous I(X)
gtation thereafter. JEB is reset at the head of the I(X) loop. JE=JEB in
subroutine NDIR in preparation for a turbulent restart by subroutine ITFR.

JEF is initially the number of FP(J) points read in by subroutine COTR
which then computes JEF using JDIV to increase the number of profile
points. In the present versions of subroutines ITFR and INIR, JEF is used
to recompute JE=MAXOMJEF, JEG) after the return from subroutine
PROFYL.

Energy profile analogue of JEF, See JEF.

Integer computed in subroutine VIS, and the index J of the VE(J) profile
at which. VE(J).GT.VR where VR is a constant value of the nondimensional
effective viscosity in the outer part of the turbulent layer,

Value J-1 in subroutines ITFR and ITSR during the computation of the
FPP(J) profile. At J=1, subroutines ITFR and ITSR set JM=1 to get
FPPW at the origin by the first forward difference., The remainder of the
FPP(J) are by first central differences. The GPP(J) profile is computed
similarly.

Not used.

Initially the number of the YY(J) profile points on ETA as read by sub-
routine COTR. Just before reading in the YY(J) subroutine COTR recom-
putes the program final JY by using JDIV. JY values are the preset



KB

KMI

LOOP
LOOPF
ML

MOP
MR

NU

oI

bB

boundary values of FP{J} and GP(J). The computed JY(MAX) must be
JY(MAX). LE. 300 to continue the case. ' :

Real function initialized to 0.0 by subroutine INIR. Subroutine TRANS re-
computes KB before using subroutine INDEX to select the
KF(RDF).GT.KB. '

Upper index in the momentum and momentum-energy DO loops in sub-
routines ITFR and ITSR. Subroutine INIR sets KMI=15,

Not used.
Not used. ,

Free-stream Mach number at X=L. ML is set equal to MR in subroutine
INIR after the return to subroutine INIR from subroutine COTR where MR
is the result of either the MR card read in or a recomputation. Subrou-
tine ITFR uses ML | in the computation of Q, a parameter in equation
(I-14). See DOP in table VI. '

Integer switch read in by subroutine COTR‘. See table VI,

Reference freg-stream Mach number., MR is initially read in by subroutine
COTR but may be recomputed. See the comment in table VI, See also ML.

Nusselt number. I TOP.EQ.4, NU is computed in subroutine ITFR in the
output parameter section as NU=RL*PR*ST(2). NU is not used in a com- _
putation.

Multiplying factor. OI is set to IO by subroutine INIR. See IO, CA,
and CAl. OI isusedto compute CA in subroutines INIR and I'TFR and
also CA1l in subroutine ITSR.,

Parameter in equation (II-14). P equals x-derivative of -
U(D*DELTA(*)/U(I). Subroutine INIR sets P=BS. See BS. I IOP.EQ.4,
P is recomputed in the laminar section of subroutine ITFR ziccording to
equation (II-29a) and used in the solution of equation (II-25). If IOP.EQ.2,6
(turbulent flow), subroutine ITFR resets P=TAU(1*BS. If IOP.EQ.3,7
{also a turbulent flow), subroutine ITFR does not reset P, If

ISTO(10).EQ. 6, 7, subroutine NDIR resets P=UX*DT(I) for a turbulent re-
start by subroutine ITFR,

P parameter at I-1 x-station where PB=P at the head of the I{X) loop in
subroutine ITSR, PB is used to compute PM (average P), which is used to
compute C,, which is used to compute B(J,1) and B(J,3). PM and RM
are both arithmetic averages.
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. PQOP

PR

PRT

QB

QM

QRB

QRM
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Integer switch read in by subroutine COTR and used as a list switch. See
POP in the input data sample, table VI. POP is used by all of the main
subroutines.

Prandtl number. PR is the same constant for all subroutines, Subroutine
INIR initializes PR=0.78. K WSTO(15).NE. 0.0, subroutine INIR resets
PR=WSTO(15).

Turbulent Prandtl number. Subroutine INIR sets PRT=1. PRT is the
same constant for all of the subroutines. K WSTO(14).NE. 0.0, subroutine
INIR resets PRT=WSTO(14).

Product DELTA(*)*DENSITY(BLE)*U(I)/(DENSITY(BLE)*U(I)). Q is

_initialized to 0. 0 by subroutine INIR for the laminar flow equation (II-25).

See also equation (II-29b) for a recomputa,tion in the laminar flow section of
subroutine ITFR if IOP.EQ.4. Q is otherwise recomputed in subroutine
ITFR as given by equation (II-41) for Q as an integrated function.

Quantity Q at the I-1 x-station. QB is recomputed and used only in the
momentum loop of subroutine ITSR. QB=DTXB+PRB(1. -M(IB)*M(IB)) where
DTXB is a corrected value of the displacement thickness.

Mean value of @ and QB computed in the momentum loop of subroutine
ITSR and used only in subroutine ITSR. (Not an arithmetic mean.)
QM=DTXM+PM*(1. -. 5% (M(I)+M(IB))**2,

Quantity QB+RB at the I-1 x-station. Computed at the head of the momen-
tum loop in subroutine ITSR.

Mean value of Q+R computed and used only in subroutine ITSR.
QRM=QM+RM,

Radius parameter in equations (II-14) and (1I-25) for laminar flow.

R equals the (x-derivative of wall radius)*DELTA(*)/(wall radius) and is
initialized to 0. 0 by subroutine INIR. I IOP.EQ.4, R is recomputed in
the similar laminar flow section of subroutine INIR from RL:RDT(l), C,
the slope of RW at the origin, and from a slope multiplying function of
RW. The radius parameter R is the R(*) of equation (II-29c). For
IOP.EQ.1 or 5 and nonsimilar laminar flow, R is computed from DT(1),
RDT(1), the slope of RW at the origin, and RW(1). For all other condi-
tions R is recomputed in subroutine INIR if ABS(RW(1)/DT(1)).GE. 1.,
where R(laminar)=R{turbulent)*RDT(1). For IOP.EQ.4, R is recom-
puted in subroutine ITFR after a reset to R=0.0 by the same formula as
in subroutine INIR but with a changed value of C=F(JE)*C ona RW(I) slope



RB

RC

RDF

RDTK

RL

test. Otherwise, R remains as compufed in subroutine INIR. In subroutine
ITSR, R is computed in the momentum loop R=RX*DT(I} where RX is
computed ahead of the momentum-energy loop if ABS(RW(I)/DT(I)). GE. 1.

R is also recomputed in subroutine NDIR for a turbulent restart on
ISTO(10).EQ. 6,7 with R=RX*DT(I). ‘

Value of R at the I-1 x-station, or RB=R in the transfer section ahead
of the momentum -energy loop in subroutine ITSR.

Critical Reynolds number or Reynolds number at the point of instability.
Given by RC=DELTA{*}*(FREE STREAM VELOCITY}/(EFFECTIVE VIS-
COSITY AT THE WALL). RC is computed in subroutine TRANS. RC in-
cludes the effects of pressure gradient, heat transfer, surface roughness,
and surface curvature. At the critical point IC the quantity RDTK.GE.RC
where RDTEK is computed in subroutine ITSR.

Quantity R(DELTA(*)}) used in computing the starting profiles of both
F'(ETA) and G'(ETA) is initialized to 0. 0 by subroutine INIR. ¥ IOP.EQ.4,
subroutine INIR recomputes RDF/C*RL when RL=RDT(I), which is reset
in subroutine COTR if IOP.EQ. 4. AND.DOP.LT.0. That is,
RDT(1)=X(2)*U(2)*WSTO(3). Here U(2)=M(2). If IOP.EQ.1,5 (laminar
flow), subroutine INIR resets RDF=RDT(I) for I=1. For turbulent flow
(IOP.EQ. 2,3,6,7), subroutine INIR resets RDF to 1.0. RDF is used to
compute @ in subroutine ITFR except for the IOP.EQ. 4 option. If d
IOP.EQ. 4, subroutine ITFR resets RDF=RDT(2), since the starting pro-
file is at KX)=2. Subroutine ITFR uses RDF to compute B(J,4) for

both F'(ETA) and G'(ETA).

Local Reynolds number computed in subroutines ITFR and ITSR from the
displacement thicknesses DTK(I) and DT(I) and the effective viscosity
VE(1) at the wall. RDTK=1./VE(1)*DTK(I)/DT(I). RDTK is used by sub-
routines ITFR and ITSR to compute RMTW and by subroutine TRANS to

* compute the effect of surface roughness. If RDTK, LT, RC, in subroutine.

TRANS, TURB(I+1) remains as previously set by subroutine COTR. Other-

wise, IC=I(X) and subroutine TRANS recomputes TURB(I+1) when

RMTW.GE,RMC for all I(X) stations succeeding I(X).GE.IC.

Reynolds number used in the laminar similarity solution IOP.EQ. 4
initialized to 0. 0 by subroutine INIR. On return from subroutine COTR, sub-
routine INIR resets RL=RDT(1) and uses RL in computing P, R, and

RDF. Subroutine ITFR also uses RL .on the IOP.EQ.4 option to-compute
P, Q, R, VP, and RDT(2). '
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RM

RMS
RMT

RMTW

RXRDF
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Arithmetic average of R and RB in subroutine ITSR. It is used to compute
QRM, which in turn is used to compute C0 in the momentum loop and C7
in the energy section of the momentum-energy loop.

Not used.

Transition Reynolds number RMC+RD in subroutine TRANS where RD is
the corrected Reynolds number and RMC is the critical Reynolds number
based on the momentum thickness. Both RMC and RD are computed in
subroutine TRANS. Subroutine TRANS computes TURB(I+1) by the method of
Dhawan and Narasimha when RMTWF,.LE.RMT and resets the remaining

" TURB(I+1)=1.0 and TOP=0 when RMTWEF.GT.RMT. RMT is not tested

unless first RMTW.GE. RMC,

Local Reynolds number computed from RDTK, DTK(I), and the momentum
thickness MT(I) where RMTW=RDTK/DTK(D*MT(I). RMTW is computed
in subroutines ITFR and ITSR for use by subroutine TRANS. RMTW is

.used by subroutine TRANS when I(X).GE.IC. I ontesting RMTW the test

results in RMTW, GE.RMC, all succeeding TURB(I+1) are recomputed.
RMC is the critical Reynolds number based on the momentum thickness,
BMTW is tested only if RDTK.GE.RC.

x-Derivative of the body radius at the wall divided by the radius of the wall.
RX is a function of RW(I) and X(I}), where I=I, I-1, I+1, and used by sub-

routines ITSR and NDIR. Subroutine ITSR initializes RX=0.0 and then re-

computes R¥ when ABS(RW(I}/DT(I)).GE.l. Subroutine ITSR lists RX
each time RX is computed, Subroutine ITSR uses RX to compute CAIL.
Subroutine NDIR also computed R=RX*DT(I) in the re-initialization section.

Not used.

Specific heat ratio set to 1.4 by subroutine INIR and used by subroﬁtine ITFR
to compute DB(J) in subroutine ITFR by equation (II-32) and for B(J, 5) of
the energy equation coefficient profiles. SHR is also supplied to subroutine
VIS. Subroutine ITSR uses SHR to compute RDT(I) in the momentum loaop,
also COF1l, COF2, COGl, and COG2 later. Subroutine NDIR uses SHR to
recompute MT(IC) and CMU in the re-initialization section. Subroutine
INIR uses SHR in computing TF(I).

von Kdrmadn constant in the empirical effective viscosity term. It is set to
0.41 by subroutine INIR and used by subroutine ITFR to compute GAMX and
STRX before computing VH and VHP for Q and subroutine VIS.



STC

STRX

STUF
TO
TFR

TOP

UX

VPB

Sutherland viscosity constant in degrees Kelvin. Used in equation (II-18).
STC is set to 110 by subroutine INIR and is used by subroutine VIS,

Stanton number gradient parameter in the starting solution (see eqs. (II-37)
and {IT-39)). STRX is initialized to 0. 0 by subroutine INIR and is used by
subroutine ITFR in the solution of the approximate energy equation for turbu- -
lent similarity flow with variable properties, Subroutine ITFR computes
STRX if GAM.GT.(ZERQO=1.0E -10) when GAM=SQRT(ABS(TAU(1))}).
STRX is also used by equatioﬁs (II-32) and (I1-42) for the DB(ETA) profile,
which ig used in the determination of Q for either laminar or turbulent
flow.

Not used.
Free-stream total temperature in degrees Kelvin,

Convenient store for the function t.+((SHR-1,)/2.)*MR*¥MR where SHR
is the specific heat ratio and MR the reference free-stream Mach num-
ber. TFR is computed by subroutine INIR and then used to compute the
U(I) from the M(I) Mach number f MR,GE.0,0.O0R.DOP.LE.0. Sub-
routine INIR also uses TFR to compute CMU of equation (II-34). Sub-
roafine NDIR uses TFR to recompute CMU for a following turbulent re-
start. See also TF(I) which uses M(I) in place of MR. '

Integer switch. ¥ TOP.EQ.1 subroutine ITSR calls subroutine VIS

followed by subroutine TRANS to compute the turbulence intermittency

TURB(I+1) used by subroutine VIS to compute both the effective viscosity
and conductivity. TOP is read in by subroutine COTR but is reset to Q if

. IOP.EQ. 2,3,4,6,7 for the turbulent flow options in order to prevent a

later reset in subroutine INIR of TURB({I) and a call of subroutine TRANS

by subroutine ITSR. See the comment on TOP in the input data section,

table VI,

x-Derivative of U(I) divided by U(I), a function of X(I) and U(I) obtained
by taking a central difference, UX is computed by subroutine ITSR and
used by both subroutines ITSR and NDIR to compute P=DT(D*UX in the
momentum eguation 'loop of subroutine ITSR and in the re-initialization
section of subroutine NDIR,

Nondimensional aspiration flow at the I-1 x-station. It is similar to the
VP of subroutine ITFR but at I{X). Subroutine ITSR computes
VPB=VW(IB)/U(IB), where IB=I-1, I IABS(DOP).EQ.1 subroutine ITSR
recomputes VPB=VPB/DB(1) before entering the momentum loop,
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VPM

XT

ZERO

Quantity similar to VPB and VP and computed as a mean value in the mo-
mentum loop before the call of subroutine PROFYL. VPM is recomputed as
VPM*2, 0/(C(1)*DB(1)) if TABS(DOP).EQ. 1.

Tolerance set to 0, 005 by subroutine INIR for use by subroutine ITFR in
testing for exit from momentum loop. To exit, ABS(F(JE(ETA))-1.). LT.XT,
In subroutine ITSR, test ABS{F(JE)-1.) only if ABS((FPP(1}-FPPW)/
FPPW).LE.XT, For the momentum-~energy loop the final test for exit is on
ZERO. However, in the convergence test section note the use of XT.

Correcting factor used by subroutine TRANS. Subroutine INIR initializes
XK=0.0. In subroutine TRANS, XK is used to compute
KB=(KB*XK+DK*DX)/(XK+DX), which in turn is used in computing KK by
subrouatine INDEX. In the present version, BK=DK since XK=0, 0,

Tolerance initialized to 1. 0E-10 by subroutine INIR. ZERO is used by
subroutine ITFR as a tolerance to leave the momentum-energy loop if
ABS((GP(1)-GPW(I})). LT. ZERQ. XT is the tolerance in the subroutine ITFR
momentum loop. ZERQ is used by subroutine ITSR in conjunction with XT
to exit the momentum-energy loop on tests of GP(1), GPW(I), GPPW, and
GPP(1). XT alone is used in the subroutine ITSR momentum loop.

COMPLETE PROGRAM LISTING

A complete program source listing with detailed comments in each subroutine is
given in this section. The subroutines are arranged in the order they would have if
overlays were required. Otherwise, any order of the subroutines may be used.

Main Program TUF

$IBFTC VUF

C TUF IS THE MAIN SUPERVISORY ROUTINE FOR THE SOLUTION OF THE

C BOUMDARY LAYER EQUATIOM PROFILES AND PARAMETERS,

C TUFy THE MAIN ROUTINE, CALLS SUBROUTINES INIR, ITFR,ITSR,NDIR.
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C

c

X % & * & % & & % MAIN COMMON V-3 TUF # % % & * % % % % % % % & * *
COMMON /TUFA/ATUF,
BI300+5) s
BlyBH,BS,BK,
CH{1001,CFU100),CLIS(400},LAY(300),
CAyCAL,CCoCDB,CMTF,CMT G, CyCOAL ,CMU,
OB(300),D8B(3090},D(3G0),DP(300),0PB{300),
DT(10D),0TK(L100),
DXyDTXMyDOP4DI40JyDXB,DTMy DTS,
ET,
FB{300),FBB(300),FPBB(300),FPB(300),FP{300},F(300),.
FPP({300),FPPB{300),
FPESFPPH,FT,FV,FTUZ,
GPB{300), GPHB(300} GP(3”0)¢GPPt3OOJ.PPPB(3DO)-
GBC{1001,GPW(10C),
GPPW,GPE, GAM,GAMX,
HT(1001},
15TO(16]),
[+ICyI0,IBC,I0P,IX,IXE,IT,{XA,ID,IXF
COMMON  /TUFJ/ JTUF,
JTR(10D ),
JEgJKy My JY 3 JEF ¢ JEG JDIVJEB,JD,
K8y KMI,
LABEL(132},
‘LOOP,LDOPF,
MLID0), MTLLOD),
MOP 5 MR, ML,
NU,
Dl
PsPB,PM,POP, PR,PRT.
QB QM QRB, QRM, O,
RW{100) +RDT(L00),
RBy RMyRCyRMS,RMT Ry ROTKyRXRDF 4 RL yRMTW,RDF ¢RX
COMMON  /TUFS/STUF,
STR{100),5W(100)45F(100),ST{100},
SHR¢STC 45K, STRX,
TAULA0D ),
TURB{(130),TF(10Q},
TO,TOP, TFR,
ui100),
UX,
YE(300),VEG{30D),VH{ 30D ,VHP{300),VHPP(300),
VW(100},
VPB,VYPM,
WSTa¢201,
X{100),
XT 4 XKy
Y{300)sYY(3CO},
ZERD

W= 0@~ e ool I SR T AV i - RTR  BE e SRR B IR PR

LS R VXIS Rt I SR R Y P R T S

REAL KBy MyML MR, MT,NU
INTEGER DOP ., POP,TOP

¥ % % % % & & & *END OF MAIN COMMON TUF=V3% % % % % # % % % % % & % %

DIMENSION KSTOP(5)
DIMENSION XMAS(10)
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101

OO0

eNaNe

134

o0

O IxNaNeNa¥eNe! OO O0O

OO0

IF

GET THE BOUNDARY CONDITIOMS AND X-STATION DATA.
INITIALIZE THE ARRAYS,PROFILES,PARAMETERS,
RETURN TO HERE ALSD FOR THE NEXT CASE,

WRITE (6499)

CALL INITRIKSTOP, XMAS }

If THE MODIFIED PROFILES OF EITHER F*{ETA),G'{ETA},
YUETA) HAVE TUD MANY POINTS (JEF,JEG,JY)*JDIV.GT.300
GO TO THE NEXT CASE,

IF ( ISTO{10}.EQe9 ) GO TO 101

GET THE STARTING PROFILE, EITHER LAMINAR OR TURBULENT
ENTER HERE ALSO FOR A TURBULENT RESTART AFTER AN EXIT
FROM SUBR WNDIR.

WRITE (6,99)

CALL ITFR

IF T.LE.IX OR ONLY THE STARTING PROFILE IS TN BE
COMPUTED GO TO THE NEXT CASE.

( ISTO{10).EQ.B ) GO YD 101
COMPUTE ALL X-STATION PROFILES AND PARAMETERS EXLEPT
THE STARTING PROFILES,PARAMETERS,.
CALL ITSR '

LIST THE TABLE OF X-STATION WALYL PARAMETERS, THE

TABLE OF CORRECTION COEFFICIENTS (CLIS}AND

RE~-INITIALIZE THE NECESSARY QUANTITIES AT 1(X)=IC

ON EITHER A FORCED TRANSITION TO TURBULENT FLOW OR

A LAMINAR SEPARATION WITH ISTO(14).EQ.1 FOR A

TURRBULENT RESTART IN SUBR ITFR CN A CALL FROM TUF.
CAaLL MDIR

If ISTO(10).EQ.% GO TO THE NEXT CASE ON COMPLETING
ALL X-STATIONS.
IF ISTO(10).EQ.5 GO TO THE NEXT CASE AFTER A NON-
SCHEDULED CASE END ON F(JEF) oL To000e0RF(JEF)LGT.
H5TO{2) UNLESS TOP.EQs1.AMD.I.LT.IX. (A CALL OF SUBR
TRANS DID NDT QCCUR},

IF { ISTO(L0).EQe%.0OR.ISTO{10).EQ.5 ) GO 70O 191
TO PREVENT A TURBULEMT RESTART AFTER A LAMINAR
SEPARATION SET 15TO114).NE.1l. '

IF { ISTO{10).EQs6.AND. ISTD(14).NE.1 ) GO TO 101

ENTER SUBR ITFR FOR A TURBULENT RESTART ON EITHER
A LAMINAR SEPARATION AT I{X)= IC DR A FORCED
TRANSITION AT 1{X)= IC,

GD 1O 134

99 FORMAT (1H1)
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$18FTC AGID

] [aEeNalel O g}

OO0 O0N GO

104

oOOo

OO0

105

Subroutine AGIR

SUBROUTINE ASIR

SUBR AGIR RE

ADS AND LISTS THE COMMENT ACCOMPAMYING THE DATA INPUT,

SUBROUTINE A6IR [$ CALLED BY SUBROUTINES INIR,COTR,ITFR,NDIR.

ABBREVIATION

S.I L]

LHS LEFT HAND SIDE.

RHS RIGHT H
cC CARD CO

DIMENS ION

LCTR= D

AND SIDE.
LUMN

IS50R {22)

COUNTER FOR LINE NUMBERING.

ENTRANCE TOQ THE INITIAL LODOP,LST MAIN, FOR CARDS OFfF
TYPE O TO BE LISTED CC1-T2 WITH A LINE COUNT.

ALSO FOR THE MAIN INDEX CARD WITH THE DISCRIMINATORS.
CARDS READ-IN 8Y THIS LOOP ARE CALLED GROUP 1.

THE 1ST 2 WORDS ARE USED BOTH AS LIST AND TEST
WORDS AY THE INITIAL LOOP, THE 13TH WORD AS A
DISCRIMINATOR WORD IS USED BY THE INITIAL LOGP ONLY.
{F THE 2ND MAIN LOOP 1S ENTERED THE 15T 3 WORDS OF
THE LAST CARD READ-IN BY THIS LOOP BECOME THE INDEX
ODISCRIMINATOR WORDS.

READ  (5,997) ( IS0R{K}y K= 1lsl14 }
TROT=ISOR(1L}
IviS= IS50R(2)
IVLE= IS0R(3)

THE 4TH INDEX DISCRIMINATOR WORD, IRFT IS A TEST WORD
TO LIST A FORTRAN IV CARD CC1-72 ON THE PAGE LHS WITH
CARRIAGE CONTROL AND LINE NUMBERING. A TYPE 0 CARD.

IRFT= ISOR{13)}

IF TRUE THIS CARD IS THE MAIN INDEX DISCRIMINATOR
CARD FDR THE FOLLOWING GROUP 2 CARDS.

IF { IRFT.EQ.IROT ) GO TD 104
LCTR= LCTR + 1 ]
LIST A TYPE O CARD. ,
WRITE (6;994) {ISDR{¥}, K= 1,12 ) , LCTIR
IF ( IRFT.EQ.IVLS ) RETURN

GO TO 104

L2 = 3 R

RETURN TO THE INITIAL LOGP READ.

FOR A DECK TO READ AND WRITE ONLY TYPE O CARDS FOLLOW

THIS CARD WITH THE 994 AND 997 FORMAT CARDS AND THEN

THE END CARD. OELETE THE REMAINDER OF THE DECK.

ENTER THE 2ND MAIN LOOP THE 15T SuUB LOOP Bk LR LS
LIY WHEN RESEY TO 1 8Y A CARD IN FRONT OF

A SUB~DECK OF CARDS ENABLES THE DECK TO BE LISTED

ON THE PAGE LHS WITHOUT CARRIAGE CONTROL PROVIDED

ALL CARDS OF THE DECK HAVE CCl-6 NOT IDENTICAL WITH

THE 3RD INDEX DISCRIMINATOR WORD. THE LST CARD

SUCCEEDING THE SUB-DECK RESETS LIV TD 0 PROVIDED
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FTHE CARD 15T WORD S IDENTICAL WITH THE 3RD INDEX
DISCRIMINATOR WORD.

CARDS BELONGING TO THE S5UB-DELK WHOSE 15T WORDS MATCH
EITHER THE 2ND DR 3RD INDEX DISCRIMINATOR WORDS

WILL LIST ON THE PAGE LHS WITH CARRIAGE CONTROL.

LIV MUST BE O TD ENABLE A RETURN TO THE CALLING
ROUTINE, DR A TRANSFER TO THE 2ND SUB-LODP WITH A
RETURN TO THE 1ST SUB-LOOP ENTRANCE FOR A CARD READ,.
THE 15T AND 13TH WORDS OF THIS READ-IN BECOME TEST
WORDS IN THE 1ST SUBR-LODP, HOWEVER, THE TEST FOR A
RETURN PRECEEDS THE TEST DN THE 13TH WORD. IF THE
13TH WORG IS TESTED THEN A MATCH WITH THE 1ST INDEX
DISCRIMINATOR WORD CAUSES A PICK UP OF A TYPE

2 CARD TOD COMPLETE A FULL LINE CF PRINT,122 COLUMNS.
THERE IS NO RETURN TD THE INITIAL LOOP FROM THE

2ND MAIN LOOP. CARDS READ-IN BY THIS LODP ARE
CALLED GRDUP 2 CARDS WHICH WITH THE EXCEPTION
MENTIONED HAVE THE TEST WORD IN (Cl-6.

sEeEalaielsNalnl sl aNa NN ool ale e

EXCEPTING THE RETURN CARD THE CARDS READ AT EFN 107
LIST EITHER AS A TYPEl CARD, CCl-42, OF A FULL LINE,
OR AS A TYPE 4 OR 5 CARD LISTING ON THE PAGE LHS
CC1l-80 WITH OR WITHOUT CARRIAGE CONTROL., ANY CARD
READ-IN AT EFN 1027 RETURNS CONTROL TO THE CALLING
ROUTINE IF Liv= 0, AND CCl-6 IS NOT IDENTICAL WITH
EITHER INDEX ODISCRIMINATOR WORDS 2 GR 3 BUT [S
[DENTICAL WITH THE INDEX ODISCRIMINATOR WORD 1.
NMEITHER RETURN NOR TRANSFER CARDS ARE LISTED,

OO0 OO

106 LCTR= O
LIV D
RE-ENTER HERE EITHER FROM THE 2ND SUB-LOOP ON A
TRANSFER CARD DR AFTER LISTING CARDS DF TYPES 4,5,
107 READ {5,997) (1S0R {(K})y K= 1,14} -
IRIT= ISOR (1)
IF { IRITLNE.IVLS ) GO TO 115
114 S Live 1
o GO TO LIST PAGE LHS CCl-80 WITH CARRIAGE CONTROL, A
c TYPE & CARD,BEFORE RETURNING FOR ANDTHER CARD READ.
GO TO 119 '
115 IF { IRITJNELIVLE ) GO TO 117 _
c RESET THE SWITCH TO EXIT FROM THE TYPE 5 LIST LQOOP.
116 LIv= 0
GO TO 119
117 IF ( LIV.EQ.O ) GO 1O 118
LCTR= LCTR + 1}
LIST OM PAGE LHS CC1-80 BUT WITHOUT CARRIAGE CONTROL.
LIST A TYPE 5 CARD.
1171 WRITE (6,4995) (1SDR {K)y K= 1,14}, LCTR
RETURN TO THE 1ST SUB LODP ENTRANCE FOR ANOTHER READ.
THE NEXT CARD CAN BE EITHER A TYPE & DR 5 CARD.
GO TO 107
IF THE 1ST WORD DF THIS CARD,CCl-6, IS IDENTICAL WITH
THE 1ST WORD,CCl-64 OF THE INDEX DISCRIMINATOR CARD
THEN RETURN TO THE CALLING ROUTINE. THIS IS THE
"EXIT FROM A6IR AFTER THE 2ND MAIN LOOP 15 ENTERED.
LIV MUST BE O TO MAKE THIS TEST.
118 IF t IRIT.EQ.IRQT ) RETURN
1181 IRFT= ISOR(13)
IF { IRFT.EQ.IRQT } G0 TO 121

o0

aNeEnEeNel gl e (aNel
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e Rala

OO0 Qoo Xyl [a Nl

[ale]

119
1191

121

1211

122

1221

994
995
396
997
998
993

LIST THE LHS OF THE PAGE CC1-80 WITH CARRIAGE CONTROL
AND THEN RETURN TO THE 157 5UB LOOP ENTRANCE fOR
ANOTHER CARD. LIST A TYPE & [ARD.

LCTR= LCTR + |}

WRITE (64999) (ISDR (K)y K= 1,14 }, LCTR
RETURN TQ THE 15T SUB LDOP ENTRANCE FOR A READ-IN.
THE NEXT CARD MAY RE EITHER A TYPE 1 DR 4.

GD TO 107
READ-IN A CARD TD RE LISTED AS THE RHS OF A FULL LINE
WITH CARRJAGE CONTROL., A TYPE 2 CARD. LIV MUST BE 0.

READ ( 5,997) (ISOR (K)y K= 8,21 )

LCTR= LLTR + ]
LIST A FULL LINE WITH CARRIAGE CONTROL.
LIST COLUMNS 1-42 ARE FROM A TYPE 1 CARD WHILE LISTY
COLUMNS 43~122 ARE FRDM A TYPE 2 CARD. LIV= O.
WRITE {64996) ( ISOR (K}, X= 1,21}, LCTR '
bk d ENTER THE 2ND SUB-LOOP OF THE 2ND MAIN LOOP Kk
THIS LODP CAN BE ENTERED ONLY IF LIV= O.
READ (5,997) ({ISDR (K)y K= 1l.14)
IRIT= ISOR (1)
THE CARD JUST READ-IN IS CALLED THE TRANSFER CARD IF
A MATCH OCCURS.

IF ( IRIT.EQ.IROT } GO YO 107
LCTR= LCTR + 1
LIST ON THE PAGE RHS CCl-80, A TYPE 3 CARD.

WRITE (6,998) (ISOR (K}, K= 1,14 ), LCTR
THE NEXY CARD WILL EITHER BECOME A TRANSFER CARD DR
' LIST AS A TYPE 3 CARD,.
GO TO 122

FORMAT { 1246, 15X, 14 )
FORMAT (1X,13A6,A2:45X, 14 )
FORMAT ( 20A6,A2:4X,14 }
FORMAT { 13A6,A2}

FORMAT { 42X413A6,A2:4Xs14 )
FORMAT { 13A6,A2,4TXy14 )

END
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Subroutine VIS

$IBFTC VISD

SUBROUTINE VIS (JE, JY, JD., YY, FP, FPP, GPs GPP, D, DP, TAU,
1 VHy VHP, TURB, SW, CW, SHR, 8H, STCy 0, TF, RDT, DT, FJE,
2 PRy PRTy JK, VE, VEG, ISTO )

c SUBROUTINE VIS COMPUTES THE EFFECTIVE VISCOSITY AND CONDUCTIVITY
c PROFILES FOR BOTH LAMINAR AND TURBULENT FLOWS,
c SUBROUTINE VIS IS CALLED BY SUBROUTINES INIRLITFR,ITSR,NDIR.

DIMENSION ISTO{16)

DIMENSION YY(JD), FP(JD]}, FPP(JD), GP{JD}, GPPLJID), D(JD)}, DP{JD)
DIMENSION TAULJD), VH{JD), VHP(JD)y VE(JD), VEG(JD)

DATA S1G3, SK, BK/ 328,51, 0.41, 0.016/
DATA ZERD/ 1.0€-107

JK=JE
C SUTHERLAND VISCOSITY LAW EQUA I1-18,
c THE LAMINAR VISCOSITY TERM IS GIVEN BY VH{J1/RDT,
DO 100 J=1,0Y
VH(J)=D(Jl**Z.S*(l.ITF+STCITD)I(DIJ)/TF+STCITO)
109 CONTINUE

C IF TURB(I} .LT.D THEN THE EFFECTIVE VISCOSITY 1S
c - RESET= THE LAMINAR VISCOSITY,
IF (TURBL.LT.ZERO) GO TO 420

c TEMPORARY STORAGE.
B0 126 J=1, J€
VHP{I)=14-D( )% (1a=FP(J)}
127 CLONTINUE
CALL INTEG (JE, JD, YY, VHP, 0.0, VHP)
VR=VHP{JE) /FJE®BYK
GAM=SQRT(ABS(TAU(1) )*D(1))
YPS=SW/DT#RDT/VH(1)*GAM/30.0
1 *ll.0+3.D*EXP(-SN/DT*RDT/VH(ll*GAM/150.0J)

COMPUTE THE TURBULENT VISCOSITY TERM, STORE IN VE(J),
LOAD VEG(J) WITH THE TURBULENT CONDUCTIVITY TERM,
SET THE VISCOSITY CORRECTION TERM, VHP(J), = 1,

DO 200 J=1, 4y ‘

JK=J

CHI=SK*(RDT!VH(JJ*YY(J!*SQRT{D(J)#ABS(TAU(J)ll*YPS)

CHII=CHI*CHI*CH]

VE(J!=VH(J]*(l.+CH13*CHII{CHI3+SlGB))IRDT

VEG(J)=VE1J)/PRT+VH(J)*{I.IPR-I.IPRT)IRDT

VHP(J)=1,0

IF {VE{J).GT.VR} GO TO 210

200 CONTINUE
60 TO 300

OO >
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OMO OO0 ONOOONO00 O

216

229

300

301

©

CONTINUE COMPUTING THE TURBULENT VISCOSITY AND

CONDUCTIVITY TERMS FOR THE REMAINDER OF THE PROFILE.
CONT INUE
DO 220 J=JK., JY
YE(JI=VR
VEG{J)=VR/PRT
VHPLJ)1=1.0
CONT INUE
IVEL= 1

TO HERE ALSO [F THE OUTER FUNCTION IS5 SKIPPED.
CONTINUE
IF (ABS{CW)«GE.1.0E~10) RECOMPUTE THE EFFECTIVE
VISCOSITY CORRECTION , EQUA, Iv-2.
IF (ABS(CW)LTLZERD) GO TO 370
EFFECTIVE VISCOSITY CORRECYION VHP{J}.
DO 310 J=1, JY

RESET FROM VHP{J)=1,
VHPLJ)=0,0
: IF FPPV.LT,1.0E~-10 THEN VHP(J]) REMAINS Oule
EPPV=0DP{J)%(1.=FP(J))=D(JI*FPP{J)
IF (ABS(FPPVILLT,.ZERD) GO TO 310
Fov=D(J)*x{1l.,~FP(J})
BM={TF~1.,}/TF )
CU={DT/CH)XFPV/FPPV
Bl=1.-CU
DC=—FPV/FPPV.{BHXGPP(J)+2,*BM*FPPVEFPV}
1 {1.-BH*GP({J) - BH*FPV*FPV]’PRT
82=1.~CU%(1,+DC)*B1
IF [ABS{Bl*B2).LT,ZERQ) GO TO 310
B3=1.,-CUx{1l.+DL)
Ba=(le.-CU*(1.4DC)I1/BL
1F (B4.,LT.ZERO} GO TO 310
B5=1e=440%{1a+CUY*{ 1. +0C)I*CUFB2
IF (85,LT.ZERD) GO TO 310
VHP(J)= EFFECTIVE VISCOSITY CDRRECTIUN-

- VHP{J)=SQRT{(B4) *B5%*] . 5*ABS(B1}

310

370

CONTINUE

IVvEL= 2

IF TO HERE FROM EFN 301 VHP{J]=].

CONTINUE :
TURB IS THE TURBULENT VISCOSITY FACTOR AND = D
FOR FULLY LAMINAR FLOW. TURB COMES FRDM EITHER
SUBR COTR OR SUBR TRANS.
TURB{I) UNCORRECTED FOR THE LONGITUDINAL CURVATURE,
VHP{J), IS GIVEN BY EQUA IV-4.
EFFECTIVE VISCOSITY= TURB!IJ*VISCUSITY(TURBULENYI +
{ 1. - TURB(I)I*VISCOSITY(LAMINAR),

THE EFFECTIVE VISCOSITY = TURB#(VISCUSITY(TURBULENT)-

VISCOSITY(LAMINAR)} + VISCOSITY (LAMINAR),
DO 380 J=1, JY
‘ VE(JI= THE CORRECTED EFFECTIVE VISCOSITY FROM

EQUAS Iv-2, IV-4 ',
VE(JI=TURBEVHP I J V% {VE(J )=-VHIJ}/RDOT b+VH{J} /RDT

VEG{J)= THE CORRECTED EFFECTIVE CONDUCTIVITY FROM

EQUAS IV-2.,[V-4 AND IS GOTTEN FROM THE VISCOSITY

RELATIONS BY REPLACING VE(.J) WITH VEG(J) AND THEN
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380

409

420

421

o O o O

423

42

DIVIDING BY ROT.
VEG(J)=TURB*VHP (J)*(VEG(J)=VH{I}/PR/RDTI+VH(J) /PR/RDT

CONT INUE

IVEL= 2

GO TO 421
BOTH THE EFFECTIVE VISCOSITY AND CONOUCTIVITY BECOME
LAMINAR IF TURB(I) HAS BECOME .LT.0.0.

CONTINUE

D0 420 J=1, JY
VE{J)=VH{J)/RDT
VEGIJ)=VE{J) /PR

CONT INUE
IVEL= 3
IF  (ISTO(S)EQ.0 ) RETURN :
EFFECTIVE VISCOSITY AT THE WALL,
IF ( VE(1}.EQ,0.0 ) GO TO 423
EFFECTIVE CONDUCTIVITY AT THE WALL,
IF  (VEG(1).EQ.0.0 ) GO TO 423
EFFECTIVE VISCOSITY CORRECTION AY THE WALL FROM THE
RECOMPUTATION OF VHP(J)s ABSI{FPOV) LT.1,0E~10,
IF  (VHP(1).EQ.0.0 ) GO TO 423
LAMINAR VISCOSITY AT THE WALL.
IF 1 VHI1).EQ.0.0 ) GO TO 423
RETURN

WRITE (&691) IVEL,VE(L),VEGIL)sVHP(1),VH{1)

RETURN

FORMAT  (1HO,5HIVEL= 13, 3X, THVE(1l)= 1PE9.2, 3X, 8HVEG(l)= EF.2,
3Xy BHVHP{1l)= E9.2, 3Xy THVH{1)= E9,2 }

END



Subroutine INTEG

$IBFTC SUMD

OO0

110

120

SUBROUTINE INTEG (JE, JDy Y, SD, FIRST, S}

SUBROUTINE INTEG COMPUTES AND LOADS THE SUM OF SD{(J) INTOD S{J) BY
THE TRAPEZOIDAL RULE.

SDLJ) AND S{J) HERE ARE DUMMY VARIABLES FOR THE FP,GP,VH.VHPP

AND OTHER PROFILE VARIABLES IN THE CALLING SUBROUTINES.

SUBROUTINE INTEG IS CALLED BY SUBROUTINES INIR,ITFR,ITSR,VIS.
DIMENSION Y(JD},y SD(3D}y S5(JD)

JEM=JE-]
sp2= S5Di1}
St= FIRST
St1y= 51

DO 110 J=1, JEM

S01= SD2

$02= SD{J+1)

Sk= S1 + (Y(J+#1} = Y{JI} =* (SD2 + SO1} / 2.
StJ+l}= 51

CONTINUE

IF (JELGE.JD) RETURMN
DO 120 J=JE, JO
S(J)=  S{JE)
CONTINUE

RETURN

END
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Subroutine FILE

$IBFTC DFILE

o [ g Ny

101

102

11}

112

OO (] ()

SUBROUTINE FILE [(LABEL, I, YV, F, FP, FPP, GP, GPP, D, DP,
1 VHy VHP, VHPP, TAU, VE, VEG, SHRy BH, PR, PRT,
2 Xy Uy My TURB, RW, VW, SW, (W,

3 RDT, DT, MT, HT, SFy CFy ST, STRy IDs JE, JY2JD,JOIV,ISTOWSTO)

SUBR FILE LISTS THE MOMENTUM AND ENERGY EQUATION PROFILES ON Y AND

THE I1{X) WALL STATION PARAMETERS AT EACH I{X} STATION ACCODRDING
TO THE ISTO(K} AND WSTOCL1) LIST OPTIONS.

SUBRDOUTINE FILE IS CALLED BY SUBROUTINES INIR,ITFR,ITSR,NDIR.

REAL M, MT

DIMENSION YY{JD), BB{13]), LABEL(132), ISTO{16),WSTO{20}
DIMENSION F{JD},s FP{JD}, FPP(JD)y GP(JD}, GPP{JD), DCJD}, DP(JD)
DIMENSION VH(JO)y VHP(JD}, VHPP{JD),s VE{(JD}y VEGLJD}, TAULID)
DIMENSION X(ID), U(ID}, M{ID}, TURBC(ID}, RW{ID}, VW{ID}, SW{ID},
1 CWL{ID) ‘
DIMENSION OT(ID), MT{ID)y HT(ID}, SF{ID}, RDT(ID)
- DIMENSION CF(ID), ST(ID), STR{ID)

ISTO(T) IS EITHER CARD READ IN BY SUBR CDTR OR SET
AND THEN RESET BY SUBRS ITFR,ITSR.

IF © I.NE,ISTO(T) ) GO TO 101
GO TO 102
IF 1 ISTO(2).EQ.-1 ) RETURN

IF ISTO(4),EQ.1 THEN LIST THE SECONDARY PROFILES,
IF ( ISTO(4).NE.O )} GO TO 111

HEADING FOR EACH It(X) WALL STATION.
WRITE {6,15) (LABEL(K), K=1,1B)
WRITE t6,16) X{1}), UlI)y MII}, RDT{I)
WRITE (6,17) TURB(I)y RWUIL)y VWII)y SWEI},y CWLT)
WRITE (6418) DT(I), MT{L), HT(I}, SF{I), CFL1), ST(I)
WRITE (6,19} BH, PR, PRT, SHR

XNGD= X{I}

IF { WS5TO(10)4NE.D.O ) XNDD= X{I)/WSTO(10)
. XNOD IS X{I) NON-DIMENSIONAL.,

HRITE {6,20) X{ 1),XNOD,I,JE,ISTO{1D)

SET WORKING LIST SWITCH.
1WSH= ISTO(2)
THE STANDARD LIST INTERVAL.
JPTS=  ISTO{3)%JDIV
TD LIST AT THE JDIV INTERVAL A SELECTED PROFILE
FROM EITHER SUBR,ITFR,ITSR,
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114

IF

IWSE=

LSPT=

ItL=

TO LIST THE FINAL PROFILE OF THE CASE,AFTER THE CASE
BECOMES TURBULENT {THE PROFILES GO DUT OF BDUNDS!.
ISTO(LO)oEQo500R.ISTO{10)EQub ) 1HSW= 3

IWSE IS FOR THE LISTVING OF THE END PDINT OF THE
SECONDARY PROFILES.
JE

IMITIALIZE THE LIST COUNTER FOR EITHER INTERVAL OR
POINT, HERE FOR POINT.
i

INITIALTZE THE COUNTER FOR THE STATIONS BEYOND
THE IWSTD{(1l)} PROFILE AMPLITUDE LIMIT,

LIST THE PRIMARY PRDFILES.

DO 119 J4=1, JE, JDIV

IF

SEE EQUA., T1I-7B, THE NDRMAL COORDINATE,

BBIL)=YY(J)
X VELOCITY RATIO U(Y)/ZU{(BLE),
BBI2)=D(J)%#(1.~FP(J))
TD LIST THE PROFILES DURING THE VELOCITY DVERSHOOT.
IF ( ISTO(4).EQ.0.AND.BB({2).GTals } IWSW= 3 -
TO LIST AT ALL LSPT STATIONS TO JE.END OF PRDFILE.'
IF { INSW.EQ.D ) GO YD 116 .
TO LIST AT ALL JDI¥ STATIONS TO JE.
IF { [WSW.EQ.3 ) GO TD t1&
TA LIST THE PROFILE INITIAL STATION.
IF ( J.EQel ) GO TD 116 -
IWSW HERE IS FROM ISTO(2) ONLY. TEST FOR LIST
CUT-OFF ON REACHING THE AMPLITUDE LIMIT.
IF  ( BB{2)aLToWSTO(1)ANDLIWSW.EQal ) GO TD 119
IWSW.EQe2 IS5 FROM ISTO(2) ONLY., TEST FOR LIST
CUT=-OFF OM REACHING THE AMPLITUDE LIMIT,
{ BB{2)elT.WSTO(1),AND.IWSH,EQ.2 ) G0 TO 116
TO BYPASS THE PROFILE AMPLITUDE LIMIT COUNTER
EXCEPT ON ISTO({2).EQ.2.
IF ( IWSW.NE.2 ) GO 70 115 A
PROFILE LIST POINTS COUNTER FOR LISTING AFTER THE
PROFILE AMPLITUDE LIMIT HAS BEEN EXCEEDED.
fLL= 1Ll « 1 _
ISTO(4) [S THE SWITCH SET IN SUBR COTR TO LIMIT THE
IF { ILLoGTol.ANDGISTO(4)oNELD ) GO TD 119
GO TO 116
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118

119

121

INITIAL IWSE= JE. TD HERE ON ISTO(2).NE.2.
IF { IWSE.NEJJE ) G0 TO 119

RESET IWSE FOR THE LISTING OF THE SECONDARY PROFILE
ON ISTO{4)NE,Y TO THE END POINT OF THE MAIN PROFILE.
IwsSE=  J
BBIK),; 5= 3,4,5 FOR THME MOMENTUM PROFILES.
BB(31=F(J) :
BB{4)=FP(J)
BB(S)=FPPLJ)

THE DENSITY PROFILE,
pai6)=D0J)

" BBUK), K= 7,8 FOR THE ENERGY EQUATION PROFILES.
BB(T)=6P{J)
88L(R)=GPPLJ]

LIST THE INITIAL POINT EXCEPT ON ISTO(2).EQ.-l.
IF { J.EQ.1 ) GO TO 117

TO LIST ON EACH ¥ DATA INPUT POINT (AT JDIV) INTERVAL
SEE Y ARRAY IN SUBR CDTR LISTING OF INPUT DATA,

IF { IWSW.EQ.3 ) GO 70 118

TO LIST AT LEAST 1 PROFILE POINT BEYOND TYHE PDINT
(O0F PROFILE AMPLITUDE .GT.WSTO(1l}.

IF ( ILL.EQ.L1 1} GO 70 118
LIST ONLY AT JPTS INTERVAL= IS5TD{(3)%JDIV.

IF { JaNELLSPT ) GO TO 119

- THE LIST Y STATION COUNTER.
LSPT= LSPT + JPTS

ONE LINE OF DATA
WRITE 1{6,21) J, (BB{K), K= 1,8 )

RETURN TO THE LOOP HEAD TD LIST ANDTHER LINE OF
THE PRINARY PROFILES. : ’

CONT INUE

RETURN IF LISY DOF SECONDARY PROFILES IN NOT WANTYED,
IF t ISTOl4).EQ.L ) RETURN

FOR THE LISTING DF THE SECONDARY PRODFILES.
WRITE (6+422)

Jz= 1
IF  { IWSW.EQ.+1l ) GO 1O 131
GO T 132
LIST ONLY THE END VALUES OF THE PROFILES WHEN IWSW=1.
J2=  IWSE

FOR THE 157 POINT OF THE PROFILE TO BE LISTED,
TO CONTINUE THE LIST ON POINT INTERVALS FROM THE
157 POINT LISTED.

IWSW= I5T0(2)
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oo oO0OOn

Lse

INITIALIZE THE LIST COUNTER.
T= 1 .

LIST SECONDARY PROFILES WITH THE INITIAL POINT AV
EITHER 1 QR PROFILE LIST END POINT.

DD 136 J= J42,IWSE,JOIV

IF
IF
IF

IF TRUE,LIST ON EACH JPTS ETA STATION YO JE= PROFILE‘
END STATION.
INSWLEQ.D ) GO YO 133

LIST THE INITIAL PROFILE STATION
JoEQel ) GO TO 133

IF TRUE,CONTINUE LISTING ON EACH JPTS ETA STATION. .
IWSE«GEeJ ) GO 70 133

TD END THE PROFILE LIST AT CURRENT 1{X)} WALL STATION,.

IF [ IWSW.EQ.-1 ) RETURN
TO END PROFILE LIST ON THE NEXT ETA LIST ITERATE.
INSW= -1
NON-DIMENS IONAL SHEAR STRESS,
BB(1)= TAULY)
EFFECTIVE VISCDSITY,
BB(2)= VE{(J) R
X DERIVATIVE OF THE DENSITY,
BB{3)= DOP(J}
BB(4)= (1.~FP(J)} * DP{JI/D(J)
ON CALL FROM SUBR ITSR AND IF TOP.EQels THEN VH,VHP, -
VHPP ARE FROM SUBR TRANS. OTHERWISE VHyVHP,VHPP ARE .
FROM SUBR INTEG..
ON CALL FROM SUBR NDIR VH,VHP,VHPP ARE THE SAME AS
FOR THE CALL OF FILE BY SUBR ITSR.
ON CALL OF FILE BY SUBR ITFR VHP,VHPP ARE FROM
SUBR INTEG AND VH IS FROM SUBR PROFYL.
DN CALL OF FILE BY SUBR INIR VH,VHP ARE FROM SUBR VIS
. AND VHPP IS FROM SUBR INIR,
BB(5)= VHPP(J)
BBLS)=  VH(J}
BB(T)= VHP(J)
CONDUCTIVITY,
BB(8)= VEGLJ) :
IF TRUE,LIST THE INITIAL PROFILE POINT AND ADD TD
THE IST COUNTER,
IF ( J.EQ. 1) GO TO 134
IF THIS INSTRUCTION IS REACHED LIST AT LEAST 1 ETA
PROFILE STATION,
IF  ( IWSWoEQe-1 } GO TD 135
LIST ON THE LSPT ETA STATION AT JPTS INTERVAL.

IF . JJNE.LS5PT ) GO TO 136
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135
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136

15

16

17
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19

20

21
22
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i

1
2

1

2

LSPT=

WRITE

CONTINUE

RETURN

ADD TO THE LIST COUNTER.
*IPT + JPTS

LIST A LINE AT AN ETA STATION.

16'21) J ] ‘BB‘K]’ K=1,8’

RETURN TO THE LOOP HEAD TO LIST ANOTHER LINE,

FORMAT ( A4, 44X, 27HBOUNDARY LAYER PROFILES FOR /1X,17A4 )

FORMAT (1Xs3HX =, F9.4, 35X,

3X,

FORMAT

3HU =, F9.3, 3Xy 3HM Sy F612|

5HROT =, 1PE%9.2)

24Xy 6HTURB =, F5.,3; 4X, 4HRW =, 1PE9.2, 4Xy.

4HVIW =y E9.2, 3X, 4HSW =, E9.2, 3Xy; 4HCW =, E9.2)

FORMAT

‘ZDX. GHDT =y IPEQQZQ IX,

HHMT =y E9.2' 1X, 4HHY = 59.2' lx' 4HSF =y E9-2r IX’
4HCF =, E9.2, 1Xs 4HST =, E9.2)

FORMAT

(

32Xy 4HHR =, 1PE9.2, 3X, 4HPR =, E9,2, 3X,

5HPRT =, £9,2, 3%, SHSHR =, DPF5.2}

FORMAT

4

S

2
3

FORMAT

FORMAT

END

(1HDy3HX= F10.443Xs6HXNOD= F1l0.4,3X,6HI{(X)= 13,3X,4HJE=
4y 3X,10HISTOC10)= 13 /

1Xe3H J ,7X%s 2HYY, 14X, BHU/U(BLE) y BXy1HF 415X, 2HFP, 14X,
3HFPP, 13X, 1HD, 15X, 2HGP, 14X, 3HGPP )

( 1Xy 13, B(2X41PE14.T ) )
 1Xe 3HJ  TX, 3IHTAU, 13X, 2HVE, 14X, 2HDP, 10X,

12HDP/D%(1.-FP}, 7X, &4HVHPP, 13X, 2HVH, 13X, 3HVHP,
lax, 3HVEG )
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Subroutine PROFYL

$IBFTC APROF

SUBRDUTINE PROFYL (JE, JY, JD. ¥Y: By ETy FPW, FPPW, FPE, IBC,
FP, VH, VHP, VHPP)

SUBR PROFYL OBTAINS F*(ETA) FROM THE MOMENTUM EQUATION
{8 # {(F'* + B )} =8B + B * F*r + B = F?
4 5 I 3 2 1 1 I
OR G* FROM THE SIMILAR ENERGY EQUATIDN BY SUBSTITUTING CORRESPOND
ING VALUES OF THE G FUNCTIONS FOR THE F FUNCTIONS AND
LIKEWISE FOR THE COEFFICIENTS B{K]).

SUBROUTINE PROFYL IS CALLED BY THE SUBROUTINES 1TFR,ITSR.

DIMENSION Y(JD)y BLJD,5}
DIMENSION FP(JD)}, VH(JID)y VHPULJID}, VHPP(JD)

JE=J¥
VHPP(1)=0.0
VH{1)=0,0
VHP{1)=FPu

IF (IBC.NE.3) GO TO 100

VH{1)=1.0 :
VHP{1)=—(FPPW+B (1,51 )% (Y{2)-Y(1))
CONT INUE

JYM=JY-1

" DO 200 J=2, JYM

VHPP [ J)=VHPP{J=1)1+(B{J,5)+BlJI=2,5}}/2.¥(Y(J}=Y{J-1})
DY=Y(J+1)=Y(J~1} :
ATP==(B{J+L,4)+B(J, &) )1/ (Y{J+1)-Y(JI}) /DY
ATM=={B(Js4)+BlI=-1,4) )17 (Y(JI}=Y{JI-1))/DY
AL=ATM=B(J, 2} /DY

A2=ATP+ATM=B{J, 1)

A3Z=ATP+B(J,2)/DY
AG=B(J,3)~B{J,2)%B{Jy5)-B(Jy LISVHPP(J)
VH{J)=A3/{A2-A1 2VH{ J=1))

VHP I J) =L A4+ALRVHP(I-1))/{A2-AL&VH( J=1))

CONT INUE :

VHPP(JY ) =VHPP{SY=1 )} +{B(JY,SI+B{IY=1,5) ) /2. &(Y(IY}=Y(JY~11)
FPLJY)=FPE
PO 250 JJ=1, JYM
REXVERN
FP(J) BECOMES GP(J) DURING THE COMPUTATION OF THE
ENERGY PROFILE.
FP{J)=VH{J)®{FP(J+1)4+VHPP(J41))=VHPP{J) +VHP { J)
CONTINUE
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300

391

DD 30D JJ=1, JYM

RN ENN

IF (ABS{FP(J}).GT,1.E-8) GO TD 301
JE=J

CONT INUE

CONT INUE
RETURN
END



Subroutine INIR

$IBFTC INID

OO OO0 OO0O00000

C

x X

WM DO @S W

NPV P U DIIDNER S WA

SUBROUT INE INIR(KSTOP, XMAS)

SUBROUTINE INIR INITIALIZES THE COMMON STORES, SETS UP THE
INITIAL BOUNDARY CONDITIONS, MODIFIES THE NORMAL COORDINATE
PROFILE Y(ETA), THE INPUT FIRST MOMENTUM EQUATION DERIVATIVE ON
ETA F*(ETA), THE INPUT FIRST ENERGY EQUATION DERIVATIVE ON ETA
GY(ETA), AND COMPUTES THE INITIAL F**{(ETA}, G'*(ETA} PROFILES.
THEN SUBR INIR COMPUTES THE IMITIAL PROFILES ON ETA OF THE
DENSITY D{ETA), THE DENSITY X-DERIVATIVE DP(ETA), THE LOCAL
SHEAR STRESS TAUUETA)., THE INITIAL VISCOSITY PROFILE VE(ETA) AND
CONDUCTIVITY PROFILE VEG(ETA) ARE GOTTEN FROM SUBR VIS,

THE INPUT DATA FOR SUBR INIR IS GOTTEN FROM SUBR COTR.

BEFORE THE EXIT TQ THE MAIN ROUTINE TUF ALL IMPORTANT QUANTITIES
ARE LISTED EITHER BY SUBR INIR DR SUBR FILE.

SUBROUTINE INIR IS CALLED 8Y THE MAIN ROUTINF TUF.
SUBROUTINE INIR CALLS SUBROUTINES.«oCOTR,INTEGsViSsFILEsASGIR.

* % % & k £ % MAIN COMMON V=3 TUF %= % % % % & & % & & & % & % *

COMMON /TUFA/ATUF,
B(300,5}),
Bl,BH,BS5,BKy
CW{100),CF(100),CLIS(400)},CAY(300),
CA3CAL,CC4COByCMTF,CMTG,C, COAL yCMU,
DB 300) ,DBR{3001,0(300),0P(300),DPR{300),
OT{(100%,0TX(1001},
DXsDTXM,DOP+D1:DJDXBy DTM DTS,
ET, ;
FB(300)gFBBi30U)pFPBB(300,’FPB(300,1FP(300‘!F(300’r
FPP{300),FPPR(300),
FPELFPPHW,FT,FV,FTUZ,
GPBL309),GPBB{30D),GP(300),G6PP(300),CPPBI30D),
GBC{100) ,GPW{100),
GPPW,GPE, GAM,GAMX,
HY (100},
ISTO(16},
IsIC,10,IBC,IOPIX,IXE,IT,IXA,ID,IXF
COMMON /TUFJ/ JTUF,
JTR{100),
JEsJKs JM 3 JY 3 JEF 3 JEG, JDIV,JEB, 40D,
KB KMI,
LABEL(Y32),
LOOP,LDOPF,
M{100),MT{10D),
CMOPy MR, ML,
NU,y
0!,
P,PB,PM,POP PRy PRT,
QBsQM,QRB, QRM, Oy
RWLL00),RDT{100), ' ‘
RB)RMyRCyRMSyRMT Ry RDTK s RXRDF ¢RL 4RMTHRDFsRX
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COMMON /FTUFS/STUF,
STRE1D0D Y, SHILOC), SFLL003,ST{100},
SHRSTC 3 SK3 STRY,;
TAUL30D ),
TURB(1001),TF(100]),
TO, TOP, TFRy
U{10Q},
UX,
VE(30D},VEG(3D0),VH(300),VHP(300),VHPP{300},
VWH(100),
VPByVPM,
WSTO(2D),
X1100),
XT3y X%y
Y{300),¥YY{370},
LERQ

NP WO~ J S W e

REAL KBy My ML g MR s MT ¢ NU
INTEGER ooe, POP,YOP

C % % & % & % % * *END OF MAIN COMMON TUF-V3% % % & * % & x % % % % % %

DIMENSION KSTOP{(5),XMAS(10)

RB= Q.0
RM= GQD
RC= D.0
RMS= 0,0
RMT= 0,0
R = 0.2
RDTK= 0,0
RXRDF= 0.0
RL= 5,0
RMTW= 0.0
RDF= 0.0
RX= 0.0
ROT(2)= 0.0
PO 1 K= 1,16
1 ISTO(K)= ©
DO 2 K= 1,20
2 . W5TO(K)= 0.0
c TAPE 1 SUPPLIES X STATION DATA DN USING THE TAPE OPTION.
REWIND " 1
C IN SUBR COTR WE HAVE ( TO NONDIMENSIONALIZE X(I).}
c IF ( WSTO{10)aEQuQ D ANDLISTO(12) o EQul s ANDJWSTO{SYNED.O 1}
C 2 WSTOUL0k= XMAS({L)I*HSTO(S)
XMAS(1)= ABSIXMAS(1) )
c THE DIMENSION OF THE I{X) WALL STATION ARRAYS,
‘ ID= 100
C THE DIMENSION OF THE JiY) ARRAYS.
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GPW(K)= D,0
GBLC{K)= D,O
HT{K}= 0.0
JTR{K}= 0.0
M{K)= 0.0
B . MT(Klz 0.0
RDTIK)= Q.0
RW(K)= 0.0
STR{KI= 0.0
STiKY= 0.0
SFIK)= 0.0
SHiK)= 0,0
TFiK}= 0.0
TURBIK)= 0.0
UtkKl= 0.0
VH(K)= 0.0
X{K)= 0.0
8 CONT [NUFE
C VON KARMAN CONSTANT IN EMPIRICAL EFFECTIVE VISCOSITY
c IN SUBR VIS, :
Sk= S
c CLAUSER CONSTANT FOR THE QUTER VISCOSITY LAW.
BK= L0116 .
C A POSSIBLE TOLERANCE,
ET= 1.0E-08
C CONSECUTIVE ITERATE CDNVERGENCE ALLDWANCE IN ITFR,ITSR.
XT= ,LDDS ‘
C COEFFICIENT PROFILES FOR BOTH MOMENT AND ENERGY
C EQUATIONS IN SUBR PROFYL,
DO 7 J= 1,5
b & I= 1,300
& Bi{I.d)= 0.0
T " CONTINUE
C CDTR READS IN DATA CARDS DR TAPE, CALLS A6IR.
CALL COTR{KSTOP,XMAS)
IF  ( JYuLEs300.0R.JEFLLEL.300.0R.IJEG.LE.300 ) GD T0 10
ISTO(1D)= 9 .
WRITE (6,63) ISTO(10}
CALL A6lR
c GD TD THE NEXT CASE
RETURN
o TO PREVENT JE FROM BECOMING GTeJYe
C JY= { JY{READ=-IN} - 1 )} %= JDIV + 1
C ’ JEF=  ( JEF(READ~IN) - 1 ) %= UDIV + 1
10 IF " { JEF.GT.JY ) JEF= J}Y
IF { JEG.GT.JIY ) JEF=  JY
C SONIC VELOCITY CONSTANT.
c

54

THE SONIC VELOCITY= SQRT(SHR¥*GR*T(DEG K) )
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Jo= 300
INITIALIZE THE PROFILE END PODINTS.

Jy= 300

JEF= 300

JEG= 3060

JE= 30D
THE MAXIMUM NUMBER OF ITERATES FOR THE CONVERGENCE ,
DF THE MOMENTUM EQUATIDN PROFILES. ALSO THE MAXIMUM
NUMBER OF ITERATES OF THE DUTER MOMENTUM-ENERGY LOOP.

KMI= 15

DO 90 K= 1,400
CLISIKI= 0.0

90 CONTINUE.
DO 9 K= 1,300
CAY(K}= 0.D

D(K)= 1.0
DP(K)= 0.0
0BI(X)= 0.0

DBE{(K)= 0.0
FBIK}=0L.0

FiK)= 0.0

FPIK])= 0.0
FPP(K)= 0.0
GPiKY= D0
FBBIK)I= Q.0
FPBBIK)I= 0.0
FBiK)= DeO
FPBi{K)= 0.0
FPPBLK)= [0
GPBiKY= 0.0
GPBBIK)= 0.0
GPP{K)= 0.0
GPPEB{(K)= 0.0
TAUIKI= .00}
VHi{K)= 0.0
VHP(K]= 0.0
VHPPIK)I= 0,0

VE{K)= 0.0
VYEG{K)= D.0

Y(Ki=" 0,0
YY{K}i= 0,90
9 CONTINUE

THE SPECIFIC HEAT RATIO.
SHR= 1.4
‘ SUTHERLAND CONSTANT,
STC=  110.0 '

PRANDTL NUMBER,
PR= 7B

TURBULENT PRANDTL NUMBER, USED PY SUBR VIS,
PRT= 1.0 .

TOLERANCE, ESPECIALLY IN SUBRS ITFR,ITSR.
ZERG= 1,0E-10

1
CFIK)= 0.0
CuiK)= 0.0
DT{K)= 0.0
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1055
1056

FOR AN INPUT VELOCITY IN FT/SEC AND TEMPERATURE DEG K

GR= 1116.45%1116.45/5HR/288.15

INITIALIZE THE VELOCITY OF S50UND AT MR,
COMPUTE THE G#R FACTQOR FOR THE SONIC VELDCITY.

IF  { WSTD{18)eNE.D D ANDLWSTOIL19).NELDD )

2 GR= WSTO(18)*WSTO(L18)/SHR/WSTO(L9)
RL=RDT{1)

ML=MR

TFR=1e+{ SHR-IQ] 72« MR EMR

IF ( WSTOl14).NE.O.O) PRT= W5TO(14)

IF ( WSTO(151.NE.0Q.0 ) PR= WSTD(15)
15=1

EITHER U(I) OR M(I) IS READ~IN AT THE SAME LOCATION
ON THE X%X-STATION DATA CARDS. IF U{X) IS READ IN
COMPUTE M{X1. IF M(X) I5 READ IN COMPUTE U{X}).

IF (MR, LT.ZERO.ORDOP,GT. O} GO TO 185

COMPUTE U{X) FROM M(X]).

DD 04 I=1, IX

MACH NUMBER FROM EITHER CARDS OR TAPE.

MITI=ULT)

IN COTR IF WSTOUB)}NE.D.D THEN ULIDI=WSTO{B)*U{I}.

IF { WSTO(B)ILNE.Q.O M{E)= MII}/HSTO(8)

A TEMPERATURE FUNCTION. TU{TOTALI/FISTATIC).

TR{I}=1e+{SHR-LL1/2. %M1 T)%MI1)

COMPUTE THE X VELOCITY FROM THE INPUT MACH NUMBER.

ULT=M{ 1) /MR&SQORTI(TFR/TF({I)}

WSTO{8) IS A MODEL SCALING FACTOR

IF  { WSTO(B)oNELDLO ) UCT)= WSTO(8I5U(L)
CONT INUE
WRITE (6,58) WSTO(B)
GO0 TO 107 ’
COMPUTE M{X) FROM U(X).,
CONT [NUE
INITIALIZE M{ll}e
Mil}= MR

DO 106 I=1, IX

IX IS5 FROM SUBR COTR AND IXu.LE.99. ‘
ALTERNATE MACH NUMBER COMPUTATION AT THE X STATION.

UNS= U{I1)

IF [ WSTVO(l6).NE-0.0 } UNS= UNS 7 WSTO(16}
IF { WSTO{B}.NE.Q.U ) UNS= UNS /7 WSTO(8)
IF ( [.NEal )} GD YO 1056

DD 1055 K= 1,5

T{STATIC) OF MR= TU{TOTAL}/{lo+{ (S5HR-1.}/2.)1%MREMR ), -
VELOCITY DF SOUND AT THE MR STATIC TEMPERATURE DEG K.
GR IS HEREIN BASED DN AN INPUT OF FT/SEC UNLESS BOTH
WSTO(18) AND WSTO(19) oNE.0,0.

VSMR= SQRT(SHREGR*TD/ (1. +((SHR=1.)/2.)%M{L)%M{1} ) )
Mil)= UNS /7 VSMR

M{Il=

MACH NUMBER BASED ON THE VELOCITY OF SOUND AT X{1).
UNS /7 VSMR
A TEMPERATURE FUNCTION,

TF(I)=1lo4(SHR=1,}/2.#M( 1)1 %M{ 1)
106 CONTINUE
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107

ios

MR= M{1)}
ML= MR

RESET MR,ML,TFR.

TFR= 1. + ((5HR-1.)/2.)%MR&MR

WRITE (6,67)

CONTINUE

DIVI=JDIV

MR, TFR, WSTO(SB)

SKIP EFN 105 WHEN U{X} IS COMPUTED FROM MiX).

FILL IN THE VACANCIES ON THE YY{J),F*LETA),
G' (ETA) PROFILES AND COMPUTE THE F{ETA),F**{ETA),

G'**(ETAl, D(ETA), AND DP{ETA] PROFILES.

JY 13 THE EXPANDED JY FROM SUBR COTR,

DO 108 J4=2, JY

JF={{J=-1)/JDIl

JE{MAX )= JY
Vi*JDIVs]l
JLIMAX )= JY

JL=U(I+JIDIV=-2)/JDIVI*JDIV+]1

NORMAL COGRDINATE.

YY{I =YYLJIF ) HIYY{JLI-YY(IF))/DIVI*FLOATL J=JF)

FY{(ETA}.

FP{JI=FPLJF)+{FPIJL)-FPLIF))/DIVIXFLOAT(J-JF])

G'(ETA}.

GPLJ)I=GP{JFI+{GP{ILI-GP{JF1)/DIVI®FLOATY(J-JF)

CONTINUE

JEF AND JEG HAVE BEEN EXPANDED IN SUBR COTR.

JEF([MAX)= JY, JEG(MAX)= JY,.

JE=MAXO(JEF,JEG)

CMTF=1.0
CMTG=1.0
P=BS
DI=10
RT=‘0.0
RC=0.0

KB=0.0
XK=0,0

IC=1X+]
CA=D.D
SC=1.0

I=1

IF (I0.NE.D)

RWSL=

W5TO(19}=
EF (WSTO!
IF  (WSTO!
IF (WSTD|
IF (WSTOl

REAL,

THE CRITICAL I{X) STATION FOR TURBULENY

FLOW I$

INITIALIZED = 1 MORE THAN THE LAST STATION.

THE FIRST I(X) STATION IS INITIALIZED TO 1.

I IS RESET= 2 ON JOP.EQ.4 FOLLOWING EFN

IF I0LNE.O WE HAVE AXISYMMETRIC FLOW,.
DR/DX AT THE ORIGIN
5C=0.5

112,

SLOPE OF THE TANGENT TO THE AXISYMMETRIC B0DY.

(RW(ZI-RWELY ) /7 ¢ X(21-%X11) 1
RWSL&*RWSL

19)0GTela0oANDJRW(L)4LT.RW(2) 3 RW(Lll= RW(2})-X({2)
19),GTole0.ANDRW{LILLT . RH{2) } RWSL= 1.
19).GT 1D AMDRH{ L. GT.RW{Z) + RWlli= RW{2)+X(2)
13)af6Ta1.0.,AND-RW{1}.GTLRW(2) §J RWSL= =1,
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WiTa(191=

RWSL*RWSL

COAL= SQRT{1.~-WS5TO(19) }

111
112 CONTINUE
1=2
DT(1)=0.0
RDT(1)=0.0

GO TO (113,514, 114,1125113,114,114),. [o¢

THE STARTING FLOW IS SIMILAR LAMINAR. HERE THE
STARTING PROFILE IS ONE STATION DOWN FROM THE DRIGIiN.

RESET I FDR THE STARTING PROFILES IN SUBR ITFR.

DISPLACEMENT THICKNESS.
REYNOLDS NUMBER BASED ON DISPLACEMENT THICKNESS.
A CONSTANT 1IN EQUA‘II—ZBB FOR THE DISPLACEMENY

DERIVED FROM THE WEDGE POWER LAW OF BOUNDARY LAYER
WEDGE VELOCITY.

C=SORT({2,/(BS+1.)/RL)

P=(®C2RL%BS

PARAMETER OF EQUA 11-1l4.
HERE RL= RDT(1) FROM A RESET IN SUBR LOTR.

RDF=0 FOR LAMINAR STARTING FLOW AND = 1 FOR TURBULENT

STARTING FLOW.
RDF=C%RL .
: COMPUTED REYNOLDS NUMBER AT STATION I(X)= 2,
RDT{2)=RDF
IF (ABS(RWSL)LT.l.0FE~8) G0 YO 115

PARAMETER IN EQUA 11-14.

R=RLECHCH(RW(3)=RH{ L) I/ (X(3)=X(LI)={XC2)=X{1) )/ (RHIB)+RHLL DD

COSINE DF ANGLE OF NOSE OF THE AXISYMMETRICAL 80DY,.

CA=2 . %01 %COALRC=(X{2)-X{1} 1 /RH(2)

GO 7O 115

113 CONTINUE
ROF=RDTI{I}

TO HERE FROM EFN 111 ON IDP.EQ.1,5 LAMINAR FLOHa

IF (ABS{RHIL}/DT(L}IoLT.0.1) GO TO 115

SEE EQUA I1-14, THE R PARAMETER.

R= RHUSLEDT({LI/RW(LIXRDT{1)
CA= 2.%DI#DT(L1)/RWH{L)*COAL

GO YO 115

114 CONTINUE
ROF=1.0

TO HERE FOR TURBULENT FLOW FROM EFN 1ll.

IF CABS{RW{EI/OT{L)IoLT.0.k} GO TO 115
R= RHSLHDT(1)I/RW{1l}
CORW= R/DT{1DI*RW{1)
CORS= CORHZ(CORY
IF { CORSoGT.1.0 J CORS= 1.
CORT= SQRT(1,-CORS)

THE SCALED MOSE AMGLE OF THE AXISYMMETRIC BODY.
TD HERE ALSD FOR LAMINAR’ FLUHo

CA=  2,%0IeDT{1)/RW{1I=CORT

115 CONTINUE

TO HERE ON A 3KIPf,

TO 8E USED IN SUBR ITSR FOR SUBR TRANS, FOR A
SCALING OF FT DOWNSTREAM FROM THE ORIGIN.

57
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120

122

123

FTU2=FT*UC T I%U( L)
MDDIFY Y(J) TO ACCOUNT FOR THE NOSE ANGLE OF “AN
AX ISYMMETRIC BODY.

DO 120 J=1, JD

YUIY=YY (I 5(2a+YYIIIRCA/ZS,)

CONTINUE

IF {IABS(DOP).NE.1l(R.MOP.LT.D) GO TO 123
RECOMPUTE THE F'(ETA) PROFILE ON DOP.EQ.l.OR. HUP.GE 0
FOR BOTH LAMINAR ﬂND TURBULENT FLOW.

00 122 J=1. JE

F¥=l.-FP(J}

FPEIV=2awFV/{TF{L 1% (Lo=GP{JI%BHI={TF{L -1, )%FV%FY])
CONTINUE

COMPUTE F{ETA} BY USING THE TRAPEZOIDAL RULE.
TO HERE ON SKIPPING THE PRECEEDING FP{J) COMPUTATION,
CALL INTEG (JEs JDy Yy FPy Dol FI

DD 125 Jd=1, J¥Y
DY=Y{J+1}~¥{ D

FF*{ETA} PROFILE BY 1ST DIFFERENCES.
FPPUJI={FPIJeLI-FP{IVI}/OY

G?*(ETA PROFILE BY 157 DIFFERENCES.
GPPUUY={GP(J+1)~GP{ 4} /DY _

THE NENSITY IS5 A COMSTANT FOR THIS PROFILE.

B{4)=1.0
YHE R(ODELTAI®DELTA{=)®{X{-DERIVATIVE OF THE LOCAL
DENSITY} PARAMETER.
DP{J)=0.0
THE DELVA(=}={X-DERIVATIVE QF THE LOCAL DENSITY)
: - PARAMETER,
- DBEJD=0.0

125

126

‘ THE PROFILE OF VHE LOCAL SHEAR STRESS IS A CONSTANT,
TAU(J4)=0,001
THE DENSITY, DEMSITY X-DERIVATIVE LDOP END.
CONT INUE

RESET THE END YALUES TO THE BDUNDARY CONDITIONS.

FPPLJIYDI=0,D

CGPPLIY)}=6.D
TEST TO RECOMPUTE THE DENSITY AND X=DERIVATIVE
OF DENSITY PARAMETER PROFILES.

I[F {MOP.LT.0) GO TO 127

Bl=TF{I}-1.

00 126 J=1, JY

F¥=1 —FP{J)
LOCAL DENSITY PROFILE

DIJI =2 3TF(I}#( Le=BH?GP(J} )/ (1o ¢SORT( 1o +4o kBI*FVEFVATE( )

1 #{1.-BH®GP{J)}}}
LOCAL X- OERIVATIVE OF DENSITY PARAMETER.

DP(J}= (2. *BLAO( JIED(JI*EVRFPP(J)-TE( L Y XBHRGPP (4} )

1 /4Ll +2.%BL15D(J)%FYEFY)

CONT INUE

SETY X DERIVATIVE OF DENSITY TD THE SOUNDARY VALUE.
DPLIYI=0.0
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127

128

SXIP TD HERE IF MOP,LE.D (FDR CONSTANT DENSITY
CONT INUE ' '
QUANTETIES FOR THE SUBR VIS COMPUTATION OF THE
EFFECTIVE VISCOSITY = VE(ETA) AND EFFECTIVE
CONDUCTIVITY = VEGUETA) PROFILES.
DD 128 J=1., JE
FY=1.~FP{J)
VHIJI=FV2(1.-D(J)*FV)
CONTINUE

SEE EQUA 11-22.
INTEGRAL MOMENTUM THICKNESS BASED ON DELT({*).
CALL INYEG {JE, 4Dy Y, VH, D.D, VH)
DELTA(*}/THETA.
SF{1)=1./VH{JE)
MOMENTUM THICKNESS.
MT{L)I=DT(L1}/SF(1])

Q=0.0
SKIN FRICTION COEFFICIENT,

CF(1)=0.0

CF(2)=0.0
STANTON NUMBER BASED DN FREESTREAM TO REFERENCE
ENTHALPY DIFFERENCE.

STRI1}=0.0

STR(2)=0,0

SHEAR PARAMETER C(MU). SEE 11-34,
CMU=(1.5-14/7 {1 +STC/TO®TFR) ) *( SHR-1, }*MR®MR

GAM=0.0

GAMX=0.0

STRX=9.G

' COMPUTE VE(ETA)},VEG(ETA) IN VIS AND FOLLOW WITH
THE TAU(ETA) PROFILE, ALL PROFILES TO BE ITERAT
WHEN TURBI(I).EQsl. L

 KC=5

TURBI{I1)eGE«Ce0sANDeslEals
IF (TURBII).1iT.1l.0) KC=1

D0 132 K=1, KC

COMPUTE 1 EACH VE(ETA)=EFFECTIVE VISCOSITY AND
VEG(ETA)= EFFECTIVE CONDUCTIVITY PROFILES.

THE VISCOSITY AND CONDUCTIVITY PROFILES ARE -
COMPUTED FOR BOTH COMPRESSIBLE AND CONSTANT DEN
FLGHS. . . ' '

FLOW).

ED

SITY

CALL VIS (JE, JY, 40, YY, FPy FPPy GPs GPP, Dy DP, TAU, VH; VHP,

TURBUIY, SW{I}y CW{I)y SHRy BHy STC, TO, TF(!}, RDTi{I), D
FiJdY), PRy PRT, JK, VEs YEG, ISTOD )

COMPUTE A PROFILE OF TAU(ETA}.
LCAY= ©
DO 131 J=1, JY
CAY({J)= CA®YLJ}

IF {CAY(J}eGEe=1, ) GO TO 129

LCAY= LCAY + 1 :

IF { LCAY.EQ.17) WRITE 16562) CA,YLJ)
TAU(J)I= 0.0

GO YO 131

T(1),

59
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129 YA

THE LOCAL NON-DIMENSIONAL SHEAR STRESS,

=VELJIHRDPII) /D)2 1.~FP(II}-FPP LI} I 2SQRT(L.+CAY L) )}

131 CONTINUE

c

END SUBR VIS AND TAUCETA)} PROFILE LOQP.

132 CONTINUE

IF {TURBUI}aGTa0.999) CE{I)=2.%TAU{(T])

OUT THE INPUT VARIABLES AND PARAMETERS *%&¥%

C =&k PRINT
c WRITE (&6,48) I
C LIST HEADING AND INITIAL PROFILES. IF IOP.LE.3 THE
c INITIAL FP(ETA),G*{ETA) PROFILES ARE THE STARTING
C PROFILES.
CALL FILE (LABEL, 1, YY, F; FP, FPP, GP, GPP, D, DP,
1 VH, ¥YHP, VHPP, TAU, YE, VEG, SHR, BH, PR, PRT,
2 Xy U, My TURB, RH; VW, SW, CW,
3 RDTy; DTy MTy HT, SFy CFy STySTR,IDJELJY D, J0IV,ISTO WSTO )
IF {ISTO(L}.EQ.2} GO Ta 133
IF (POP.EQ.1) RETURN
133 WRITE (6:49) ISTOL1D)
WRITE (6,50) LABEL(1), (LABELI{K), K= 2,18}
WRITE (6452) JDIV , JY¥, JEF, JEG, JE
WRITE (6,53} SHR, PRy, PRT, GR, VSHMR
WRITE (6,54) ET, XT
WRITE (6,55) 10P, MOP, DOP, 10, YOP, POP
WRITE 16,56} Mil)s DT{2), RDTil)» BS. TO, BH, FT \
HRITE {6:60F X11), UGL)s MIL)o TURBILY, GBLU1), RM{Z}, VH(L},
1 SHEL)g CW(1) | '

IF {I0P-EQ.%)

1 HRITE (6,601 Hi20s U{2); MI(21, TURB(2), GRC{2), RH(2}, VH{2},
2 SW{21, CH{2)
WRITE {6:59) ( Ity HMCIL)y L= 1.1X }
HRITE (&6:,64) ¢ IL, TR{IL}, IL= 1,IX )
HRITE 1665} { IL, UCIL): IL= 1.IX )
WRITE (60:66) 15 CF(Iby SFEI), MT(I), STR{IV}, TF{I}, YH(LD,
2 TAUQLY, TAUC2)y VE(L}:P,R,CMU,RDTIZ)
RETURN
48 FORMAT {1HI.5X, SHI({X}= 13,
2 S54HYTHE INITIAL PROFILES FOR BOTH MOMEMTUM AND ENERGY ARE~)
49 FORMAT (1HL,1ORISTO(10}4= I3 }
50 FORMAT { A4, 9X, 20HINPUT VARTABLES FOR , 17A% )
52 FORMAT (10X, 6HJDIV =y 12y SXKo3HIY=14,5X, 4HIEF=T4,5X4HIEG=1445%,
2 3HJE=14 }

60



53 FORMAT (10X, SHSHR =, F6a3, 2Xs 4HPR =, Fbo2, 2Xy SHPRT =, F6.2,
2 2Xs; 4HGR= EL5¢8, 2X, 6HVSMR= £15,8 )
54 FORMAT {1DX, 4HET =, 1PEllo4, 2Xy 4HXT= , €1ll.4 )

55 FORMAT (10X, SHIOP =, 12, 2X, SHMOP =, 12, 2X, SHOOP =, 12, 2X,
1  &4HIO =, 12, 2X, 5HTOP =, 12; 2K, SHPOP =, 12}

56 FORMAT (10X, 3HM =, FT7.3; 2X, 4HOT =; LPELll.4,2X, 5HRDT =, Ell.4,
1 2%y 3HB =y Ella4,2Xy 4HTD =y ELlla4y2X%y &HBH =, Ell.4,2X,
2 ¢HFY =, Ell.% )

58 FORMAT (1HD, 4#1HSUBR IMIR HAS COMPUTED THE U(I} FROM THE
2 ‘ 4BHM(I)=U(1) INPUT AND THEN SCALED U(I}) ON HSTD(8)
3 19HIF WSTO(B)NED0. 2X, FHWSTO(B)= 1PELD.3 )

59 FORKAT { 1HD, SHM{I)= / S{4X,13:2%X,1PEL4.7 ) )

60 FORMAT (1HD, 9X, 3HX =, 1PEll.%, 1lX, .
1 3HU =, ELl.%,1X, 3HM =, Fllo%:1X, SHTURB =, OPF&.3; 1X,
2 5HGBC =, 1PE1l.4 /
3 . LDXe4HRH= Ell,4,1X; %4HVH= Ello.4, 1X, 4MSW= Ell.4, L1X,
& HLHCH= Elle.4 }
62 FORMAT { 1HD, 42HCA*Y(J) OUT OF BDUNDS. RESET TAU{J}= 0.0,
2 - 5%, 3IHCA= 1PE12.5; SX, SHY{J)= EL2.5 )

63 FORMAT {1HO, 3SHCOMPUTED JY .DR.JEF.DR.JEG.GT.300,
2 _ 23HGO TO THE NEXT CASE. s LOHISTO(10)= 12)

6% FORMAT ( 1HOD, &6HTF{I)= / S5(4Xo1342X:1PELG.T7 ]
65 FORMAY { 1HD, SHUtI}= / S{4X.I[3,2X:1PE14.7 )} )

66 FORMAYT { LHO, 2HI= 13, 3, THCF(I)= 1PELZ2,5, 3Xy THSF{I}= E12.5,
3Xe THMT{I)= El2.5y 3%, BHSTR(II= E12.5¢ 3Xe THTF{I)=
E12.57 9%, THVH(1l= E12.5; 3X, -BHTAU{l}= E12.5, 3X,
BHTAULZ2)= E12.5, 3Xp THVE(l}= EL2.5 /

13Xy 3HP= E12.5, 8Xe 3HR= E12.5, 66X, SHCMU= E12.5,
3%, 8HROT(2)= EL2.5 }

cCwMmSwN

67 FORMAY (1HOD, 4£6HSUBR INIR HAS COMPUTED THE M{I) FROM THE UILI)

2 39HDATA INPUT,AMD MR FRDH U(1}¢MR, AND TO /

3 10X, 4HMR= FB.4; 5Xy SHYFR= FB.4%p 5Xo, 9HWSTO(8)=
4. IPEID.3 )

END

61



Subroutine COTR

$IBFTC COTD

62
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SUBROUTINE COTR{KSTOP,XMAS)

SUBROUTINE COTR READS IN ALL OF THE INPUT DATA EXCEPTING THE
COMMENT DATA WHICH IS READ IN 8Y SUBR A6IR.

SUBROUTINE COTR IS CALLED BY SUBROUTINE INIR.

SUBROUTINE COTR CALLS SUBRDUTINE A6IR BEFORE EACH SUBSET OF DATA
FOR COMMENT. IN ORDER TD INCLUDE SOME GENERAL COMMENT SURR COTR
ALSD CALLS SUBR AGIR JUST BEFORE THE EXIT TO THE CALLING RDUTINE
SUBR INIR.

SUBR COTR WILL READ IN ALL X STATIONS BUT INIR WILL COMPUTE A
MAXIMUM DF 99 STATIONS. FOR ALL STATIONS .GE.L00 THE DATA IS5
STORED IN THE 10CTH DAYA STATION. HOWEVERs IF CARD READING

OF X STATION DATA iS USED, THEN NOT MORE THAN 200 CARDS CAN BE
READ IN. CARDS THAT FOLLOW THE 2CNTH CARD WILL BE READ BY A6IR.
X{I) FOR THE LAST STATION DATA CARD IS TO BE EITHER D,BLANK OR
oLTe X{I-1)e THE LAST STATION DATA CARD IS FOLLOWED BY AT LEAST
1 CARD OF COMMENT TO BE READ IN BY SUBR Ab6IR.

FOR CARD READ-IN NC IS LISTED AFTER ALL CARDS ARE READ IN AND
STATIONS ARE LISTED ON ISTO(1l1.NE.O, AND IS THE TOTAL NUMBER OF
CARDS READ -IN PROVIDED THE NUMBER OF CARDS IS .LE.200.

ON TAPE READ-IN Of THE STATION DATA NC IS THE NUMBER OF TAPE
STATIONS ACTUALLY READ IN.

FOR TAPE READ-IN THE NUMBER OF STATION POINTS AVAILABLE FOR
READING~-IN 1S LISTED AS KEND AT THE TIME OF READ-IN.

IF KEND.GT.100 THEN, AFTER LISTING, COTR RESETS KEND 70O 100, THE

x X

WO D= N

NUMBER OF PDINTS TO BE READ IN FROM THE TAPE. KEND WILL BE LISTED
AS 100 ON ANY LATER LISTING OF KEND. ON CARD READ IN KEND=0.

ON THE X STATION TAPE READ IN OPTIDN KEND IS THE NUMBER OF X DATA
POINTS READ IN PROVIDED KEND.LE.98., FOR BOTH CARD OR TAPE READ IN
IF 1$=100 THEN THE X STATION DATA LISTED IS FOR THE LAST DATA
STATINN READ-IN WHICH MAY BE LATER THAN FOR THE X(100) CARD OR THE
X(100) POINT FROM THE TAPE.

x ok % k % % % MAIN COMMON V-3 TUF & % % % % & % % & ® & & % & %

COMMON /TUFAFATUF,
B(30G:5),
Bl,BH’BS'BK!
CWI100) ,CF(100);CLIS{400),CAY(300},
CAyCALyCN4COByCMTF,CMTG,C,COAL ,CMY,
DB{30D},DBB(3D0D},D{300),DP{300),DPB(300),
DT{100)DTK (100},
DX, 0TXM,D0P,DT,0J,0XB,DTM, DTS,
ET,
FR{300),FBB(3D00):FPBBL300},FPB{300)},FP{300),F(300),
FPPL300) ,FPPB(300), )
FPELFPPUFT ,FV,FTU2, :
GPBI{300),GPBR(3ND}),GP(300),GPP{300),GPPRL300),

GBLOLIDD}»GPWILDGH,



L2

GPPU.GPE, GAM, GAMX,
HT{10D) 4
ISTO(LEG ), '
I1oICsIDsIBCI0PIXeIXESIT,IXAL1D4IXF
COMMON  FTUFJ/ JTUF,
JTROLIQD ),
JEy K3 JMy JY,,JEF 4 JEG, JDIV . JEB, JD,
KB, KMI,
LABEL(132), !
LOOP,LOOPF, ;
MI10D) MTI1I0D)Y, .
-MOP, MRy ML, h
MU, ‘ '
0l, -
PyPBPM, POP,PR,PRT,
QB,QMthBigR"!QQ
RW(L00) ,RDT{100},
RByRMyRC 4 RAMSs RMT Ry ROTK s RXROF yRL yRMTHL,RDFL4RX
COMMON  /TUFS/STUF,
STRO100) ,SW{Ll00),5F(10D1,57(1001},
SHR:STC 5 SKsSTRX,
YAU(300),
TURB{ID0),TF{100),
TOLTOP;TFR,
vi1d0),
UXy o
VE(300),VEGLII00 ), VHI 30D ) VHPLIDO) ;VHPP{30D},
YW{100),
VPB;VPM,
WSTO(20 b,
X(i001,
XT XKy
Y{300), YY(3QD),
IERO

~ g

WMo e D00~ TP

VU P X D DO O S e

REAL KBy MoML MR :MT,NU
INTEGER DOP , POP,TOP
= k& £ ® & & & SEND OF MAIN COMMON TUF-V3& % & & # & % & = ® % ¢ & %
DIMENSION KSTOP(S) XTAP(1G0), UTAP(100), RTAP{100},XMAS(10)}
BEGIN A NEW CASE BY READING IM SOME COMMENT CARDS.
CALL ASIR

KEND= O

NC= O
IsSTU= O

READ IN THE INTEGER SWITCH ARRAY,
READ (5,2) { ISTOIK)y K= 1g15 )
ISTO(10)= 1L
IF  { ISTO(L).NE.D ) WRITE (65201 {ISTD(K}y K= 1,15}

CALL ASIR
READ (5;5) (WSTOUK), K= 1,20 )

63



69
70

64

THE RESET VALUE OF WSTD(11) IS YN ENGLISH UNITS.
IF { WSTO{1l1).EQ.C.0 ) WSTO¢1l)= .15564000E-03
IF { ISTO({1l).NEWQ ) WRITE (6,51) (WSTO(K}, K= 1,20}

READ IN THE LABEL{K) ARRAY FOR THE X-STATION HEADING.

CALL AGIR
READ 15,1) {(LABEL{K)}y K=L,18)
IF { ISTO({1l)NE.O | WRITE {641) {LABEL(K), K= 1,18 }

READ IN THE INITIAL YY(J),FP(J),GP(J) PROFILES.
CALL ALIR
READ (5+2) JDILV
IF { ISTO(1}.NE.Q ). WRITE (6,21} JDIV

CALL AGIR
READ (5,2) JY
Jve=" gy

THE FOLLOWING JY [S NOT MODIFIED AGAIN.
JY={JY-1)2JDIVv+]
READ (5¢3) LYYUJ)y J=1s JY, JOIV)
IF ( ISTOUL)LNE.Q )} HWRITE (6+31) JIYC,JY,JDIV,

2 (YY{d)y J= 1.JY.dDIV )
CALL ABIR
READ (5,21 JEF
JEFC= JEF

JEF={JEF-1)1%*JDIV+1
READ (5,3) {FP{J), J=1, JEF, JODIV)
IF t ISTD{1l).NE.O } NWRITE ({6,31) JEFC,JEF,JOIV,

2 ( FPLJYy J= 1,JEF,JDIV )
CALL AGIR

READ (5.2} JEG

JEGC= JEG

- JEG={JEG-L12J0IV+]

READ (5,3) (GP(J}, J=l, JEGy JOLV)

IF { WSTO{9).EQ.0.D ) GO T0 7O

DO &9 J=  14JEG,JDIV

GPlJIl= MWSTOU(I}2GPLY) i}

IF { ISTO(L).NE.O ) WRITE (6,31) JEGL4+JEG.JDIV,

2 { GP(J), J= 1, JEG,JDIV }

READ IN THE PROGRAM OPTION SWITCHES.
CALL A&IR . '
READ (5,2) 10P, MOP, DOPs 10, TOP, POP

IF { I0P.EQ.2.0R,I0P.EQe3.0R.IOP.EQ.6.ORLIOPLEQLT ) TGP=
IF (ISTO{Ll)aNE.O) WRITE (6,21) IOP,MOP,DOP,10,TQP,POP

READ IN THE CASE INITIAL PARAMETERS.
CALL AsIR
READ {(5,4) MR, DT{1l), RDT(1), BS, TO, BH, FT
IF ( 10P.EQ.T7AND.DT(1)4EQaQ.0 ) DT(1)= « 301
IF (ISTOUL)4NELO) WRITE (64400 MR,DY{1),RDT(1},B5,TO+BH,FT

CALL AGIR

% X~-STATION DATA READ-IN AND RECOMPUTATION SECTION.

ooy
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711

T12

TEST FOR CARD OR TAPE READ 1IN OF STATION PARAMETERS.
IF ( ISTD(15).NE.O ) Go TO 711
" TAPE READ IN TO INTERMEDIATE STORAGE.
KRS= CLOCK STATION NUMBER.
KRS= [STOl(ll} *
DO TL K= 1,KRS

READ (1} KEND
WRITE {6,6T) KEND
IF { KEND.GT.10C ) KEND= 100 _
READ (1} (XTAP(T) UTAPII}RTAPII)y 1= 1, KEND)
CONTINUE '
TO HERE ON EITHER CARD OR TAPE READ IN.
17T=100
is= 0
IX= 0 :
LINE IS RESET = 1 WHEN THE SLOPE TEST RESULTS IN A
LINEAR INTERPOLATION, AND PREVENTS FURTHER TESTING.
LINE= O

IPS IS TESTED AGAINST IS TO START THE LINEAR
INTERPOLATION TEST.
EPS=  ISTO{9) + 2
ISS IS USED AS A STORE FOR THE NUMBER OF POINTS
THE PROFILES ARE STRETCHED AS THE RESULT OF THE
LINEAR IMYERPOLATION.
15S=0
EITHER READ IN DR RE~STORE, AND MODIFY THE X~STATICON
‘ DATA, '
00 102 1=1, 200.
- TDTAL NUMBER OF STATION POINTYS READ IN.

NC= 1 .
STATION CODUNTER INCLUDING INTERPOLATED POINTS.
iF {15.L7.100) 1S= IS5 + 1
{F ISTO(8}.NE.G ISS BECOMES ISTO(8} + 1 AFTER THE

INTERPOLATIOM.
ISN= IS~ ISS :

SKIP TO 712 ON TAPE READ IN OF STATION DATA.

IF { ISTO{15}.EQ.0 ) GO TO 712

READ {Ss%)
2 X(ISD'U(IS),TURB!ISW,GBC(IS’,RW(IS);VH([S!,SH(IS):CH(ISI
GO TO 713

TRANSFER FROM INTERMEDIATE STORAGE THE TAPE DATA.
X{IS)= XTAP(ISN}
U{IS)= UTAP{ISN)
TURB{IS)= 0.2
GBCEIS)= 0.0
RW{ISH= RTAP{ISN)
VW(IS)= 0.0
SWLiS)= 0.0
CWw(is)= 0.0 :
AN INSTRUCTION TD CHANGE THE X-STATION DATA LAN BE
INSERTED HERE,. : ’

TO HERE ON EITHER CARD OR TAPE READ OF STATION DATA.

IF { 10P.EQe2-0R,[0P.EQs3.0R-I0P.EQ.6.0RIOP.EQ-T ) TURB(IS)=1.0
IF { WSTO(S5)uNELD.D ) X{IS)= HWSTO(S)I&X{IS)

65



IF ( WSTO(5).NE.O.0 } RNLISE= WSTO(SI*RUW{IS)

IF { WSTO(16)4NE.0.O } Utl)y= WSTO(161*U{])
IF ( WSTO{BJ.NE.DO.O ) UGIS)= WSTO(8)*U{IS)
IF ( TOP.EQ.1 ) TURBLIS)= 0.0
IF { TURB(IS).GE.l. ) IsTUu= 1
IF  ISTU.EQ.Y ) TURB(IS)= 1.
IF ( WSTO(17)«NE.O.,D } GBCIT)= WSTOCLITI*GBLLI)
IF t ID.EQ.0 } RN(ISY= 0.0
IF  ( X{IS)eNE.O.O ) GO 7O T14
IFf (I0PLEQa4sAND.BS.EQ.1.0) utIs1=0,90
G0 TO 15
c LINE IS RESEY = 1 AFTER DUX.GT.DUZ.
Ti4 IF ( LINEJLEQ.L } GO TO 15
IF { ISTO(8) .EQ.0 ) GO TO 15
c * % % BEGIN THE LINEAR INTERPOLATICON SECTION -OF POINTS,
IF { IS.LE.IPS ) GD TO 15

pux= ( ULISI-UdIS-1) ) /7 ¢ X{IS)=-X{I5-1) )
pUZ= ( UlIS-1) = Uil1) ) 7 Xil5-1)

1F | DUX.LE.DUZ ) GO T0 15
IF | ISTO(L}.NELD ) WRITE (6541)

2 XUIShsULIS )y TURB(IS),GBCUESY RWCIS) VU IS)SWTLS) ,CW(I5),1IS

ISx= I1sTO(8) + IS
IFIN= ISX-1

FIN= IFIN
LINE= 1
T2 . XtISX+1l)= X(IS})

UEISX+1l)= ULIS)
TURB(ISX+1)= TURB{IS)
GBC(ISX+l}= GBC{IS)
RWIISX+1l}= RW{IS)
VW{ISX+1)= VWl1S3)
SWIISX+1Y= SWIIS)
EW{ISX+1)= CW{lIS)
ISM= 15-1

X{ISXY=  X{ISM)
BLISX)=  ULISM)
TURB(ISX)Y= TURB(ISM)
GBC(ISX)= GBC{ISM}
RH{ISX)= RW(ISM)
VWIESX)= VWLISM)
SW{ISX)= SH{ISM)
CWiISX)= CWLISM)

IF { ISTO(1).NE.C ) WRITE {6442)
2 XCISM),ULISMY, TURBLISM),GRC{ISM) RWIISM)},VW{ISH),
3 SWIISM),CHITISM), ISH

X{2i= X(ISMI/FIN
pOuU=  ( UCISMI-U{1) ¥ / FIN
ui2)= Utl) + QOU
DOT= (TURB{ISM)-TURB{1)}/FIN
TURB(2)= TURB{1) + DOT
DOR= ( RW{ISM)-RW{1l) } / FIN
DOG= ({GBC{ISM)-GBC(1)) / FIN
GBC(2)= GBCU1) + DOG
RWi2)= RW(l) + DOR

I5= 2
DOV= {(VW(ISMI-VW{1}) / FIN
VWE21=  VHW{l) + DOV
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DOS=  (SWUISM)-SW(1)) /7 FIN
SW(2)= SW{l) + DOS
DOC= (CWLISMI~CW(1)) / FIN
CWi2)= CwW(l) + DOC

IF  ( ISTO(1l).NE.D ) WRITE {6341)
2 X(2)sUl2) g TURB(2)4GBCL2) 4RWI2) 4 VW(2) o SH(2)4CHI{2) IS
C INSERTION OF THE INTERPOLATION POINTS.
DO 13 KX= 3,IFIN
IX= KX

X{KX)= X{KX-1) + X{2)
U(KX = U(KX-1) + OGU
TURBIKX])= TURB{KX~1) + DOT
GRCLKX)= GBL(KX~1) + DOG
RW(KX)= RW{KX=-1) + DOR
VWIKX)=  VH{KX=-1} + DOV
SHIKX)= SW{KX-1) + DOS
CWiKX}= CW{KX-1} + DOC

IF { TOP.EQ.1l ) TURBIKX}= [.0
IF ( IDP.EQa.T } TURBIKX)= 1.0
IF  TOP.NE«1aANDs TOPNELT } TURBI{KX)= TURB(KX-1)
IF ( TOP.NE,L ! GO TO 11 ‘
11 IF { ISTOCLl)}.NE.D } MWRITE {6,41)
2 XAKX) oKX ) s TURBIKX) s GBCIKX) s RWIKX )y VHIKX o SWIKX) pCHIKX) oKX
13 CONT INUE :
IX= ISX
141 IF ( [STO(L).NE.O ) WRITE (6:41)
2 XUISX), UiISX]gTURBiISK):GBC(ISX’fRNIISX);VH(ISKlsSH(ISXleH(ISX)
3 LIsx
IS5= ISX + 1
IF { ISTO(15).NE.OQ } GO TO 15
155= IS7T0(8) ¢+ 1
C % % % END OF THE LINEAR INTERPOLATION SECTION OF POINTS.
C SKIP TO HERE AFTER COMPLETING THE LINEAR SECTION,.
15 IF | ISTOUL)ANELD ) WRITE (6s41}
2 X{ISHoUUIS) o TURBIIS)SGBCCIS)I RWIISI VWL IS SHUIS)I ,CHIIS) IS
C AT THE END DF THE STATION DATA READ IN IX= THE COUNT
C OF THE LAST STATION TO BE COMPUTED.
1%X= IS
IF ( IS.EQ.1 ) GD 70 102
C TO PERMIT ALL STATIONS LE.200 TO BE READ IN.
IF { 1S.GEL100 ) GO TQ 1011
C TEST FOR THE LAST STATION TO BE READ INa
IF  (XUIS)-X{IS~1})1.GT. 0.0 ) GO 10O 102
C DELAY THE END OF STATION DATA READ IN TEST UNTIL
C I{X1a6T.IPS ON TAPE READ IN OF STATION DATA,
IF { ISTOU15).EQ.0.AND,.IS.LE.IPS ) . GO To 102
C THE CDUNT OF THE LAST X STATIOM TO BE COMPUTED IS
[ MADE HERE WHEN [S.EQ.100
101 IXx= 1S -1
GO TO 1030 . :
c TEST FOR THE LAST X STATION TD BE READ IN,
1011 IF § {X{IS)=X{IS5=1}}.LE.Q.O } GO TO 101

c END OF THE STATION DATA READ IN LOOP,
102 CONTINUE .



i030 IF ( TOPLEQ.14ORWSTOI13)EQ.D.D ) G0 Y0 1032
Do 1031 I= 1,100
IF (TURB{I}.LEWSTO(13) } GO TO 1031
c RESET IT FOR THE FORCED TURBULENY RESTART AT IT.
[T= I + 1
GO TO 1032
1031 CONTINUE - :
1032 IF ( IDP.EQue%s ANDLRDOT{1),EQ.0.0 ) RDT{L)Y= X{2)}*U{2)*HS5TO(3})
IF [ I0P.EQeTs ANDDOP.GT 4D ANDWRDTL11,EQ.D.0 )
2 RDY(1)= Ut1)=DT(1) / WSTO(11)
IF MR IS COMPUTED IT IS ASSUMED THATY
UCTY IS THE MACH NUMBER = M({(L)., AFTER THE EXIT FRQM
SUBR COTR THEN IF MRLLEL{ZERDO).OR DOP.LE.D SUBR INIR
COMPUTES THE U(I} FROM THE M{I)=U(T) INPUT.
IF { IDP.EQe%s AND.MR.EQeQ.04AND.DOPLELD ) GO TO 1033
IF { TOPeNE.4e AND.MR(EQuCo0oANDLDOPLLELD } G0 TO 1034
¥ MR = .0%1l MAY OVERWRITE THE PRECEEDING VALUE.
IF ( I0P.EQuaToAND,U{]1l) sEQe0a0eANDsMRaEQ.CuOsANDLDOPLLELD )
2 GO TO 1035

[aEeReNel

GO TO 1036

c THE INPUT UCZ2) IS A MACH NUMBER
1033 MR= U2}
IF [ WSTOD(BI.NE:C.Q } MR= MR/WSTO(B)
GO TO 1036

c THE INPUT U(1l) IS A MACH NUMBER
1034 MR= Ul1} )
IF | WSTO(B)I.NE.D.D ) MR
GO TO 1036

MR/WSTO(B)

[]

C H5TO{2) IS5 A MDDEL SCALE NUMBER.
1035 MR= 001
IF [ HWSTO{BleNE.0D ) MR= MR/HWSTO(8)
c RECOMPUTE BS [F I0P.EQ.T
1036 IF { IOP.NE.T ) GO TO 1037
DUDX= { w2)y-uiny} 7 {X12)-X{(1))
UAv= (O(L)y+Ut2)y / 2,
BS5= § DUDAFUAY ) = DT{1L}

c WSTO(10) IS A NON-DIMENSIONALIZING NUMBER,
1037 IF { WSTO(LD}.EQ.Q+0«ANDLISTO{22).EQ.0 } WSTO(10)=XU{IX)
IF { WSTO(10)oEQeDodaANDLISTO(12)eEQel ANDHSTO{S)(NELDLD )
2 H5TO(10)= XMAS{1}*W5TO(5])

C . ;
C ISS IS USED IN THE LINEAR INTERPOLATION SECTION TO
C COMPUTE ISN= [5-155 WHERE ISS IS RESEY AFTER THE
C ' FINAL INTERPOLATED FUNCTION IS COMPUTED,

IF  ( ISTO(B).NE.O } [53= [STO{B) + 1

WRITE {6,570 IXeX(IXI2aXUISYIeMRDTIL)4ROT(L)4BS+IT4NCLKEND,
2 WSTO{10), ISS

CALL ASBIR

IF  (ISTO(1).NE.O) HWRITE (6499)
c END OF CARD DR TAPE INPUT DATA FOR THIS CASE. SUBR NDIR CALLS
C SUBR AGIR FOR FURTHER COMMENT. - SUBR INIR CALLS A6IR FOR CASE END
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21
31
40
41
%2
51

57

- 58

67

ON ARRAY OVERFLOW., SUBR ITFR CALLS SUBR A6IR FOR COMMENT IF THE
CASE ENDS WITH THE STARTING PRDFILES.

REFURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMATY
FORMAT

Fo T ]

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

FORMAT

-~ W N

FORMAT

FORMAT
99 FORMAT

END

(18A4)
(1515)
{6F10.5)
(8F10.5)

(5E15.8)

{1X41515)

{1X,15,10Xs 2(0&y1Hy} 7 {1Xy6F14,8) )
(1XsF9e6,F1CeToF10.2,4{FLD.4) )

{ 1XsBF10.5,5%X,4HIS= 14 )

{ 1HO,BF10.5, 5Xe &HIS= I4 7/ 1X )
(1X45E15.8)

( LTHXEND OF CARD READ, S5X, 18HNO. OF X STATIONS= 13,3X,

22HLAST X TO BE COMPUTED= E15.8y 5X, THLAST X= E15.8 /

1HK, &HMR= IPE14.7, 5X, 7HDT{1)= El4.T, 5X, BHRDT(1l)=
El4.Ty 5X, 4HBS= El4.Ts 5X, 3HIT= I4, 2X, 3HNC= I34+2Xy
GHEKEND= T4 J 61X, 1OHWSTOU(10)= El4.7y 5X,

34HNO., OF X-STATION PDINTS INCREASE= I3 )

( IHO.ZZHRESCALED Uix) BY UKX= 1PEl4.T )

{111}
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suproutine ITFR

$IBFTC ITFD

alalalslsleNeNaNe¥aly!

o0

[aleNeNeNaNale! o000
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* %

PO M= P> 0 Q0 =3 O I LD e

SUBROUTINE ITFR

SUBROUTINE ITFR GENERATES THE STARTING PROFILES FY(ETA) OR FP{J),
G*{ETA) OR GP(J), AND LISTS THE STARTING STATION PARAMETERS WHEN
THE INPUT PROFILES ARE UNCHANGED.

FOR LAMINAR FLOW ITFR RESCALES P#,Q%,R¥,VP%® AND COMPUTES DTXyMT,
CFyHT,5T., SUBR [TFR ENDS THE CASE IF IX.LE.I{X) AND SENDS
CONTROL TO SUBR INIR FOR THE NEXT CASE ON I[STO(10).EQ.B., ON A
NORMAL EXIY FROM ITFR 1STO(10).EQ.2. SUBR ITFR IS RE-ENTERED
AFTER THE EX!T FROM SUBR NDIR ON ISTO(14).EQ.1 TO MAKE A TURBULENT
RE-START AFTER A LAMINAR SEPARATION OCCURS IN SUBR ITSR,

SUBR ITFR IS ALSO RE-ENTERED WHEN A FORCED TRANSITION TO
TURBULENT FLOW OCCURS IN SUBR ITSR.

SUBROUTINE ITFR IS CALLED BY THE MAIN ROUTINE TUF,
SUBROUTINE ITFR CALLS SUBROUTINES INTEGSVIS,PROFYL,FILE,AG6IR,

THE ASSUMED CONVERGENCE OF THE MOMENTUM EQUATION PROFILES AND

THE DENSITY, DENSITY X-DERIVATIVE, EFFECTIVE VISCOSITY, EFFECTIVE

CONDUCTIVITY, AND LOCAL SHEAR STRESS PROFILES IS DETERMINED BY

TESTS ON ABS{F(JE)=1,1.LT.XT WHERE XT IS INITIALIZEGC IN SUBR INIR
0 .005.

HOWEVER, IN SUBR ITSR, IN ORDER TO TEST F(JE) THEN

ABS((F"* (J=1)~FPPW)/FPPW).LE.XT OR F**(J=1} ON 2 SUCCESSIVE

[TERATES OF THE MOMENTUM EQUATION PROFILE AT THE WALL MUST MEET A

CONVERGENCE TEST CRITERION, ~

IF THE ENERGY EQUATION PROFILES G*(ETA)»G'*"(ETA) ARE COMPUTED THEN
CONVERGENCE OF THE MOMENTUM-ENERGY PROFILES IS5 DETERMINED BY

THE CONVERGENCE OF G''(ETA=0.0) WHICH IS CHECKED AFTER THE
CONVERGENCE OF G*{ETA=0.0).

EXIT FROM THE MOMENTUM-ENERGY LOOP IS MADE ONLY AFTER THE TESTS

OF G**{ETA=0.0) ARE EITHER MADE OR BYPASSED. ON THE 1OP AND

MDP OPTIONS.

® % & % & & ® MAIN COMMON V-3 TUF X X kX &k & kK Kk % & k % & %

COMMON  /TUFA/ATUF,
B{300,5),
Bl,BH,BS,BK,
CW{100},CF(200),CLIS(400),CAY{300),
CA,CALyCO,COR,CMTF,CMTG,CyCOAL 5 CMU,
DB{300),DBB(300),D(300),0P(300),DPB (300},
DT(100),0TK(100),
DX3DTXM, DOP,D1,DJyDXB,DTM, DTS,
ET,
FB{300),FBB(300),FPBB(300),FPB(300),FP(300),F(300},.
FPP{300),FPPB(300),
FPE,FPPW,FT,FV, FTU2,
GPB(300),GP8BI(300),GP{300),GPP(300),GPPB{300},



COOO0O 00

GBC{1D0}),GPW(100),

GPPW,GPE, GAM,GAMX,

HT(L00) »

ISTO(161),

) I’IC'ID’IBC'IUP'IXgIXE'IT,IxA,ID,[KF

COMMON FTUFJ/ JTUF,

JTRU10D),

JEL K, M, JY , JEF 4 JEG,JDIV,JEB+JD,

KBy KMI,

LABEL{132},

LOOP,,LOOPF,

MU1D0 ) MTLLTD ),

MOP y MRy ML »

NU

0l

PyPBsPM,POP,PR,PRT,

QBy QM ORB, QRM, Q¢

RW{100) ,RDT{100),

RB;RH'RC'RMS.RMTiR.RDTKpRXRDF’RL|RHTH,RDF'RX
COMMON FfTUFS/STUF, )

STR{10D),SW{1D0),SFLL100),5T(100),

SHRySTL o SXy STRX,

TAUL3DD ), )

TURB(1D0),TFL100),

TO,TOP, TFR,

ue1o0),

UXy

VE(300) ,VEGI{300),VH{300},YHP(300),VHPP(300),

VH(1Q0),

VPByVPM,

WsTO(2D),

X(100),

XT o XKy .

Y{300), YY(30D),

ZERD ’

N WP W

WA P D D D O L N

NP WM OO0 =~ A W N

REAL KBy MsML MR, ,MT,NU
INTEGER DoP, POP,TOP

% % % % & % % % *END OF MAIN COMMON TUF-V3% % # % & & % % % % % &% % ¥

ISTO(1O)= 2
LSY2= ©

IF { ISTO{5}.NE.1.0R.POP.EQ.L ) GO TO 140
HRITE (6,70} ‘
WRITE (6,71) L, ISTO(1YD)

RETURN TO HERE TO RECOMPUTE THE F*(ETA} PROFILE ON

[0P.EQ.5 RESET FROM I0P=4 IF 2,%ABSIDU/DX)aLTs03 AT

EFN-421.
140 CONTINUE :
BEGIMNING OF THE LOOP TO GENERATE THE STARTVING
PROFILES FP(J)= FT{ETA} OF THE MOMENTUM EQUATION
AND GP{J4)= GO{ETA} DF THE ENERGY EQUATION TDGETHER
WITH THE EFFECTIVE VISCOSITY,CONDUCTIVITY, AND
DENSITY PROFILES AND DTHER MOMENTUM AND ENERGY
PROFILES.



c THE MOMENTUM-ENERGY LOOP.
DO 393 MAE= 1.KMI

IF  ( ISTO(S5).NE.1.ORPDP.EQ.L } - GO TO 141
WRITE (6,98) I, ISTQ{10}, MAE

THE MOMENTUM EQUATION LOOP.
141 DO 349 MOM= 1,KMI
FOR A CONSTANT DENSITY FLOW MUOP.LT.0.
IF (MOP.LT.0) GO TO 395

DP(J)= THE RUDELTA({*)%#DELTA{*)«(X~-DERIVATIVE OF
DENSITYY}, )

[sEeNalel [ O

Bl=TF{I)-1.
DD 304 J=1, JY
FV=1.-FP{J)

c DENSITY RATIO PROFILE. SEE EQUA II-16.
DUII=2.2TF{I)*{ L. -BH*GP(J) ) /(1. +SORT(1.+4 . *BLEFVEFVETF(I)
1 *({1.-BH=GP{(J))))

c SEE EQUA I1-27. ‘
DP(I)=(2.%BL*D( J)*D(J)XFVXFPP(J)~TF ([ ) %BHEGPP (S} }
1 F{1.42,%B12D{ J)%FVEFV) ‘

c SEE EQUA 1I-32.
DBIJ)=(P*{SHR=L ) EMII)*M{T)XTF(])
1 *{l.~BH*GP{I)=D{ J)*D{JIXFVEFY)
2 #{SHR=Lo PAMUTI1=MT)*D(J)*D(JI*FVEGAMXS{FP{J)+Y{J}*FPP(J))
3 =TF{I)*BH®(S TRXXGP({J)+GAMXXGPP(J)*Y(J) )}
&  JUYlo#{(SHR-L. )*M{ 1) *M{L }*D{JI%FVXFY)

304 CONTINUE

305 CONTINUE
- OR TURBULENT STARTING FLOW.

IF IOP= 144,5 THE STARTING FLOW IS LAMINAR.
[F I0OP= 253,647 THE STARTING FLOW 1S TURBULENT.

OO0

306 60 TO (315,320,321,310,315,320,321), 1QP

HEAD OF LOOP FOR THE F*(ETA) PROFILE . (INNER LGOP.)

FOR VARIABLE PROPERTY FLOW, RECOMPUTE DUJ)=DENSITY,

"~ AND DBUJ)={X DERIVATIVE OFf DENSITY TERM)*DELTA(*).

TEST IOP TO SET THE PARAMETERS FOR EITHER LAMINAR

c ~ THE PROGRAM SECTION TO RECOMPUTE THE INITIAL PROFILE

C FOR SIMILAR LAMINAR STARTING FLOW.
310 CONTINUE

C *%xk SET P, Q% AND R# =&&%

c SEE EQUA 11-25,
C=F{JE)=C
P=LxCH*RL*8S

o ' PARAMETER IN EQUA [I-14,

Q=P& (1 .—ML*ML}+C*C*RL*(1.-85)/2.
Ve = VW(II/UCI)*C*RL
IF{IABS{DOP).EQ.1) VP=VP/DI(1)
RDT{ 2)=C*RL

RDF=RDT(2}
CA=D.0D
R=0.0
IF CABS(RW(2)/{X(2)-X(1))}.LT.1.,E-8) GO TO a1a ‘
C A PARAMETER CONTAINING { D R{W}/DX}. EQUA 1i-14.
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R=RLECH*CE{RWI3) =RW{ LI I/ (X{3)1=X(L 1) {X(2P=X{1)})/(RW{3}+RWI{1)}
A PARAMETER 0OF COS A WHERE A IS THE ANGLE BETWEEN THE
WALL AND THE SYMMETRICAL BODY AKIS.-

CA=2.*01%COAL*C*(X(2)=-X{1})/RW{2)
¥{J) 15 RECOMPUTED FROM THE ORIGINAL YY(J).

DO 312 J=1, JY

c YY{(J) HERE IS THE COMPLETED PROFILE.

YOI =YY {JY&(1.eYY(J)IRCA/S, )
312 CONTINUE

o OO0

313 CONTINUE.

c , QR IS USED IN EQUA ITI-6E.
QR=Q+R - ‘
C *xxs END OF THE SIMILAR LAMINAR PARAMETER RECOMPUTATION.
314 G0 TO 330 |
C SKIP TO HERE FRDM EFN-306 ON I0P.EQel,5. IOP MAY

c ) HAVE BEEN RESET= 5 FROM 4 AT EFN-421. LAMINAR FLOW.
315 CONTINUE

FPP{11=FPP(LI*F{JE)
CF{I)=2.*TAU(I)
VP‘= VW{I)/UCL)#RDT LI

IF{IABS(DOP).EQ.1} VP=V¥P/D(1)
316 6D YO 325

SKIP TGO HERE FROM EFN -306 IF 10P.EQ.2,6.
TURBUL ENT STARTING FLOW.
320 CONTINUE
SET P AND Q
P==TAU(1)%*85
SKIP TO HERE FROM EFN -306 IF IOP.EQ.3 7.
TURBULENT STARTING. FLOMW.

GG OO0

321 CONTINUE
CF{I1=2.*TAU(L)
GAM=SQRT{ABS(TAU(L)})
GAMX=—~GAM/SK*(Q+CMU*P)
c IF TRUE RECOMPUTE THE STANTON NUMBER GRADIENT
c PARAMETER,
IF (GAM,GT ZERD} STRX=—={GAM+STR{1)/GAM}/S5K* (Q+CMU=P}
¥e = VW{I)/U(1)
IF(IABS{DOP).EQ.1) VP=VP/DI(1)

c ‘ENTER HERE FROM EFN -316 IF 10P. EQ.I;S.
C LAMINAR STARTING FLOW.

325 CONTINUE '
c TD COMPUTE 4 AND QR

Do 326 J=l, JE
VH{I)I=LIR*D{JYR (Y {JI-FUJ) L +GAM/SKECMURPRY {J ) DI J)~-VPI%FPP(J)
1 +(REDP(JIFCY L II-FLI) )= (PED(II+DBLI ) ) %{2.=-FP(J})
2 S {La=FPUIINEID(I)=Y{JIRDP(J) IRGAM/SHKECMUXP-VPRDP(J) )1 *FP{ J)
3 +REDPLIVRF{I V4P (DL NI=1. )=REY(JI*DP (J)+DB{J)+VPEDP{I))
VHP{ J)={D{ I =YL J)}=FLJ) Y+GAM/SKEY [ J)*DU I} I*=FPPLJ)
1 +(DPLIIE(Y{II~F(J))
2 {1 =FP{J))%{D(J)}=Y(JIXDP( J) I *GAM/SK)*FP(J)
.3 =Y {J}=F{J))=DP( J)
326 CONTINUE



o0

[eNeNaRql

SUM B8Y THE TRAPEIOIDAL RULE.
CALL INTEG (JEy JDy Y4 VHy DeDy VH)
CALL INTEG (JE, JO, Y, VHP, 0.0, VHP)
FOR BOTH LAMINAR, EXCEPT WHEN I0OP.EQ.4, AND
TURBULENT FLOW., SEE EQUA [I-41,
Q==(CF(I)/2+.*RDF+VHIJE)/F(JE))/VHP{JEI*F JE)
QR=0Q+R
IF ISTO(S).EQ.D SKIP LISTING OF VE.VEG,VH,VHP AT
EXIT DOF SUBR V¥IS.
SKIP TO HERE FROM EFN-314 1F I0OP.EQ.4%, LAMINAR FLOW.
T HERE ON ALL IOP.

330 CONTINUE

OO0

OO0

N

g X gl

(]

o o0

CALCULATE VE® DR VE, THE EFFECTIVE VISCOSITY PRDFILE
AND VEG* OR VEG THE EFFECTIVE CONDUCTIVITY PROFILE.
THE CALL OF SUBR VIS IS NOT SKIPPED.
CALL VIS (JE, JY, JDy YY, FP, FPPy, GP, GPP, D, DPy TAU, VH, VHP,
1 TURB(I)y SHE1), CWII), SHR, BH, STC, TO, TF{I}, RDT{I), DVT(L},
2 F(JY), PR, PRT, JK, VE, VEG, ISTO )}

IF THE INPUT PROFILES ARE CONSIDERED CORRECT THEN
LEAVE THE MOMENTUM LOOP.-
(SKIP THE FP=F'(ETA)}, F{ETA),TAU(ETA) AND SF(I)
PROFILE RECOMPUTATIONS.)

IF {10P.LE.3) GO TO 350

COMPUTE THE COEFFICIENT PROFILES AND CALL SUBR

PROFYL FOR THE F*{ETA) PROFILE.
FPPU=FPP{1l)
FPE=0.0Q
DO 335 J=ly JY

SEE EQUA 111-6E.
CO=QR*{Y{J)-FlJ}))-VP

SEE EQUA 1I1I-9A.
BlJ11=CO20P( I} ~{PRD(JI+OBLI)IF( 2. ~FP(JI})
1 ~{1=FPLUY Y E(D{J)=-¥{ ) *DP{J} ) 2XGAMX

SEE EQUA I1I-98,
BUJdy2)=(CO-Y{J)*GAMX}*D({J)

SEE EQUA T!I-9C,
BU{Jy31=-CO%DP{J)+P={D(J)-1.)+DB{J])

SEE EQUA IT1I-9D,
BlJead=—(1.+CA*Y () )*VE(J]}*RDF

SEE EQUA T1I-9,
BLJsSI==DP{JI/D(J1%x{1L.~FPLJ)}

335 CONTINUE

o0

[gEnEwl

74

SOLVE THE MOMENTUM EQUA., FOR F'{ETA}.

SEE EQUA I]II-7.
CALL PROFYL (JEF, JY, JDy ¥, By ETy 1.0, FPPW, FPE, 2,
1 FPy VH, VHP, VHPP)

JE=MAXO{ JEF,JEG}
COMPUTE THE F*'{ETA) PROFILE BY 15T DIFFERENCES OF
THE F*(ETA}) PROFILE,

. COMPUTE THE SHEAR STRESS PROFILE TAU{J), AND VH(J).

“JM=

JYM=JY-1

D0 340 J=1, JYM
F**{ETA) PROFILE.



EPP(J)=tEP{JOL)=FP(JM) /LY (J41I-Y(IM})
JM=t
c THE LOCAL SHEAR STRESS.
TAUL I =VE(J)R(DP (J) /DI 1% (Lo=FP(J) I=FPP(J] ) #SQRT( L. +CA*Y(J))
VHIS1={1e~FP(J} ) #(1.=D{J)*(1—FP{J}))
340 CONTINUE

FPP‘JY'SDUO
TAULJAY }=0,0
¥YHIJY)I=0.0
C SUM F*({ETA) FOR F{ETA} BY THE TRAPEZIOIDAL RULE .
CALL INTEG {JEy JDs Ys FPy D.De F)
C COMPUTE THETA FOR SF= DELTA{#®}/THETA. SEE
C EQUA TII-22.

CALL INTEG (JE, JDy Yy VHy 040¢ VH)
SF{II=F(JE}/VH(JE)

C #*+%& PRINT OUT INTERMEDIATE FP PARAMETERS AND VARIABLES xu¥#%
IF ( ISYO(5).NE.l.OR,POP,EQ.1 ) GO YO 341

WRITE (6472) 1, JK, JEF; F{JEF), FPP(1l), SF(1), P, Q; Ry TF(I),

2 M{I)yVE(1)VEG{L)oVH(1) s VHP(1),D11),D{JY},0P{1),DPLJIY}

C #%#% TEST FOR CONVERGENCE OF FP *%x%
341 IF {(MOM .GT.l,AND.ABS{F{JE)~-1.).LT.XT) GO TO 350

c EFN 349 IS THE LDOPF= 1,KMI END FOR F®{ETA).
C END OF THE MOMENTUM LGOP.
349 CONTINUE .
c THE INTERMEDIATE LOOP FOR THE F*(ETA) PROFILE ENDS.
c If 10P.LE.3 SKIP TO HERE FROM EFN 331, THE
c RECOMPUTATION OF THE MOMENTUM PROFILE.
353 CONTINUE
C *e+x SET BOUNDARY CONDITIONS ON GP OR GPP ®%%&
c SKIP THE COMPUTATION OF THE G'{ETA) PROFILE IF
c ABS{MOP}.EQ.1

IBC=1ABS{MOP)
351 GO0 TO (4D0,352,353), IBC
352  CONTINUE
GPW(11=GBC{I)
GPPH=GPP(1)
STR{I)=-GPPW/D(1)1%VEG(L)
GO TO 354
C ' IBC= 3
353 CONTINUE
GPHIT)I=GP(1)
GPPW==GBC{I)*D{1)/VEG(1)
IF (IDP.EQ.4) GPPW=GPPWHCHRL
IF {10P.EQ.S) STRII)= GBC(I)/C/RL
354 CONTINUE
IE THE EINPUT PROFILES ARE CONSIDERED CORRECT SKIP
THE G°(ETA) PROFILE RECOHPUTATIDN AND GO TO LIST.
355 IF (10P.LE.3) GO TO 410

OO

COMPUTE THE COEFFICIENT PROFILES AND CALL SUBR
PROFYL FOR THE GP=G°(ETA) PROFILE.

SEE EQUAS I0LI-10A TO I{I-10E FOR TURBULENT FLOW AND
[1I-12A T0 [11-12E FOR SIMILAR LAMINAR FLOW.,

[N xEu Ny
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356

CHek

76

3560

345

396

397

398

g9

GPE=0.0

00 360 JI=1s JY¥Y

BlJyl)=—(1.~FP{J})%STRX )

BlJIy 2)=QR*(Y(J)=F{J))-VP=GAMX®Y{})

B{Je«3)=0.0

BlJe4)=-(1.+CA*Y(J)IXVEG({J)/D(JI*RDF
B{Jy5)==(SHR-1 IEMCLI*M{ 1) /BH/TF () ®{VE(J}/VEG(J)~1,)
1 HD(JIE (L =FP{JI))E(DPLUI*{La=FPL{I))I=-DUJI%FPP (L))

CONT INUE

COMPUTE G'{ETA) BY EQUA TI1-8, '
CALL PROFYL {JEG, JY, JDy ¥, B, ET, GPWII), GPPW, GPE, IBC,.
1 GPy VH, VHP, VHPP)

JE=MAXD (JEF,JEG)
JM=1
JYM=JY~1 S
' EXCEPTING GPP(1} COMPUTE G''(ETA) BY LST CENTRAL
' DIFFERENCES.

DD 365 J=1, JYM
GPP(2I={GPLI+1) =GP UM))/{Y(J+1)=-¥Y{IM))

M=
CONT INUE
IF {IBC.EQ.3) GPP(1)=GPPH
LIST EACH MAIN LOOP=1,KMI LOOP VALUE AT THE WALL.
IF  ( ISTO(5).NEals0R.POPLEQel ) GO TQ 366 :
WRITE (6476) Ly JEG, GP(l}, GPP(L)s C, RL
FOR CONSTANT DENSITY FLOW LEAVE THE MOMENTUM-ENERGY
LOOP.
* % ¥ THE STARTING STATION OQUTPUT PARAMETER SECTIOQON, * % =
IF (MOP.LT.0) GO TO 400
TEST G* OR G** AT THE WALL ON EACH MAIN LOOP=1,KMI
LOOP.
IF (MAE .LT.2) GO TO 399
IF (ABS(GPW{I}).GT.ZERD} GO TO 396
IF (ABS(GP(1)-GPW{I)).LT.ZERD) GO TO 397
Ga TO 399
CONT INUE
IF (ABS((GP(1}1-GPW{TI}/GP(1) ).GT.XT} GO TO 399
CONT INUE
If {ABS(GPPW).GT.ZERD) GO TO 398
IF {ABS{GPP{1)-GPPW).LT.ZERO) GO TO 400
GO TO 399

CONTINUE

1F {ABSUIGPP(1)-GPPW)/GPPW).LT.XT) GO TO 400
EFN 399 IS THE LDOP END OF THE MAIN LODP TD GENERATE
STARTING PROFILES OF F'{ETA} AND G'{ETA).

CONT INUE



SKIP TO HERE FROM EFN 351 TO BYPASS THE G?{ETAI
PROFILE SECTION ON ABS(MOP}aEQale.

[xEnl

400 CONTINUE
GO TO 415 :
TO HERE FROM EFN 355 TO SKIP RECOMPUTATION OF THE
INPUT G*(ETA} PROFILE WHEN IOP.EQ.3. ALSO THE
RECOMPUTATION OF THE Fe{ETA),F®**(ETA},TAU(ETA}
PROFILES AND SF{E) BY SUBR ITFR WAS SKIPPED IN THE

MOMENTUM LOOP.

s NeResNalN gl

413 CONTINUE

IF (POP.EQ.1} GO TO 415

C *%%% PRINT OUT PARAMETERS (IF INPUT PROFILES ARE UNCHANGED) #*%k%
WRITE (6,72) I+ JKy JEF, FIJEF), FPP(1), SF{l}, Py Qs R
WRITE (6,76) I, JEG, GP(Ll), GPP{l), DIl1l}e TFLI)

415 CONTINUE
c SUBR ITSR SETS THE LOOP STARTING INDEX= IXFe
IXF=l+] ]
416 G0 TO {425,430,430,4200425,430,430), 10P
c 10P.EQ.4 ONLY.
c ABS(2.%(DU/DX)oLTas3) TO USE THE PRESENT PROFILE AT
c T1{X)=2 AS THE STARTING PRUFILE.. OTHERWISE RECOMPUTE
c ON [OP = 5 RESET.
420 CONTINUE
C #**%% FOR OPTION 4, CALCULATE DT{2), RDT(2) AND PRINT EXPLANATION #*¥*¥*
SF(1)=5SF(2) '
DT(2)=(X{2)-X{1))%SQRT{Q/RL/{BS*{1,-ML*ML)+(1.-B5}/2,))
ROT{2)=RLEDT(2) /(X(2)=-K{1]})
IF (ABS(BS-1.0).LT.ZERD} DV{1)=DT(2)
MT(1)=DT(Ll)/SF(L)
THE SLOPE AT THE ORIGIN,
UX2={U(2)-Ut1))/(X(2)~ Xi1))
THE FORWARD SLDPE AT I(X}= 2.
UX3= (U{3)-UL2)1/(X13)~ Xtz2))
TEST TO RESET IOP.EQ.S FOR A RECOMPUTATION DF THE
F* (ETA) PROFILE.
IF ((UXB*UXZ ) «EQaTa0 ) 60 TO 4211
A TEST TO SKIP THE RESET OF IOP TO 5.
421 IF (2.%ABS({UX3-UX2)/{UX34UX2)}.LT.0.3) GO TO 422
4211 10P=5
P=UX3/U(2)*DT(2)*ROT(2)
WRITE (6,77) I+ Xt2), l10OP, UX2,UX3
c RETURN TO EFN 140 TO RECOMPUTE THE F*(ETA) PROFILE, "
GD TO 140 ‘
c SKIP RESET OF IOP= 5
422 CONTINUE

[ B o I S = S o

WRITE {6,78) I4 X(2)y X{1)y DT{(1), TF(Ii
(o SKIP TO HERE FROM EFN-416 IF IQP.EQ.1,5,
425 CONTINUE

WRITE (6,97} IL,IXF.IDP,RDT{I)

C s*%% FOR LAMINAR FLOW, RESCALE .P%, 0%, R¥, QR® AND VP*
P=P/RDT(1) |
0=Q/RDT{1)

R=R/RDT{I)
QR=QR/RDT (1)
VP=VP/ROT (1)

il



C SKIP FROM EFN-416 ON I0P.EQ.2y3,64+7 TURBULENT FLOWS..
430 CONTINUE
C %%x% CALCULATE DTXM,MT, CF, HT AND ST FOR BOTH LAMINAR AND TURBULENT
c STARTING FLOW,
DYXM=Q-P#{1.~M( 1} ¥M{1))
MT(I)=DT{I)/SF(I}
CFUI}=2,%TAU{L)
81=GPW(L)~(TF(I)=1.)/BH/TF( T}
ST(I}1=0.0
1F (ABS(B1).GT.ZERD) STLI¥=STRLI)/B1
DO 440 J=1, JE
VHP(J) =1.=D(J)*(1.-FP{J))
VHPP (J =GP (J)E{1.-FP{J))
440 CONTINUE

CALL INTEG (JE, JDs Y, VHP, 0.0, VHP)
CALL INTEG (JE, JD, Yy VHPP, 0.0, VHPP)
DTK(I)=VHP(JEI*DT{I) .
RDTK=1./VE({Ll}*DTK(I)}/DT (1)
RMTW=ROTK/OTK(L 1 *MT (1}
HT(T)=VHPP(JEI*DT([)

IF {I0P.NE.4) GO TO 445

HT{1}=HT(2)

NU=RL*PR%S5T(2)

WRITE {6,79) X({I}, NU, HT(2)
465 CONTINUE

L8T2= ISTOLT7)

1stot?)= I
¢ IF THE INITIAL IDP.EQ.% ITFR MAY RESET 10P=S5.
IF { ISTO{Ll)eNE.O«AND,1QP.GT .3 ) GO TO 446
“IE { ISTO(5)eNE+laORLPOP.EQ.L } GO TO 450

£ *%%k% PRINT PROFILES AND PARAMETERS WITH S$SFILE #*%%x
446 WRITE (6,99)

CALL FILE (LABELy I+ YY. F, FP, FPP, GP, GPP, D, DP,

1 VH, VHP, VHPP, TAU, VE, VEG, SHR, BH, PR, PRT,

2 Xy Uy My TURB, RW, VW, SW, (W,

3 RDT, DT, MT, HT; 5F, CF,; 5T, STR!inJE'JY'JD'JDIV'ISTD)HSTD )

450 CONTINUE
ISTO(7)= LST2

C IX= LAST [{X) WALL STATIGN TO BE COMPUTED.
C GD TO THE NEXT CASE IF THERE ARE NOT MORE THAN 2
C X~STATIONS ON AN INITIAL I0P=4, AND NOT MORE THAN 1
C X-STATION ON AN'IN[TIAL I0P= 1,253:454647.

IF {IX-1.LE«D) GO TD 481
c THE INITIAL LDAD FOR TRANSFER IN SUBR.ITSR TO FBB(J),
c ETC. IX IS COMPUTED IN SUBR COTR.

OX=0.0

DO 480 J=1, JY

FBLH)=F{d)

FPB{JI=FPLJ)

GPBLJ}=GP(J4)

DBLJI)=01J)

487 CONTINUE
RETURN

78



481 WRITE [6:69)
I5TO(10)= 8

CALL A6IR
RETURN

69 FORMAT (1HD, 40OHEND THIS CASE IN SUBR ITFR ON IX.LE.I.
2 34HGD TO SUBR INIR FOR THE NEXT CASE. )

T0 FORMAT {(1HO, %X 1SHENTER SUBR ITFRy 5X,
1 4BHVALUES OF IMPORTANT VARIABLES FOR EALH ITERATIONI

T1 FORMAT ( 1HD, 3HI= I3, 5X, 9HISTO{1D)= 13 7
1xfTHF"E0-c -y 9*, ZHJK' le 3HJEF' 5)(. 3HFJE16X'4HFPPH' .

_ 6Xy 2HSF, 9%, 1HP, 9X» 1HQy 9X, 1HR, 9X, SHTF{I)y TXe&HMIIY /
ZBX,SHVE(llu4!.6HVEG{1).4Xg5HVHll)16X;6HVHP(liv4Xp4HD(lIp6X.
SHO{JY) 5XoSHOP( 1)y TX, 6HOPLIY) / : ‘

1X5 THG-EQueee » 12Xy : .
3HJEG, SXy 3HGPW, 6X, 4HGPPW, 6Xy 1HCy 6X, 2HRL /7 1H0 )

PR N N

72  FORMAT {1HO, 3HI= I3, 2X; THF-EQeeey 2(1X:+13)y 8(1X,1PES.2))
76 FORMAT (1HOs 3MI= I3, 2X,THG-EQess » 2X, 13, B(1X,2PE9.2! )

17 FORMAT {1HD/ Lo
1X,3HI= [3,3X, 4SHFREE STREAM VELOCITY DISTRIBUTION IS NOT WELL

1
1 1X, 19HDESCRIBED NEAR X = F10.5y 1Xs SHWITH 10P= 13, 2%,
2 SHUX2= 1PE9.2s; 2Xy SHUX3= E9.2 / .
2 10X,
3 S4HI0OP. 1S RESEY TO 5, P IS RECOMPUTED AND THE PROFILE Is
4 21HRECOMPUTED AS LISTED. f 1H2Z ) :
78 FORMAT {(1HD, BHIIX)= 13, 1H. / ‘
1 5%, 29HTHE FOLLOWING PROFILE AT X = o F10.65 1X» ‘
1 G0HIS A STARTING LAMINAR PROFILE, AND IS5 TAKEN TC BE IDENTICAL
2 21HTO THE PROFILE AT K= Fl10.567/ 5X, 10HWHERE OT= 1PEll.%, -4
3 THTE(L)= El4e7) ‘ i

19 FORMAT (1HD, 28HTHE NUSSELT NUMBER AT X{l1= IPE9.2, &4H IS
2 1PE9.2, S5Xy 24HTHE ENTHALPY THICKNESS= E9.2]

97T FORMAT {1HO,6HI (X}= 13,3X,5HIXF= 13,3X,5HI0P= 12,3X BHRDT{I}=
2 1PEL4.T)

98 FORMAT ({(1HO, 3HI= I3, 23X, 9HISTO(10)= [3, SX, SHMAE= i3 /7 1Xi
99 FORMAT (1H1} s J

ERD
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Subroutine ITSR

$IB8FTC ITSD
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SUBROUTINE ITSR

SUBROUTINE ITSR IS THE MAIN SUBROUTINE FOR THE COMPUTATION OF THE
MOMENTUM AND ENERGY PROFILES TOGETHER WITH THE WALL PARAMETERS AT
EACH I{X) WALL STATION. ITSR INITIALIZES ISTO{10)= 3, ON EXIY
FROM SUBR ITSR ISTO(LD) = 4,5:6,7. ON A NORMAL END OF CASE AT
I(X)= IX ISTO{10).EQs%. SUBR ITSR EXITS TO TYUF WHICH CALLS SUBR
NDIR TO END THE CASE. IF ISTO(10) BECOMES 5 ON THE PROFILE

LIMIT TEST THEN SUBR ITSR ENDS THE CASE BY EXITING 7O TUF WHICH
CALLS SUBR NDIR FOR THE CASE END LISTING. IF ISTO(10) BECOMES 6
SUBR ITSR EXITS TO TUF WHICH CALLS SUBR NDIR FOR A LISTING AND

A RE-INITIALIZATION TO CONTINUE THE RUN, AND A CALL OF SUBR ITFR
IF 1STO(14).EQ.1 FOR A TURBULENT RE-START AT I{X).

IFf ISTO(10) BECOMES 7 SUBR ITSR EXITS TO TUF WHICH CALLS SUBR NDIR
FOR A RE-INITIALIZATION AND THEN CALLS SUBR ITFR FOR A FORCED
TURBULENT RE-START AT 1{X}.

SUBROUTINE ITSR IS CALLED BY FTHE MAIN ROUTINE TUF.
SUSBROUTINE ITSR CALLS SUBROUTINES VIS,PROFYL,INTEG,TRANS,FILE.

# % & & % & % MAIN COMMON V-3 TUF % % % % # % & * & % * & & % *&

COMMON /TUFAJATUF,
BL300,S5)
Bl,BH,BS,BK,

. CHEINO0Y ,CF{100),LLI5(400),CAY(300),
CAsCAL:COsCOByCMTF4CMTG,L4COAL,CMU,
DB{300),0B8(300),0(300),DP(300),DPB(300),
DT{100)},DTK(100),
DX,DTXM,DOP,DI,DJsDXB,DTM, DTS,

ET,
FB(300D),FBB(300),FPBBI{300),FPB(300),FP(300),F{300),
FPP({30D 1, FPPBL30Q0),
FPE, FPPWFT ,FV4FTUZ,
GPBI30D ) GPBB(30D),GP{300),6PP{300},CPPB{300),
GBCt100) ,GPWI10D),
GPPW.GPEs GAM,GAMX,
HT{100),
ISTOL16),
I+IC,I0,IBC,I0PEX,IXEIT4IXA, 1D, IXF
COMMON /TUFJS JTUF,

JTR(10D 1},

JEs JKe dM, JY 4 JEF s JEG2 JDIVJEB JDy

KBy KMI,

LABEL(132),

LOOP«LOOPF,

M{100), MT{100),

MOPyMRy ML,

NUy

Oty

PyPR.PM,POD . PR,PRT,

QB OM,QRB4 QRM, Qy



RW{100) ;ROT (1001,
. REJRMRC,RMS,RMTRyROTK, RXRDFQRL:RMTH,RDF,RX
COMMON  /TUFS/STUF, |
STR{10D},SW(100),SF(100),5T(100),
SHRoSTC 4 SKy STRX,
TAU(30D)
TURB{120)},TF({10C),
TO,TOP, TFR,
Ue100),
UXs
VE{300),VEG(300),VH{ D0}, VHP(300Q), VHPP€3001v
VH(1001},
VPB'VPM'
WSTODC(20),
X1100),
XT XKy
Y(30D),¥YY(300),
ZERD

W A

ViAW DOm0 WN -~

REAL KBy MoMLoMR,MT,NU
INTEGER DOP, POP,TOP

C.$###t####ENDUFHAINCDMHDNTUF-VB*#**#*####,*#*t

Is70(10}1= 3

IXF IS SET= I+1 IN SUBR ITFR AFTER THE TEST FDR
CONVERGENCE OF THE STARTING PROFILE. I1XF=2 UNLESS
THE INITIAL IOP.EQa.4 FOR WHICH LXF BECOMES 3.
_ Ix IS SET- IN SUBR COTR,
DD 899 I=iXF, IX
A CONVENIENT STORE TO SAVE 1 FOR THE SUBR NDIR LIST.

(o] [aNeNaEgXel

IXA=1

L *®&x% MOVE FP, GPy AND D BACK TQ HDVE FORWARD IN X *¥¥¥
00 510 J=1, JY
FBBLJ)=FB{J)
FB(3I=FLI)
FPBB(J)=FPBL I}
FPBUJI=FP(J)
FPPBIJII=FPP{J})
GPBB(J}=GPBLJY)
GPB({JI=GP(J)
GPPB(J)=GPPLJ)
DBB{J)=DBL )
DB(JI=0D(J)
oPB(JI=DP{J]}

510 CONTINUE

JEB=JE

CAB=CA

PB=P

RB=R

[8=1~1

DXB=DX

DX=X(I }=-X(IB)
DT(L)=0T{I8)+DT XMZDX
DIBB=DT(]B) ‘



1
2

1
2

511

520

1

530

OO0

82

**%* DEGINNING OF ITERATIVE LOOP TO CALCULATE FP AND GP PROFILES #*#%

IF (IB.GT.1} DTBRB=DT(I-2)

VPB=VWI{IB)}/U(IB)

IF {IABS{(DOP).EQ.1) VPB=VPB/DE(1)

TEST FOR LAST I(X) WALL STATION .

IF {I.GE.IX) GD YO 520

UX=UCI=13/70{T et XCT ) =X{ T4 3 ) 7 (X{1-1)=XT D}/ UXLI-1D-X{1+1})
24X (T =XOT=1 =X 4L}/ OXCIN=XLE=1 D) /XU ) =X{T¢1})
+UCT+DI AU *EXCT) =X (I-1) ) /¢ XTI+ )-XUI~1 )/ OXCI+1)-X(1))

RX=0.D

CAl1=D.0

1F {ABS{RW{I)/DT(I})eLT.0.1} GO TD 520

RA=RW{I<LI/RAW{II*0XIT)=X(I+1 ) AUXLI=-1)=X(T} Y /UXAI~2)=X(T+1))
2 XXDY=XOT=1)=-XCT 4+ D/ (XD D= XA -1} /XL~ X{I+1))
RWII+L)/RWCTIIR{X{E I =X{I-L )7 {XCT#L=X{I=-L} /(XL T+1)=XIT))

WS5TO(1l8)= RX*RWI(I)
WSTGO(19)= WSTO{13)}*4STO(18)

IF { WSTD{19).GE.1.D0 ) 60 TD %511
CAl= 2.*DI%SQRT(1.-WSTO(19}) /7 RW(1}
GO Td 520

CAl= WSTO(4) + WSTO(6I*X{1) + WSTO{TIEX{I)®X(I)
RuX= 1, , X
WRITE (6452) RX,RWI),WS5TO(1B),CAL,RHWX

CONTINUE
IF {POP.EQ.1l) GO YO 530
LIST THE INPUT PARAMETERS FOR THE NEXT X-STATION.

WRITE {6451} LABELI1), (LABEL(K), K= 2,18 )

WRITE (6460) LyX(1),UCT)yM(I)y TURB(I)y GBC(I)y RW(I),
VW(I), SW(I), CW(I)
IF { ISTO{5).NE.1 ) GO TO 530

WRITE (6,70)

WRITE {6181'

CONTINUE

00 799 MAE= 1,KMI
1TME=  MAE

*x%¥% BEGINNING OF INNER LOOP TO CALCULATE THE F'(ETA} PROFILE.

DO 670 MOM= 1,KMI
ITP= MCM

*22% RECALCULATE OT, RDTy Py Q¢ AND R *%x&

1
2

DT AND RDT ARE RECOMPUTED AFTER THE EXIT FROM THE
MOMENTUM-ENERGY LOOP.
OTLL}=DT(I}2F(aE)
ROT{I}=ROTLIBI®U{I}/ULIBI*DT{T)/OT(IB)
*(TFII)/TFIIB))**{1eS~1o/(SHR=1.)}
B(Lo/TRFUIIASTO/TON/ (1o /TFUIBI+STL/TO)
DTXM={DT{E)-DT{1B) } /DX
DTXB={DT{I)~-DYBB)/{DX+DX8)
P=DT (I }2UX
PM=(P+PB) /2,
QM=DTXM+PME (L~ (0. SE(MII)+M(IB) ) )%%2)

QB=DTXB+PBR(1.~M(IB)%M{IB)})

R=RX*DT(])
RM=(R+RB) /2.
QRM=(QM+RM
QRB=0QB+RB
CA=CAl1#DT(I)



OO0

OO0

laNale

605

607

610

611

SCALE THE Y(J) COORDINATES TO THE YY{J} COORDINATES
FOR USE BY SUBR VIS.

00 605 J=1., JY

CAYLJ)= CA%Y{J)

IF L CAY(J)aiTu-10 ) CAY{J)= =1.0
IF (ABS{RWII)/DT(I)).LT.0.1) GO TO &05
YY{J)=2. %Y U}/ {1a+5QRT(La+ CAY(D) ) )
CONT INUE

FOR CONSTAMT DENSITY FLOW MOP.LT.0.
[F (MOP.LTLO)} GO TO 611

COMPUTE THE DENSITY PROFILE= D(J)., COMPUTE ALSO THE
DERIVATIVE TERM DF THE MOMENTUM EQUATION = DP(LJ}.
SEE EQUAS T11-2T7 AND [I-32.
Bl=TF(I)“1.
DO 610 J=1, JY
FV=1.-FPL(J)
D{JY=2, *TF(I)*(la-BH*GP(Jlif(lo*SQRT(1-*4.*31*FV*FV*TF(Il
(1 .,-BH&GP{J}}}) ‘
DP{J)=(2,%BL1%D{ J)*:DlJ }*FV*FPP{ J)~ TFII}*BH*GPP(J))
Fila42.%BL2DUJYXFVEFY).

CONT INUE
ALSO SKIP TO HERE FROM EFN-607 :
TO COMPUTE THE EFFECTIVE VISCOSITY AND CONDUCTIVITY
PROFILES FOR THE MOMENTUM EQUATIDN.
CONT INUE

COMPUTE THE EFFECTIVE VISCOSITY AND CONDUCTIVITY
PROFILES VE(J) AND VEG(J) FOR BOTH CONSTANT CENSITY
AND COMPRESSIBLE FLOWS. ‘
CALL VIS (JE, JYy JOs YY, FP, FPP, GP, GPP, D, OF, TAU, VH, VHP,
TURB{I), SW(I), CW{I}s SHR, BH, S5TC, TO, TF{I)y RDT(1l)}, DTLI},
F(JY), PR, PRT, JK, VE, VEG, ISTO )

COMPUTE THE FP=F*(ETA) EQUATION COEFFICIENT PROFILES

AND CALL SUBR PROFYL FOR THE F*{ETA) PROFILE.
DTM= (DT(L)+DT(IB))/2,
VPM2 (VW (L )I+VRIIB) Y/ {UCT)+UCIB))
IF(IABS(DOP}.EQ.1l}) VPM= VPH*Z.I{D{11+DB(1))
FPE=(.0
FPPH=FPP(1)
DD 650 J=1, JY
FPM=(FP(J)I+FPB{J}) /2,
OM={D(J)+DB(J)) /2,
DPM={DP(J)+DPBLJI) )/ 2.
DDXM=(D(J)-DBL{J ) ) /DX
DDXB=[0(J}-DBR{ J) }/(DX+DXB)
CH=0RME{Y{JI=(F(JI+FB(J}I/2.)=-VPM=DTM*(F(J)~ FB(J]lIDX
Cl=L£0%xDM
C2=COB0OPM-(PMRDM+DTMREDOXM ) %( 2. -FPM)
£3=-COXDPM+PME({ DM-1,) +DTMEDDXM
Co=DM%{1.-FPM}«DTHM/DX
COB=QRB*{Y{J}=FB(J) I=VPB=DTLIB)I®{F(L}I~-FBBI{J) I/ {DX+DXB)
CLB=CHB%DB(J)
C2B=COB*DPB(JI-(PR*DB(JI+DT(IB)=DDXB)}* (2, -FPB{.$))
£3B==COB*0OPB(J) +PB*(DB(J}~1.)+DT{1B)=DDX8
CaB=({1.~-FPB{J))Y%DB(J)#DT{IB)/ (DX+DXB)
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c THE FU(ETA) EQUATION COEFFICIENY PROFILES.
BlJsl)=C2-2.%C4+C4B
BiJs2})=C1l
BlJe3)=2.%L3-C3B+{C]- ClB]*FPPB!JD+(CZ+2-*C4-C23!*FPB(J]
1 ~C4B*FPBB(J)
BlJead=—=(1.+CAY(J) IEVEL})
BlJs5)==DP(J)/D(I1*(1.~FPL{J})

652 CONTINUE

C TO COMPUTE THE F*{ETA) PROFILE FOR THE MOMENTUM
c EQUATICON.
CALL PROFYL (JEF, JY, JO, Yy By ETy 1.0, FPPW, FPE,s 2,
1 FPy VHy VHPy VHPP)

JE=MAXOUtJEF, JEG)

C FPP(J)= THE FY*(ETA} DF THE MDMENTUH EQUATION.
c COMPUTE THE LDCAL SHEAR STRESS= TAU(J).
JYM=Jy-1
JM=1
DO 6460 J=1, JYM
c . GET THE F**(ETA) PROFILE BY 15T CENTRAL DIFFERENCES.
FPPUJI=(FP{J+1)=FPLIM)I/(Y{Je1)=Y(IM})
JM=J
c COMPUTE TAU{J)= LOCAL -SHEAR STRESS PROFILE.

TAULDI =VELII #{DP{J) /DUJI*{La=FP(J})}=FPPLJ))*SQRT{1.+CAY{D) )
660 CONTINUE

FPP{JY}=0.0

TAULIY )=0.D

VH{JY)=0.0

c COMPUTE F(ETA) OF THE MOMENTUM EQUATION.
CALL INTEG (JE, JDy Yy FP, 0.0, F)

IF ( ISTO(S).NE.1 ) GO TO &61
c LIST INNER LOOP BOUNDARY VALUES AND PARAMETERS.
IF (POP.EQ.1) GO TOD 661
WRITE L6482} JK, JEF, F{JEF), FPP1l), DT(1)}, DTXM, PM, QM, RM

c TEST TO SKIP END OF CASE TEST.

661 IF (TGP EQ.1.ANCLT.LTIX) GO TD 663

c TEST TO END CASE. : - -
IF [FIJEF)4LTa0.0.0R.FUJEFILGT.WSTO(2) ) GO TGO 662
60 TO 664

C END CASE.
662 ISTO(1D)= 5
RETURN

663 CONYINUE
c TESY TO EXIT FROM ITSR ON A LAMINAR SEPARATION.
IF AF(JEF)aGTa0u0sANDF (JEF )1 4LToHWSTO(Z2) L ANDLFPP(1)atTL.0.0)
2 GO TO 664

C ENTER SUBR ITFR FROM TUF FOR A TURBULENT RESTART
c IF ISTOl14}.EQ.1.
I1C=1
ISTOC10k= 6
RETURN

664 CONTINUE
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672

749

750
751

752

153

760

T65

TEST FYY(ETA=0.0) AND F(J=JE) FOR CONVERGENCE. BOTH
_ MUST CONVERGE, '
IF (HDM .EQ.1} GO YD 670
IF {ABS((FPP{1}-FPPW}/FPPW)I.GT.XT) GO TOD 670
IF (ABS{F{JE)-14).LT.XT} GO TO 749
END OF INNER LOOP TO COMPUTE THE MOMENTUM PRDFILES.
CONT INUE

CONT INUE
INDEX FOR TEST YO ENTER THE ENERGY EQUATION SECTION
OF THE MAIN LOOP.

IBC=1ABS{MDP)
TEST FOR ENTRY INTO THE ENERGY EQUATION SECTION.
IF IBC.EQ.1 ENTER THE MOMENTUM EQUATION LOOP ONLY
ONCE FOR EACH I{X) WALL STATION AND SKIP THE ENERGY
PROFILE COMPUTATIONS,

GO TO (800,751,752), 18C

CONT INUE

GPHEII=GBCIT)

GPPW=GPP(1)

GO TO 753

CONTINUE
GPHII1)=GP(1)
GPPH=-GBCLT12D{ 1) /VEG(LY

CONTINUE

. COMPUTE G*{ETA) CDEFFICIENT PROFILES.’
GPE=0,0
DO 760 J=1,. JY
CT=0RME={V(JII=(FIJI+FB{JI}I)/2.,)-DTMR(F( )~ FB(J))/DX“VPN
CB={Lle=tFP(II*FPB(J)}/2.)1%DTHM/DX -
CTB=QRB={Y{J)-FB{J)} )~ VPB-DTIIB)*(F(J"FBB(J)’I(DX+DXB)
CAB=(1.~-FPB{J}I%DT(1IB)/(DX+DXB)
Bi{Joll}=-2.%C8+C 80
B{Je2)1=CT7
B{Jg3)=(CT-CT7B)2GPPB{J)+2,*CB8%GPBIJ)- CSB*GPBB‘J]
Bllse)=—11.¢CAY{J) ISXVEG{JI)}/D{I)
B(Jds 5)=-(SHR‘1o)*H{I)*H{I)IBHITF|I‘*IVE(J]/VEG(J1 -le}
1 ®O(S)F{Lo~FPLE) I R{DP{J}* (L oa=FPLJI})-D{IIEFPP{J})
CONTINUE

TO COMPUYE THE G°(ETA) PROFILE FOR THE ENERGY
EQUATION.
CALL PROFYL (JEG, JYy JDy Yo By ETy GPW(Il¢ GPPH, GPE, IBC,.
i GPy; VHe VHP, VHPP) '

GPP{J)= THE G **{ETA) DF THE ENERGY EQUATION.
JE=MAXQ{JEF L, JEG} .
JM=1 .

JYM=g0Y-1

DD T&65 J=1lp, JYM

GPPILI=LGPLI+LI=-GPIIM) ) AUV LI+ )-YIM})

J¥=]

CONT INUE

iF {IBC.EQ.3) GPPLL1l)=GPPH

IF ( ISTO(5).NEal ) GO TO 766 : .
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LIST G*(ETA=0.0), G**(ETA=0,0), AND D{ETA=0.0).

c
o IF THE FLUID PROPERTIES ARE CONSTANT, EXIT THE MAIN
c LOO0P AT THE CURRENT I(KJ WALL STATION,

IF {POP.EQ.]1) GO TD 766

WRITE (6,86) JEG, GP{l), GPP({1l)y DI(1)

C sx%x JF FLOW HAS CONSTANT FLUID PROPERTIES, LEAVE LOOP #*%x%
c IF ABS(MOP),.EQ.1 THE ENERGY SECTION OF THE MOMENTUM-ENERGY LOOP
C IS BYPASSED.
c FOR MOP.GE.O LEAVE THE MOMENTUM-ENERGY LOOP ONLY IF THE SUCCESSIVE
C G**(ETA=C,0} ARE INSIDE THE TOLERANCE CRITERIA.

766 IF (MOP.LT.O) GO TCO 800

c TEST G'LETA=0.0} AND G**(ETA=0.0) IN ORDER FOR
c CONVERGENCE ON CONSECUTIVE I[TERATES OF THE MAIN
c LOOP AT I{(X). 1IF THE ENERGY PROFILES ARE CONVERGENT
c EXIT FROM THE MOMENTUM~ENERGY EQUATION LOOP FOR
c YHE FINAL COMPUTATION OF THE STATION PARAMETERS.
IF {MAE .EQ.1} GO TO 799
IF (ABS{GPWI{I1}).GT.ZERD) GO TO 796
IF {ABS(GP{1)-GPWI{1)).LT.ZERO) GO TO 797
: 6O TO 799
796 CONTINUE
IF (ABSCIGPULI=-GPH(I)I/GP{L) 1aGT.XT) GO.TQ 799
T97T CONTINUE
IF {ABS{GPPW).GT.ZERD) GO TO 798
IF (ABS{GPP{1)-GPPHI.LT.ZERDO) GO TD 800
GO YO 799
798 CONTINUE
IF (ABS((GPP{1)-GPPW)/GPPW).LT.XT) GO TO 800
c ENC OF THE LOOP TO COMPUTE BOTH MOMENTUM AND ENERGY
" EQUATION PROFILES,
799 CONTINUE :
c SEE EFN TS50 FOR THE SKIP OF THE ENERGY EUIATION.

800 CONTINUE
C **%x COMPUTE SF, MT, HY, CF AND ST *%%#
00 840 J4=1, JE
F¥=1.-FP{J}

c FOR OTK(I)
VHIJ}=1la-D(J)%FYV

c FOR SF({I)
VHPUL ) =FVEL L. ~-D{ J)%FV)

C FOR HT(I).

VHPPL{ S ) =GP{J)%xFV
840 CONTINUE

c SUM FOR DTX(I).

CALL INTEG {(JE, JDy Yy VH, 0.0, VH)
c SUM FOR SFI(1l)e.

CALL INTEG {JE, JDy Yy VHP, 0,0, VHP)
C SUM FDR HT(I).

CALL INTEG (JE, 4D, Y, VHPP, 0.0, VHPP)

MTLT) DT (I)+HTLL)4ROT(I},DTK{2) ARE LATER RESET AFTER
COMPUT ING COF1,COF2,C0G1,C0G2 AND BEFORE TESTING
TOP.EQ.1 TN CALL SUBRS VIS AND TRANS.

OO0
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c MODIFIED DISPLACEMENT THICKNESS FOR RMTW FOR SUBR TRANS,
DTK(TI)=VHUJE)*DTI[I)
C SEE AUXILIARY RELATION : DELTA(*) / THETA.
SF(I1=1./VHP{JE)
C MOMENTUM THICKNESS.
MTII)=DT(I)/SFCI)
C TOTAL ENTHALPY THICKNESS.
HT(I )=VHPP{JEI*DT{I)
C SKIN FRICTION COEFFICIENT.
CRIT)=2.%TAU(L)
C STANTON NUMBER BASED ON THE REFERENCE ENTHALPY,
STR!I]=-VEG{1!*?PP(il/D(l)
C _ FOR SUBR TRANS QUANTITIES. SEE RMTH,
Bl=GPW{I)-(TF{l)~1.1/BH/TFLI}
c STANTON NUMBER BASED UN FREE STREAM TO WALL ENTHALPY
C DIFFERENCE.
ST{1)=0.0
iF {ABS{Bl).GT.ZERO) STL{I)=STR{I)/B]
C * % & COMPUTE THE INTEGRALS OF THE MOMENTUM AND ENERGY EQUATIONS. *
C SEE EQUA [I-21 FOR THE MOMENTUM EQUATION AND
C EQUA 11-23 FOR THE ENERGY EQUATION,
HB=(SF{I}+SF{IB})/2.
COFY=(U(IN/ULIB) I *%(2,+HB)*:{TF(IB)/TF(I))*x{1l./{S5HR-1,.))
1 *MT(I)/MTLIB)
IF (RW(IB)/DT(IB1.GT.0.1) CUFI=CDF!*RH(I]IRH([B'
COF2=EXP(DX*((CF(IB}+CF(I})}/2.42.%VPM)
1 FAMTLIBI+MTITI) })
C0G1l=1.0
IF (ABS{HT{IB)).GT. ZERO) COGL=U{1)/U{IB]}
1 ®{TF(IB)/TFII)Y%%(1./{SHR=1,})XHT(I )} /HT(IB)
IF (RW{IB)/DT(IB)1.GT.0.1) COGL=COGI*RW(LI)/RW(IB)
CO0G2=1.0
Bl=0.0
B2=HT(1)1+HT{IB)
IF (ABS{B2)aGT.2ZERD) BL=(STR{I}+STR{IBI+VPMX(GP{1}+GPB{1)))*DX/B2
IF {ABS5(B1).LT,88.,0) COG2=EXP{B}1)
CMTF=CMTF*COF2/COF1
CMTG=CMTG*C0G2/ COGL
IF ( ISTO(6).NE.1 } - GO TO 841
LCLIS(4%]-3}= COFl
CLIS{4%1-2)= COF2
CLIS(4%]1-1}= CODGl
CLIS{4*] = CDG2
841 IF { COFL.NE,.D.0 ?} R21F= COF2/COF1
IF ( COFL.EQ.T.0 } R21F= 0.0
IF [ COG1.NE,D.0 ) R21G= (C0G2/C0G1
IF ( COGL.EQ.T.0 ) R21G6= 0.0
C * x =& LIST THE RESULTS AS AN INDICATION OF ACCURACY, *= * =
IF { POP.EQ.1 ) GO TO 842 ’

WRITE (6,89} COFl,COF2,R21F,C0G1,C0G2, RZIG.ITP,HSTU(IB!,XCF'SCF,
2 [TME :

C #»%%x RESET MT, DT, HT, AND RODT TO MATCH CF *Xxx=

B42

DTS=DT(})
MT{1}=MT{I}*COF2/COF1

87



OO0

DY(I)}=SF(I)=MT(])
DYKCL)=DTK(I)*DT(I)/DTS
ROT(I)=RDT(I)/DTS*DT{I)
HT(I)=HT(I}*DT( 1) /DTS
OTXM=[DT(I1)-DT(1B)})/DX

IF (1.GE.IX) 60 TO 880
DT{I+L)=DT{I)+DTXME(X([+1)=-X{1))
MT(I+1)=DT(I+1)/SFILI)

880 CONTINUE

IF TOP,NE,1 SKIP BOTH SUBR VIS AND SUBR TRANS.
If (TDP.NE.1) GO TOD 898
RDTKB=RDTK

TO COMPUTE THE EFFECTIVE VISCOSITY AND CONDUCTIVITY
PROFILES VE(J) AND VEG(J) F£OR SUBR TRANS.
CALL VIS (JE, JY, JDs YY, FP, FPP, GPy GPPy Dy 0P, TAU,; VH, VHP,
1 TURB{I), SW{(I)y CW{I)y SHR, BH. STC, 10, TF{I); ROT(I), DY(I),
2 F{J¥Y), PRy PRT, UK, VYE, VEG, IS5TD )}

ROTK=1./VE{1}*DTK(L)/DTII)
RMTWB=RMTW
RMTW=RDTX/OTK{I)*MT{I)
FTeE= FYU27U{DY/70(1)

TO COMPUTE TURB(I+1) FOR SUBR V1S, AND IC, THE
CRITICAL POINT.
CALL TRANS (I, ID, JEF, JY, JD, Y, FP, FPP, GPy VHy VHP, VHPP,
1 SF{l)y SW(I), CW(I)y STR{I)s DTK(I), MT, TF(I}, M{I), BH,
2 RDTK, RC, RMC, IC, KB,y XK, FTE, DX, RMTW, RMTHB, U, TURB,
3 RMT, TOP,ISTO,WSTD)

IF { ISTO(S5)}.EQ.0 ) GO TO 898
RRCD= 100.
IF | RMTW.NE,D.0 ) RRCO= RAMC/RMTH

DRDC= RDTK - RC
DRMl= RMTW- RMC

DRMZ= 100,

IF ( MT(I} NE.D,LQ ) DRMZ2= RAMTWMT{I+1)/MTI1) - RMT
RRFT= 100,

IF  { RMT.NE.0.0 ) RRFT= RMC/RMT

IF (POP.ERQ.L] GO YO 898

HRITE (6,96) RRCDy RRET 4 RMC, RMTH,RMT4RC4RDOTK ; DRDC ;DRM1 5 DRM2
SKIP SUBRS VIS AND TRANS IF TOP.NE.1l. :
898 CONTINUE

TO LIST THE PROFILES NEAR THE ZERD SHEAR POINT RESET
ISTO(7). XCF,SCF ARE LISTED TOGETHER WITH COF1,ETC
8Y SUBR ITSR ON POP.NE.1,

ISAV= 1STO(T)

SCF= =t CF{I}=CF{I-1) ) /7 ( X(I}=XCI-1} )}

IF { SCF.NE.0.,0 ) XCF= X{I) + CF(I} / SCF
IXI= 1 + ISTO(13)

IF 1 XCF GT.X(IXI) ) 60 TO 901

IF 4 XCFoLTaX{I) ) GD TO 90l

ISTO(7)= |
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TO LIST THE MOMENTUM,ENERGY AND RELATED PROFILES.
CALL FILE (LABEL, I, YY, F, FP, FPP, GP, GPP, D, DP,
¥H, ¥HP, VHPP, TAU, VE, VEG, SHR, BH, PR, PRT,
Xe U’ H, TURB; RN' le Sw! CH'
RDT, OT, MT, HT, SFy CFy, S5T¢5TR4ID,JE, JYIDg DIV, ISTO,HSTOD 3

ISTOt7i= I5AV

IT IS RESET= IT+1 IN SUBR COTR IF TURBI1)}.GT.WSTO(13)
IN SUBR COTR AFTER EXITING FROM THE [{X) SYATION
READING LDOOP. SUBR NDIR SETS ALL SUCLEEDING

TURBI(I} = 1. IN TE RE- INITIAL!ZATIDN SECTION.

IF { INE.IT } 6o TO 899
1STO(1D)= 7 ,
RETURN

RETURN TO THE HEAD OF THE I(X) LDOP.
CONT INUE ‘
END FORWARD MOTION ON X.

SUBR ITSR HAS REACHED A NORMAL END OF THE CASE.
[STO(10)= 4 .
RETURN

FORMAT {A%4,5K, 20HINPUT VARIABLES FOR ,17A4 )

FORMAT ( 1HO, L7HLIMIT ON RX®#RW(I) 42X, 3HRX= 1PEl4.7+2X,
THRH(I)= El4.7s; 2X,10HHSTO(18)= El4.T32X,4HCALl= El4.7T,y
2Xy 4HRHX= El4.7 1}

. FORMAY (1HD, 6HIIX})= I3, 2Zds 2HX= 1PE9.2s 1X,
3HY Ty E9929 1X,‘3HH =g E9¢2w 1X, 6HTURB =4 0PF5.29 1%,
SHGBC =, 1PEF.2, 1Xy 4HRW =, E942,; 1X; &HVMW =, E9.2,
iX, 4MSW =, EQ.2; 1Xs 4HCW =y EJ,2)

FORMAT {1HODs 40X,

4BHVALUES OF IMPORFANT VARIABLES FOR EACH ITERATION)

FORMAT {1HO, 1HF, 2X, 2HJKs 1Xs 3HJEFy 5X,; 3HFJE, 6Xs 4HFPPWy 6X,

2ZHDT, TX, 4%HDTXM, 7X, 2ZHPMs BX, 2HQM, 8X, 2HRH/
1%, 1HG; 5%y 3HJEG, 5X, 3HGPW, 6X, 4HGPPW, 6X; 2HDW/ 1HD)

FORMAT {lHOy1HF, 2{1Xs I3)¢ T{1X, 1PE9.2))
FORMAT {1X, LHG, 5%, I3, 3{1X, 1PE%.2))

FORMAT {(1HD,15%X,; 42HINTEGRALS OF KOMENTUM AND ENERGY EQUATIONS
/18X, BHMOMENTUM, 45X, SHENERGY/
13)(1 F?b‘te 4H = FT. be SX, 5HR21‘:= FBotiy 10X F?."P’« 4H =
FTo%y 5Xs5 S5HR21G= FB,.4;10X,5HITP= I3 / 45X,
10HWSTO{18)= 1PEL1%.Ts 3XyS5HXCF= El4.T:3Xs5HS5CF= El4.T
S5Xs GHETME= I3 )
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96 FORMAT {1HO, 2S5SHTRANSITION STATISTICS...

SHAMT= E9.2, 3X, 4HRC= E£9.2

mp N

EFe2s 3Xy 6HDRMZ2= E9.2 )

98 FORMAT (1HO)

END

6HRRCD= 1PE9J.2, 3X,

SHRAFT= E9,2y 4X, SHRMC= E9.2, 3X, 6HRMTH= EF.2,

/

26X, GHADTK= E9.2, 3X, 6HDROC= E9.2,s 3X, OHDRMi=

33X,
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Subroutine TRANS

CTRAN

SUBROUTINE TRANS (I, ID, JEF, JY, 34D, Y, FP, FPP, GP,
VH, VHP, VHPP, 5Fy SW, CW, STR, DIX, MT, TF, M, BH,
RDTK' RC| RMCp !C’ KBy XK' FT’ DXy RMTN, RMTHB. U, TURB,
RMT, TOP, ISTO,WSTO )} . .

SUBROUTINE TRANS COMPUTES THE CRITICAL X~STATION INDEX [{X)=IC~

FOR THE CHANGE FROM LAMINAR TO TURBULENT FLOW, AND THE TURBULENCE. -
OR INTERMITTENCY FACTOR TURB{I+1} USED BY SUBR VIS TO COMPUTE .

THE VISCOSITY AND CONDUCTIVITY PROFILES.

SUBROUTINE TRANS IS CALLED BY SUBROUTINE ITSR If TOP&EQ-I;
SUBROUTINE TRANS CALLS THE FUNCTION SURBOUTINE «..INDEX.

CDHHENTDQG . )
TRANSITION MAY BE EITHER CALCULATED DR SPECIFIED. TRANSITION IS
SPECIFIED BY CHANGING TURBI(I) { THE INTERMITTENCY FACTOR) FROM
D.0 TO 1.0 EITHER GRADUALLY OR ABRUPTLY DEPENDING ON THE SIZE
DOF THE TRANSITION REGION. ‘

SUBR TRANS FINDS THE TRANSITION ZONE 8Y COMPUTING AND TESTING THE
CRITICAL REYNOLDS NUMBER RC. S
SUBR TRANS MAY RECOMPUTE THE EFFECTIVE INTERMITTENCY FACTOR

TURR(I+1) AFTER COMPUTING AND TESTING THE TRANSITIONAL REYNOLDS
NUMBERS . THE CRITICAL REYNOLDS NUMBER IS COMPUTED AT ALL
1.LE.IC WHERE IC IS INITIALIZED = [1IXx+4l B8Y SUBR INIR AND WHERE

I¥% IS THE LAST X STATION TO 8E COMPUTED. .

IF TOP.EQ.L1 SUBR COTR RESETS TURB(1)=0.0 BEFORE THE DATA LIST. . .
IF T10P.EQ.7 SUBR COTR RESETS TURB(I)=1. BEFORE THE DATA' LISTa. .

SUBR TRAMS CALLS FUNCTEON INDEX{Z,S,NDIM;MIN,MAX, IGUESS])

TO FIND THE IMDEX OR POSITION OF A VALUE OF A FUNCTIOR S IN ONE OF

THE- DATA TABLES [N SUBR TRANS WHEN THE VALUE OF THE .§ SOUGHT IS

THE LEAST VALUE OF S THAT EXCEEDS A GIVEN VALUE I OF ANDTHER,

FUNCTION. : : :

SUBR TRAMNS CONYAINS THE SETS OF CURYE DATA... S
{1)=SFF ON RCHa. (2}-SWF ON RSF, (3)}-KF ON RDF,*'
"(6)=FTF ON RTFs (5)-CWF DM RRF.

THE INDEX FROM FUNCTION INDEX(Z,S,NDIM,MIN,MAX,IGUESS) IS EITHER
(1)~KHI{SF,SFF{RCH}) FDR SF VS SFF(RCLH},
(2)-KS{SWR,SWFIRSF)) FOR SHWR VS SWF{RSF},
(3)1-KK{KBKF{RDF}) FOR KB VS KF{RDFj, ..

(4 )-KFT{FT,FTF(RTF)) FOR FT ¥3 FTF{(RTF},
(5)-KRI(CHR,CHF(RRF)) FOR CWR VS CWF{RRF}.,

THE IMDEX KH{SF,SFF)s KSUSHR,SHF}, KK{XB,KF), KFTIFT,FTF), -

KR{CWR,CWF) IS THE INTEGER OF THE PLACE IN THE TABLE OF SFF,S5WF, -

KFoFTF,CHF SUCH THAT 5SF,SWRyKByFT4CWR ~ 1S5 JUST +LT. SFF(RCHI, .

SHF{RSF) s KF{RDF ) FTF(RTF)};CWF{RRF),

DIMENSION [ISTO(16), HSTO(20)



OO0 OoOOO0an aooo

CoOO0

OO

92

SUBR INIR SETS JD= 100,
DIMENSION Y{JD)}, FP(JD), FPPLID), GP{.IO)
DIMENSION VH{(JD}, VHP{JD), VHPP{JID)
DIMENSION MT(ID), UIID), TURB{ID)

FOR SUSBR TRANS ONLY,.
DIMENS[ON SFF{15), RCH(15), SWF(9}, RSF(9}
DIMENSION KF(15), RDF(15), FTF{l4), RTF(Ll4), CWF(&), RRF{4)

REAL M, MT, KBs KF

DATA Z2ERD/ Ll.0E-10/
DATA IH, IS, 1K, IT, IR/ 15, 9, 15, 14, 4/

DATA CURVE..SHAPE FACTOR (SFF) VERSUS CRITICAL
REYNOLDS NUMBER {RCH),~ AN EXTENSION OF FIG. 17.19
DF SCHLICHTING.

TABLE OF CURVE DATA SET NO. 1.

DATA SFF/2e0s 2ale 2e2s 2433 2eb4y 2050 2260 2.7y 2689 2.9 3.0,

1 3.2y 3.4 346y 5.0/

DATA RCH/62000.0, 2C000.0, 15000.0, 7000.0, 3150,0, 1000.0. 425.0,
1 200110' 145.01 115.0' 9000' 70.01 60-0' “‘5-3! 1000’

DATA CURVE...SURFACE ROUGHNESS,SWFy; VERSUS
TRANSITION - REYNOLDS NUMBER,RSF,- OBTAINED BY USING
FI1Go 17.38 OF SCHLICHTING.

TABLE 0OF CURVE DATA SET NO. 2.

DATA SWF/0a0p, 120.0, 150,0, 200,0; 250.0, 300.0; 350,00y %00.0y
1 1000.0/ L

OATA RSF/1eDs 10y 0s955, 0e695, Co&lB, 0.216, 0.060; D.D, 0.0/

DATA CURVE.. PRESSURE GRADIENT PARAMETER,XF, VYERSUS
' ROF FROM FIG. 17.9 OF SCHLILHTENG.
TABLE OF CURVE DATA SET NO. 3. ’
DATA KF/-1.0y -0.0%y =003, -0.02y ~0.015, -0.,01ls ~0.005, G0
1 G005, 0.01, 0.013;, 0,02y 0.025: 0.04, 1.0/

DATA RODF/4DD.0, 440.D, 450.0, 500.0, 540.0, 600.0, 700.0, 820.0,
| 100040, 120040, 1420.0y 1720.0s 2060.0, 3200.0, 64D00.0/

DATA CURVE,..FREE STREAM TURBULFMCE .FTF, VERSUS
REYNOLDS NUMBER,; TRANS-CRITICAL, RTF FROM FIG. 16.21
OF SCHLICHTING.
TABLE OF CURVE DATA SET NO. 4.
DATA FYF/ 0.D, 0.003, 0,006, D.00B4, 0.012, 0.021l, 0.0296, 0.036,
1 0,048, 0.06D, 0,072, 0.084, 0.100, 1.000/

DATA RTF/ 1.130, 1la130; 0.885, 0,740, 0.662y 0.495; 0.370, D.291¢
1 0-1"‘89 0.071' 00032[ 000159 0-09 0.0/

DATA CURVE...SURFACE CURVATURE, CWF,VERSUS TRANSITION
REYNOLDS NUMBER.RRF, FROM FIG. 1T7.33 OF SCHLICHTING.
TABLE OF CURYE OATA SET NQ. 5.

DATA CWF/0.,0002, 0,00008; 0.0, -0.00008/



DATA RRF/ 1,04y 1o04s 1a0p 0,81/

c SUCCEEDING X~STATION NUMBER,
Ip=1+1
K3=
KR=
KH=
KK=
KFT= 1
CHR= 1.0E-19
RTR= 1.0E~19

e e et

RD= laOE“l‘?

c COMPUTE THE EFFECT DF SURFACE ROUGHNESS.
SHR=SW*RDTK/DTK : ‘

c INITIALIZE A MULTIPLIER OF RC=CRITICAL REYNOLDS NO.
RSR=1.0

IF {SHR.LT-0.01}) GO TO 150

- C FOR SWF(RS5F) TABLE OF CURYE DATA.
KS=INDEX {SHRys SWF, IS, 1y IS, 15/2)
c RSR= A FUNCTION CHARACTERISTIC OF ROUGHNESS ELEMENTS
c DIVIDED 8Y THE DISPLACEMENTY THICKNESS.

RSR=(RSFIKS)I-RSF{KS-1) )/ (SHF{KS)=-SHF(KS-L) )& (SWR-SHF{KS5-1})}
i FRSF{KS-1)

c ) - COMPUTE THE EFFECT OF SURFACE CURVATURE.
150 CONYTINUE
c INITIALIZE A MULTIPLIER OF RC=CRITICAL REYNOLDS MO,
RRR=1,0 '

If (ABS(CH).LT,ZERD) GO TO 170

CHR=MTL(I}/CY

IF {CHR.GT.~0,00008) GO TO 1&0
RAR=0.73/SQRT{ABS{CHR})

GO TO 1sl

c RRR= MOMENTUM THICKNESS / RADIUS OF CURVATURE.
1653 CONTINUE _
c _ FOR CWF{RRF} TABLE OF CURVE DATA,
KR=IMDEX (CHWR, CWF, IR, 1, [Rs IR/2)
 RRR=(RRF{KR}-RRF{KR=1)}/{CHFIKRI-CHF (KR-1}}*(CHR-CHUF (KR~} )
1 +RRF(KR-1)

161 CONTINUE
LT3 CONTINUE
c RC IS NOT RECOMPUTED AFTER 1.G6€.IC. 1C=IXel IM INIR.
171 IF {I.GE.IC} GO TO 400
IF {ABS{STR).GV.ZERO} GO TO 300

COMPUTE THE EFFECT OF THE PRESSURE GRADIENT
PARAMETER ONM THE CRIVICAL REYNOLDS NUMBER,

RC= THE CRITICAL REYNOLDS NMUMBER= A FUNCTIOM OF THE
SHAPE FACTOR.

FOR SFF(RCH) TABLE OF CURVE DATA,

OOOO0
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94

300

349
250

351

KH=INDEX {53F¢ SF¥Fy IHy, 1y IH; IHAZ)
RC=(RCHIKHI=ROCH{KH=1) A {SFF{KH}-SFF{KH=-11 I =TI SF~SFFI{KK=-111)
SRCH{KH=-1]

GO 7O 500
CONTINUE
COMPUTE THE WEAT TRANMSFER EFFECT OM THE CRIVICAL
REYNOLDS MNUMBER RC. (METHOD TAKEM FROM LEESI).
JC=1
JLP=1

¥YHPP{1}=0,0

TTFE=(lo~BHEGP{ L} ) 2TF-{1o-FP{Ll} )2 {Le~FPLLI IR {TF=-1o)
TVF=TTFH®

TYFEPe] Lo—BHEGP{ 2) b 2TF—{ Lo-FPi2) 1{l.-FP{2IIC(TF=-1,])

IF (ABSITTFR)LT1E=20) GO TD 251
JEM=JEF=-1

DD 353 J=2; JEW

TTFB=TTF

TTF=TTFP

YF=2lo=FP(J)

YFP=l=~FRIJ¢L)
TYFP=(1lo~BHOGP{ I+ L) IDTF-YFPRYFPC{TF=1:])

IF (ABSIFPPIIILYFATTFPOTTFBOTTFRILT-1.E~20) GO TD 349

YHII)=3: 14159 F/TTFRI2FPPI D)
LATTFRTTR/FPRPLSICOIREFPPL IR Y/ TTFP-FPRPIJ=-L1/TTFB)
FIVESell=-v{d=-1110)

YHP () ==FPRP{L1])sY{J}/VF-1.
YHPP{JD=( Lo=2.CYHP(I) IVHID)

IF (UHPP{J)6T-0.58) GO TGO 351
JC=d<1

CONT INMUE
CONT INDE

COMY IMUE

YFC=(lo=FP{JC=2 D)o (FP(JC=1}=FPIICD D/ {VRPPLIC)-YHPPIJC-1D)
il 38-VHPP{JC-11)

GPC=GPLJIC=-1+(GPIJCI=GP{LC~LD I/ {YHPPL{IC I -YHPP{JL=11"
Z{D.58=YHPP(JIC=2)]

THE CRITICAL REVMOLDS MUMBER BEFORE IMNCLUDING
SURFACE ROUGHMESS AMD SURFACE CURVATURE EFFECLTS.
RE==25.0¢FPPILD 2 { {Lo=BHAGPLIFTF~YFLEYFCR{TF=T. 1 )50k 76
FYFCHLEGSSORT { Lo=MEMS{ 1o =YWFLI*{ Lo ~YFC )

RC= CRITICAL REYMOLDS MUMBER=FUNCTION OF SYANTOM NO.
RMC=CRITVICAL REYHMDLDS WUMBER FRTH MOMENTUM THICKNESS.
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"500 CONTINUE . .
INCLUDE THE SURFACE ROUGHNESS AND CURVATURE EFFECTS.
L RC=RL*RSR¥RRR '
RMC=RC/DTI*MTL])

RDOTK= LOCAL REYNDLDS NUMBER FROM MOMENTUM THICKNESS.

RC= CRITICAL REYNOLDS NUMBER FRCM DISPLACEMTNT

THICKNESS.

IF TRUE THEN TURB{I+1) REMAINS AS SET IN S5UBR COTRa
IF {RDTX,LT.RC) GO0 TD 999

RESET IC=1 TO SKIP THE RECOMPUTATION OF RC AT

SUCCEEDING X STATIONS. SEE EFN 171.

1c=1

EFFECT OF PRESSURE GRADIENT PARAMETER ON
TRANS-CRITICAL REYNOLDS NUMBER.
600 CONTINUE
DK={RMTW+RMTWB) /2. % (MT( D) +MT{I-11)/(U(T1)+U(T~1))
1 ={UCI)-U{I-1)}/DX

KB={ KBEXK+DK*DX )} / {XK+DX)

FOR KF(RDF) TABLE OF CURYE DATA.
KK=TNDEX (KB, KFy IK, 1, IKy IK/2)

RD= REYNOLDS NUMBER = FUNCTION OF PRESSURE GRADIENT
PARAMETER,
RD={RDF (KK)=RDF (KK=13 )/ (KF(KK)-KF{KK-1) }*(KB-KF(KK~1) ) +RDFI{KK-1)

COMPUTE THE EFFECT DOF TYHE FREE STREAM TURBULENCE,
FOR FTF{RTF) TABLE OF CURVE DATA.
KFT=INDEX (FT, FTF, IT; 1y ITe 1T/72}

RTR= TRANSITIDONAL REYNOLDS NUMBER=FUNCTION OF FREE
i STREAM TURBULENCE. .
RYR={RTF{KFT)=-RTF(KFT-L) )/ (FTF(KFT}-FTF(XKFT-1} % (FT-FTF{KFT-1)})
1 +RTF{KFT-1]}
CORRECTED VALUE OF RD.
RD=RD*RTR*RAR*R SR

RMT=RMC+RD
RMTW= LOCAL REYNOLDS MUMBER FROM THE MOMEMTUM
THICKNESS., RMTW IS COMPUTED IN SUBR ITSR AFTER
TESTING FOR TOP-.EQ.1 AND JUST BEFORE CALLING TRANS.
RMTWF=RMTW/MT{I Y #MT (1+1)

RMC= CRITICAL REYNOLDS NUMBER FRODM THE MOMENTUM
" THICKNESS.
IF RMTH GE.RMC.ANDRMTWF.LELRMT THEN COMPUTE AN INTER
MEDIATE YALUE OF TURB(I+1),GT.,0.0 AND oLE.Ll.
IF RMTW.GE.RMC.AND.RMTHF.GT.RMT SET THE REMAINING
TURB(I+1)=1., , AND RESET TOP=0 TO SKIP SUBR TRANS
FOR THE REMAINING I{X} STATIONS OF THE CASE.
NOTE THAT RMVL.GT.RMC BY RD AND RMTHF.GT.RMTHW.
IF (RMTH.LT.RMC) GO TO 999

RMTWF= LOCAL REYNOLDS NUMBER FROM THE MOMENTUM
THICKNESS.
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RMT= TRANSITION REYNOLDS NUMBER FROM THE| MOMENTUM
THICKNESS.
If TRUE THEM THE SUCCEEDING TURB(I+L0= L.

IF (RMTHF.GT.RNT} GO TD 700

X1=2.% (RETHF=RMC} /RD
TURB(I)= INTERMITTENCY FACTOR COMPUTED BY THE
METHOD OF DHAWAM AND MARASIMHA, TURB{I#L) IS USED BY
SUBR YIS,

TURB{I41)=1o=EXP{=0o% 120X LX)

GO TO 999

703 CONTINUE
TOP=0 _
c - : TURB{II) IS USED BY SUBR VIS,

DD FO1L I1=kP,; 1D
TURBIEL)=1.0
701 CONTINMUE

299 [F ( ISTO(S5).EQ.0 1} RETURN
RREITE (6,998%1 I:1Cs
2 RSRRRR RMCoRD,RMT o FToRTR, TURBILIP)
RETURM

998 FORMAT { 1HO, 44HTRANSITIONAL STATISTVICS LISTED BY TRAMNS..e

2 BHI(X}= 13, 5%, &HIC= 13 7
3 Xy 5MRSR= E1l0.3,2X,5HRRR= EL0.3¢2X,5HRMC= ELl0.3,2X
& 4HRD= E100332Xe5HRMT= E10.3,2X4HFT= E1Q0c3.2Xs5HRTR=
5 E10.3 / 1X, 1IHTURBI{I+Ll)= EL10.3 }
END
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Subroutine INDEX

FUNCTEON ENDEX(Z,S:NDIMyMIN;MAXoIGUESS)
FUNCTION SUBRODUTINE INDEX IS CALLED BY SUBROUTINME TRANS

COMMENT oo o

TRE OBJECTIVE OF THE SUBROUTINE FUNCTION INDEX §S TO FIND THE
INDEX OR POSITION OF A VALUE OF A FUNCTION S IM A DATA TABLE HHERE
S= S{K) AMD S{X)= S{FNIK)) WHEN THE YALUE OF THE S SOUGHT IS THE
LEAST WALUE OF S THAT EXCEEDS A GIVEN VALUE Z OF ANOTHER FUNCTION
SUPPLIED BY SUBROUTINE TRANS, . :
SUBR TRANS CONTAINS A SET OF TABLES FOR S{K} VS5 FM{K).

T4E PORTION OF THE TABLE OF § 7O BE USED LIES BETHWEEM THE IMDICES
MIN AMD MAX WHECH MARK A PORTION OF THE FUNCTIOM 5 THAT [§
MONOTONIC INCREASING WITH S(MAX}.GT.5(MIN), ‘
THE VALUE OF MIN MUST BE SUCH THAT AT LEAST THERE EXISTS AWM S AT
MIN+1o

A GUESSED TABLE OR ARRAY INDEX OF THE FUNCTIOM S REQUIRED TO
SATISFY THE DBJECTIVE OF THE ROUTINE IS GIVEN AS IGUESS.

IFf NO §S EXCEEDS 2 THEN MAR WILL BE GIVEN BY FUNCTION ROUTINMNE

INDEX AS THE CORRECT INDEX.

IF S(MIN®1) EXCEEDS I THENM MIMel WILL BE GIVEN BY THE FUNCTION
RDUTIME INDEX AS THE CORRECT IMDEX ALTHO S(MIN) COULD BE .G¥.Z AND
VET NOT BE GIVEN BY FUNCTION INDEX AS THE CORRECT INDEX.

MDIM IS NOT USED IN THIS DECLK.

DIMENSION S(82)

I=IGUESS

IF (S(MINeL}=Z} 25, 1y 1
COMT INUE

[=MI<l

G0 TO &

CONT IMUE

IF (S{MAX}-2) 3; 3; %
CONT INUE

E=MAN

GO TO &

COMT INUE

IF {S(1)-2) 5, 69 7
CONT I NUE

Izi+l

IF (511)=2}) 5, b6, &
CONT INUE

f=1-1

IF (S{11=-Z) 8y &9 T
CONT IMUE

I=i+1

-CONTINUE

IMDEX=1]
RETURM

EMD



Subroutine NDIR

$IBFTC NDID
SUBROUTINE NDIR

SUBROUTINE NDIR LISTS THE SUMMARY OF THE PRINCIPAL BOUNDARY
LAYER PARAMETERS AT THE CASE END, SUBROUTINE NDIR ALSD TESTS
ISTO(L0).EQua%sS+6,T»SET BY SUBR ITS5R, TO DEVYERMINE WHETHER THE
CASE IS TO BE ENDED OR THE NECESSARY QUANTITIES ARE TO BE
RE=INITIALIZED FOR A POSSIBLE RESTART AT I(X)= IC BY SUBR [TFR
ON A CALL 8Y THE MAIN ROUTINE TUF.

SUBROUTINE NDIR IS CALLED BY THE MAIN ROUTINE TUF,
SUBROUTINE NOIR CALLS SUBROUTINES FILE,VIS,AGIR,

G OO0 0O

C & & & & &% & & &« & MAIN COMMON V=3 TUF % % x % * % % % % %k ¥ %X % & %

COMMON /TUFASATUF,
B{300.51,
Bl,BH;BS5,8K,
CW{1D0) ,CF(100),CLIS(4D0G),CAY(300),
CAsCAYL,CQOyCUByCMTF,CMTG,Cy COAL,CMU,
DB{300},DBB(300),DE300),DPL3D0),DPBI 20D),
OT(100),0TK(10Q)Y,
DX4DTXMDOP DI, 0DJ4DXB4DTM, DTS,
ET, ’ .
FB{300)FBB(3001,FPBB(3CO),FPBI300)FP(3Q0);F{300),
FPP(30D),FPPB{300),
FPE,FPPW,FT,FV, FTUZ,
GPB(300),GPBB{300},GP(300):GPP{300),GPPB{300Q),
GBC{100),GPW{100},
GPPH.GPE, GAM,GAMX,
HT{100),
ISTD(16),
Iy IC, 10, IBC (0P IXIXEL,IT, IXA,ID,IXF
COMMON /TUFJF JTUF,
JTR{100D 1},
JEs JKe JM JY S JEF 2 JEG JDIV,JEBJD,
KBy KMI,
LABEL{132),
L O0PL,LOOPF,
MUYICO)e MT (100},
MOP, MR, ML,
NU,
Ol
PsPB,PM,POP,PR, PRT,
UByQM+QRB+ QRM, Q4
RW{10Q)sRDT (100,
REsRMysRC s RMSyRMT 4R RDTK s RXRDF4RL,RMTW,RDF4RX
COMMON /TUFS/STUF,
STR(100),S5W(100),SF(L100),5T{100),
SHR¢STC s 5K, STRX,
TAU(3DD ),
TURBIL1DQ ), TF(10G),
TO,TOP, TFR,

~NtRP, W D 00N D

W A b= T D~ T D by

W g e
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uiieal,

UX,

VYE{300) o YEGI{300 ) YH{ 300} o YHP(3BQ) ;YHPP 300D,
YR{100)

YPB VPN,

WsToi20d,

{10090,

AT o XKop )
- Y200 ¥V(300),

ZERO

VS Wi 0=t

REAL KBo MoML,MR.MT,NU
INTEGER COP . POP , TOP

C ¢ = o2 @ & & 5 SEND OF MAIM COMMON TUF-Y3% & % % & @ & & & & & & & &

C "~ SEE FORMATS 93:94,95, %6,
IF ( ISTOCLO).EQ.S ) . GO TO 901
IF ¢ ISTO(L0)-EQut ) GO TD 920
IF ( ISTO(L0).EQ-T GO TD 923
GO TO 205
c CALL SUBR PROFILE FOR A LIST IF THE PROFILE OF F{ETA)
C GDES QUT OF BOUNDS.

901 COMTINMUE
HWRETE (6,95)
HRITE (8,99}
CALL FILE (LABEL, L, YY; Fy, FP, FPP, GP, GPP, D, DP,
1 YHe YHP, WYKPP®, TAU, VE, VEG, SHR, BH, PR, PRT,
Z Xe Ug Mo TURB, RHW, ¥¥, SH, CH,
3 RDOT: OTo MTo HT, SFo CFy STy STRy IDy JEy JY,JdD,JDIV.ISTO.HSTO)

C ALSQ, IF ISTO(1%).ME.1.AND., ISTO(LO}.EQ.&5 RETURN TO
C HERE BY WAY DF EFM 920,936 TO EMD THE CASE.
905 CONTVINUE ‘

C coos PRINT OUT SUMMARY OF PRIMCIPAL BOUNDARY LAYER PARAMETERS Gooo
LP= &0 _
DO 210 =1, IXA '
IF ( LP.GE.8D } GO TD 906
GO TO 907
906 MRITVE (6,99) .
HRITE {6,900 (LABEL(R), K=2,18}
HRITE (6,91) ;
LP= 8

907 IF ( HSTO(LDI-NE.D.0O ) . HEIY= XUID/HSTO{10?D

WRITE (6,920 X{I)y DT(I)y MV(Ids HTCI}, SF{IV, CFILD, STi{ld,

i GPW(I)y ROV(IDy U{Ido MCI}o TURBLID, R¥W(I}), WH{I}, SWiLl)y, CHEL)

LP= LP ¢+ 2
212 CONTINUE

IF { ISTO(6).EQ.1 ) GO TO 211
GO TO 913 !

211 WRITE (65,99) i
DO 912 I= 1,IX%a
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COFl= CLIS(4%1-3)

COF2= CLIStG%I-2)

IF ( COFluNEL0,0 ) R21F= (COF2/COF1

IF § COF1.EQaCal } R21F= D.0

CO0Gl= CLIS{4*[-1)

COG2= CLIS{4*])

IF ( COGleNE.D.O ) R21G= CO0OG2/C0OGL

IF | COGL.EQ.0.D ) R21G= 0.0

WRITE (6,98) 1I,X{I1),COF1,COF2,R21F,C0G1,C0G2,R215
912 CONTINUE

213 CALL A6IR
RETURN
c ENTER HERE IF AND ONLY IF F({JEF).LE.0.0.0R,.
C FIJEF).GE.WSTOl2}. .ANDSFPP(1)}.GE.D.0 IN SUBR ITSR. ALSO
c TOP2EQe 1o ANDI LT, IX.
c IF ISTOI14).EQel.AND.ISTO(10).EQ.6 THEN TUF
c CALLS SUBR ITFR FOR A TURBULENT RESTART AFTER A
C LAMINAR SEPARATION.

920 IF ( ISTO{l4}.NE.1 ) GO TO 936
WRITE {6,986}
MTLIC)={ULIC-1)ZULIC) ) &%{2,+SF{IC~11}}

1 HITFL{ICH/TRUIC-] (Lo /{SHR=~1, ) )*MT{IC~1)
DTUICY=MT{IC)®SFLIC~1)
DTKAIC)=0TK(IC-1)/0Y{IC~1}*DT{IC)

HT(IC)Y=0,0
IF LABS{HT(IC-1}).GT.ZERD)

1 HTOIC)=U{IC-1)/UCICH*{TFCIC)/TF(IC=1})*%{ 1. /({SHR~1.))*HT(IC-1)
[F {RW(IC-1}/0T{IC~1}.GT.0.1)

1 HTLIC)=HTUIC ) #RW(IC~1) /RN IC)
ROTLICI=RDTLIC~1I*U(ICHIAUCIC~1)I*DFLICH/DT(IC-1)

1 ITFUIC)/TRIIC-11)%%(1.5-1./{SHR-14))

2 ¥(Lo/TELIC)I#STC/TON/ (R /TFLIC-1}+STC/TO}

LF (POP.NE.1) WRITE (6,93) IL,RC,ROTK

GO TO 922
c ENTER HERE(SKIPPING £FN 920) IF AND CNLY If I.EQ.IT IN
c SUBR ITS3R,

921 CONTINUE
WRITE (6,97) 1
IC=IT7
IF (POP,NE.1I) WRITE {6,94) IC, RC, RDTK

c ISTO{1D0).EQ.6.0R. ISTO{10}.EQ.7.

922 CONTINUE
DTS=DT11IC)
DT{IC)=RC/RDTKADT{IC)
DYKEIC)Y=DTKLIC)/DTSHDTLIC)
MTCIC)I=MT(ICI/DTS®DT(IC)
HT{IC)=HT(IC)/DTS*OT(IC)
RDTL{IC)=RDT(IC)/DTS&DTLIC}
b0 925 II=(C, IX
TURB{ILl}=1,0

925 LONTINUE
TOP=0
iop=7
MR=M{IC}
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TFR=TF(IC)
I=IC
Ca=CAL%DT(I)
R=RX*DT(I)
P=UX*DT(I}
RDF=1.0
JE=JEB
D0 930 J=1, JY
F(JY=FB(J)
FPlL)sFPBLY)
FPP(4)=FPPBLJ)
GriJi=GPBl )
GPP{J)=GPPBLI)
D{Jy=0B{J]
DP(J)Y=DPB(J)
TAU(J)=0.001
930 CONTINUE
CMUZ(1o5-1e /{1 +STC/TOXTFR) J#(SHR-1. IxMREMR
00 935 K=1, 5
CALL VIS {JEe JY, JD, YYy, FP, FPP, GP, GPP, D, DP, TAU, VHe. VHP,
1 TURB{I)y SW(I), CH(I}; SHR, BH, STC, TO, TF{I), RDT{E), DTLIY,
2 F(JY), PRy PRT, JK; VE, VEGy ISTD 1}
DO 934 J=1, JY .
TAUCJP=VE{JI*(DP(J)/DIJ)U¢lo*FPlJlD*FPP!JB)*SQRT{I.#CA*Y(J)]
934 CONTINUE
935 CLONTINUE
CFIICI=2.*TAULL)

RETURN

936 HRITE {6,93) RC;RDTK;RRCD:JE
HRITE (6,496}
WRITE (6,99}
CALL FILE (LABELs I, YY, Fy FPs FPPo, GPo GPP, Dy DP,
1 VH9 VHP' ‘VHPP: TAU? VEv VEGQ SHR9 BHe PRQ pRTg
S 2 Xy Uy My TURB,; RW, VW, SWe CHy
3 ROT, DT, MT, HT, SFy CFy STy STRy 1Ds JEs JYaJD,JDIV,ISTO,WSTO)
GO TO PRINT OUT THE SUMMARY DF THE PARAMETERS,
GO TD 905

90 FORMAT ( 45X, 39HPRINCIPAL BOUNDARY LAYER PARAMETERS FOR/
1 26Ky LTA%)
91 FORMAT (//5X, 1HX, BX, 2HDT,; TX, 2HMT, T7X; 2HHT, 5X,
1 2HSFy- 5%, 2HCF, 6X, 2HST, TX, 3HGPR, SX,
2 IHRDT, TXs; LHU, Ty 1HM, 4Xy &HTURB,; 5X,;, 2ZHRH,
3 8% 2HYHs TXs 2HSH, 4Xo ZHCW/]
92 FORMAT {/1lX, F8.55 1X; 3{F8.6, 11X}y F5.3, 1X,
1 2(FT.5¢ 1%}, FB.S5; 1Xo F8.0, 1IXs FB8.3, 1X,
2 F6o3e 11Xy F5.3, 1X, FBo3p LXy F9c%y 1Xy F8e5» 1Xe F5.1)
93 FORMAT  {1H2,30%,4HIC= 1& /
1 1H0 . 30X, SLIHLAMINAR SEPARATION HAS GCCURED HITH RC =
© 2 1PEG.2, -1Xy 11HAND RDTK = 4 1PE9,2,5X,6HRRCD= E9.2,5X,3HJE=14%
3 F/77/53%; LTHTURBULENT RESTART///)
U4 FORMAT (1HO/1HO, 42HFORCED TRANSITION HAS OCCURED WITH IC=iT= ,13,
3, &HRC= 1PE9.2y 1iXs 11HAND RDTK = , E9.2
- FFFF53%, 1THTURBULENT RESTART///)
95 EORMAT ( iX, 6HF{JEF)oLTo0.0.0R-FIJEF)oGT.KSTO(2) ) IS TRUE,
2 13HISTO{10).EQ.5 5%, 20HTHE PROFILE FOLLONS. 1}

[\S I o
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26 FORMAT (1Xy41HF(JEF}oGTo0o0c ANDLFIJEF) oL ToWSTO{ 200 AND.

2 4OHFPP(1).LT.0.0D IS FALSE, ISTO(10}.EQab,y S5X,
3 41HTHE PROFILE FOLLOWS UMLESS ISTO(14).EQ.1, )

97 FORMAT {1Xy 24HILEQ.IT ON ISTO(10).EQe7y 5X, 2HI= 14 )

98 FORMAT {1Xs2HI= [3,2X,6HX(I)= 1PEL12.5,5X¢6HCOFLl= OPFB. 4,
2 2Xs6HCOF2=  FB.453X, 6HR21F= F8,.4,5%,6HCOG]L = FBatg2X,
3 6HCOG2= FB8.4,3Xy,6HR21G= FB.% )

9% FORMAT (iH1)

END



OPERATING INSTRUCTIONS

_ The description of the input of the program is described in the Input Variables sec-
on., Further explanation of input preparation is given in the Special Instructions for
Preparing Input section, This is followed by a description of the output variables and
test cases with sample input and output.

Input Variables

Table III shows the input variables as they are punched on thedata cards. The
1Star Cards' in the table are used to separate the input variables from data comment
cards. Since the program does not use any constants which depend on the system of
units (except the free-stream total temperature), any consistent set of units may be
used. ‘

The ISTO and WSTO arrays are described after the other input variables. The
ISTO and WSTO arrays are used to indicate various program options on the input and
output. I more details are needed to determine the value of the input variables than
are contained in the succeeding discussion, refer to the comments in table VI.

JDIV Number of subintervals between consecutive values of the f'(n) and g'(n)
input profiles.

JY Total number of n values of f'(n) and g'(n) input profiles, maximum
value of JDIV JY is 300,

YY(I) Array of n profile values.

JEF Total number of {'(n) values on the input profile,

FE(I) Array of f'(n) profile values.

JEG Total number of g'(n) values on input profile.

GP{I) Array of g'(n) profile values.

0P Initialization opfion number;

I IOP.EQ.1,2,3, the input profile is the starting profile,

¥ IOP.EQ.4,5,6,7, the starting profile is calculated using the input
‘profile as a rough guess < )

¥ IOP.EQ.1, the starting flow is lamivar and (dU/dx)6*2/y_ is koown.
If IOP.EQ.2, the starting flow is turbulent and &*(dp/ dx)7, 1is known,
Ii IOP.EQ. 3, the starting flow is turbulent and (dU/dx)6*/U is known.
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TABLE M. - INPUT FORM FOR PROGRAM

. ‘ N
G[7 8 910 ¥ IZ{I5 M 15 16 17 8|i9 20 21 22 25 24|25 26 27 28 29 30f 31 32 53 36 35 36[37 33 59 60 41 w2|ad 4ans 26 L7 LB[AD 50 5 52 §3 56185 56 57 58 59 60141 62 6364 65 46[67 68 69 70 71 72|73 74 15 76 ¥ T4 70 ®L
g LA e LI M ——p—— >
PN b PRSI SN R VI —
R I R OO I U I U N O A O 0 e
bttt A b e e | |t - e ——t +—t— —t— et e e
e - et t s e ek L B N e e B I D S e B e e el S T T e B e e e [ e A e e B B R [t e L S ol e H—b—imy
oA — e = - I—’—l-| + -t—-—)———J—-i—o——»—-}-7*«0—-4--4-«1»-4— A =t pm e b 4 i— —— -ttt

b ermmbigrembem ey et

L
|
TITLE| DESCRIBING C.ASEJJJ]L_,.A N
* " -

- —— L B R e e L I I S -r—-!f——:fm-« —t -|—-¢-~——-~- B R T Y S T e e e e B S B e el B S e el S B M S B Sl & + 4 L e L A s
T T
. TR ; : et RS STE— e —} ¢ —r + -t — s e e S L e
RIRAY, | — .
) ] b —+77+~|—7k——1 R ; —t ——t — b e ——r 4 b e 1 —t
A g e — - —+ e el e o o PRI —
| .
B S . e T e e b —
B e L] Iy e B e —~——0——%—-‘—' ' — i s + + . - —— m e e
e e e [ e B e S e A MRl = B [ PUS SRSy S -+ > —— —
- o + - B 4 —— T ) — : et fr bt —




S0t

TABLE III, ~ Continued. INPUT FORM FOR PROGRAM
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TABLE I, - Concluded. INPUT FORM FOR PROGRAM
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MOP

IO

TOP
POP

MR

DT(1)

RDT(1)

BS

¥ IOP.EQ.4, the starting flow is similar laminar. Only cn this option
do calculations start from the beginning of the boundary layer growth,

If IOP.EQ.5, the starting flow is laminar and (dU/dx)ﬁ*Z/vw is known.
K IOP.EQ.S, the starting flow is turbulent and 8*(dp/dx)/7,, is known.
B IOP.EQ.7, the starting flow is turbulent and (dU/ dx)5%* /U is known,

Designated options on the g'(n) profile. The option number is determined

from the desired method of obtaining the g*(n) profile Whether the flow

properties are variable or not (see table V).

Controls the interpretation of either the input velocity or the Mach number
input data. The option number is determined from table V.

Determines type of flow:
10.EQ. -1 for axisymmetric flow on inside surface formed from
radii drawn from body axis.

I0.EQ. 1 for axisymmetric flow on outside surface formed from
radii drawn from body axis.

.EQ.0 or blank for planar flow.
¥ TOP.EQ. 1, transition is to be calculated by the program.

Print option for listing data.,
I TOP.EQ.1, skip detailed list of output (see table VI),

Reference free-stream Mach number generally equal to the potential flow
Mach number at start of boundary layer calculation: ‘
I IOP.EQ.4, MR=M(2), and if JIOP.NE.4, MR=M(1).

¥ IOP.EQ.T7 and M(1).EQ.0.0, MR is reset to 0, 001,

Displacement thickness at start of boundary layer calculation:
¥ IOP.EQ.T and DT(1).EQ.0.0, DT(1)=0.001 in the program.

Reynolds number based on displacement thickness at the start of the
boundary layer calculation: _
I IOP.EQ.4, RDT(1) becomes (X5-x,)U(X,)/v,, and canbe calculated in
the program (see WSTO(3) input).

Input for initial pressure gradlent
If IOP.EQ.1, BS is (dU/dx)5* /v

¥ IOP.EQ.2, BS is 6*(dp/dx)/'rw.
E IOP.EQ. 3, BS is (dU/dx)&*/U.
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TABLE IV. - ALTERNATIVE VALUES OF MOP

Flow properties Method of obtaining g'(n) profile

Not variable { Variable

-1 1 h? assumed constant and equal to hg throughout the
layer; g'(n) = 0.0.
. o o _ .
2 2 |e=06BC= [0, (x)] / (n - b.) is the wail

boundary condition imposed on the energy eguation,

“ -3 3 By = —(GBC)dw/Tw = —§tr%/Tw is the wall

boundary condition imposed on the energy equation
= - o _
where 8, .=RyS . =Lg /i, (he hr)] for

laminar similarity starting selutions and

)
Sip = Sy = gw/[,er (he - hr)} for all others.

TABLE V. - ALTERNATIVE VALUES OF DOP

- Interpretation of input Um{I) Interpretaﬁon of input

bl

f! (n) profile
.Mach number input, | Velocity input, n
E:Y a
U, (D - M(D U~ U(D)
- a’ —_— -
1 1 £ = (U - u/u
V. =V
| Win o W
-2 2 M ~ 0V - 0/ (o V)
V., =0y /P)/ Vy
in

AThese interchanges take place at the beginning of the program
and thereafter U{I) and f'(n) have their conventional mean-
ings, whereas VW(I} represents (pw/pe]Vw throughout the
calculation for DOP = 12,
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BH
FT

X(D

U

TURB(I)

GBC(I)
RW(I)

VW(I)
sw(I)

I IOP.EQ.4, BS=1,0 for Falkner-Skan stagnation point flow and
BS=0.0 for Blasius flat plate flow,

If JTOP.EQ.5, BS is (dU/dx)b*z/vm.

I IOP.EQ.6, BS is 6*(dp/cb<)/“rw.

¥ I0P.EQ.7, BS is (dU/dx)o*/U.
Free-stream total temperafure in dc_agrees Kelvin,
Enthalpy ratio, (hJ - h_)/he.

Free-stream turbulence, fractmn of time during which the flow at a gwen
position remains turbulent.’

Wall station locations (see Special Instructions for Preparing Input
section).

Free-stream velocity corresponding to each x-location. The érrays of
X(I), U(I), etc., are specified along the boundary surface for the down-
stream calculations. The maximum number of x-stations that can be com-

‘puted is 99, The last station data card should be followed by an x-card

with an x less than the previous x to switch out of the card read in loop.

Indicates fraction of flow that is turbulent,
For laminar flow, TURB(I)=0, 0; for turbulent flows TURB(I)=1.0. By
changing TURB(I) from 0.0 to 1.0, either abruptly or gradually over a
distance of several x-stations, the effect of transition can be simulated.
Also see WSTO(13).

If the transition option is used (i.e., TOP; EQ. 1), a TURB(I) input is
not needed. '

If flow is all laminar, TURB(I) input is not needed.
If flow is turbulent, set TURB(I)=1.0 at desired X(I} location.-

All other TURB(I) at locations GT.X(I) will be set to 1,0 by the pro—
gram.

Wall boundary condition on the energy equation, either g'(wall) or
grt{wall), 4

Radius of body surface in the same units as x.
I I0=0, RW=0.0.

Transpiration velocity in the same units as U,

Nikuradse sandgrain roughness scale in the same units as x,
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Cw(D)

Longitudinal wall radius of curvature in the same units as x.

The ISTO and WSTO arrays are now described.

ISTO(1)

ISTO(2)

ISTO(3)

ISTO(4)

ISTO(5)

ISTO(6)

ISTO(7)
ISTO(8)
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I ISTO(1).NE. 0, then the program lists input data. ISTO(2), ISTO(3),
ISTO(4), and ISTO(7) are options used to list boundary layer velocity pro-
files. _ .

¥ ISTO(1).EQ. -1, skip listing the profiles except at the x-location de-
noted by ISTO(7), or at the last x-location calculated if separation occurs.
K ISTO{(2).EQ.O0, the profiles are listed on each profile point to the profile
end provided there is no u/U.GT.1 overshoof. On overshoot with
WSTO(1). LE. 1 each succeeding JDIV point is listed unless

ISTO(4). NE. 0,

I ISTO(2).EQ.1, FILE lists only the profile end values at the wall and
boundary layer edge (provided ISTO(4).NE.O0 to bypass the possible pro-
file overshoot).

¥ ISTO(2).EQ. 2, the profiles are listed on each profile point to the first
point greater than WSTO(1).

¥ ISTO(2).EQ. 3, the profiles are listed on each profile point at the JDIV
interval to the profile end.

K ISTO(2).GE.3 or .LT. -1, only the value of each profile at the wall is

- listed unless overshoot {(u/U.GT. 1) occurs. Overshoot is suppressed if

ISTO(4).NE. 0.

Used to compute the profile point list interval,
List internal = ISTO(3)* JDIV,

I ISTO(4).NE.O, the list for the overshoot (u/U.GT. 1) portion of the pro-
file is suppressed.

IF ISTO(5).EQ.1, the program lists the momentum and energy equation
boundary values for each iteration if POP,.EQ, 0,

K ISTO(5). EQ. 0, the program does not list transition statistics or vis-
cosity functions VE, VEG, etc., at the wall.

¥ ISTO(6).EQ.1, the energy and momentum balances COF1, COF2, etc.,
together with their ratio are listed for all computed x-stations,

x-Location number that a profile list is required,

Used to include a linear section of x-station data from x= 0 t¢ some
x-location specified by slope test, ISTO(8) must be greater than or equal



to 1 to include linear section. The end point of the linear section after the
interpolation of new x -points equals ISTO(8) plus the x-station number of
the last station read in before the interpolation. The total number of
x~station points will be increased by ISTO(8)+1. This option should be used
only when the slope of the input data increases somewhere between x = 0
and the first maximum,

ISTO(9) Determines the end point of the linear section. If the x- statlon data read
in is greater than ISTOQ(9)+2, begin the slope test.

ISTO(10} Input is not used by program. However, ISTO(10) can be used as an
identification of the input data decks, such as EQ.1 for first case, EQ 2
for second case, etc.

ISTO(11) K ISTO(11).EQ. 1, one set of station data read in ontape. H
' ISTO(11). EQ. 2, more than one set of station data read in on tape.

ISTO(12) Nondimensionlizes x-station data after computations, It ISTO(12).EQ. O |
and WSTQ(10). EQ. 0, x-station data are nondimensionalized with the last
¥ -station to be computed.

ISTO(13)  Used to list full profile near zero shear.

ISTO(14) If ISTO(14).EQ.1, turbulent restart occurs at the point of laminar separa-
tion. '

- ISTO(15) If ISTO(15). EQ. 0, station data are read in from tape. If ISTC(IE). NE. O,
station data are read in from cards, :

WSTO(1) Used to set amplitude list limit for the’ profile u/U usually taken as
0.9999,

WSTO(2) Used to limit amplitude of profiles u/U for caleulations,
WSTO(3)  Used to recalculate RD’I‘(l). ¥ IOP.EQ. 4, WSTO(3)=1/1(1).

WSTO(K) k= A4, 6, 7 are used only if ((RX*RW(D))**2), GE,1 where _
CA1=WSTO(4*WSTO(6 X (I+WSTO(T)*X(I)*X(I). See subroutine ITSR.

WSTO(5) Used as a scale factor for X(I) before computations. ¥ WSTO(5). NE. 0,
then X(I)=WSTO(5)*X(I) on read in. Likewise for RW(I). '

WSTO(8) Used as a scale factor for U(I) before the boundary ia.yer computation.é,
If WSTO(8).NE. 0, then U(I)=WSTO(8)*U(I).

WSTO(9) K WSTO(9).NE.0.0, COTR sets GP(I)=WSTO(8)*GP(I) on read in,

WSTO(10) If WSTO(10).EQ.0 and ISTO(12).EQ.0, the program sets WSTO(lO)_X(IX)
where IX is the station number of the last x-station to be computed. I
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WSTO(10). NE. 0 x is nondimensionalized after computations and X(1) is
scaled X(I)=X(I)/WSTO(10).

WSTO(11)  Used to compute RDT(1). I IOP.EQ.7 and DOP.GT.0,
RDT(1)=U(1)*DT{(1)/WSTO(11). WSTO(11)}=1(1). ¥ WSTO(11}.EQ.O, the
program sets WSTO(11)=0. 1564*10%*-3.

WSTO(12) Not used,

WSTO(13)  Value of TURB(I} in the transition region for which turbulent restart will
be allowed,

WSTO(14) K WSTO(14).EQ. 0, turbulent Prandtl number (PRT).EQ.1.0. K
WSTO(14).NE, 0, PRT=WSTO(14).

WSTO(15) I WSTO(15).EQ. 0, molecular Prandtl number (PR).EQ.C.78. K
WSTO(15). NE. 0, PR=WSTO(15).

WSTO(16) Used as a conversion factor for U(I) before boundary layer computations.
I WSTO(16). NE. 0, U(I)=WSTO(16U(1).

WSTO(17)  Used as a multiplier for GBC. K WSTO(17).NE.O0,
GBC=WSTO(1T}*GBC(I).

WSTO(18) Sonic velocity corresponding to static temperature at start of boundary
layer calculation.

WSTO(19) ~ Static temperature at start of boundary layer calculation,
WSTO(20) Not used.

A master input data sample with comments of the input variables is shown in
table VI. Table VI illustrates the use of subroutine A6IR to read in and list comment
cards in the inpuf deck.

Special Instructions for Preparing Input

Specification of profiles. - The input intervals of 7 are subdivided by the input
JDIV. For a laminar calculation the 7 step need not vary appreciably across the
layer, and the product of JY and JDIV equal to 150 is usually adequate to define a ‘
profile, However, in a turbulent portion of the x-profiles a smaller step size should
be prescribed close to the wall than is specified further out to improve the accuracy in
the "law-of -the-wall' region. The 7 step size although variable from wall to bound-
ary layer edge, remains fixed throughout the boundary layer calculations, The input
step sizes should be specified for accurate results in both laminar and turbulent por-
tions of the flow. The outer edge of the boundary layer in the 5 coordinate will not
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TABLE VI, - MASTER INPUT DATA SAMPLE

$DATA
A TEST CASE FOR THE TUF PROGRAMscwcon

If ISTOL15).EQ.0 FOR TAPE READ DOF THE X-STATION DATA THEN
THE X~-STATION DATA CARDS ARE TO BE DELETED. ALSO ISTOIK),
K= 11,12 MUST BE PROPERLY S5ET.

ISTO(K)y HK=1,15 FORMAT (1515}
1sTo(l)
IF ISTO(L).NE.B THEN SUBR COTR LTISTS EITHER THE INPUT DATA
OR THE WODIFIED INPUT DATA, IF ISTO({L).EQ.2 THEN SUBR INIR
LISTS ALSO THE MAJOR BOUNDARY PARAMETERS INCLUDING U(E),
Hille TF{I)o SEE POP HEREIN.
ISTOUK )Y, K= 203544 7.
SUBR FILE USES ISTOMK),; K= 203,407 TO LIST AT 1{X) THE
PROFILES ON Y AS FOLLOWS.oa
GASSUME THAT WSTO(R)}.LToloce
SUBR FILE ALKAYS EINITIALIZES THE LIST SHITCH IWSH= ESTOD{ 2}
AND THE VEST FOR U{X) OVERSHOOT FOLLOWS IMMEDIATELY.
SUBR INIR RESETS JE= MAXOD{JEF,JEG) AFTER EXPANDING THE
NUMBER OF POINTS ON TYHE YY(3),FP{J},GP(J) PROFILES BEFORE
COMPUTING THE Y(J). SUBRS ITFR,ITSR RESET JE= MAXD(JEF, JEG}
AFTER THE EXIT FROM SUBR PROFYL.
JE= MAXO(JIEF,JEGI AFTER THE EXIY FROM SUBR PRDFYLe
*!STU(Z] EQe=lcus . .
iIF ISTO(2).EQ.~1 THEN FILE SKEPS ALL LISTING EXCEPT TO LIST
A FULL PROFILE ON EXITHER ISTO(TY.EQl.IIX) OR AN END OF CASE
. ON ISTO(LO0).EQe506 IN SUBR ITSR WHICH IS FOLLOWED BY A CALL
OF FILE BY SUBR NDIR. SEE ISTO(Ti.
SISTAMZ2).EQe Ooue ‘
IF ISTO(2).EQ.D THEM FILE LISTS ON EACH
LSPT= LSPT + (ZPTS= ISTO(3)=4DIY) PROFILE POINT TO THE
PROFILE END JE PROVIDED THERE IS NO U{YI/U{BLE}) .GT.1l
OVERSHOOV. ON OYERSHOOT WITH WSTO{l).LE.l EACH SUCCEEDING
JOUY POINT IS LISTED UMLESS ISTO{4).NE.D.
€1STO(2)aEQe lows ‘
IF ISTO{2).EQa1 THEN FILE LISTS DNLY THE PRDFILE END VALUES
AT THE WALL AND BOUMDARY LAYER EDGE (BLE) J= JE PROVIDED
ISTOt41.ME.0 TO BYPASS THE PDSSIBLE U OVERSHOOT.
BISTO(2)oEQe 200e
IF 15TOt2).EQ.2 THENM FILE LISTS AS FOR 00 EXCEPT THE LISTING
IS5 ENDED ON THE 1ST LISTED POINT AFTER UIY)/UIBLE) .GT.
HSTO(lte TO LIST THE FULL PROFILE ON I[STO{2).EQ.2, AND AT
EACH LSPY POINT ON AN EXPECYED DVERSHOOT, SET WSTO{1)= LD,
FOR EXAMPLE, AND SET ISTD(&).NE.O.
EI1STO{21.EQo 3:ae
IF ISTO(231.EQe3 FILE LISTS EACH PROFILE PDINT AT THE JDIV
IMTERVAL TO THE PROFILE END AT JE. THE ISTO(&} SWITCH IS
INMEFFECTIVE. IWSW MAY BE RESET = 3 AFTER IWSW= [570(2).
$1510{21o5703 OR nL‘n"lonu
IF [ST0{20o6Yo3 DR oLTa-1ly SAY & OR -2, VHEN FILE LISTS ONLY
THE. HALL YALUE OF EACH PRDFILE UNLESS OVERSHOOT DN U(Y)
OCCURS: ON OVERSHOOT LEISTING IS SUPPRESSED IF ISTO(4) . HE.G.%
1stTo(3) %
1STO(3) IS USED TO GET THE STANDARD LIST INTERVAL DR *

LA R R E R EE-EEAEEREREEERENENENEEEREERNENEEEFENENENEEE EIEEEEEEEEE S E EEEEREE

HEDPROLEOLL DR ROH LR RORETRIRDRIRTRTDRLD00 0D SR DTN R SN D SRR SRS
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1STDIS) 1S TESTED ONLY IN SUBRS ITFR, ITSR,VIS,TRANS.

.FOR EACH ITERATION. THE TEST OF POP TO LIST SOME IMPORTANT

- EQUATIONS TOGETHER WITH THE BOUNDARY CONDITIONS AT 1iX)=1,2

‘R2EF= COF2/COF1 AND R21G= CDG2/COG1.

TABLE VI. - Continued. MASTER INPUT DATA SAMPLE

JPTS=1STO(3)*JDIV FOR THE LIST ON LSPY= LSPT + JPTS.
157004}

IF ISTO{4).NE.D THEN FILE SUPPRESSES THE RESET DF THE IWSW

LIST SWITCH= 3 ON UCY)/U(BLE).GT.1lss AND, ALSO SKIPS THE

LISTING OF THE HEADING.

IF ISTO{4).EQ.1 THEN FILE SKIPS THE LISTING OF ALL SECONDARY

PROFILE POINTS SUCH AS TAUa...
ISTO(S5})

IF ISTOU5).NE.1 THEN SUBR ITFR BYPASSES BOTH TEST AND LIST
ON POP.

If ISTO{(5}).NE.1 THEN SUBR ITSR BYPASSES THE TEST OF POP
TO LIST THE MOMENTUM AND ENERGY EQUATION BOUNDARY VALUES

[NPUT PARAMETERS BY SUBR INIR .[S UNAFFECTED BY ISTO(5).
NEITHER IS5TO{5) NOR POP AFFEC?S THE CALL OF SUBR FILE BY
SUBR ITSR.

IF ISTO{(5).EQ.0 SUBR VIS BYPASSES THE LISTING AT THE WALL
OF THE VISCOSITY FUNCTIONS VE,VEG,VHP,VH WHEN AT LEAST ONE
OF THE FUNCTIONS = 0,0 AT THE WALL.

IF ISTO(5}).EQ.0 SUBR ITSR BYPASSES THE LISTING OF THE
TRANSITIOMNAL STATISTICS.

IF ISTO(S5).EQ.D0 SUBR TRANS S5KIPS LISTING OF MISCELLANECUS
TRANSITIONAL STATISTICS.

IN ITFR THE STARTING PROFILES OF THE MOMENTUM AND ENERGY

ARE ALMWAYS LISTED IF ISTD(1}.NE.O.ANDLIOP.GT.3. OTHERWISE
IF ISTO(5).EQs14AND.POP.NE,1 THE STARTING PROFILES WILL BE
LISTED. FOR JOP.LE.3 THE INITIAL PROFILES LISTED BY SUBR
FILE IN SUBR INIR ARE THE STARTING PROFILES.

IsTCt6)
IF ISTO16).EQ.l SUBR ITSR LOADS CLISTJ) WITH A TABLE OF
COF1,COF2,C06G1,C0G2 FOR ALL COMPUTED X~STATIONS AND SUBR
NDIR LISTS CLIS(J) TOGETHER WITH THE RATIOS R21F,R21G WHERE

ISTOLT)
ISTO(T) 1S A SWITCH USED BY SUBR FILE T0 OVER RIDE THE
NORMAL LISY OPTION AT I(X} IN ORDER TO LIST A SET OF FULL
PROFILES ON THE SUBR FILE SWITCH IwWSw= 3.
THE VALUE DF ISTO(7) AT THE TIME OF READ-IN ALWAYS YIELDS A
SUBR FILE LISTING AT I{X)= ISTO{7} [IF SUBR FILE IS CALLED.
IF ISTO{47).EQ.1 (X-STATION NUMBER}? SUBR FILE RESETS
IHSW= 3 AND LISTS AS FOR ISTO{(2)= 3 TGO JE= MAXOIJEF,JEG}
WHICH IS A RESET IN BOTH ITFR AND ITSR AFTER THE EXIT FROM
SUBR PROFYL.
SUBR INIR RESETS JEF,JEG AFTER EXTENDING THE PROFILES
ON JDIV. LATER SUBR PROFYL RESETS JE= J WHEN
ABS{FPlJ}).LE.1.*E-DBy BUT AGAIN SUBRS I1TFR,I1TSR RESET JE.
ISTOCT) IS RESET= [{X) BY SUBR ITFR BEFORE MAKING THE TEST
IF ISTO{1).NE.D.AND,IOP.GT43 CALL FILE,FOLLDHED BY THE TEST
IF ISTD{5).EQ.,1.OR.POP.NE.1 CALL FILE. ISTOt?T) 1S
ALSO RESET TO (1) AT I(X) BY SUBR ITSR FOR A DETAIL LIST ON
COMING CLOSE TO TURBULENT FLOW FROM LAMINAR FLOW, SEE
IST0O(13)Y.
BOTH SUBRS ITFR. ITSR RESET 1STOIT7) TD THE SUBR COTR READ-IN®
VALUE AFTER LEAVING SUBR FILE, *

ISTO(8) *
IF ISTO{B)«NE.O THEN ISTO(8) IS USED TO INCLUDE A LINEAR *
SECTIGN OF X-STATION DATA BETWEEN X= 0.0 AND X{l)= X(I5-1) *
BASED OM A SLOPE TEST. THE TOTAL NUMBER QF X STATION POINTS#*

**I'I"I'Iv'l'*l'llll'li*ﬂ**iil#***ﬂ-**ﬁ****!**!**I’Qi*i*}*********



ISTOC10) IS USED BOTH AS A TELL-TALE AND AS A SWITCH.
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TABLE V1. - Continued, MASTER INPUT DATA SAMPLE

HILL BE INCREASED BY 1ISTO(B} ¢ 1.
10 IMCLUDE THE LIMEAR SECTION 1STO(8) MUST BE .GEsl. THEN
[{X) AT THE END POINT OF THE LINEAR SECTION AFTER THE
INTERPOLATION = ISX= ISTD{8)+JSIL) WHERE IS(L) IS THE X
STATION NMUMBER OF THE LAST STATION READ IN BEFORE THE
INTERPOLATION. THEN IS(L}.GE.3 AND BECOMES .GE.5 DR AFTER
THE INTERPOLATION (1S} BECOMES = ISTD{8} + 1S(L) + 1, THE
TOTAL NUMBER OF STATIONS TO BE COMPUTED = [X = TOTAL
NUMBER OF X STATIONS READ IN; PLUS,IF ISTO(8).NE.O THE
ADDITIONAL POINTS ISTO(81+1, BUT IX IS CUT TO BE «LE.99
157TD(9)
ISTO(9) IS USED BY SUBR COTR TD DELAY THE SLOPE TEST UNTIL
I{XDaGTo(15T0{%)+2). THE SLOPE TEST CAUSES AN INSERTION
DF A LINEAR SECTION FROM X= 0.0 TO X{ISX) ONLY IF THE SLOPE
DUX OF THE DATA AT THE U{X) PLACE IN THE X-STATION DATA
FROM X(I-1) TO X{I) oGT. THE SLOPE DUZ FROM X= 0.0 TO Xil-1)
WDRo {I1DP.EQe&sAND.BSoEQal) oORe LINELEQaLl WHERE LINE IS
SET = 1 AFTER DUX.GT.DUZ.
U(1) NEED NOT BE ZERD FOR THE SLOPE TEST, AND IS USED
TOGETHER WITH U(I-1} TO COMPUTE THE SLDPE OF THE LINEAR
PORTION OF THE U(X) GURVE WHERE U(X) 1S M{X) IF DOP.LT.D.
HOWEVER, U(1} 15 RESET VO 0.0 BEFORE THE INTERPOLAVIDN IF
10P-EQo e
THE TEST FOR EMDING THE STATION DATA READ IN ON
t K(I) = X{I=1) ) oLEe 0.0 BEGINS ONLY WHEN 1({X}.GT.LPS
HHERE [PS= ISTO{9l + 2 WHEN THE X-STATION DATA I5 READ IN
FROM THE TAPE. '

rargrarerare S Y B ENEERE R R R EE R B

ISTO(10)

SUBR NDIR USES ISTO(10} AS A SWITCH TO RE-INITIALIZE THE
NECESSARY PARAMETERS FOR A RESTART IN SUBR ITFR OM A CALL 8Y
TUF. 1STO(10) iS5 ALSD USED BY TUF TO GO TO THE NEXT LASE

ON A CALL OF SUBR INIR AFTER AN EXIT FROM EITHER INIR ON
1STO(101.EQ.9 OR ITFR ON ISTO(10).EQ.B. IF EITHER JEF,JEG,
JY IS .GT.300 ON THE RETURN FROM SUBR COTR THEN SUBR INIR
RESETS ISTO(1D)=9,. IF ONLY THE STARTING PROFILE 15 TD B8E
COMPUTEDs 1XoEQ.1,2 THEN SUBR ITFR RESETS ISTO(10)=8 BEFORE
EXITING TO TUF.

1STOI1D) IS INITIALIZED = O BY SUBR [NIR AND RESET = 1 8y
SUBR COTR AFTER THE ISTO(K) READ-IN, =2 BY ITFR, =3 BY ITSR,*
AND IS RESET = 45,67 BY SUBR ITSR BEFORE THE EXIT TO TUF, *

O S N NN O B AR N R

.SUBR ITSR RESETS ISTO{10)= & BEFDRE EXITING ON I= IX. *

SUBR ITSR RESETS ISTO{10)= 5 FOR A NON-SCHEDULED CASE END 1F*
FLIEF) LT 00D aORF{IEF) GTLWSTO{2) UNLESS TOP=LaANDoLlalT1X.%*
HENCE ISTO(10).EQ.5 DDES NOT OCCUR WHEN- SUBR TRANS IS CALLED*
EXCEPT POSSIBLY AT THE LASY OR IX POLINT.

SUBR ITSR RESETS ISTO(1D)= & WHEN LAMINAR SEPARATION OCCURS
WHICH IS FOLLOWED BY A RE-INITIALIZATION IN SUBR NDIR AND

A TURBULENT RESTART IN SUBR ITFR PROVIDED ISTOE14)+EQals
LAMINAR SEPARATION OCCURS IF TOPLEQalsAND I.LTa1X.AND, IF
FUJEF) eLE.0.D OR.F{JEF) +GE.WSTO(2).0RFPP{1).GEL0.D,

SUBR ITSR RESETS ISTO(10)= T ON A FORCED TURBULENT RESTART
BY SUBR ITFR WHEN SUBR ITSR REACHES T(X).EQ.1T. SEE
WSTO(13) HEREIN AND EX,IT IN THE COMMENT ON THE SINGLE WORD
COMMON.

LR N N N R

: ISTOt11?
ISTG(11l) 1S THE NUMBER OF SETS OF STATION DATA READ IN FROM
THE TAPE BY SUBR CDTR., THE LAST SET OF DATA READ [N IS5 THE
SET OF DATA USED AS THE INPUT DATA SINCE THE TAPE 1S REWOUND
EACH TIME SUBR INIR IS ENTERED.

LRI
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TABLE VI. - Continued. MASTER INPUT DATA SAMPLE

[sraci2}
ISTO(12) IS USED TO SELECT THE X NUN-UIHENSIDNALIZING
NUMBER. SEE WSTO(10) HEREIN.

ISTO{12} » WSTOU(10}

IN SUBR COTR WE HAVE,FOR TESTING AND LISTING BY SUBR NDIRs..
IF WSTO(10).EQe0.0 AND [STO{12}.EQ.0 THEN COTR SETS
WSTOI(1D)= X(IX)s IX IS THE STATIUN NUMBER OF THE LAST X
STATION TO BE COMPUTED,
IF WSTO(10}.EQuO«0 AND ISTO(12),EQulsANDHSTO(51<NELD
THEN COTR SETS WSTOULID)= XMAS(LI®*WSTD(S) WHERE XMAS{l) IS
SOME X-DISTANCE SUPPLIED BY THE MAIN SUPERVISORY ROUTINE
TUF FOR NON-DIMENSIONALIZING PURPOSES WHEN THE X~STATION
DATA IS READ IN FROM TAPE, THE XMAS(K) QUANTITIES, IF USED.*
ARE SUPPLIED TD THE ROUTINE TUF BY THE ROUTINE WHICH CALLS *
TUF ON THE CONVERSION OF TUF TO A SUBROUTINE. SEE TABLE Vil.=*
WSTOC10) IS5 USED IN SUBRS FILE.NDIR. *

ISTO113} x
IF ISYO(13),LT.0 AND ABSCISTOI13)).GT.ANY 1IX) SKIP FULL *
PROFILE LIST IN SUBR FILE ON X{1) BASED ON THE YEST FOR NEAR*
ZERD SHEAR IN SUBR ITSR. *
IF THE X INTERCEPT OF CFUIIX)) IS5 EITHER.GVL(X{I)+ISTO(13)) =
#ORLLT.X{I) SKIP THE SUBR FILE LISTING ON THE IWSW= 3 RESET,.*

I5TO(14)
[F I5TO(14).,EQ.1 THEN SUBR NDIR PREPARES FOR A TURBULENT
RESTART IN SUBR ITFR WHEN LAMINAR SEPARATICGN OCCURS
WITHIN SUBR ITSR WHICH THEN SETS [ST0{10)= 6,

15TO(15)
IF ISTO{15).EQ.Q THE X-STATIOM DATA IS READ IN FROM TAPE.
IF ISTO{15).NE.QO THEN READ IN THE X-STATION DATA FROM CARDS.®

L I I I B I O )

* N RN NN

IF ISTO(15).NE.O THEN THE SWITCH ISTD(11) IS BYPASSED. *

IF ISTO(15).EQ.0 THE CARDS OF STATION DATA MUST BE DELETED, #

ISTO(16) IS NOT READ IN. NOR USED. *
®

ISTA(K)y K= 1,15 FORMAT ( 1515 } =

2 1 -1 1 1 2 2 1 2 1
WSTO(K), K=1,20, - FORMAT{5E15,8)
WSTO(1)

WSTO(1l) IS USED BY SUBR FILE AS THE G/U{BLE) AMPLITUDE
LIST LIMIT,
IF UFULE) oGTUSTO(1) e ANDLISTD(21.EG.2 SUBR FILE ENDS FURTHER
PROFILE LISTING OMN Y AT X{I}.
WsTOL 2}
WSTD(2} IS USED BY SUBR ITSR TO LIMIT THE AMPLITUDE DF THE
F(ETA’ PROFILE DUTER END PDINT JEF. SEE ISTO{10) HEREIN.
WSTO! )
WSTG{3) MAY BE USED BY SUBR CDTR TOD RECOMPUTE RDTI(1). SEE
RDT{1}), ALSO SEE I0OP.EQ.% HEREIN.
WSTOIK)y K= 4,6,7
NSTOUK)y K=4,6,T7y ARE USED BY SUBR 1TSR IF IRX*RH(I,]‘*Z
aGEL.1.TO COMPUTE CAL=MSTO(4)¢WSTO(G)IEX(1I+WSTO(TI®X{TI }*X{]).
WSTO(5)
SEE ALSO WSTO(1Q),ISTO(12).
IF WSTO(5)NE.0.0 COTR SETS X{l)= WSTO(S5}*X(I) ON READ-IN.
IF WSTO{5).NED.D COTR SETS RW(I1)= WSTO{S)*RW(I[} ON READ-IN,
WSTO(B)
WSTO(8) IS5 USED AS A RESCALING PARAMETER.
IF WSTO{B8).NE.DsD THEN SUBR COTR RESCALES THE QUANTITY
IN THE U(L) STORE, WHICH WILt BE TREATED LATER AS EITHER
UCI) CR MI1) ACCORDING TO THE VALUES OFf MR AND DOP aS TESTE

LR K 3K %
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TABLE VI, - Continued. MASTER INPUT DATA SAMPLE

B8Y SUBR INIR. AT THE YIME OF RESCALING BY SUSR COTR THE
QUANTITY IN U{I} IS THE READ-IN QUANTITY IF W5TO{16).EQ.0.0
BUT IS U{I)= WSTO(16)*U{1) OTHERWISE WHERE WSTO(16) [S USED
TO CONVERT THE UNIT OF MEASUREMENT OF THE INPUT. FOR THE
COMPUTATION OF MUT) FROM THE INPUT SEE SWITCH DOP HEREIN-
WSTOD(9)
IF WSTO(2?1.NE.D0.0 COTR SETS GP(I)= HSTDIQI*GP(I) ON READ IN.
WSTO{10)
IF WSTO(10).EQua0.0 AND ISTO(L2).EQ.0 THEN COTR SETS
WSTO(10)= X(IX}e IX IS THE STATION NUMBER OF THE LAST X
LASY STATION TO BE COMPUTED.
1F WSTO(L0) +EQaO.0 AND [STO(12),EQuluANDaWSTO(S)JNELD
THEN COTR SETS WSTO{10)= XMAS(1)*WSTO(5) WHERE XMAS(l)} IS
SOME X~DISTANCE SUPPLIED BY THE SUPERVISORY ROUTINE TUF, SEE
TABLE VII, AND GOTTEN IN TURN FROM THE SUPERVISORY ROUTINE
OF TUF WHEN TUF IS CONVERTED TO A SUBROUTINE. WSTO(LIOD) IS
USED IN SUBRS FILE,NDIR FOR SCALING PURPOSES TO LIST A
NON-DIMENSIONALIZED X(1L}. )
1F WSTO(LO)L.NE,O.0 SUBR FILE, AND SUBR NDIR IF THE CASE IS
ENDED, SCALES X(I1= X{I) 7 WSTO{10). HENCE EF WSTO(10}.EQ.1.
X{1}) IS NOT NON-DIMENSIONALIZED AMD XNDD= X(1).
IF WSTO(10).EQ.0.0 IN SUBR FILE THEN XNOD= X{]).
IF WSTO(10).EQuD.0 IN SUBR NDIR THEN X(I)= Xi[i.
WSTO(11}
1IF [0P.EQ.T+ANDDOP.GTLCoANDLRDT{1).EQaQ.0 SUBR COTR
COMPUTES ROTIL)=UCLI*OTC(L1)/NSTO{LLl)e IF WSTO(11).EQ.0.0
SUBR COTR RESETS WSTO(ll)= ,1544%10%%=3 (ENGLISH UNITS).
‘ W5TD(L2)
WSTO(12) IS NOT USED. (AT LERC WSTD(12} IS AN EXECUTION
TIME LIMITER,) - .
WSTO{L3)
IF WSTO(13)aNE.D.AND.TOP.NE-1 THEN SUBR COTR AFTER ALL
A-~STATIDN CATA READ-IN RESETS ET= I+1 WHEN
TURB{I}aGT.W5T0(13). THENs LAVERy A FORCED TURBULENT
RESTART OCCURS IM SUBR ITFR FOLLOWING A RESET OF ISTO(LD)= 7
IN SUBR ITSR AFTER SUBR ITSR HAS COMPUTED THE X-STATION
PROFILES FOR I= |7,
SUBR ITFR ON A RESET OF ISTO(10)= T IN SUBR ITSR AFTER
SUBR ITSR HAS COMPUTED THE X-STATION PROFILES FOR I= IT,

WSTO(14)

IF WSTOU14)eMNE.O.0 THEN SUBR INIR RESETS PRT= HSTOU1l%)
WSTDIL5) .

IF WSTO(L5).NE.O-.0 THEN SUBR INIR RESETS PR= WSTO{15)
WSTO{16)

IF WSTO(16).NE.0.0 THEN SUBR COTR RESETS THE QUANTITY IN
Uild= NSTO(16)2UII} BEFORE A POSSIBLE RESCALING OF THE
QUANTITY BY WSTO(8). SEE WSTOD(8).

‘ HSTOUWRT)
IF WSTOD(17).NE.Q.0 THEN SUBR COTR RESETS
GBC(2)= WSTO{LTI=GBL(D).

WwsTO{l48)

IF HSTOI!B) NE‘DGO.AND.“STD(IQ) NE.0.0 THEN WSTO{18}) LS THE
SONIC VELOCITY READ IN CORRESPONDING TO THE TEMPERATURE
READ IN 70O WSTO(19}, AND HSTDCIB)aHSTOtlgi ARE USED YO
COMPUTE GR= G*R OF THE EQUATIDN :
YELOCITY(SONIC)= SQRT( SHR*GR*T{STATIC) J}. GR IS CDMPUTED
AND USED BY SUBR INIR TO COMPUTE THE M(1) WHEN THE W(I)
READ. IN BY SUBR COTR IS THE VYELOCITY. ‘
WSTO{18) IS USED LATER BY SUBR ITSR AS COMVENIENT STORAGE.
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TABLE VI. - Continued. MASTER INPUT DATA SAMPLE

*® WSTDCL9) §
* SEE WSTD¢18) HEREIN. &
* SUBRS INIR,ITSR ALSO USE WSTO(L9) AS COMNYEMIENT STORAGE. ]
* HSTDL20) ]
= HSTO{20} 1S NOT USED. 5]
% %
* HSTOIK)Y, K= 1,20 FORMAT { BE15.8 )=
]

«99990000E+00 L20000000E+02 ,62200000E+06 ‘HSTO
+0.00000000E+00 = 13000000E+O1 WSTO
0.1564D308E~03 + LT500000E+03 WSTO
+0.00000000€+00 WSTQ

* -]
* LABEL{K}y K=1:18 ON FORMAT (18A4) THE X-STATION HEADING CARD=z
& IS THE NEXY DATA CARD. &
&

L***.enu[FFUSER SFUDVonnoneenooaooeoneoueoea.vnoﬁnovm@cD[FFUsER STUDVQGD

= JOIY IS USED BY SUBRS COTR.INIR FOR IMCREASIMG THE MUMBER QF &
* POINTS OM THE [MPUT YVIS),FPIJ)oGP{J) PROFILES, &
* JOIY FORMAT ¢ 15[5 3 =
%

3
& THREE SEYS OF DATA FOLLOH FOR THE PROFILES OF YY(J).FPUJ}, =
# GP(Jl. THE MUMBER OF POIMTS OM EACH PROFILE IS INCREASED =
o BY SUBR COTR, SUBR IMIR LATER COMPUTES THE EXPAMDED . w
@ INITIAL PROFILES OF YYC(J)eFP(ID.GPIJY, G
& IF LESTED THEN GET FOR EACH PROFILE MO, OF WORDS IRPUT, 2
L] M. LAST STORE OF PROFILE, AMD JDIY FOLLOWED BY THE CARD o
& IMPUT %
& YY{J) IS THE CODRDINATE FOR THE IMPUT Fe{ET},G¢(ETA} DATA. =
& SUBR PROFYL RESETS JE=J(Y) HHEM ABS(FP{J)iolEolorliot=8, ]
® BUT SUBRS INIRITFR,ITSR RESET JE= MAXO(JEF.JEG) AFTER EXIT =
& FROM PROFYL. o
I 0
u JY OM FORMAT (L15I5) THEM YY¥[Jle J=l,JY OM FORHMAT {6FL0.5) =
b .

43 J¥
0.0 0.002 0.005 .01 0.02 0.03 YYG6
o7 o8 o9 1,0 Is2 Lo vvL8

o1 o2 o3 o 2§ ok A
lod 1.8 2.0 2.5 3.6 3.5 vy2se
4.0 &5 5.0 5.5 6.0 6.5 Y¥30
To0 7.5 8,0 8.5 9.0 9.5 YY36
0o il. 12. 13, L&, L6o YVe2
18, - 20o 22, 24, 26 28, VY48

ped &

& FP(J} = FO{ETA) IS THE MOMENTUM EQUATEIOM IMITIAL PROFILE, @

& THE CARD DATA INPUT PROFILE FO{ETA) VS YY(ETA) 1S CLOSE TO a=

f SIMILAR LAMIMAR PROFILE OM A CYLIMDER ( U({X=D.0l= DoOle 2

f3 =

& JEF OM FORMAT (15150. THEM FPiJ), J=1,JEF ON FORMAT (6FLO.G)%

picd

35 JEF
Lo =998 998 992 =985 9562 FPOG
926 =855 = T8 2726 658 =60 FP12
«555 2505 LY o&13 0333 0265 FP13
208 o161 =123 -0588 02581 -0168 FP26
+00%&27 <D0162 000607  .000229  ,L00RCGBYS .DOO036E FP3D
<D00015T 00000696 00000316 -00000144 .D0000042 .DOOGODZ3 FP3a

k) &
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~ FOR DOP EITHER +2,-2 VW(I} (INPUT)= V(WALLI®DENSTITY(WALL) /

TABLE VI. - Continued, MASTER INPUT DATA SAMPLE

GP{JY= GY*(ETA) 1S THE ENERGY EQUATION INITIAL PROFILE. *
. *

JEG ON FORMAT (15150. THEN GPUJ}y J=1.JEG ON FORMAT (6F10.51%*

0.0 0.0 0.0 0.0 0.0

I10P, MODP,DOP, [0, TOP.POP DN FORMAT (1515) IS THE NEXT DATA
CARD.
I0P HAS OPTIONS 1452+39495+456+7 LISTED IN THE DISCUSSION OF
INPUT VARIABLFES., SEE ALSO REF. 1,
IF IOP.EQ.1,2,3 THE INPUT PROFILE IS THE STARTING PROFILE.
IF T0PLEQLEITHER 1,5 THE STARTEING FLOW IS LAMINAR,
IF 10P.EQ., EITHER 2,3 THE STARTING FLOW IS5 TURBULENT,
1F 10P.EQ.4% THE STARTING FLOW IS SIMILAR LAMINAR.
IF 10P.EQ. EITHER 6,7 THE STARTING FLOW IS TURBULENT,
IF 10P.EQ.4 SUBR INIR RESETS I5=2 AND THE STARTING PROFILE
IS AT 1(X)¥= 15= 2, ONLY ON TOP.EQ.4 DO CALCULATEONS START
FROM THE BEGINNING OF THE BOUNDARY LAYER GRDWTH,
IF I0P.EQ.4.,AND,.BS,EQY THEN SUBR COTR RESETS U(X=0,0)=0.0,
IF TOP.EQc2434+6+7 SUBR COTR RESETS TOP=D AND TURB(IS)=1.0
IF I0PLEQLEITHER 4,7 SUBR COTR MAY RECOMPUTE RDT{1) AND MR,
IF 10P.EQ.7 SUBR COTR RELOMPUTES B85, ALSO RESETS DT{1)=,001
WHEN DT(1)}.EQ.0.0 ON THE OT{L}) READ-IN.

mop
MOPLEQa~1y=2,-3:+1,+2,+3 FOR OPTIONS ON THE G'(ETA), GBC(I)
PROFILES TN SUBRS ITFR, ITSR. IBC= ABS(MOP) IN ITFR,ITSR.
FOR BOTH SUBRS ITFR AND ITSR.as
1F ABS(MDP).EQ.l.0R.MOP.LT.0 COMPUTE THE PROFILES IN THE
MOMENTUM EQUATION LOOP TO CONVERGENCE ONLY DNCE AT EACH
I{X) WALL STATION. FOR ABS{(MOP).EQ.1 THEMN BYPASS THE
ENERGY EQUATION SECTION AND EXIT TO THE STATION PARAMETER
SECTION, IF THE ENERGY EQUATION SECLTION IS ENTERED AND IF
MOP.LT.D COMPUTE THE ENERGY PROFILES ONCE AND EXIT 70 THE
STATION PARAMETER S5ECTIONs FDR MDP.LT.OQ THE DENSITY PROFILE
Dta) IS INITIALIZED = l., AND THE X-OERIVATIVES OF THE -
DENSITY PROFILES OPLJY,DB{J) ARE INITIALIZED = 0.0 IN SUBR
INIR AND REMAIN UNCHANGED FOR ALL SUCCEEDING X~-STATIONS.
SEE ALSD TABLE 1¥, AND THE IBC ENTRY IN THE SINGLE WORD
COMMON DISCUSSION, .

oop
DOP IS FOR THE INTERPRETATION OF INPUT...5EE TABLE V.
BEFORE THE TESTS ON DOP AND MR IN SUBR ENIR THE DATA INPUT
BY SUBR COTR IN THE UCL) PLACE OF THE X~STATIDON DATA IS
MODIFIED ACCORDING TO THE VALUES OF WSTO(K), K= 8,164
IF MR AFTER SUBR COTR.LT.0.0R.D0P.GT.0 THEN SUBR INIR
COMPUTES M(I) AND TF([) FROM THE U{I)= THE MODIFIED
VELOGCITIES,
IF MR.GE.C.OR.D0OP.LE.O THEN SUBR INIR COMPUTES TF{l1)} AND
U{l) FROM THE MODIFIED U{I)= THE MODIFIED MACH NUMBERS.
1F DOP.GTLO0.ORJMR.LLEL.D THEN SUBR INIR COMPUTES UNS= THE
READ=-IN VALUE OF U(I) IN ORDER YO COMPUTE M({I), TF(I}, AND
THEN RESETS MR= M({1), ML=MR, AND TFR 15 RECOMPUTED.
IF DOPLELOLORMR.GELDO.O THEM M{1) IS RESET (DIVIDED BY
WSTO(B) 1F WSTO{(B8)1,NE.D.0) TD THE VALUE OF M(I) AFTER THE
MULTIPLICATION BY WSTOU16} IF WSTO{15).NELQ.Bs THEN
TFCI)Y AND U(1) ARE COMPUTED FOLLOWED BY A RESCALING OF utl)
BY A MULTIPLICATION BY WSTO{8) IF WSTO(B).NE.D.l.

LA R E B ENEEEEERERSESEEEREEREEENEEEEEREENNFENNEFEEFNEFERWEFEEFFFEEEEERER

(DENSITY{BLE)) = VW{I} ALWAYS, AND

GP
GPO6

119



120

ﬂ*#ﬁ*ﬁﬂﬁﬂﬁ%#ﬁ%ﬁﬁﬁ##ﬁﬂé@#&ﬁﬁﬁﬁﬁ@ﬂﬁﬁ%%%**ﬁﬂ@%#iiﬂ**%ﬁ*i}ﬁ-ﬁ*ﬁ#%*

TABLE VI. - Continuzed,. MASTER INPUT DATA SAMPLE

F£9({ETA}s (DENSITY{BLE}*U(BLE!-DENSITY(ETA}*U(ETA) 7
(DENSITY{BLE}*U(BLE}.
FOR DOP EITHER +1,-F V¥W(IM(INPUT) = V{HALL)} AND
FOLINPUTHI(ETA) = { UIBLE)-ULETA} ) /7 UUBLE)e SEE TABLE V.
HOWEVER, IF 1ABS{DOP}.ERQ.1.AND.MOP.GE." THEN SUBR INiR
ALHAYS RECOMPUTES FU{ETA)= FPI1J} FROM THE TF{J) AMD THE
FPLIYo6PLJ) PROFILES BEFORE COMPUTING THE FPPLJI PROFILE.
THE ALTERED PROFILES ARE THEN USED TO COMPUTE THE VEIJD.
VEGE(J) BY SUBR VWIS AND THE TAU{J} PROFEILE LATER BY INIR.
10
10.EQe~1 FOR AXISYMHMETRIC FLOW ON THE IMSIDE SURFAJE FOURHED
BY RADII ORAWN FROM THE BODY AXIS.
10.EQ.+1 FOR AXISYMWETRIC FLOW ON THE ODUTSIDE SURFALE FORMED
BY RADII DRAWN FROWM THE BODY AXIS.
IF I10.EQ.0 SUBR COTR RESETS RW{IS)= 0.0
TopP
iFf TOP.ER-1 IN SUBR ITSR THEWN [TSR CALLS SUBR TRANS TO
[NMCLUDE THE TRANSITEOM ZDNEs
TOP IS RESET=C IF I0P.EQe2:39607 AT THE TIWE OF TOP READ-IN.
IF TOP AT THE TIME OF THE X-STATION DATA READ-IN = 1, THEW
SUBR COTR RESETS TURB(I!= Q0o
iIF TOPoMEolsANDeHSTD{E3)NE-D.0 SEE COHMENT ON HSTDI(L3}.
POP
EXCEPTING SUBR ITFR, POP DDES NDT AFFECT THE (aALbt OF
SUBR FitE.

[ v - < -

IN SUBR INMIRs.e

IFf EITHER ISTO{101.EQ.2 OR POP.NE.1

THE FOLLDOWING LISTIMGS OCCUR AFVER THE EXIT FROM SUBR FILE
WHICH IS ALWAYS CALLED 8Y SUBR IMIR AMD WHICH LISTS
ACCDRDEMG TO ISTO(K), K= 2:3:4,7, THE FOLLOWING LISTINGS
CCCUR JUST BEFORE THE EXIT TO THE CALLING ROUTIRE TUF.

1F POP.NE.1l WRITE (86,49, WRITE (6,50) LABEL(K), FOLLOW
HITH HRITE (6,%)p K= 52,53,54,55,56:60 THE FMETIAL
PARAMETERS AND THE X-STATIOM DATA AT THE STARTING STATIONW
P(X)= L1s AND, IF [0P.EQ.% THE STARTING X-STATION DATA AT
IfXl= 2a

ALSO HRITE THE PROFILES OF M{ll,TF{I)ouidl) AMD THE IRNITIAL
WALL PARAMETERS AV f= io20

B ELOHETLLLDDRORORBRTLERDRRRRE RN RS

IM SUBR §TFRose
IF ESTOI5)1oEQoloANDLPOPoNELL HRETE (69 TDIol&oThY FoLSTOLIDI®
IF POPoGY o3can =
aT THE HEAD OF THE MOHENTUX-ENERGY LOQP IF ISY0(5).E0s1.AND™
POPoNE.L THEN WRITE (6,981 I, ESTOLLOV. 1IN THE HOMENTUR
LOOP IF [STO(5!.EQoloAMND.POP.HNE.L WRITE (6,721 I.JKeJEF,
FAJEF)oFPP{L}SF(ED P QoRTF{IpoHIL I, YEILIoVEGILI oA,
VHPE 13,0013 D{JIVI DP(L),DP{SY) OK EACH MOM EMDEX. [N THE
ENERGY SECTION OF THE MOMENTUM-EMERGY LOOP IF ISTOHS5I.EQ.L
- ANDPOP.NE,1 WRITE (6:76) I.JEG;GFIL}sGPPILYCoRL DR EACH
MAE IMDEX.

IF 10PcLEc3.ae

USE THE SUBRS IMIR, COTR PROFILES AS THE STARTING PROFILES
EXCEPTING THE D(ETA)DP{ETA),DPL{ETA]) PROFILES ON MOP.GE.C
AND THE VE(ETAI.VEG(ETA) PROFELES BY SUBR VIS, SKIP THE
LISTINGS FOR IDOPaEQo%:5+%27 EN THE MOMENTUM-ENERGY LOOP AND
TEST POP AFTER THE MOMENTUM-ENERGY LOOP EXIT. iF POP.NE.l
WRITE (6472) 13JKeJEFsF(JEF),FPP{1),SF(IPsPsQoRa THEN WRITE
(6,76) T JEGsGP(L)+GPPIL)D{1b,TF{Z ),

BEFORE THE EXIT, IF ESTO{1)oNE.DeAND.10P.G6T.3 CALL FILE FOR

PN ARITELESRERETRRTR
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MRncoREFERENCE FREE STREAﬂ HACH MUWMBER.

DT L)oo DISPLACEMEMT THICKNESS OR DELTA(®x} TM THE SAME UMETS AS X,

RDTQI)oooREYMDLDS WUMBER BASED ON DISPLACENERT THICKNESS.

| SOHE OPTIONS.

TABLE VI, - Continued. MASTER INPUT DATA SAMPLE

THE STARTING PROFILES LISTING. OTHERHISE, IF 1STO(5).EQ.L
<AND.POPsNE~1 CALL FILE.

o
o
2
[N SUBR ITSRooo G
FOR THE X-STATIOM HEADING IM THE [{X}) LOOP.co s
IF POP.NE,1 WRITE (6:;51), LABEL{K); WRITE (6,60), THEN IF =
ISTOIS5).EQ.]1 HRITE (6,700 WRITE (6,81}, ¥
IF ISTOIS)}.EQ.ly THEN IF POPoMEclcoo =
FOR EACH YALUE OF THE MOMENTUM LOOP INDEX WRITE (6 B2} Ji, =
JEEFCIEFY o FPP{L) oDT (I} o DTXM; PHo QM RH. FOR EACH YALUE DF &
THE MOMENTUM-EMERGY LOOP IMDEX,MAE, MRITE (6,861 JFG,GP{Ll},%
GPPLAY,D(L] UNMLESS IBC.ERQ.Ll FOR WHICH THE EMERGY EQUATION A
SECTION IS SHKIPPED. &
THEN IF POP.NE.1 HWRITE (6,89 COF1,COF2,R21F,{0G1.,L0G2 <
RZLG, ITPWSTO(28) o XCF o SCFy ITHE: FOLLOHING IHE LISTING OF 5
DISPLACEMENT CDRRECTION FACTORS, IF ISTO(S).NE.0-AND. a
POPoNE.L1 HRITE (6:,96) RRCD,RRFT RMCAMTH RMT,RCRDTH, DRDCg o
DRM1, DRMZ WHICH ARE THE TRANSETIONM ST&TESTICSa e
@
1
2
2]
o]
b o3
E
0
fad

IN SUBR NDIRsos

IF ISTO(LO1.EQ.5.AND.ISTO(1%)EQaLaAND, POPoNEol THEN

HRITE {65931 ICoRC,RDTK,

IF ISTOU101.FEQ.T-AND.POP.NE.1 THEN HRITE lbo?@l ICRERDTH,

INTEGER PROGRAM SWITCHES. FORMAT - {1515}
oo I0 YOP POP

-1 0 1 G

MRoDT{LI.RDT{1)oBS;TO,BH,FY ON FORMAT (BFL0.5) IS THE MNEXT
DATA CARD,

IF [0P.EQo% THEN MRpDTILI.ROT{L) CAN BE LEFT BLANK UNMDER

R

IF MR.GE.Q.OR.DOP.LE.O0 SUBR IMIR COMPUTES ALL UITl} FROR
THE MII} DATA INPUT AT THE UW{I} PLACE IN THE U-STATEON DATA =
AFTER (THE RETURNM FRDM SUBR COTR. IF ISTO[l}-.€EQ.2 THEWM SUBR =
IMIR SKIPS THE TEST TO RETURM ON POP.EQ.1 BEFORE THE LISTINGZ
iX ORDER VO L IST THE HEADING, PARAMETERS. H(I)oTF{IJ Ui} =
UNDER THE FOLLOYING COMDITIONS SUBR.LOTR WILL RESET HR AFTER=
THE #-STATION DATA READ-INcoo :
IF 10P.EQo%cANDoMRoEQoDoDoAND.DOPLELO THEM MR= U{2).
IF 10P.NE-4.ANDoMREQoQoDoANDDOPLE.D THEN HR= U{l).
IF I0PoEQaToANDU{L)oEQoDDs AMDHR.EQoDoDAND.DOP.LE-D THEN
MR= .001

DT

IF 10P.EQc% DT{Ll) IS LATER RESET=0.0 ANMD MTI{Ri=0.0 IN THE
10P-EQ-% SECTION OF SUBR INIR.
IF IDP.EQ.7-ANDJDT(1}.EQ.0.0 ON READ=IN SUBR COTR REBZETS
DY{1}= 001

RDT{L}

IF [OP.EQ. 4, AND.RDVILDEQ.0.0 THEN SUBR COTR RECOMPUTES AND
RE=LISYS RDT{1ll= X(2)14U(212RSTO{3}.

IF [0P.EQoToAMD.DOP.GT-0.AMD RDT{1).EQ.0.0 THEM SUBR COTR
RECOMPUTES AND RELISTS . ROT(1)= U{1)20T(LI/HSTOlLL).

IF IOP.EQ.% RDY(Y) IS LATER RESEV=0 IN THE IOP.EQ.4 SECTION
OF SUBR IMIR AFTER THE RETURN FROM SUBR COTR, RL=ROT{i}

oG LR

Lot OLOLE LR

121



122

LA JE L O B NE N R N 3N N B I

LA AR EESEEREEERERERNEREREN N BN N R E EEEEEES

B8S5.4«INPUT FOR THE INITIAL PRESSURE GRADIENT. SEE BS IN THE

TJdes oFREE STREAM TOTAL TEMPERATURE IN DEG. K.

BHa ENTHALPY RATIO...{H{BLE)TOT-H{REF) ) / H{BLE)TOT

MR

&

TABLE VI. - Continued. MASTER INFUT DATA SAMPLE

BEFORE THE RESET.
BS

DISCUSSION OF INPUT VARIABLES.

1F LOPEQad AND 4 X EQuQ oD AND.BS.EQ. 1. THEN SURBR COTR SETS
Uix=0.0)= 0.0.

SUBR COTR RECOMPUTES AND LISTS 8BS IF I0PLEQ.T.

SUBR INIR RESETS P= BS.
. TO

BH

7 WORGS. FORMAT (BF10.5}

L R K R IR 3R BE R B BE BEONE OB IR O

DT(1} * RODT(1) *= 8a$§ « Y10 * BH *  ET *

1.0000 289.0000 1.0000
[F ISTO{L51.EQ.2 THE X-STATION DATA ARE READ IN 8Y CARDS
WITH 1(X)= 1,2,3...200 ON FORMAT (8F1l0.51.
IF ISTO{15).EQ.Q THE X~-STATION OATA ARE RCAD IN BY TAPE 1
AND THE CARD READ-IN INSTRUCYION IS SKIPPED. FOR TAPE 1
READ-IN THE NUMBER OF X-STATIONS READ IN = KEND.LE.100,
NDTE THAT BEFORE LISTING WE MAY HAVE RESETS OF X,RW ON
WSTO{5) AND U ON WSTO{16),WSTO(B).
IF LINEAR INTERPOLATION AT THE DRIGIN IS USED SOME OF THE
DATAs (X{TI),U(L)yRW(I}), IS5 REPLACED AND THE NUMBER OF
X=STATIONS IS INCREASED BY 15T0(8}+1, BUT
IF I0OP.EQ+2+3+6,7T SUBR COTR RESETS TOP=0 AND TURB(IS)=1.0.
THE NUMBER OF X~STATIONS THAT WILL BE COMPUTED IS .LE.99.
IF TOP.EQel AT THE TIME DF THE X-STATION DATA READ-IN THEM
ALL TURBIL) ARE RESET = 0.0,
I1F TURB{I1.GE.l THEN ALL TURBI(K) FOR K.GE.I ARE RESET = 1.
[F T0.EQ.0 THEN ALL RW{I} ARE RESET = 0.0.
THE -ORDER OF READ-IN OF 1 LINE OF DATA S...
XE13oUCI) »TURBUI) oGBUU I} oREI T )2 VW{ T}, SHIT),CHEL).

X1y
Xti)= X INPUT AT THE WALL STATION IN AN ARBITRARY UNIT.
X{1) ON THE LAST X-STATIDN READ-IN MUST BE J.LE.X(I-1).
Uit}

UlI)= FREE STREAM VYELOCITY AT X IN AN ARBITRARY UNITY,

IF MRoGEsQ4ORLDOP.LE.Q SUBR INIR COMPUTES L(I) FROM THE M(I)

DATA INPUT AND THE COMPUTED TF{I} AS DISCUSSED UNDER MR

HEREIN,

TURB(I}

TURB(I)= 0.0 TO t.... INDICATES THE FRACTION OF EFFECTIVE
VISCOSITY THAT IS VURBULENT. IF TURB(I}=0.0 THE EFFECTIVE
VISCOSITY IS ALL LAMINAR,

SUBR COTR SETS TURB(X)=1.FOR ALL K.GV.I WHERE TURBII)=l.
GBCIT)
GBL(1)= WALL -BDUNDARY CONDITION ON THE ENERGY EQUA, EITHER
G*(WALL) DR G** {WALL)u..SEE TABLE [V, ALSO MOP HEREIN.
: RWLIL} ‘
RWII)= RADIUS OF BGDY SURFACE R(WALL) IN THE SAME UNIT AS X.
VH(I)
VW{(I)= TRANSPIRATION VELOCITY IN THE SAME UNIT AS U{X}.
SEE TABLE 1IV.
SWiI)
SH{l)= NIKURADSE (REF 15) SANDGRAIN ROUGHNESS SCALE IN THE

LB B R B B AR EEEENENENENEERENERRNEEEEE Y T EEEEEEEE RS
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4254

1
12345578901234556T7B901234557990123456T89012345678501234567890123456T789012345670890

GR{L) o
g %

Qo

0.1181
021910
D.2873
0.2921
03380
Ua3660
0.3980
04278
0-.6537
0:4753
0.%939
Q.5105
0,5257
65397
0,5528
D.5852
00,5769
0.5881
0.5988

G.56091

Q.612C
0.6286
0.6379
0,6476
0.6572
GoBBTT
D.6787

0,6903
0.T02%

0.TL51
0.7287
0,74632
0,7590
07763
0.8187
08676
Q.BBG6S
09293
09761

SAME URIT AS Xo

TABLE VI - Continued. MASTER INPUT DATA SAMPLE

CRID) .
CH(I}s LONGITUDINAL HALL RADIUS OF CURVATURE' IN THE SARE
UNIT AS H,

X11) = @ CARD
HHEM THE H~STATIOM DATA IS READ IM BY CARDS, FHE LAST CARD
IS KEY PUMNCHED FOR THE TEST TO SHITCH DUT FROM THE DATA
READ IN-LOOP. .

X=-STATION DATA CARDS.ooHITH 8 HORDS.o.ON FORNAT (BFLG.3)

0 = THE A6IR DISCRIMINATOR CARD, 1SY OF 7 FOR 3SUBR ABIR.
2 : 3 & 5 & ¥

Ui3) @ TURBITY = GBC(I) & RWEE) o VWH{E) = SWlE) <

RETURNS TO INMIR FROMN AGIR.
0o {1 ] . ’
9.0185 0.
0.0371 .
0.0856 Ca
G.0741 Da
009227 0.
D-1112 0-
0.1297 [+ PN
D.14%83 4 Y
D.la68 0.
01853 0.
02039 0.
0.222% Do
0.2409 D,
0.259% 0.
0.2780 O
0.2%65 Co
0.3151 Q.
C.3338 0.
003521 4 8
03707 0,
C.3892 0.
04077 Do
0.%263 [+ 1)
0. 4448 Q.
0,4633 0,
0.481%9 0.
05004 0.
0.5189 0.
05375 0.
00,5560 0.
0.5745 0.
0.5931 C.
0.6116 0a
0.6301 0.
06487 Bo
0.6672 Q.
06857 0s
0-7TD%&3 0o
0.7228 0
“DaT&13 0.

(-2 R+ A o B B v e BRI 2 N < O

cuith

8

g
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TABLE VI, - Continued, MASTER INPUT DATA SAMPLE

1.0285 0.7599 0.
1.1073 00,7784 0.
1.2352 D.7969 v
16701 0.8155 0.
1.8764 0.7980 v %
2.0310 UeT8BOS O.
2.3831 0.7280 O.
2.7353 D.6845 o.
3.0875 0.6501 O.
3.4397 0.6242 O.
3.7918 0.6028 0.
441440 0.5860 Oa
4e 4352 0.5738 0.
4.86484 0.5582 0.
5.2005 05407 ¢ 8
5.5527 0.5237 O.
5.9049 0.5073 O.
6.257L G.4915 o.
65093 04761 0.
6.95614% 0.,4609 2
Ta3126 0. %458 0.
T.6658 D.%313 I
8,0180 D%177 0.
B.3701 04047 0.
BaT223 D.3923 11 8
3.0745 Da 3805 0.
G 4267 D.3695 0.
97788 0.3592 0.
1041310 03498 0.
10.4832 0.3412 0.
10.8356 0.3332 0.
11.1873 0-.3258 Do
11,5397 0.,3193 0.
“11.8919 0D.3135 0.
12,2641 0.3087 0.
12,5362 0.3204]) 0.
12.948% 0.3001 0.
13.3008 0=2968 0.
13.56528 0.2%943 0.
14,0049 0.2921 0.
16,3571 0.2905 0,
14,7093 0.2895 D.
15&0515‘ 002891 Uo
15,4137 0.2893 0.
15,7658 U.2910 0.
16.1180 0.2952 0.
16,4702 0.3019 0.
i6,B224 0.3110 0.
171745 0.3226 0.
175267 0.3366 0.
+0,0 +Je0
ABIR. END CASE DATA READ., THE NEXT CARD [S5 READ IN AT CASE END.
TO ELIMINATE THE COMMENTS CARDS REMOVE ALL CARDS WITH STARS
IN CARD COLUMN TWO (#; EXCEPT THOSE IMMEDIATELY PRECEEDING
A SET OF DATA CARDS WITH THE EXCEPTIDN THAT THE SEVEN CARDS
IMMEDIATELY PRECEEDING THE X STATION PARAMETER SET OF DATA
CARDS ARE 7O BE REPLACED BY A STAR CARD (A # IN CC 2 ONLY)
AMD AT LEAST ONE STAR CARD MUST SUCCEED THE STATION DATA
SET. STAR CARDS WILL ALWAYS LIST SINCE COMMENTS CARDS ARE
READ BY SUBR AbIR. OVYHERWISE THE [NPUT DECK WILL NOT BE

LR B- 2 O Bk BN 3% 2N
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TABLE VI. - Concluded. MASTER INPUT DATA SAMPLE

W LISTED UNLESS ISTO(3).NE.O. THE SIMPLEST CARD THAT LAN BE =*
% USED AS A MARKER CARD IS ONE WITH AN ® IN CC2, OR CCl. *
u NC IS FTHE NUMBER OF X DATA STATIONS READ IN,CARD OR TAPE, BY#
b4 SUBR COTR, NC.LE.200. *
* KEND IS THE NUMBER OF X DATA STATION POINTS READ IN FROM *
L TAPE B8Y SUBR COTR WHICH RESETS KEND=100 IF KEND AS READ FRDH*
% THE TAPE.GT.100,

% TOP IS RESET=C IF 10P.EQaZe3eb4¢Ts ‘
* NOTE THAT ISTO(8)= 2 TO INCLUDE A LIMEAR SECTION. *
3

END OF CASE.

change appreciably as the calculations proceed downstream since % is normalized
with &*, Smaller 7 spacing will be required throughout the layer if a very small x
step size is used, :

The specification of the f'(n) and g'(n) profiles depends on whether these profiles
are used as the starting profiles or the input profiles are recalculated. K the input
profiles are to be used as speécified, they should be compatible with the initial pressure
gradient. For turbulent flow the profiles must be well defined in the ''law-of -the-wall"
region. This region can often be specified by using some empirical "law of the wali':,
K the input profiles are recalculated, the initial profiles need not be very accurate
since the calculated profiles usually converge very rapidly to their final value for al-
most any reasonable input profile,

Spécifica.tion of x-step size. - The sequence of the x-values defines the x-spacing
at which calculations will be performed, The x—stép size depends on the input station
Mach number or velocity distribution. The x-step size should be inversely propor-

“tional to the magnitude of the slope of the velocity distribution. For large velocity
gradients the x-steps must be very small, The numerical examples illustrate realistic
x -step sizes for accurate results, .

The x-step size is most sensitive at the sta,rt of the boundary layer growth, How-
ever, if the slope of the U(X) as a function of x curve is linear, larger x-step sizes
can be taken. The input options ISTO(8) and ISTO(9) can be used to modify input
x-station data to include a linear section at the start of the boundary layer growth,

Instructions for linking with another program. - The TUF set of decks headed by
the main routine TUF can be tied to another program to be titled TRIR(XMAS) which
will compute and store on tape 1 the x-station data to be used by the TUF set of rou-
tines. To tie in the TUF set of decks, the main program of TUF remains the same ex-
cept that a card containing subroutine TUFL(KSTOP, XMAS) is placed behind the
$IBFTC card of the main routine TUF. Let the main routine using both supervisory
subroutines TUFL(KSTOP, XMAS) and TRIR(XMAS) be titled COSY, Then COSY can
have a blank common which is set equivalent to the KSTOP array of subroutine
TUFL(KSTOP, XMAS) where the blank common of COSY is also the blank common of
subroutine TRIR(XMAS). The array XMAS is dimensioned the same for COSY, TRIR,
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TABLE VII. - EXAMPLE OF LINKING TUF TO ANOTHER PROGRAM

$I8FTC COSD DECK,LIST :
COSY 15 THE MAIN ROUTINE FOR THE MAIN SUPERVISORY SUBROUTINES ses

c
c TRIR WHICH PROVIDES Xl[l,g}ll CR M{Il, AND RW(I) FOR THE
c BOUNDARY LAYER SUBROUTINE TUFL, AND
c SURR TUFL WHICH USES THE BLANK COMMON CF COSY AS THE KSTOP ARRAY,
CCMMON  NTO( 2} ,NPCL2),NHBMXO
DIMENSION KSTOP(5),XMAS{LO)
EQUIVALENCE {(KSTOP{5) 4 NHBMXO)
c TFHE OUTPUT DATA OF SUBR TRIR IS PUT ON TAPE 1.
REWIND 1
CALL TRIR(XMAS)
c THE BOUNDARY LAYER SUBROUTINE.

CALL TUFLIKSTOP¢XMAS)

CaLL EXIT
sTop

EnC

and TUFL, The main routine COSY then calls subroutine TRIR(XMAS) followed by a
COSY call of subroutine TUFL(KSTOP,XMAS) to get the boundary layer solution. I
storage is Mimited, the same overlay origin can be used before both the subroutine
TRIR and the subroutine TUFL sets of decks. A second overlay origin can be placed
before each of the decks of the subroutines INIR, ITFR, ITSR, and NDIR which are
loaded in the order shown in the program listing. Also, such blank common not needed
for both sets of decks TRIR and TUFL can be labeled. An example of the COSY kind of
routine is shown in table VIIL.

Output Variables

The primary output from the calculations is a list of the calculated profiles and
parameters that is printed out at each x-station. Most of the output is optional and is
controlled by the input ISTO array. Definitions of the output variables that are not
defined elsewhere are given here,

Principal boundary layer parameters. - The following principal boundary layer
parameters are listed in the program output; ¥ DT, MT, HT, SF, CF, ST, GPW,
RDT, U, M, TURB, RW, YW, SW, and CW. These parameters are all defined in the
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Common Arrays section. The output of the x-station dimensional variables are in the
same units as the input x-station variables.

Profile parameters. - The following momentum and energy profile parameters are
listed in the program output; J, YY, U/U(BLE), F, FP, FPP, D, GP, and GPP. Al
of these variables are defined in the Common Arrays section except J and U/U(BLE),
which are as follows:

J Index of eta profile point.
U/U(BLE) Ratio of velocity in boundary layer to velocity at boundary layer edge,
D(I)*(1. -FP({J)).

Transition parameters. - The transition parameters that are printed out and de-
fined in the Common Arrays section are IC, RC, FT, RMX, RMTW, RMT, and RDTK.
The other transition parameters are defined as follows: ‘ '

RSR Function characteristic of effect of surface roughness.

RRR Function characteristic of effect of surface curvature.

RTR Function chai'actéristic of effect of free-stream turbulence.

RD Final value of RD is a function characteristic of effects of pressure gra-

dient, surface roughness, surface curvature, and free-stream turbulence.
RRCD RMC/RMTW , | A,
RRFT  RMC/RMT |
DRDC RDTK-RC
DRMI RMTW-RMC
DRM2 RMTW*MT(¥+1)/MT(I)-RMT

Momentum and energy balance parameters, - Under the output heading INTEGRALS
OF MOMENTUM AND ENERGY are listed the vailues of COF1 and COF2 for the mo-
mentum balance and the values of COGl and COG2 for the energy balance. Both
COF1l and COF2 are defined by equation (II-21), and COG1 and COG2 are defined
by equation {II-23). The other balance parameters are defined as follows:

R21F COF2/COF1
R21G  COG2/COG1

ITP Number of iterations in momentum and energy loops.

General parameters. - The general parameters that are listed in the cutput are
IVEL, VE(1), VEG(1), VHP(1}, VH(1), HR, PR, PRT, SHR, XNOD, I(X), JE, and
ISTO(10). The parameters VE, VEG, VHP, and VH are defined in the Common
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Arrays section. The parameters JE, PR, PRT, SHR, I(X), and JE are defined in
the Single Word Common Stores section, The other variables are defined as follows:

IVEL Code to tell what correction is included in calculation of effective viscosity,
XNOD If XNOD.NE.X, XNOD=X(I)/WSTO(10).

ISTO(10) Code number to indicate in which subroutine the profiles are last computed.

Numerical Examples

To illustrate the use of the program and the results obtained, two numerical exam-
ples are given, The first example is a flat plate, and the second is an inlet diffuser.
~ For both examples the boundary layer is calculated in the laminar, transitional, and
turbulent portions of the flow.

Flat plate, - The first example is a flat plate with a slightly tapered leading edge.
The input for the example is given in table VIII. The boundary layer is calculated |
from the stagnation point at the leading edge of the plate toan x of 6.9 centimeters
(2.7 in.). The starting velocity profile in table VIO is used by the program to calculate
a Blasius profile at the leading edge (BS = 0,01).. The index for the x-station data is
denoted by 1S. There is a total of 80 x-locations for this example,

Sample outjput for this example is given in table IX. Most of the output is optional
and is controlled by the input ISTO ARRAY. The output that is iliustrated corresponds
to the following deseription:

(1) Profiles and parameters at a nondimensional x = 0. 0025

(2) Transition statisties and profiles at nondimensional x = 0.80 and x = 0,85

(3) Summary of boundary layer parameters

(4) Momentum and energy balance ratios

Examination of the summary output indicates transition to fully turbulent flow
occurs at a nondimensional x value of 0.42. The fully turbulent point corresponds to
the first x-value where TURB(I)=1.0. The experimental transition was found to oceur
at a nondimensional x of 0.46. In general, good momeéntum and energy balances were
obtained for the chosen x-stations for this example,

Execution time for this example was 2 minutes on an IBM-7094/7044 direct-coupled
system. ‘

Inlet diffuser. - The second example is an inlet diffuser. The geometry is de-
scribed in detail in reference 16 (diffuser identification number, 10). The input for the
diffuser example is given in table X. The boundary layer is calculated from the stag-
nation point on the inlet lip (x = 0) to the diffuser exit at an x of 44. 6 centimeters
(17.52 in.). The starting velocity profile in table X is used by the program to caicu-
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Iate a Falkner-Skan laminar wedge flow solution for a starting profile (BS= 1,0). For
this example a linear section of x-station data was calculated by the program, (Note
ISTO(8) and ISTO(9) both equal two). There is a total of 95 x-locations for this exam-
ple. There is a small x-step size in the region of large Mach number gradients to im-
prove the accuracy of the computations,

Sample output for the inlet diffuser example is given in table XI. The output that is
illustrated corresponds to the following description:

(1) Profiles and parameters at a nondimensional x = 0, 0412

(2) Transition statistics and profiles at a nondimensional x = 0, 7287 and

x= 0, 7432

(3) Summary of boundary layer parameters

(4) Momentum and energy balance ratios

Execution time for this example was 2 minutes on an IBM-7094/7044 direci-
coupled system. '

Disecussion of Problem Difficulties

The main accessary source of information when either a difficulty appears or an
unexpected transition to turbulent flow occurs is table VI. Table VI can be used as an
input data deck. If so used, it contains both comment, which is always listed, and the
case numerical data, which is listed when ISTO(1).NE.O0. Hence, table VI when used
as an input deck can become a convenient diagnostic aid when the case being computed
is aborted. I a difficulty appears, which may not end the case with a machine diag-
nostic, then the comment on ISTO{10) in table VI can be used to connect the case list-
ing with the source progra.m After the probable location of the difficulty is located,
subroutine FILE can be used to list complete profiles by settlng ISTO(7)=I{X) the index
of the desired x-station to be listed.

If it is desired to study the viscosity and conductivity profile wall values of sub-
routine VIS and the transition statistics of subroutine ITSR and of subroutine TRANS
on TOP.EQ.1, then set ISTO(5).NE,O0. The telitale word IVEL, which appears in
the subroutine VIS listing, canbe used as a diagnostie aid to determine the sequence of
formulas used in computing the viscosity and conductivity profiles. Unlike ISTO(7),
which causes a list for only the selected x-station, ISTO(5). NE. 0 causes a list at each
x-station succeeding the first, To differentiate the listing by subroutine TRANS from
that of subroutine ITSR, the heading of the subroutine TRANS listing carries the label
TRANS., Also ISTO(5) with the integer printout switch POP lists additional informa-
tion as summarized by table VI.
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TABLE VIII. - INPUT FOR FLAT PLATE

ENTER INTR AT s SECs
. ISTOAKYs K= 1415 FORMAT { L5153
1 2 4 i 1 i 1 i} ¥ 1 0 0 o 0
» . WSTO(K)y K=  Le20 FORKAT | 5E15s8 )
0+ 99990000400 0.30003000E+03-0. -0 =0
-0 -0, ‘ ~0s =U. -0
0v 15640C00E=C3 G -0a G0 0D0DUDE+OU=0w
Os © =D -0 =0 L S
* LABELL{K)s K=1418, ON FORMAT {1644), THE X=S5TATION HEADING.
FLAT PLATE ‘ FLAT PLATE
» JDiv FORMAT ( 1515 )
% .
* JY N FORMAT (15153 THEN YYUJd)dy J=Ll.JdY CN FORMAT (4F10.51)
%2 165, Al
Ce 0.01060000 €« 02000000 G+ 04000000 0.05999999
0096599999 0.+ 12060000 0« L4000D000O 0« 16000009 0« LEQOD0QO
€7 2000000 0423959599 0-26000000 De 28000000 030020090
C.4a000000 0.3460000G0 €+38000060 0. 40000000 0. 44000000
C+520060000 0+ 56000000 G+60000000 0+ 64 000000 0+66000000
C+80600006 690060000 1450000000 1.20C00200 140000001
1.80C00000 2. 15955959 2459999999 1.00000000 4259999999
* JEF CN FORMAT (1505)« THEN FP(Jds JxLlyJEF ON FORMAT (0F1045)
16 141 4
100660000 0+599800000 C+59600000 ©+ 99200000 0+98500000
0.97600000 085500004 078900000 0« 72600000 0.66600000
0.%5500000 6450560060 Ce45699999 J+413006000 0433300000
G« 20800000 016100000 C+12300000 D+05880000 Ue 02609999
000426999 0.0C161959 e 00CO0TO0 0400022899 0.00008950
C000014570 0+ 00000656 €= 006003 16 02023000144 0.03000062
» 4EG ON FORMAT {1515)« THEN GPIJYs J=l+JEG ON FORMAT {6F10.5)
[ Fa ¥ L1
-0, -0. ~Qa ~Qs Qe
* [OF HOP DOP o TOP PDP
% 1 1 g 1 1
L] MR » CT{1) * RLCTIl) » BS - TQ * BH * FT .
D £56000~0. 1004.00 0100 29542300 10000 -0
* X=STATION DATA CARDSswswiTH 8 WORDS<esOh FORMAT {8FL10.5)
0. 152460000  O. -0 Qe -0 =Js
0.00750 753.68000 Q. ~0a ' =0 -0
Q+00500 75476000  O. -0 [ =0. -0
0.00750 155.84000 Q. =0 Qs 0. =D
001000 756.51000  U. -0e 0. -0 =0
(.01500 155.07000 O, =0 (/N 0. =0
0.02000 76123000 0. -0 0. -0 =D.
0.03000 7¢5454000  Os =0 0. =G -0
Qe04000 76585000 O« ~0e O« =0 ~{re
Ce05000 17427000 Q. -Qa [ =0 e
0.06000 778448000 Q. =0a Oa =0 -0
0.C7000 782.75000 Q. -0 'Y =0e -8
008004 787411000 C. -De Oe =0 =D
009000 791.42000  O. T =0 Qe ~0a -0
0410000 75573000 0. -0 0. =0s -0a
J«11000 800.85000 O. ~De e =0 =0a
0+12000 804¢36000 0. - O« ~0a “Qa
0«13000 8CB.67000 O. =0a Oe -0a ~Qa
Qei400C 812.99000 Da -0« Ue ~Qs -0a
Gei5000 81730000 Qs -0 O -0 -0
0416000 821461000 Os -0 0. ~Ge -0«
017000 B25.93000 0. L Os -0 =0
0.18000 830.24000 0. =0 Oa -0 -0

0.08000000
0. 20000000
0. 32000000

O« 9B000000 -

0. 72000000
1459999999
4+ 19999999

056200000
0.5603900000
0+ 26530000
0.01080000
0. 00003660
0.20303022

=0

-0
=0«
=0
-0
=0a
=0.
-0

c=Ca

=0»
=0s
=0
=0
=0«
=0
=0
=0
“le-
=0
=0
-0a
-Qa
-0
=04

5=
15=
I5=
[5=

IS="

1§=
I15=
I1S=
IS=
IS§=
IS=
I15=
[ 5=
I 5=
[§=
[5=
{5a
{Sw
I5=
[5m
18=
5=
I5=

-
[-R-R R R R N



1e1

0.-12000
0.20000
0.21000
G.22000
d.230060
6024000
025000
0226000
0.2700¢
Q28000
0-.29000
G.30000
032060
0.34000
0236000
034000
0.40000
042000
0.44000
D.446000
0480G0
0.,500048
£.52000
0a25%00¢
0.56000
058300
{60000
L.62060
f.04000

. Qatb0CO

C-HB8000
0076030
£.75000
L. 80000
€-8530C
0.59000GC
Ga9%00C
1.000500
1005000
113000
115000
1220000
130000
140000

. 1.50000

32060000
1=73000
180004
1901000
2.00000
210000
2420000
2230000
2 ..40000
208Q0G¢
263000
2.70000
0=

63455600
838.87000
843.188000
841249000
$51.81000
856012000
BE(.43000
864.75000
BES-CE000
#13.37000
837.69000 _
882,00000
868600000
B89.00600
852000000
8%4 .G0O000
857400000
858400000
900, £0000
902 . 0000
§04,00000
9GS« 60000
90400009
$03 . 00000
92 50000
907+ €0000
40150000
4901000000
900450000
96660000
#55.50000
BSE.£0000
A55.C0C00
A50.60000
88660000
H824.00000
37706000
872.00000
8467.C0000
HE2.C0G000
857.00000
851.€0004
B4 0 06000
833.00000
82600000
#z1.000040
817.00000
615.00000 -
81260060
$10.0€000
4€a.cacoo
8C6.00000
405,00000
#C6.00000
ACE.00C00
811450009
415.00C00
~0s

€nD CF CARD READ
6.56D00000E=01

GR=

-]

({13
00
[+ 19
Gs
[+ 19
413
Qs
[ 18
8
(M
0o
Oe
Qs
0.
o
0-
[+ 1
0o
0o
U»
Oa
Qo
Js
Qo
[TH
128
[+13
Ge
[+ %
0=
Oe
Oo
<23
Oa
Q.
Oe
O
Go
Qa
Qo
Q-
Ja,
de
0=
Us
Qe
Q.
do
Go
Qo
Qe
[+ 13
0o
Os
Qe
Qe
G.
Oe

=0
=0a
=0
el ]
=0a
=0a
~a
it *
—Qa
=0
=0a
~0=
=0
=0
=Jo
'
=0a
={a
=0a

=0

-0a
=0a
=0
=0e
=0a
-0
Qe
=0a
_C-
={a
=0a
=02
=0a
“Gw
~Qa
-0o
=0a
=Qa
=0

~0e

=Je
“a
=Co
bt 1
=00
=0s
=0e
=0
=0e
=Je
-Qa
-0a
_0,
=0+
=0s
=0
-0-
=0

TABLE VII. - Concluded. INPUT FOR FLAT PLATE

Qo
Do
[+
Qo
Qa
[+ 1S
Go
[+ 1
1
Qe
[+ 1
0o
Qe
[/
Go
Oe
Ga
Oo
Qa
[\ I
[+
Oa
Qa
" Qe
1]
Do
[+ 19
Ue
Qa
Qa
- Ue
0a
0.
Qs
Qa
T de
Da
Qe
O
Ge
Jo
O
[+ 18
Qo
0o
O.
Qo
Qe
¢ 1}
[V
Ya
D«
Qa
Ue
Go
Je
Qe
Qs

KO- OF X STATIUNS= 80
ODTily= =0

=0a
=0a
==
=0o
=Qa
=0
=0
0.
=D
-Qa
=0
-0
' O
=00
=Qo
P
=0a
=0o
Qe
~0e
'
~0a
0.
-0
~0e
=0
-u'
-0«
—q.
-G
-0=
=G
-0.
=
-Qa
T =Da
-0
~Qs
=0
~0a
=De
=0
-U.
=0a
=0
=0a
-3
-0
={a
=0
~Ue
-0
0.
—s
=Qa
=
~Qa
-0.

ROT L=

-0 =00 5= 2%
~0o -Qe ISs= 25
=0 ~Qe I35= 26
~Jao =0e Is= 27
=0a =0a 15= 28
=0 =0o ‘I5= 29
=0a =Ja 5= R
“Qa Qs k5= EXS
=0 =00 IS= 3z
et =0o [5= 23
=l =0, I5= 34
~la ~0a Is= 35
-0a —0a I3= 36
=0s ~Qa 15= 37
~0a =o 8= 38
“Qa =0a 15= 39
=0a =0a I15= 40
=0a -Ge [s8= 41
=-0o =0 Is= 42
~0a ~0a 15= 43
~G- -0a I[§= 44
-Qa =0 Is= 45
-0. -0 15= 46
' =0 Is= 47
=0 =0 I18= 48
~0o -0 15= 49
' ~G. I18= 50
=Qe =0s [3= 51
-0 =0a 15= 52
~0. -Ga I5= 53
~0= -0e 15= 54
=0 =0, 15= 5%
~0a -0 I5= Sé
-Q- -Qa 15= 57
=-0. =0 1= 58
=0a =0a [5= -89
=0a =0 I5= 60
-Q. -0« 15= &1
—Qa ~0u I15= 62
=Ca =-Qa 15= 63
-0a ={a I5= 64
~U. -0 15= 55
“Ge Qe is= (-2 ]
=0 ={a I5= &7
=Qa —Ua 5= (1]
-0. -0 15= 69
=Je -0. 15= 740
=0a =Ja [5= 7L
=0a =0 15= 12
=-Ja =0 15= 13
=0= -0s [§= 74
-0 -0. i5= 75
~Je -0 L5= 76
el ' I -Go 15= 7t
=-0o =0a 15= T8
=Da =0« 158= 79
=0o =0a [S= B8O
=0a -Q. i5= 8l
LAST X% 10 BE COMPUTEOD= (.2T0G0O000E+OL LAST X= 0.
1= 0040000E+D3 65= L.D3000000E~=-02 1T= 132 NC= Bl KINO=
W3TOL10)= 2. TOOQROGLOE+DQ NO« OF X-STATION POINTS IMCREASES=

1
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TABLE IX. - QUTPUT FOR FLAT PLATE

{a) Profiles and parameters at X = 0. 0025

'BCUNDSRY LAYER PROFILES FOR

TURAIL+] )= Q.

O« °

FLAY PLATE FLAT PLATE
X = 0.0025 - U= T753.080 M = Q.70 RDI = 6.D1E+0L
TURB =0. Bw = 0« ¥n ==(0. SW ==0. CW ==0x
BT = 1e50F-04 HMT = 5.14E-03 HT = 0. © SF = Z2.91E+00 CF = 2419€-02 ST =«0.
HR = 1+00E+30 PR = 748GE=0L  PRT = 9.0DE-0L 5SHR = l.40
x= ¢.0025  XNOD= 00009 [ik)= 2  JE= 165  [STOCMOI=
Yy LAUTBLE)Y F FP FPP D
L 0. Oe 'Y LeOOOO0CDE+00 -545712460E-01  1.0978166E+00 -0, -0
5  1+0000000E=02 6o l136492E~03  9e9721473E=03  9.9443004E~01 -5.56826%96-0L  L.097613CE+00 -0, -0,
4  2,06C0G00E~02  1.222355E-02 1=9808612E-02 9. B886338E-01 -5+54483056~-01  1.0976024£+00 0. “Ya
13 4.8C00000E=02  2+%433406E=07  3+9554613E=02 9+ TTT3842E~01 -5+5598655E-01 L0975598E4+00 ~0. -0,
17T &.0COUCE0F-02  3.6630092E-02 S 89982 LBE=02  9+06623T2E-01 =5.5549369E=D1  L+.09748B9E+00 -0. -0
2} 840 (0OGOOE~0?  4+8813628E-02  T.B52L19823E-02 9+5551642E-01 -5.5503840E-01 1+09T38S8E+00 ~0. e
.25 1+0C00000E~01 620963 T63E=02 92 T2LYSLLIE=02  924442190E«OL =5.5462197E-01  1.097262TE+00 0. 3.
29 1.2¢00GCOE-Q1 Ta3L4052E-02 1« 159965%E-01  9+3333328E-01 ~=5.54245606-01  1.0971075E400 Q. 0.
33 L.400DCUOE=-D1 H.5283803E-C2 Le 345523 GE=U1  9+2225184E-01 =5.538977TE-01 10969244400 0O bl
37  1.60C00COE-Q1 9o 7413199E~02  1+5288666E=01  9+1117TTL7E~0L =5.5357591E-01 1+0967136E+00 0. Q.
41 1.BO0NDGCOE-GL  1+0952H2HE-O] LeFO9Y4951E~01  9-001U87LE-QL =545327T491E~01  1.0964750£+00 O, 0.
45  2.00000C0E-01 1+2162671E-01 1:88891046-01 B+ BI04603E-0L =-5652991LTHE-01L 109620888400 Q. D
49 2.2000000E-01 1o3371376E-0)  240656138E-01  BoTTIU8Y5E-DL .~5.5272058E~01  1.0959152E+Q0 Q. 0.
53  2.40COCGOE~01 La45T828HE-Gl  24240L063E-01  Bab&93TLSE~01 =5.5245907E-01  L.0955942E+00 0. 0.
ST  2.60C00CDE-D1  1.5T8352TE-{1  2.4123890E-01  8.5589056E-01 =5.5220042E-0L  1.0952459E+00 O, 0.
61  7.8000CQ0E=-01 1.69B7010E-01 2, 5824628E-01  H+44849L5E-01 ~5+5194263E-01  1.094B706E+00 O 0.
6%  3.0000000E-01 1.B1AB650E=C1°  2+.T5U3288E-01  B+330L292E-0L  =5.5167739E-01 1.09446845+00 (. 0.
69  3.20GOCCOE-U1 1a9388340E~0L  209159BH2E-01  8.2276205E-0% ~5+514Q619E-01 1.0940394E+00 0. 0.
13 3.4000000E-01  2.05E5971E-0)  3.0794419E~01 6-1175679E-01 =-5.5112084E-01 1.0935838E+00 0. G
77 3.6000000E-0%  2.1781440E-01  3.2406912E~01  B8«0073730E-UL =5.5082430E=-01  1.093101BE+D00 Q. O
Bk 3.80000COE~01  2.2904619E-01  3.39973726-01  7+6972400E-01 =~5.5050393E=01 [+0925936E400 Q. O
85  4.0000C00E~01  2.4165379E-01 34550581 1E=31 T+ TBTLI34E-0QL -5«50LL7J6E-01  1.0920593E+00 0. O
89 4 4C00000E-01  2.6539112E=01 3+ 5636687E-01  T.5672545E-01 =-524938496E~0L  1.0909138E+00 Q. Qe
93 4.B000CC0E=01 24890140 0E-0} %o l619663E-01 7<3476847E-01 =-5.4845289E-01 L+08966T3E+00 0. Q.
57  So20D0ULOE=01  3¢1250946FE-01  4a45L4BE9E~-0L 7+ 1285200E-01 =5.4T733145E=01 1.0883219E+00 Qe De
101 5«6C000C0E-01 3.3586268E-01 4o TIZ225%0E=01  0e¢90IU4TOE-0GL =5.459B8813E-01 1.0868804E200 0. O.
135  5.0C00000E=-C1  3.5905820E«01  540042846E-01  6:6917615E~01 =5.4438776E~0L  1,0853456E+00 0. a.
109  6.4000G00E=01  3.820794LE=0F 5.26T6J4TE-01  6e4T43TITE-0L ~5c4249419E-01  1.0837207E+I1 0.
133 G EOCGODCDE=OL  4+04SCOT0E=01  5+52224538=01  be 25TBOT3E=00 -5+4027243E-01 1.0820092E+00  Da 0.
1T FL20C0000E-01 422752342E=01 5 TBE2421E=01  6a04220L1E-0L =-5.3734230E-01 1.0802151E+400 O 0.
12 Te55G9909E=01  4.T20564BE~0] 5e2344770E~01 5. 61447ZTE-01 =-5.3107835E=-01 120763962E+1) e De
125  Be9559999E=01 Sc261T4A0E~Cl  £.7695264E-01  S«08BLTZ9E-01 =5.2070694E=-01 L«D712405E+00 O De
129  1.0O00UGCE+00  5.7825975E-0] To2525312E=01  4+57411U9E-0L —5.0478814E-01  1.0657419E+00 O. 0.
133 1.2000000€+00  6+7458842E=-01  Be06B3BITE-QL  3.5966386BE-01 =4.6TBO932E-01  1.05&4L155E+20  J. 0.
133 - 1.40000COE+00  7.5964748E-01  8.6976047E~01 2. T124045E~0L =4.13641186-01 1.0623920E+00  D. Q.
141 1.6C00000E+00  8+303)873E~C1 9« 161T6LZE-01  L+9500052E-01 =3.4692429E-01  1.0314525E400 0. Qa
145  1.8000000E+00  B.B614383F~0] 9+ 4BT3656E-01 Le329Z519E-0L ~2<6424579E~01 1.0220154E+33 2. O
149  242CQ00GLE+00  9.5686984E=01 @ 9+039394TE=0L  5415998356~02 ~1.388T432E-01  1.0089305E+00 Q. 0.
193 P.8C000G0E+00  $48725189E-01 9« 962T755E=01 Lo54G6790E=02 ~S5.226557DE=02 L.0027920£+00 0. 0.
57 3.0C00D0CE+00  S5.97CSHGTE=01  9e9962748E~01 3 S5T0LQITE-03 =1.34691526-02  1.D006TI3E+)2 D. g.
16F  3I.6C000C0E+00  9.9982672E-0)  L+0D04143E+00 241745425604 ~-1+2616695E~03  L.0000442E+00 Q. 0.
165  4.2000000F+00  1.0000000E+00  1+0004515E+00 Qe O 1.0000000E+00 O« 0.
IVEL= 3 VE{lls [,31E-G2 VEG(Ll}s 1468E-32 VHP(L)= 0. VHUL1)= 1.1BE+Q0
IVE{s 3 VE(jl= 1.56E~02 VEGLI)= 2.00E-02 WHP(L)= 0. VHil)=  L+1BE+0D
TRANSITIONAL STATISTICS LISTED BY TRANSaasa §fH)= 3 f
RSR= 0.1COF+01 RRR= O0«LO0E+01 RKC= 0«401E+J2 RD= u.xnos- 8 RMT= Q. FT= ~0. RTR=



g€l

X= C.1500  XnOD=" 02778 1iX)= 56  JE=
Jd Yy ~ U/UBLED F
1 Y Oa Ua -
17  6.00C0C00E=-02  4-499%6259E=-02 5. 86H4215E-02
33 L«4CCNO0DE=-QL 1¢1759075E=-01 1«3279L44E=01
49  2.2000000E-01L L+8573124E-01  2.G209530E-01
65  3.0000000E-01  2.5305840E-01 2e 665635UE~01
81 3. 8000CGOE~D1 3+1745833E-01 3+ 2627572E-01
97 5.20C0000F~0) 4+1731604E-01 %e 20092 LZE-OL
113 4.8000000E-01 5e08465TTE~01 5+1293597E-01
129 LeLCCOOOOE+00  6<38T9TY9E=0L 6+ 6338441E-]1
145 1 .8000000E+00  B.48B5640E-C1 B+9505413E-01
151 3.6C000C0E+0U0  9.9682800E-01 1. 0001016E400
165  4.2L0000G0E+00 1-G00O0G0E+0O 1+0012149E+00
TRANSETICNM, STATISTICS LISTED BY TRANSese IiXi= 57
RSR= D.100E+0) RRR= 0.300E+01 RMCs Q«416E+02 RI=
TURBII+1)= 0+451E+00
X= 0.8000  XNOD= 062963 Lixd= 57 JE=
Jd Ty L/U(BLE) F
1 0. Os O«
17  6+0C00000E=02 5.84%72490E-02 SeB456454E-02
33 1+ 4000000E-01 1.3763371E-CL 1+3153902E=01
49 7 200000QE=C1 2.1753573E-C1 1.9897329E=-01
65  3s+00000C0E=01 2.9464580E=01 2.6076400E-01
81 3.,8C00CCOE-0L 3.6443300E~01  3.1718B69E-01-
$7  5.2000000E-01 4s0082221E-0%  4.048983%E=-01
1¥13  5.8C000C0E-01 5.3825045E~01  4.9200928E-01
129 1.0C00000E+00  6.4334349E=01 6e3701585E-01
145 ) .BCCOOCOE+00  8.38867C2E-01 He 122T0456~01)
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TABLE IX. - Continued, OUTPUT FOR FLAT PLATE

(b) Transition statistics and profile at X= 0,80 and X= 0.86
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TABLE IX. - Continued. OUTPUT FOR FLAT PLATE

{c} Bummary of houndary layer parameters

PRINLI PAL BOUNDARY LAYER PARAMETERS FOR
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TABLE IX. - Contiaued, QUTPUT FOR FLAT PLATE

{c) Continued, Summary of boundary layer parameters

PRINCIPAL BOUNDARY LAYER PARAMETERS FOR
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TABLE IX. - Coptinued. OUTPUT FOR FLAT PLATE

{c) Continued, Summary of boundary layer parameters

PRINCIPAL BOUNCARY LAYER PARAMETERS FOR
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{¢) Concluded. Summary of boundary layer parameters
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(d) Momentum and energy balance ratios
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22131 (OF2=

1.25l6 COFZ=

11857 COF2=

1.2761 LOF2=

L.1829 cafz=

le2608 COF2=

leldle’ COF2=

1-1397 (0OF2=

1«1150 COF2=

141004 COF2=

L«0880 CDF2=

1.0795 (DF2=

L« 0731 COF2=

1«C676 COF2=

10627 COF2=»

l«G588 © (OF2=

10557 CLOF2=

Le U529 (OF2=

10505 COF2=

1+G483 COF2=

L0403 CQFZ=

l.04%6 CUF2=

1-0431 LOF2=

L+0ed? COF2=

1e0404 COF2=

1.0393 CUF2=

1.0381 COF2=

L.0372 LOfF2=

1.0363 COFZ=

1.0354 C(OF2=

10346 CDF2=

1.0339 C(OF2=

10339 C(COF2=

1=0582 COF2=

le 0416 E€OF2=

Qe

[+

1s 2649
led224%
1. 2057
1+2839
1-1829
i~ 2658
1.1iB828
le 1415
la11069
Lo 1001
1.0882
10792
1.0722
10665
1.0619
1058}
L=0548
10529
10499
1+ 0474
L+ 0455
le0438
LeQ422
10408
10390
10384
1.0374
1=036%
3«3355
1.0347T
1.0339
l.0332
1.0321
L=0593
120523

RZiF=
RZL1F=
RZLF=
R2tF=
R2LF=
RZ1F=
AziF=
RZ)F=
AZLF=

RZ1F=

RZ1Fs=
RELF=
R21F=
R21F=
R21F=
R21F=
R21F=
R21f=
RZ1F=
RZL1F=
R21F=
R21F=
R2Z1AF=
RZLF=
AZ1F=
RzZ1F=
RZ1F=
RelF=
R21F=
R21F=
RZLF=
RZiF=
R21F=
RZ1F=
RZ1F=
REiF=
RZLF=

O
U
25563
G.9767
L«0169
12041
10000
1+0040
L0011
1.0016
1.0017
Q9998
10002
09998
029991
G+9990
09992
Q#9992
0+9992
T«9991
09991
249991
09992
0.9992
Oa9991
09922
09992
229992
09993
09992
0e9992
0.9993
0+9993
J9992

0.9983

L-00GLD
1:0045

LO0Gl=
£0Gl=
COGl=
{0Gk=
COGl=
COGL=
CUGlL=
COGL=
COGl=
COGl=
COGl=
€0Gl=
COGL=
CO0Gl=
C0Gl=
CoGl=
€oGl=
COGL=
COGl=
COGL=
COGl=
<oGl=
CO0GL=
COGlL=
CaGls
CoGLl=
COGl=
COGl=
CDGL=
COGLi=
COGl=
COGL=
COGL=
CoGl=
COGL=
C0Gl=
COGL=

M Tung

On

O

1.3003
1.0000
1.0000
10322
1.0000
1.0000
1.2009
10000
1.09000
13029
1.0000
1.G000
10030
1.0000
10000
1.0000
1.0000
1+0000
1.0000
L.00040
1.Q000
1.0000
L.0000
1.04Q040
1.0000
1. 04000
1.0000
1.0000
1.0032
1.0000
1.0000
L+2039
10000
10000
1.200)

RA

De

fie

CaG2=
CRGE=
caGe=
LoG2=
CuG2=
cag2=
CoG2=
coG2=
C0G2=
LOG2=
ciGe=
COG2=
COG2=
£agz=
LoG2=
COG2=
CoG2=
CoG2=
LoG2=
CoG2=
LoG2=
coG2=
COG2=
COG2=
£0G2=
COG2=
C0G2=
caG2=
CoG2=
£aGe=
CDG2=
coG2=
CDG2=
ChG2=
COG2=
CoG2=
coG2=

el 1)

=0s

0.
0.

1+0000
1.0000
1-0000
1.22902
1.0000
L.0000
1,399
1.0000
1.0000
1.2307
1.0000
1.0000
1.3233
1.0000
1.0000
14299
L.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1+0000
1.0000
1.0060
1.0000
1.0000
1.0000
1.2002
140000
1.0000
1,337
1.0000
1.0000
1.0000

VW SW

-0

R2L1G=
R21iG=
R21G=
R21G=
R21G=
R21G=
R21G=
RZiG=
RZ1G=
RZ21G=
R21G=
R21G=
R21G=
R21G=
RZLG=
RZ1G=
R21G=
R21G=
R21G=
R21G=
R2Z1G=
R21G=
R216=
REZ1G=
R21G=
R21G=
R21G=
RZ216=
R21G=
R21G=
R2ZLG=
R21G=
R216=
R21G6=
RZ1G=
RZ16=
R21G=

O

Qa
1.00090
1.0030
L«Q000
10000
1.0000
L0008
L+ J33)
1.0000
1.0000
13232
1.0000
1.0000
1231)
1.0000
L. 0000
1.73))
1.0003
1.0000
12333
10000
1-0000
i+00060
L-0000
1.0000
1. 0000
1.0000
1.0000
1. 0000

10000

1.0000
1.0000
1.232)
1.0000
10000
1.2239



BET

i=
I=
{=
I=
I=

i=
1=
i=
=
i=
I=
I=
I=
I=
1=
I=
I=

=

=
i=
i=
I=

I=
=

I=
i=
I=
Iz
£
i=
=
I=
I=
1=

Xxil:=
xily=
xXin=
K{ly=
xiny=
x{fl=
aLlr=
=
b=
X[1r=
Xtir=
k()=
Xiny=
Xil»=
=
iy
A=
Xiia=
=
x{lhr=
X{l)=
X{l)=
xily=
Aiir=
xtti=
XtL)=
Xil=
xtir=
x{li=
x{1)=
Xtir=
)=
Xili=
Xild=
X{I)=
Atiy=
Kel)a
Xiir=
Xl
xXild=
(k=
x4 l)=
x{f)=

14333433E-Q1
1s40741E-01
1.48148BE-01
1455556E-01
1+62963E-01
1~ 7£370F-01
1+ 717 78E-01
1-R5185E-01
1292563E-01
2+00000F-01
2+0T407F-0L
is14B15E-0C1
2022222E-01
7429630E-C1
2+37037E-01L
22bbbGlE-CL
2451852E~01
2459259F-01
Ze3T7TT9E-C1
7e56296E-01
3.14515E-01
3.33333F-C1
3.51852E~¢1
3703 70E~01
3.888B%E=-0)
44C7407E~QL
4a25926E~0)
Gabh4qat-0j
42814B1E~UL
5. 1E519E-01
5+ 55556E-01
5.52593E-01
6+ 29630E-01
6+6668TE-01
7.03704E-01
7.40741E-C1
7. TTTTRE-0OL
8414815E~-C1
8¢51852E=01
Be BBEHYE~OL
$.25926E~-01
§462963E~01
i +00300E+00

CASE END

COFl=
CofFl=
CUFl=
COFl=
Carl=
CQaFl=
COFl=
COFL=
COfl=
COFl=
COFl=
LUFl=
COF1=
COFl=
COFl=
COF}=
COFl=
COFi=
COFl=
LOFL=
COFl=
COFl=
COF1=
COFk=
LDFl=
COFi=
COF 1=
COF 1=
COF1=
COFL=
COF L=
CDFi=
CUFl=
CaFl=
COFL=
COFl=
COF)=
COEl=
COF L=
COFl=
COFls=
CUF1=
COF1=

TABLE IX. - Concluded. CGUTPUT FOR FLAT PLATE

{d} Concluded. Momentum and energy balance ratios

1.0489
1+0406
laQ44s
laOfle
1.04006
latid%d
1.0332
1e0332
10241
1e0215
L.0276
laU2H2
1.0273
1s 0287
10259
1s0267
i.0222
1.0233
LeOb28
la0476
10563
L0578
1+ G500
120842
L0513
L0477
1-0459
l.0415
1.0770
1.0622
1a05%3
1+04B4
1«0402
l.04&le
10308
1.0313
L0274
Le0239
10214
l«Q222
l.0188
L+ 0203
L.0176

COF2=
COF2=
CUF2=
COF2=
COF2=
CUF2Z=
CuF2=
COF2=
COF2=
COF2=

COF2=

COF2=
COF2=
CGF2=
COF2s=
COF2=
COF2=
COFZ=
CDF2=
COF2=
COF2=
COFéd=
COFZ=
CUF2=
COF2=
LOF2=
COF2=
COF2=
LOF2=
COF2=
CafFz=
COF2=
COF2=
LOF2=
COF2=
COF2=
COF2=
COF2=
COF2=
COF2a
COF2=
Cuf2s
COF2=

10474
Lo 0440
1+0410
1.0384
1.0360
L=0346
l-1330
1+0304
1-0274
10259
le 026y
1«0260
10254
L«024F
1«0240
l.0233
1.0226
1.0233
1.0575
10554
leU801
Le 0629
L0623
10611
1.0694
140570
1-0569
10560
le1029
T«.0848)
1.0765%
10682
L0624
1. 0570
1.053]
10493
l-0461
k0434
L+0411
1»0395
ls0384%
1.0376
LleG349

R2Z1F=
RZ1F=
R21F=
RZLF=
RZ1F=
RZiF=
R21F=
RZ1F=
RZ1F=
RZ1F=
RZ1F=
RZ1F=
R21F=
a2 lF=
RZ1F=
RZ1F=
RZ1F=
RZ1F=
R21F=
RZLF=
R2LF=
RZ1F=
RZ1F=
RZLF=
R21F=
RZ1F=
RZ1F=
R2Z1F=
R21F=
R21F=
R21F=
RZLF=
RZLF=
R21F=
R2LF=
RZLF=
RZ1F=
RZ1lF=
RZ1F=
R2}F=
RZ1F=
RZ1F=
RZlF=

{.9986
1.0032
0+9967
L.0064
U«9956
1.0003
0.99498
09973
l-0032
laD043
09982
09978
09981
09980
0.9982
049966
10004
1.0000
1.0045
L0074
L0037
L«0348
1.0059
L0066
10077
1l.0089
1.0105
L.0139
140240
10263
10210
+Le(IBT
1021
10149
1.0216
12175
1.0174
10190
10193
latls8
1.0193
Le}169
1.0189

ClGl =
Cacl=
£0G1=
COGl=
C0Gl=
CoGL=
CoGL=
COGl=
CoGL=
CoGl=
LhGL=
COGl=
C0Gl=
C0Gl=
co6l=
coGl=
COGi=
COGl=
€DGl=
£0Gl=
€0Gl=
CoGl=
COGl=
COGL=
COGL=
C0Gl=

COGi=

COGL=
COGl=
CO0GL=
C0Gl=
{061~
CQGl=
COGl=
COGL=
COG1l=
CoGl=
COGl=
COGL=
CoGl=
CoGL=
CDGl=
COGl=

1.0000
1.00040
121003
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
10000
1.0000
1.0000
10000
1.0000
10000
14139400
1.0000
1.0000
12000
L0000
1.0000
1s2000
1.0000
12000
1.0000
10000
12033
10000
L0000
142320
10000
1.0000
L1=3032
1.0000
10000
142020

_ 1.0000

1.0000
10000
10000
1.0000
10032
1.0000

coG2-
ca62=
CNG2=
€0G2=
COG2=
L0G2=
taGz=
CaG2=
€0G2=
caGas
LoG2=
CAGZ=
coG2s
caGes=
COG2=
£aG2=
coGa=
COG2=
CoG2=
CoG2=
CoG2=
coG2=
€0G2=
C0G2=
toG2=
C0G2=
COG2=
coG2=
coGz=
coGg2=
tobz=
CDG2=
coG2=
CDGZ=
to6z=
COG2+=
COG2=
COG2+=
coL2=
coG2=
CoG2=
C0G2=
coG2=

10000
10000
13222
1.0000
1+0000
1-3292
1. 0000
10000
1.000}
1.0000
1.0000
10000
L0000
10000
10000
1.0000
1.0000
1.0000
1.0000
10000
1.0000
1323
1. 0000
10000
10000
1+0000
10000
1«G000
1.02000
12390
10000
1.0000
13231
1.0000
10000
13332
1= 0000
l.0000
1«3732
10000
1+ Q000
13002
10000

R2iG=
R21G=
R21G=
R21G=
R21G=
R21G=
R21G=
R21G=
R2LG=
R21G=
R216G=
R21G=
R21G=
R21G=
R21G=
R21G=
R21G=
R21G=
R2LG=
R21G=
RZ16=
R21G=
R21G=
R21G=
R2iG=
RZ1G=
R21G=
R21G=
R21G=
f21G=
AZ1G=
R21G=
R21G=
A21G=
RZ1G=
R21G=

R21G="

RZ1G=
R21G=
R216G=
R216=
R21G=
R21G=

1.3000
10000
1203
1. G000
1.0000
1.022)
1.0003
1.0000
1. 3232
1-0000
10000
1731}
1.00002
1.0000
1.0000
L. 0000
L0000
1.9000
L0003
L0000
1.0000
1.0000
10223
10020
1.0000
L+ 0000
100060
i1-0000
1.0000
1.0000
1.0000
10000
1.G000
1. 0000
1.0000
12222
1.0000
1.0000
12222
1- 000G
10000
1+301)
1.0030



66T

TABLE X. - NPUT FOR INLET DIFFUSER

FMTER INIR AT 0.0 SEC»
] I1STO{K)y K= 1,15 FORMAT { 1515 ) 1
1 F 2 1 i H 1 2 2 i 0 1 -0 -0 1
* WSTO(KIe K= 1,20 FORMAT [ 5E15.8 ) 1
0+ 99990000E+00 0+200C0000E+492 0+62200000E+06-04 =0
=0 ~0« ~Oe -0 0+10000000E+01
0+ 15640000F=30 0. =0 “Qe -0.
=0 =0a -0 -0 “De
» LABEL K}y K=21,18, ON FORMAT (13A%4)» THE X~STATION HEADING« i

#5%y o dDIFFUSER STUDYsswstavtsonssanvasnnasanasacsnnnce DIFFUSER STUDYurs
* J0iIv

FQRMAT | 1515 1
k|
* JY ON FORMAT (A515) THEN YY(Jd)s JwledY CN FORMAT (6FLO0a5) 1
a8 142, 3.
Le 0.00200000 {«00500000 0«01 000000 0.02000000 0.05000000

0.0999995% 0+ 20000000 G+ 30000000 Qe 40000000 G.50000000 0. 60000000

C. 70000000 0. 80000000 C«90Ca0000 100006000 120000000 1+40000001
159999999 + 1.80000000 00000000 2450000000 300000000 3450000000
400000000 4450000000 5. 00000000 5+ 50000000 6 00000000 6£+50000000
1.00000000 7= 50006000 8.00000000 #4+50000000 900000007 9+ 50000009
10.00000000 11.00000000 12.00000000 1300000000 14.00000000 14+ 00000000
18.00600000 2000000000 22+0Q000000 2400000000 2600000000 28.+00Q00000 ;

- JEF ON FORMAT (1515)s THEN FPIJ)y J=l,JEF ON FORMAY (6F10+5) 1

3e 106, 3. :

100000000 0.99800000 C« 99600000 0.99200000 0986500000 G 96200000
0+326060000 0.85500000 C-7800000C0 Q. T24600000 066600000 0. 60000000
C.55500000 Q.50500000 0+ 45699959 0+41 300000 0.+33300000 0«2650000Q
€.206800000 0+161 00000 0.12300Q00 0+ 05680000 0.02609999 0. 01080000
0400426959 Q=001 61999 0.00060700 0.00022899 0.00008950 0.000035660
C.000G01570 0. 000006%6 G.00000316 0+000001L44 0. 00000062 0. 00000022

) JEG ON FORMAT (15153: THEN GPUJ}. J=l,JEG ON FORMAT (6F10.5) 1
[ 1be 3.
Ce 0. Oe Q. Qe Qs
& [Op NGP OOP i0 TOP fOP 1
4 1 -1 a 1 1
* MR % DTI(1) * ROTL(1) * BS * To * BH * FT » 1
-0« =0 -{a 10000 289.0000 10000 -Oe
* K~STATION DATA CARDSaseWITH 8 WORDSeesON FORMAT (8FLJe5) 1
Q. Ce D= -Cs 0. =0 -0 ' I 5= 1
G.11810 C«0) 850 O« =0 Qe =0 =0 -0 (51 2
0.19100 0.03710 Os =0 O R =D =0« 15 3
D.26750  0.45560 De -0 : 1 ~0a ~Qu -0 [5= L)
De29210 CaCT410 Ow -G O« =0e -0 =0 I5= S
G.24750 GaC5560 O« =0« 0. =0 =0 -0 [5= 4
J.04125 C.00%927 Qe =0e [+ 1 ~Oe =0« =De 15= 2
0.C8250 G«0}853 de -G [« 1 - =0 =0 1S5= 3
0.,12375 C.02780 0 +0s O« =0e =0u =0 15» &
0.16504Q G.03707 Qe -0a Qs “0s . =0s . =0 I 5= 5
0.20625 0.04633 Oe -0 QOa ~Qs Qe ~0s 5= &
Jd.24750 C.C5560 O« =Ce Qs ~0e =0 =0 I5= 7
29210 O0.L7410 O =0 O =0 -Da =-Da 15= a
0.33100 - Q.09270 Oe =0« . ~0e -0 =0a I5= 9
036600 CelllZ0 [+ £ -0 Q. =0 =Qe -0u L I5= 10
0.39800 0.12970 Oe | =0« Oe -te =0 =0e IS= 11
042780 G+ 14830 Qs =G Oe ~Da =0 =0 I5= 12
0.45370 Ds16680 :0a -0 'Y ~Oe =0 ~0e I5= 13



ovl

047530
0+49390
G«51050
U«52570
0.53970
0458280
A=56520
057690
d-58810
0«%59BRB0
Ga609310
061900
V62860
Q63790
C+664700
Q+65720
066710
O«67T870
3.69030
aJ«70230
0+71510
0.728740
0s74320
C+79900
0.17630
19590
0.81870
0.84760
C+88650
0+92930
0457610
1402850
1+10730
1.25520
1.67010
14878640
Z£«03100
£2+38310Q
ie73520
3.68750
3443510
A«.9180
4+ 14400
449620
485040
5.20050
§.55270
5490430
6.25T140
§.60930
b+56140
Ts31360
T.66580
A.GlLAgo
He37010
B.72230
9.C7450
9442670
F.77B8O
10413100

0.18530
0.203%90
022240
Ca 24090
0.25950
0.27800
Oe256%0
0.31510
0333460
0a35210
0.37C70
038520
040710
Ce42630
O«44480
Q46330
0.48150
050040
0.51890
Qe53750
0.55600
Da57450
0.59310
Ca61160
Ge+63010
Cab4870
G.64720
0«£8570
G« 70430
0.72280
0.74130
0.159940
CeT7840
£« 75830
C.81550
0.79800
Ca78C40
{.72800
Ge 60460
065010
0262420
C.60280
Cs 58600
0.57380
055820
Q54070
0.52370
0.80730
0.45150
0:47610
Gash09Q
Ca44580
0.43130
Q+41370
Cohl4TO
C+39230
0.38050
da 36550
035920
Q.34980

TABLE X. - Continued, INPUT FOR INLET DIFFUSER

Q0.
0a
Qa
Qe
("]
Oa
Oa
u.
O
0.
Qs
O
0.
Oa
Oe
Os
0.
Q0.
[+ 2
Oe
o.
Jde
Oa
[+ 19
Oe
00
[+ 2%
'}
e
Oe
Qe
Q.
0.
[+
Qe
(1Y
[+ P
0.
0a
Qe
Oe
s
Oa
Qe
'Y
u-
ds
Qu
Qa
O
Qe
00
[+
O
Ou
Oa
e
[«2%
Qa
Qe

=0
=C»
=0
“Qe
~Oa
=0«
=0a
-0e
=Ca
=0
O
~0-
-(e
=
~0.
=0
=la
-0a
~0e
=0
=a
=0
=0«
-0
-0e
=0s
=0
=0a
+0
“Ja
Q.
=0
-u'
-0
~Co
-{s
=0a
-0a
=0
=0a
-{)e
=0c
=0
=0a
=0
=0a
=0«
=0,
-G
=0a
=0
=Ca
-Qa
+~Qa
=0

" =0Oe

=De
~0e
=Ue
=0

[ 2]
Oe
Oa
O«
Qe
Qs
0.
Qe
Oe
Oe
de
Qe
0.
Oe
[+ 1]
1
Q.
O
Oe
0-
Q.
Qa
Ds
Qe
[ 1
D
Qs
[+ 2
0-
[+ ]

‘O

0.
Ou
0.
e
0+
0s
0.
Do
0.
0.
0.
0.
0.
Ja
0.
0'
0.

-0s

Oas
[ Y
O«
Ce
[ I
Oa
Qs
Oa
Qs
Ou
Qs

-(a
=0
=D
-0a
=-0a
-y
-0.
(e
=0e
-0
-0a

=0,

-0.
-0a
- a
“De
=0
=0
-l
-Oa
=0
=0
=0
-} e
_0.
=0
0w
={e
-
-0
-0a
-Qa
-0
=0e
=-0a
=D
=Oe
=0
=Da
-(a
~Da
-0
-0
=0«
-0
=
-.o-
-0
=0
=0
=0e
=ils
-0
i 1Y
-
-0
=Oe
-0
=0«
=0

=0
-0
L I
-0.
-0u
=0
-0s
-0
-] a
=0«
0.
=0
=0a
=0
-0
=0
~Je
-0

=0

-D.
-0a
=0
-0
=0
-0
4 Y
-Ja
-0
-Je
Qe
=0e
=0
Qs
~0e
=0e
~0a
~0e
Qe
—D.
=0
~Qa
=0
P,
~Je
e
~Je
Qe
“Qe
-0s
L )
-Je
=0
=-0u
-Qe
=0
~Ga
-Je
-0
-0
-Qe

—0a
=0e
-Ge
-
—0a
s
~0e
a(a
-Qe
—0a
~Qa
=0

=0

-Qa
=0
=0a
=0«
=-0s
-0
=0
=0
'
=0
=0
=0
=0s
=0
=e
_a.
~0e
~0e
“i)a
-0e
=
-0a
=0.
=0«
=0
~0s
=0a
“e
=0
~0e
=0«
=0«
=0a
=0
=0
-0
=0u
-Qa
=0
-0«
~0e
~0«
=0
=0
=0
bt * L
=e

[5=
Is=
15=
I5=
I15=
I15=
1$=
[5=
I5=
[§=
IS=
[5=
I5=
I§=
I5=
1s=
13=
[5=
15a
I5=
15=
18=
[5=
I§=
I5=
[5=
[5=
[§=
I5=
5=
I15=
L=
I§=
15=
I5=
[5=
IS=

T 15=

15=

. 15=

i5=
[s=
15=
[5=
15=
[5=
I5=
[5=
[5a
15=
[5=
[5=
15=
15=
[5=
18=
I15=
I5=
I5=
15=
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1048320
1083540
1118750
11.5397%0
L1.89190
1i+24410
12+5962C
L7-94040
12+30060
L3.65280
14.C0490
1l4+35710
14.705930

15.£6150°

1541370
15.7658¢

1611860

1447020

Lb+B82240

tT«17450

17.92670
n.

0+34120
033220
U.32580
0«31930

J«31350
C.30870

0.30410
0.30410
0.2%5680
0425630
029210
Ce 25050
0.28950
0+28910
0+28930
G 74100
0.29520
030190
0.31100
032260
D¢33660
[+ 2

FND CF CARD READ

oR=

S 26668665-03

Q. -

[+ B
'
O«
O«
[+
Qe
O«
1 19
[+1Y
da
118
Oe
Oa
0.
Ce
Qs
O«
O
[+
I
Os

Qe
Qe
s
=0a
-0a
=04
-0
=0«
=0e
=0
-0
=0«
=0s
=0s
-0
=a
=0«

—

=0
=0a
=0
=0

TABLE X.-
O Qe
Qs 0.
Qs =0
' -0«
Os =-Je
O« =0
0a (')
Je =0
Qe Qe
Qs =0
O« =-0s
0. =-Ga
Qs '
0. =0
Qe =0
Qe Qe
Oe =0a
Q. -Q.
Qs -0
O« =0.
Qe =0
0. L

Nde OGF X STATIONS= 94

DTi1)= =0

=0
=0
=0a
=-0e
e
-0
-0
=0
=0
-0
O
-0 a
=D
-Dea
=0
=0«
—0a
~0e
=0
-0} e
=0
=

-0«
=-0a
~0.
=0
=0
-0.
=0
=G
“Qu
=0
'
~e
=0
=04
-0
~0a
=0
=-0a
=-0s
-0a
-0
~0.

LAST X Tg BE COMPUTED= 3411526T00E+02

ROT{L)=

2.3715969E+02
WiTOL10)=

Bse loDOOOOOOEfDD

1.00G0000E+Q0

- Concluded. INPUT FOR INLET DIFFUSER

15= T4
I5= 75
is= 76
I18= TT
I1S= 78
I15= 719
IS= &0
15= 8L
15= 82
15= 33
I[5= 84
{S= 85
5= -1
Is= 87
5= 88
I58= 89
15= 990
I15= 31
I§= 92
I5= 93
15= 4
15a 9§
LAST X= Q.

l

1T= 100 NC= 92 KEND
OF x-STATION POINTS INCREAS

=
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TABLE XI. - QUTPUT FOR INLET DIFFUSER

{a) Profiles and parametergat X = 0.0412

o BOUNDARY LAYER PROFILES FDR
ene DIFFUSER STUDViwsssuassonvasossnnssnsnssasesess sl [FFUSER STUD¥aas
X = 0.0412 U= 1.000 M = 0401 RDT = 9.99E+00

TURB =0. R = 0.
DT = 1.73E-03 NT = T.H2E-04
MR = 1.GQE+00

Vi ==0. SW =—0s CW =-04
5F = 2.,22E+00 CF w 1.60E-01 5T =-Q.
PRT = 1.00E+00 SHR = 1.40

HT = Qs
PR = 7+80E~C1

0412 [I(X}= 2 JE= 102

Xz 040412  XNOD= Oe [5TO{ 0= 2
J Yy U/U{ALE) F FP FPP D
1 Os [ Qe 1+ DO0DQDOE*00 ~T+9657369E-01 1«0000L72E4J2 0.
4  2.0000000E=03 1.5933563E-03 Le$984064E-03  9.98406566E~01 ~7.9613328E-01 1+0000172E+00 0.
1  S5.0000000E-03  3.,9800%939E~03 4 9900454E=03 9. 9501997E~01 ~T+9480557E-01 1.0000172E+400 O
10 1.0000000E-02 7.949570TE-03  9.96021TEE-03  9.9205056E-01 ~T.9247056E-01 1.0000L72E+J0  Ja
13 2.0C000006=02  1.58568886-02 1.9841156E-02 9. 8414338E-01 -T7.8721494E~01 1+0000172E400 Q.
16 449959%99E«02  3,9326854E=02 4.9012573E=02 9. 6067377E-01 =T«T463061€-01 1.0000171E+00 Q.
19 1.0000000E-01 T«1605252E=02 9.6085441E=02 9.2239606E=01 =7+5160904E-01 1+0000171E+00 Qs
22  2.0CC00006-01 1.5103090€=01"  1.84%62299E-01 B.4897163E-01 -=T.1347978E-01L 1-000016BE+00 0.
25  3.0L0Q000F~01  2.2031886E-C1l  2.6502536E=-01  T«7968473E-01 ~6.7238386E-01 L+ 0000163E4+00 . 0.
28 4.0C00000E-01  2.8553068E-0k  3.4070336E-01 7 1447383E-01 ~4.3199661E-01 1.000015BE+00  O.
33 5+0000000E-01  3.46T4594E-01 4. 0906073E-01  645328921E-01 -~5.9248812E-01 1.0000152E+00 0.
34 6.0000000F=01  4.04060076=01 4+ 7143248E-01 5.9594576E-01 ~-5.5400555E=01 L.0000144£400 Qs
37 T+0000000€-01  4.575822TE~01 5.2838330E~-01 5.4242398E-01 ~5,l667666E=01 L-0000137E+00 0.
40  T.9999999F=01 5.0743347€-01 5¢8010642E=01 4:9257304E=01 =4.8060908E-01 10000129E+400 0.
43 B4S599999F-01  5.5374453E-01  6.2702245E-01 4:4626212E~01 ~4.4583263E-01 1.D0D0120E400 O
46  1.00DOOCOE+00  5.9665436E~01  64694T851E-01 4.0335231E-01 ~4-0719780E=-01 LeQOOOLIZE+Q0 0.
49  1.70000C0FE+00  $.7284730E~01 7+4234559€-01 3.,2715912E~01 =3.50853357E-01  1.0000C94E+J) 3.
52  L+4000000F+400  7.3T23368E~01  8.0117301E~01 2.6277222E-01 =2.9460747E-D] 1.0000080E+00 Q.
55 1.860CO000E+00  7.9105965E~01 A.481975BE~01 2.0B94555E~01 ~2+4492592E-01 1+0000066E400  O»
S8 1 .HCO0CO0E+00  Ba3556659E~C1 8+ 8540691E-01 1+&443T8TE=01 =2.0137986E=01 1«2000053E+23 Oa
6l  2.00000COF+00 B TI195G10E~-01 9.1454359E-01 1.2004461E=01 ~1.5532593E-01 1. 0000043E+00 O
66  2.500000CE+00  9.3468245E-01  9.6157224E-01 6:53196THE-02 -9.3026T70E-02 1+0000023E400 Q.
67  3.00D0000E+00  9.6858407E-01 9.84B84401E=01 3.10L7021E~-02 —~4s8854768E-02 L«0000911E+20 0.
70 3.5000000E400 9.8634386E-01 9-9555124E~01 1+365643BE-02  =2.3690476E-02 1+00000CSE+00 0.
13 4.0000000F+00  9.9444499E-01 1.000L14BE+00  5¢5551977E-03 ~1.0570188E-02 1+0000002E+00 Qo
76  4.5C00000FE+00 9.9791933E-01 1.0019103E+00 2.080T233E=03 ~4.3256084E-03 1e02000C1LE+DD Qs
79 5.0000000E+00 9.9928459E~C1 L+ 00256056400  T+4154L023E=04 ~L+6188995E=03  1.D00DO0DE+D0 0.
82  5.5CCO000FE+D0  9.9977483E=-01 1.0027765E+00  2.2516360E~04 ~5.52683194E=04  1.0000000E+400 Q.
5  6.0000000E¢00  9.9993528E~0L 1« U0ZB421E+00 6.4TGL5B2E=05 =1l+7LTL125E-04 1.0000000E+23 0.
88  56.5C00000€+00  9.,9998306E~01 1. 0028603E+00  1.6933835E-05 ~4+8445033E-05 1.0000000E+00 Q.
9 1.0000000E+G0  9.9999596E=-01 Le DOZBGAIE+D0 40274 760E=06 =)«2386682E~05 1. 0000000E+00 Q.
94  T.5000000E+00 9.+9999912E=-01 1. 002B660E¢00  8.6858194E=07 ~2.8647655E-04 1+0000000E+00 0.
97  B.0000000E+400 $9.9999982E-01 1«0028662ZE+00  1+89507T36E~D7 =5.9821420E~07 1.0000000E+00 0.
10 8.50000006+00  9.9999995E-01  1.0028662E400  2.9B73490E-08 -~1.1258605E-07 1+.0000000E+08 O,
IVEL® 3 VElLl}= 4.99E~02 VEG(1)= &.40E-02 VWHPil)= 0. VHI1}=  1.00E+00
ivELs 3  VE{1l)a 3.97E=02 VEGIl)= 5.09E=-02 WHelL)= Q. VHille 1.00E+00
TRANSITIUNAL STATISTICS LISTED BY TRANSaes [IX 3 IC= 95
RSRs  0.]100E+01 RRR= 0.1C0E+01 RMC= 0-613E+0§ RL* 0«100E~18 RMT= Q. FT= =0. RTR=
TURALL4LYs Q.
1= 0.0825  XNGO= 0.0825 f(X)= 3 JIE= 02 15701100
J Yy . UsulBLE) F FP FPP D
1 Os [ 1% as 1:0000000E+00 ~840014T64E~-0L  1.0D0C4BTE+00 Q.
7  5.0000000E-03  3.9959835E-03 4+9900061E~03 9.940042BE-0L ~T.978929CE~-01 L+ 000068TE+00 0.
13 2.£4000008-02 La5919594E+02 1. 9840534E~02 9.8408149E-01 ~7.9027936E=01 L«DQ00&8TE+QD 0.

GP

I« 190E-18

[+ 14

3.
[+ 1)
0.
Je
Q.
0.
1
Q-
O.
D«
Qa
Qe
Q.
a.
Qe
Q.
0.
Ow
0.
Qe
Q.
0.
Je
0.
0.
Y
1
Os
2
0.

Ja
O«
Oe

Qe
d.
Qe

GPP

Gep
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TABLE XI.

- Continued. OUTPUT FOR INLET DIFFUSER

(b) Transition statigtics and profiles at X = 0.7287 and X = 0, 7432

tuaatl+|3- 0. 4

RTR=

0-
0.
De
0«
.
3
[+ B}
3.
0.
0s
0.
0
0.
0.
0.

RTR=

Os
O«
0.
[+ 1
Ow
Qe
Qe
Ow
0.
O

O .

Qe
O
Qe
Os

IVEL= 3 VEIl)= 4.54E=03 VEGI1)= S«82E-J3  VHPill= 0. VHILI=  1.12E+00
IVEL= 3 VE(Ll)}= 4e53E=03 VEGIl)= 5.81E-03 VHP(1)= 0. VHIL)= 1.12E+00
IR&NS[TIGNAL STATISTICS LESTED BY TRANSees J{Ni= 35 Ic=_ 95
RS Be1006+0L" RRRZ 0elB0E+0L RMCa  0.102E%04 RC= 0.100E-i8 RMT= 0. = =0
lURB(lfl)' 0.
A= 01287  XNOD= 0.7287  [ix)= 35 JE= 104  18Tailoi=
4 Yy UfUIBLE) F - FP FPP D
I Ca G. 1.0000000E+00 -7.5640528E~01  1.0660100E+00
7 5.0000000€E-03  4.0269484E=-03  4.9905518E=03  9.5622240E-01 =-T+5440480E-01  1.06460090E+00
13 ?2«0C00000E~-02 1+6046302E6-02 L 9849220E-02 9e 8494 T09E-01 =T 4761547E~01 1+0659930E+00
¥9  1.0CO00000E~01  7.861954TE=02 9. 6280781E=02  9+2622046E-01 ~T.1654T4TE~0L  l«06560LLE+0D
26  3.0C00000E=01 2.2390734E=-0)0  2.6760960E=01 7.8930179E-01 -6.5054912E-01  1.0626922E+00
31 5.0000000E=01  3.5354433E-01  4+1290417E-01 6+ 6575426E-01 -5.8539558E-01  1.0577377E+0D
37  7.0000000E=01  4+4679C693E-01  5+34176THE-QL  5+5501959E-01 =5.2219667E-01  1.0515226E+00
43 4.9999959E=01 5.6148645E-01 6+3579T69E-01  4s5679825E=-01 ~4¢6022496E~01 Le 044 TO66E+00
49  1.2(C0000E+00  6+9064802E-01  7.5348203E-01  3.3236939E-01 <-3.TOLOB60E-01  1.0344763E+400
§5  1.60000C0E+00 8+1112409€~01  B8.5988563E-01 2+06764T0E-01 =-2.6059406E-01  1.022551TE+00
61  ?7.0000000E+00  8+9060659E~01  9+2434022E-01  L«2138472E-01 ~1.6064502E-01  1.0136480E+00
67  1.0000000E+00  9+775628BE-0L  9.875368(E-01  2a53083106~02 =~4.4049273E€-02  1.0029458E+00
13 4.CO0DQOCE+00  9+9654634E-01  9.9933988E-01  3+9139394E-03 -T.9691955€=03  1+0004621E+00
9 5.0000UGOE+00  9.9955TL0E-0L  1.00100K5E+00  4«5749125E-04 ~1.06B6920E-03  1.0000546E+00
a5 64 0000000E +00 9.9996498E~01 | 1-0011788E+00 3.9816B34E-05 ~-1.063146TE-04 L+0000048E+00
IVEL= 3 VE(L)= 4.326-03 VEG(I)= 5,.53E-03 VHP(l)= 0. VHills 1.13E+00
CTVELT 3 VE(L}s  4.32E=03 VEG(L)= 5.53E-03  wHP(l)= 0. VHl1)=  1.13E+00
TRANSETTENAL STAIIST[CS LISTED BY TRANS.se_ [[X)= g2 95
ASR=" Q.10DE+CL RRR® 0e1lO0GE+0L RMC= 0.798E+03 RC= 0+100E-18 RMT= 0. FT= =0,
TURB(I#ll=_ 0Oa :
4\
X= 047432  ANGD= Ge.7432 [iX)= 236 JEa 99  I5T0{10)=
J Yy U/ULBLE) F Fp FPe 0
1 O N Os Q. 1.0000G0DE#00 =7.5018032E~01 1.0703535E+00
7 5,0000000E~03 4.0L02050€-03  4.9906294E-03 9.9625337E-01 =-7.482580TE-01  1.0703524E+00
i3 2.0CCO0DDE~02  1.5980957E-02  1.9850449E-02 9.8506920E-01 ~T«4l64701E-01  1.0703355E+00
19 1.0000000E=-01  7.8328199€6-02  9.563L01176-02 F2679063E~Ql =7u1ll43776E-01  1.0699206E+00
25  3.0CO0C00E~0}  2.232845TE=0L  2+678428TE=01  T«90TOITSE-01 -644742330E-01  L.0668350E+00
31 5+CCODCGOE-01  3.528B266E-01 4+ 1346683E-01  6+67582896-01 -5.8421652E-01L  1+0615659E+00
37  1.0000000E=01  4«6743099E-01 5.3571691E-01 5+569LLT8E-OL -5.+2267902E-Q1  1.05493B89E+00
43 8.9999999E=01  S5.ET34E55E-CL  6.3T0573iE-01  4+5846000E-01 -4+6198817E-01  1.0476540F+00
49  1.2000000E400  6.9113214E=-01  7.5518231E-01  3+3333003E-01 ~-3.7232560E-01  1+0366932E+00
55  1.60CO000E+00 8.1233829F=C1  Be6LT4614E=01 2.0661928E-0L =-246313253E-01  1l«023894TE+00
61  2.0CO0CO0E+QQ  8.9217994E=01  9+2596723E-01 1+2044006E-01 -1+618A820E-01  1.0143481E+00
&7 3,0000000€+00 %.7868640E-01 9. 8797556E=01  2.%5225620E-02 —4+33T74442E~02 1«0029843E+00
713 4+0C00DO0E+CD  9.969111TE~01  949906132E-01  3-5279330E-03 ~T«.4444478E-03  1.00044CTE+00
79 5.0000000E+00 9+.9966762E-01  L.000522TE+00  3+8041640E-04 -9.2529720E-04  L.00C0481E+00
B2 5+S0C0CCOE+00  9.9990292E=0L  1.0006343E+400 1.1122529E-04 -2.8979034E-04  1«0000142E+00
TvEL= 3 VE(l)= }.115—03 VEGI1)s 5.27€-03  WHRIL)= DO YH{l}a  1.14E«00
IVEL= 3 VE(l)= 4,105-03 VEGIL)= 5.268-03 wP(l)= Q. VH{1)=  1.14E+00
IRANSITIDNAL s:arlsrlcs LISTED BY TRANS... I{ny= 37 IC=_ 95
SR= 0«100FE+01 RAR= 0.1G0E+01 Cx= 0590 Eoo: RC= 0.100E-18 RHMTs 0. FTa ~0.

RTR=

D« 100E-18

oP

0« 100E~18

GP

0« 100E-18

O
[+ 29
.
[ 2
Qs
0.
0.
Je
0-
O
Ts
Qe
0«
Qe
Oe

e
e
Q.
Qs
0.
Qs
Os
0s
0.
.
[«
0.
3
[+ 1
0.

GPP

GPP



PPl

G

CaD4125
Q. 0E250
Qe12375
0. 16500
N=2C625
024750
0.26210
0.33100
0+36600
0+ 39800
Ga42780
045370
Q. %1530
Oe49390
C«51C50
052570
Q53970
0.552680
0.56520
0«57690
0.56810
O«55840
Q. 4C510
0. 51500

0+62860

ot

HY

0.001733 0.00C782

0.0031733 0.0C0782

0002185 0000585

0.001609

I
0.001807

0.0017376
0.+001852
0-091212
0.001240
0.001184
0.001124%
0.001085
0.001034
0.000567
04000909
0.000862
0.000829
04000800
0000776
G.008757
04000740
C»,000172&
0.000715
0.000705
0.0006%8

0.00C6%0

0.0GC0745
0.0c0812
0.0C0802
0+ 000853
B.000577
0.000547
0.000543
0.000512
0000496
0.0L0475
0000447
0.000420
0. 0C0399
Q.000382
0« 000367
0.000355
0.000345
000339
0.000328
0.000321
0.000315
0.0C0310

0.0C0306

0.

Je

De
Q.
Qs
[/ 1%
Oe
'Y
O«
Qe
0.
[+ 1%
Oa
O
O«
O«
Q.
Qe
Oe
Qe
Oe
Ce

T

HT

TABLE XI. - Continued. QUTPUT FOR INLET DIFFUSER

5F
2217
2«20 7
2.218
24160
2.225
2421%
2171
2.101
2.1817
Z«180
2+194%
2.187
2.178
2.162
2el62
2{160
2.108
241801
2187
24197 |
2200
2+215
20226
2«236
2o 245

2.255

{c) Summary of boundary layer parameters

PRINCIPAL BOUNDARY LAYER PARAMETERS FDR
e DIFFUSER STUDYususonnravvearnontsunnawessresnasssDIFFUSER STUDY s s

CF

Os

0.15953
Q.07549
0.G5037
O« C41T6
0+03134%
0.03029
0. 02591
0. 02489
0.02032
d.01828
0+ QL5637
Je 01611
0. 01563
0.01519
0=01472
Q01423
0.01375
0.01329
Q01286
0+ 01245
G.01207
Q.01170
001137
0+0L106

0.0LCT6

Oa
Jde
Qe
Qe
Q.
Os
O«
de
O«
Qe
O«
s
Qs
Qe
O»
Q.
Qe

Je

Qs
O
Q-
O»
Oe
0.

Oe

st

e
O
Oe
O«
b
Oa

O

O«
G
‘D
0.
Qs
O

Qs
Qe
Qs
0s

Ce

GPW

ROT
0.
10+
25«
26.
42w
Sl.
e
56
Tls
i«
L 11 19
99.
106«
110.
113«
117
121
125.
130.
1344
139.
144
148«
153.
158.

163.

U

Qe

L0000
2000
3.000
3.999
4+999
5998
7992
9.995
11.985
13.973
15.969
1T-950
19928
21913
23.882
25847
27817
29sTT1
31719
33.6TL
35.608
37534
39+ 465
41.378

43.283

H
Oe

2.009
0.019
0.028
0.037
0.046
0056
0.074
0.093
Deill
04130
Cal48

O« 167

0s]185

Du20h
0.222
0.241
0.259
0.278
d.296

J.315

. 0e334

O0.352
Q.37
0.389

d.408

TURB
Qs
Qs
[+1
1+
<1
Qs
Os
De
Oe
Qe
0.
[+ 1
O
O
[+ 2
Q.
[+
0.
Qe
Ce
Qe
0.
Os
O
Das

O

RW

Qe

B

Oa

-0a
-0
=0
=0
=D
—0a
~ 0
=0

— (.

-0.
~0
-0
—b.
-0
-0
-0
~0.
-0
-0.
-0
-0.
-0.
-0.
-0,

=0«

VW

=0
-0
=0
-0,
-
-0.
-0
-Ye
0.
-0

-0«

-0

=0«

b
-0.

=0

~0.

W

~0.
0a

-0

-0
-0
-0
-0
~0a

-0
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]
O-&37190
Daé 4700
0.65720
Deb6770
0«561870
L« 65030

0. 70240

. 0.71510

0. 72870
0e 74320
0« 75500
0.77630
0. 79590
v.81870
0.84760
0+ 88650
0.92%30
0.57610
1+L2850
1.10730
1+25520

l-67010

1.870640

2+ 33100
2-38310
2+ 73530

or
€.000684
G«00C6HTA
J.00C6%5
0.06€705
04000717
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R21G=
R21G=
R21G6=
R21G=
a215=
R21G=
R21G=
R21G=
RZ21G=
R21G®
R21G=
R21G=
RZ1G=
R21G=
R21G=
R21G=
R21G=
RZ21G=
R21l6=
R21G=
R21G=
R21G=

-R2LG=

R21G=
A21G6=
R21G=
RZ1G=
R21G=
R216=
R21G=
RZ16=
R21G=
R21G=
RZ 6=
RZ1G=
R21G=
R21G=
A21Ga
R216=
RZ21G=

Qs

T

1.0000
1.0000
1.0000
1.0000
1L-0000
1.0000
1.0000
10000
L.0000
i1.0000
1. 0000
10000
1.2922
1.0000
1.0000
13212
1. 0000
1.0000
12217
1.0000
10000
10232
1.00090
1.0000
1+721)
1.0000
1.4000
1.00132
1.0000
1.0000
12977
1.0000
1.0000
L+ 0000
1»0000
1.0000
1.0000
10000
1.0000
1.0000
1.0009
1.0000
1.0000
1.3300
L.0032
1.0000
1.2202
1.0000
1.0000
1«3319
1. 0000
1-0000
1.2033
1-00400
1.0000
12022
1. 0000



6%1

TABLE XI, - Concluded, OUTPUT FOR INLET DIFFUSER

(d) Concluded. Momentum and energy balance ratios

I= 60 Xill= 5.552T0E+00 COFl= 1.C39T COF2a 1.0372 R21F= 349977 COGl= 1.0000 CDGZ= 12103 R21G= 1«223122
I= &1 Xili= 5.90490E+30 COFl= 10323 LCOF2= 10306 RZLF= 09984 CoGL= 1.0000 COGZ= 1.0000 RZ1G= 10020
= €2 Hil)= &.2%T10E+00 COFl=" 10276  COF2= 1.0253 R21F= 0.9978 Co0Gi= l-0000 CDGZ= L0000 R21G= 1.0000
I= 63 Alily= S.60930F+00 COFl= 1.0235 COFz= 1. 0209 R2ZYF= QeQ974 COGl= 1.3032 COGe= 149007 RZ1G6= 12232
I= 64 Xi0)= &+5£140E+00 COF}= 1.0200 COFZa l-0i71 R2LF= 0.9972 CoGL= 1.0000 COG2= - 1.0000 RP2LEG= 10000
= 65 X(l)= T.31360E+00 COFl= 1.0453 COFZ= 1.013%9 R2LF= 029987 COGL= 1+0000 (OGZ= 1.0000 R21G= 10000
I= 66 XI1I)= T.66580E+00 COFl= 1.0122 COF2= 1.0112 RZ1F= 0+99%20 cocl= 10000 COGEZ= 13302 R21G= 1-3222
[= 67 X([)= B8.01800FE+00 COFL= k.CGLl2 COF2= 1.0090 R2AF= 0.9979 C0Gl= 1.0000 COG2= 1. 0000 R21G= 1.0000
I= o8 X{id)= B5.3T010F+00 COF L= 1« 0095 COF2= L0072 RZ1F= 09977 CDGL= 1.0000 C(OG2= 1.0000 R216G= 1.0000
Ta 69 XiI)= £a72230F¢00 COFL= 1.0076 COFZ= 1« 0056 R21F= 09980 COGl= 1.0000 COG2= 1-0307 R2LG= 1+3032
1= 7€ X(Ti= 9.07450E+00 COFL= 10063 COFZ= 1.0064 RZ1F= 0.9981 COGL= 1.0000 <CQe2= 1.0000 R21G= 1.0000
1= 71 Xill= 9.426TOE+00 COFL= 13,0059 COF2= 1.0033 RZLF= 09974 CO0GL= 1+0000 COGZ= 1.0000 R21G= 1.0000
I= 13 X(I)= 9.717480E+C0 COF )= L0040 COF2s 1.0025 RE1F= 0.9985 COGl= I.0000 COG2= 1.0000 R21G= 12221}
I= 73 Xil)= 1.01310E+01 COFL= 1-0038 C(QF2= 1.0019 R2ZLF= J.9981 COGl=" l.0000 COG2= 1.0000 R21G= 1.0000
i= ¥4 X(l)= 1+04832E+01 COFi= 10044 COF2= k0013 R2LF= 0.9970 C0Gl= 10000 C(OGZ= 1.0000 R21G= 1+ 0000
T= 35 xXilk= 1.08354F+«01 COFl= 10033 - COF2= 1.0009 R21F= 0.997& CoGl= 1.0000 COGZ= 1.0000 R21G= 1+ 0000
I= 16 X(l1)= 3411875E+01 - COFl= L. 0010 C(OF2= L.0006 RZiF= 39996 COGl= 1-2000 COG2= 1.0000 RZ1G= 1.0000
I= 77 X(1)= 14193976+01 CDFl= 1-0023 CDF2= AaQOD% RZ1F= 09981 COGl= 1-0000 COG2= L0000 R21G= 1. Q000
I= 78 K(I¥= 1+18919€E+01 COFl= 0.9989 ' COF2s 1.0003 R21F= LeQ0il4 T COGL= 1.0000 COG2= 1+0000 RZiG= 1.0000
I= 79 X{Ilm 1+224491E+0i COFl= L+«00346 LOF2= 10032 R21F= Je3966 COGl= 10003 (0G2= 1.0000¢ RZ1G= 1.0000
I= 40 X{I¥= 1.25962E+01 COFl= 0. 5588 COF2= 1.0002 R21F= 1+0014 COGL= 1.0000 CO0G2= 1.0000 P21G= 1.0000
§= Bl Xi1l= 1.2%9484E+01 COFL= 0s9%48 COF2= 1.0002 R21F= 10033 CoGl= 10000 LQGZ= 1.0000 A21G= 1.0000
I= 82 x(Id)= 1.33066E+0Q1 COFl= 09965 COF2= 1+ 0202 R21F= L0037 CiGl= L.0J20 (0G2= 12000 RZ1G= 1+ 0000
[= 83 Xx(l)= 1.34528E+0] COFl= 100086 COF2= 1.0003 R2iF= 09997 CaGl= 10000 COG2= 10000 RZ1G= 1.0000
I= 84 X(lka 1+40049E+0L COFl= (. 9974 CDFZ= 1+ 0004 R21f= L+0029 CoGLl= 1.0000 COG2= 1.0000 R216= 1.0000
= 5 Allls  1.+43571E+01 COFl= De 5986 COF2= 1+000% RZL1F= 10019 CO0Gl= 1+00073 CO0G2= 12007 R21G= 1+23233)
I= 86 Xiéld)a 1.4TO93E+01 COFl= 09988 COF2= 1+0006 ' AR2iF= 1.0016 CoGl= L0000 COG2= 10000 RZ1G= 1.0007
I= 87 X([)a 1.50615€E+01 - COFL= G«5990 L(OF2=z 1.0008 R21F= L.0018 COGL= L0000 CAG2x 1.0000 RZ1G= 10000
I= 88 X{I)a 1.54137E+01 COF1= 09951 (OF2= 1=00G10 RZ1F= 1.0059 COGl= .1«002% (0G2= 123309 RZ1G= 1+3323
s 8% X{l»>= l«57658E+01 COFL= 09977 C(OF2= L0013 R21F= 1+0035 CDGl= l.0300 COG2= L0000 R21G= l«0000
I= 90 X{I¥= 1s61180F+01 COFi= 1.0031 C(OF2= 10017 RZ1Fs D.9%980 CDGl= 10000 C€OG2= 1.0000 R21G= 10000
s 91 X{Ita 1+64702E+01 COFl= 1. 0027 COF2= 1+0024 R21F= 0.9997 COGL= 1+2000 COG2= 1.0033 R21G= 1,222
I= 92 Ail)s 1.68224E+01 COFl= 10036 (QF2= L0032 RZ1F= 0.99%¢ COGl= 1+0000 C0G2= 100090 RZ1G= L. 0000
I= 93 w{ld¥= 1«TATAS5E+GL COFl= 1.0051 COF2= 10043 R21iF= 0+«9993 COGl=  1«0000 COG2= 1.0000 RZ1G= 1.0000
I= 64 X([)= La.)5267E+0) CLOFl= 1.0159 (OF2= 1+0056 R21F= 049899 COGle 10000 COG2= 1«099) R21G= 1+2772

#01% UNITO5, EOFs ) . ’ . REC= 00000 FiL= 00002 .



I POP.NE.1, then subroutine ITSR lists the number of cycles to converge in the
momentum loop (ITP=MOM) and in the momentum -energy loop (ITME=MAE) together
with other case sensitive variables such as COF1, COF2, COG1, and COG2. The .
ratios R21F=COF2/COF1 and R21G=COG2/COG1 are listed by subroutine ITSR to-
gether with COF2, COF1, COG2, and COG1 at each x-station and also as a table by
subroutine NDIR when ISTO(6).EQ. 1. The ratios R21F and R21G both egual 1.0
when the integral momentum and energy equations are well balanced. Asa result, no
~ corrections based on the displacement thickness are made, Hence, if either ratio de-
viates much from 1.0 a difficulty may appear. The sensitivity of the wall parameters
to variations of the ratios R21F and R21G is smaller for large pressure gradients
than for small pressure gradients,

To obtain more detailed statistics on the convergence of the wall parameters and
boundary values in both MAE and MOM loops of subroutines ITFR and ITSR, the
switch ISTO(5) can be set equal to 1, and the switch POP can be set not equal to 1.

If the proper values of ISTO(7), ISTO(5), POP, and ISTO(1), which list the input data,
are used, then information sufficient to locate the source of the difficulty can usually
be obtained. If, in addition, the case should not be aborted, then the subroutine NDIR
end profiles and tables will be listed and can be used as a further aid to the diagnosis,
Also, subroutine FILE has a variety of ways of listing profiles to get sufficient data
without listing excessively. For the subroutine FILE listing capabilities, see ISTO(2)
in table VI,

If the functions U(X) or M(X) lead to an early transition to turbulent flow, then, by
using ISTO(8) and ISTO(9), a linear section can be inserted at the origin, In most
cases the use of a linear section starting at the origin and using the original starting
values will either delay or remove the transition to turbulent flow provided the input
function, either U{X) or M(X), has a section concave upward between the origin and the
first maximum. When either U(I) or M(I) is modified by subroutine COTR by the in-
sertion of a linear section, the corresponding values of the other x-station daia input are
modified similarly. Subroutine INIR also later modifies the values of RW(I) at the ori-
gin to satisfy the criterion d(RW(I)/dx.LE.1,0 at ETA=0.0. Later, in subroutines
ITFR and ITSR a substitute value of d{(RW(I)/dx is used to prevent a case abort for
some sections of the input RW(I) curve when otherwise a negative square root would
occur,

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, December 27, 1973,
501-24,
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APPENDIX A

SYMBOLS

The number in parenthesis following some of the definitions is the number of the
equation in appendix B which defines the variable. The quantity in square brackets is
the equivalent notation used in the computer program.

B exponent in expression for free-stream velocity variation in laminar
' similarity solution (II-28), [BS]

by,...,by  coefficients in eqs. (II-7,8), [B]

C constant of proportionality in expression for &* in laminar s1m1larity s0-
lution (IT-28), [C]

Ca parameter related to axisymmetric flow appearing in eq. (II'-14),
2(6*/ry,) cos a, [CA]

Cs coefficient of skin friction, Tw/(peU2/2), [CF]

C P specific heat at constant pressure

u longitudinal curvature parameter in eq. (IV -2), (6*%/c )(u/U)/[(a(u/U /an],

[CU]

C " parameter in skin friction relation (II-34), [CMU] . |

Cw radius of longitudinal curvature in the same units as x, [CW]

Cgr -1 Cg ~ coefficients in eq. (III-6), {CO...C8]

d density ratio, p_/p, [D] )

fr - velocity defect variable, (p U - pu)/p oUs [FP]

g enthalpy defect variable, (b0 - h%)/(h° - h ), [GP]

H (b0 - b )/h2, [BH] |

h static enthalpy '

h r arbitrary reference enthalpy

h© total enthalpy, h + u2/2

i, Aj indices of variables in the x- and y-dlrectlons respectively, [I,J ]

X pressure gradient parameter, (B /v, w(dU/dx), [KF]

k specific heat ratio, [SHR]
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position at which Ry, is defined in laminar similarity (II-28), x, - Xy

free-stream Mach number, [M]

parameter in eq. (II-14), &*U, /U, [P]

parameter in laminar similarity flow, R, P, {P]
Prandtl number, v/v_, [PR]

turbulent Prandtl number, (v, - u)/(veg - yg), [PRT]
static pressure

parameter in eq. (II-14), (peUﬁ*)x/peU, Q]

R G*Q’ parameter in laminar similarity flow, [Q]

turbulence intensity, [FTE]

local heat flux

rwxé*/rw, [R]

parameter in laminar similarity flow, R R, [R]
critical Reynolds number, [RMC] |

fully turbulent Reynolds number, JRMT ]

Reynolds number in laminar similarity solution, (x2 - XI)U/ v, [RL]
Reynolds number based on displacement thickness, 6*U/v, [RDT]

radius of a point in the boundary layer in the same units as X,

rw(x_) + ¥ cos @fX)
radius of surface in the same units as x, [RW]
Sutherland constant, eq. (II-18), [STC]
o
Stanton nu‘mber, qy, /[ Ulh, - h,)], [ST]

reference Stanton number, qw/(p eU(hg - hr)], [STR]

characteristic sice of roughness elements in the same units as x, [SW]

proportion of turbulence viscosity in effective x_riscosity, eq. (IV-4),
[TURB]

free-stream velocity, arbitrary dimensional units, [U]

free-stream velocity at X9 in laminar similarity solution, same units
as U, [U(2)]

time average velocities in x- and y-directions, respectively



u skin friction velocity, va/pw’ same unitsas U

v correction factor which accounts for influence of longitudinal wall curva-
ture on the effective viscosity, [VHP]

-v'h! - Reynolds heat flux

vut Reynolds stress

Vor wéll transpiration velocity, same units as U, [VW]

X streamwise coordinate, arbitrary dimensional units, [X]

X untransformed x -coordinate

AX X;.1 ~ X;» numerical integration step in the_ streamwise direction, [DX]

y . coordinate normal to wall

vy untransformed y-coordinate

a angle of tangent to surface with respectr to ai:is of symmetry

¥ ' ratio of skin friction velocity to freestream velocity, 'rw/pUz, [GAM]

) ‘

o displacement thickness, (peU - pu)/(peu)(r/rw)d?, same units

as X, [DT] 0 .
o

& . kinematic displacement thickness, (U - u) / U(r/rw)d}?, same unifs
as X 0

1 nondimensional coordinate normal to wall, y/6*, [Y]

6 momentum thickness, pu (U - u) / (peUz) (r/rw)dir', same units
as X, [MT] '

K . von Kirmdn constant, 0.41, [SK]

-u molecular kinematic viscosity

Ve effective kinematic viscosity

Veg effective kinematic conductivity

p density

T local shear stress
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0,
Subscripts:
cr

€

ft

A

. nondimensional effective viscosity, eq. (II-17a), verﬁ*, ([VE]

nondimensional effective viscosity in laminar starting flow, R 6*T’ [VE]

nondimensional effective conductivity, eq. (II-17b), veg/Ud*, [VEG]

) (pu/peU) (hg - ho) / (hg - hr) (r/r,)ay,

inner and outer effective viscosity functions

integral enthalpy thickness,
(HT]

critical point
evaluated at edge of layer (except for v e('n = ne) = pem); also used to denote
equilibrium f' and g' functions

fully turbulent point

evaluated at wall, [( W]

differentiation with respect to x

evaluated at initial x-station

evaluated at the edge of the layer, n — =, [( )E] |

denotes quantity in similarity starting equations which have different
interpretation in laminar and turbulent flows

fully turbulent point minus critical point

Superscripts:
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differentiation with respect to 5= y/&*, [( )P]

when used with x and y denotes untransformed coordinates; also denotes
average value, [( ), ; + ( )i]/z



APPENDIX B

EQUATIONS USED BY COMPUTER PROGRAM

The pertinent equations are given herein as a cross reference to the discussion of
the common program variables and the comments contained in the computer program.
The equations and equation numbers are taken from reference 1. The symbols are de~
fined in appendix A.

Transformed momentum and energy equations:

?

- {(1 o+ Can) I [d(l - ff)]r} +|[@Q+R)(n -1) - pWVW - G*fx afe
d peU

qWVW
+¢|@Q+R)n-1) - - 6* [d - (Pd + G*d)(2 - ')}
PeU
Py Ve .
- [@Q+RYn -1) - - o*f, |d' + P(d - 1) + b%d,
pU
= (1 - I")o*dfy ’ (II-14)
k-1,2

e v '
(1+Cym) —E Jg" - — 2 g . 1)[(12(1 -f‘)z]
d H(1+k_1Mg) Ve |
pWVW
@+ R -0 - o, - T Fgn o (1 - £)orgy (IT-15)

p U
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-é(1+k‘1Me)(1 - Hg")
2

d=

1+]/1+2(k - M1 - 1) (1+ké1Mg)(1 - Hg")

Effective viscosity and effective conductivity:

5% [ o(XR
T= —It(- Y + X)) -X
&*| R
and
v L
v v
Tg - oo + 1 T - oo
RexPr Pre\ B
where

Sutherland molecular viscosity relation:

i Y
5/2| o + S
AP (s,= 110K for air)

L (_11)
v h
CD
Transformed boundary conditions:
f(x,0) =0

£1(x,0) = 0
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(I-16)

{II-17a)

(II-17b)

(II-18)

(IT-19a)

(II-19b)



lim f(x,n) - 1
=0

(II-19c})
hy - h, (x) 5* (%)
g'(x,0) = _e__}_H_v__ or g'"(x,0)= - W (II-19d)
) A _ .
he - hr pw”w(he - hr)
lim g(x,n) is bounded (II-19e)
B~ ‘
Momentum integrall equation:
2+H F = h .
(erpeU )i €t PyVy X
2 = exp ) + —— d —_ (H-zl)
+H 2 ‘
G:rwpeu ) pU /8 '
1‘1 ®.
| Ti-l _J
where 0, the integral momentum thickness, is defined as
(-]
8 = LI .‘.1.) dy (I1-22)
0 p eU U
Energy integral equation:
. x,
o}
[rwpeU<he B hr)"b]i - Py Vg hg -h Y /el
=. exp Str + d| = (I1-23)
[I'WpeU (hg B hr)W]_ 1 Pe” hg - by v
1_
X,
i-1

where 3y, the integral enthalpy thickness, is defined as

oD
fh® -n®
v f | y (m-24)
- Pl hg—hr '
0
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The left and right sides of equation (II-23), are COG1l and COG2, respectively,

Momentum and energy equations for laminar similarity flow:

' V.
~{(1 +C,m) Traq —f')]'} + @ + R¥d(n - B -a 0w Ryl £
d peU

+[@* + RO (7 - D) - (P*d + Ry 64, )(2 - 1) -

+ (Q* + R*)d' + P*(d - 1) - (Q* + R¥)nd

p.V
+ Ry, 0%d, +—— T R, d = 0

peU
]
K-1.,2
T3 2 Me T 2 1N
(1+Can)_g gt - — -1 [d(l—f')]
, d | H(1+k-1M—2) TE
2 € .

Py V. .
@+ BNy - ) L X R, |g = 0
pU

where

P - M2 (1 - %M@ [1 -Hg' - a(1 - 11)?]

Row 0 = 2 2
14+ (k - HMZA(1 - 1)

Laminar similarity parameters:
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‘(11-25)

(I-26)

(II-27)

(II-28a)



2
P* = C"R; B

Q* = CZRL[B(I —M§)+—;—(1 -B)]

r
2 Wx
R¥=C RLL —_

Ty

Turbulent similarity parameters:

Pk - )M (1 + k_;l Mé) [(1 - Hg') - ¢4(1 - f')z]

5*d, =
% 2
1+ (k - DM2A(L - 1)
2.2,1 o k-1,2
(k - l)Med (1 -yt - (1 + Me)HG*g:'{
+
1+ (k - DMZa(L - 1)
-);16*
o (I Q+C P)
¥ K #
where
s -1
c =41.5-|1+ <P (1+8=2tm? & - HM2
n o e e
he
i)
G*Str v+ tr _
- - Y Q+ CuP)
Str K

(1-28b)
(I-29a)

(I1-26b)

(11-29¢)

(I-32)

(I1-34)

(I1-35)

(I-37)
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Momentum and energy equations for turbulent similarity flow;

A o* PV
- {(1 + Cym) T [a(1 -f')]} + @+ Rya(y - £) - X pa - a2V W g
\ d ¥ B RY

o* o
@+ R (7 - 1) - (Pd + 5+ )(2 - 1) = (1 - £1)(d - ') % 2% W g0 g1

Y PU
pWVW
+Q+R)}dt+Pd-1)-@Q+R)nd" + *d, +——d'=0 (I1-38)
p U ‘
e
and
L]
k-1
B, - Mg '
(1+Cng —Edgm - X [dz(l _ f')z]
at a af1 B2\ \T
5*S
oy o,V tr
+/Q+Rn -0) - —Zn T Wfgn (1) Xgrop (11-39)
Y peU ! Str

In both laminar and turbulent flow the resulting expression for Q is:
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(i )

y PV
Rd(n - f) +(::)c Pnd - d W WA g
~ k] H Ry

+|Rar(n - 1) - (gd + a*dx)(z - )

o y Py, V.
£ (1 -0@ - a2l P - (X )a}e
k] p U

pWVW
+|RA'f + P(d - 1) - Rnd" + 6%d, + d’

Q=-— —— S (IL-41)
. y
d(n = f) +(ﬁ) nd|f'* - (n - H)d'

K

>’dn

@@ -n+ -1 - nd»(ﬁ-”) 3y

K

k 2 1 Mﬁ) [1 - Hg' - a2(1 -f')z]

o*d, = v

1+ (k - DM2d(1 - £

o*y
(k - YM2aZ(L - £1) =X (g0 4 tr)

b
+
L+ (k - DM - 1)
‘ 5% 3
~r &%y \
1+k _lMi H X'+ =2 gy o (11-42)
- 2 Str Y

14 (k - DMZA(L - 192
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Equations used in method of solution:

Ti: - (1 + Ca??)TEf” - (%)(1 - f'ﬂ

i

& - 1)M2

T
g

T
g = -[(1+C ) _ag_ g - e (l‘_ - 1):1(1 - £9[d'(1 - 1) - df"']

H[I +é—(k - 1)M§]

T: 4=C fi'. +¢ ft ,+c¢ -C
1—1 li‘l 1'1 2i_1 i-1 31_1 41

gl .=¢ gi'y -c¢C ! - gt
i-1= o7, 81 " %, (€ - &9

and

co- @+ R - ) - () oue
Py

Cl = Cod
Cg = Cod' - (Pd + 6*d )2 - £7)

cg = ~Cqd" + P(d -1)+ o*d,

*
¢, =d(1 -1) &

AX
07 = CO
| cg= (1 -
AX
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(IIL-6a)

(II1-6b)

(IO -6c)

(III-6d)

(II1-6e)

(III-6f)
(I-6g)

(I1-6h)
(TIT-61)
(HI-67)

(II1-6k)



Finally, the form in which these equations are solved is

[b S+ b5):|'i_= By + boft" + b i} (mI-7)
[bytem + bg)| = by + byg{’ + by} | (I1-8)
1

where the coefficients for the f' equation are

i-1
by = €y : (I1-9b)
bg= (€ - ¢;_ iy + (62 + 28, - czi_l)fi_l + 26y - cy -cyfy 5 - (OI-90)
by=-[(1+ Can)T]i (T -9d)

.d'
b = - <._)(1 - 1) (DI-9¢)
d
i .
and for the g' equation,

by =Ty (TII-10a)

bz = - 268 + Ca. ’ (]II—IOb)
i-1
bg = ('6,7 - c'?i_])gi'-l + 2CqgY 4 - C8i~1gi'2 : (III-10c)
i .
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2
- M
by - (& - )M Lo1)aq - oy - ) - dr] (II-10¢)
H[l + 1k - 1)M2] To
2

e

For the similarity starting flows, the corresponding coefficients of equation (III-7) are

_ 0*yy '
by = cyd -(gd + b*dx)(2 -f1) - (1 - £9)(d - nd) _:_ (II-11a)
5% vx
by =[co =7 d (I1-11b)
Y
by = -cod' + B(d -1+ o*d, (III-11c¢)
by = (1+CmY (OI-11d)
d‘i‘
bg= - [ (1 -1) (TI-11e)
d .

where

cox(g +§)(n - 1) -(%)

pU
Sty
by = -(1 -1 (II1-12a)
Str

. O¥y
by = ¢y - n|—=% (I -12bYy

Y
bg = 0.0 (II1-12c)

164



b, = -(1+Cym) 'y

(k - M2 o
Hlil + % (k - 1)M§:| (Tg

b5_

Effective viscosity correction:

(II-124)

- 1) d(1 - f)[ar(l - 1) - &) (II-12€)

3/2
_1/2 )
1-c (14000 e (1 +cy (1+PYR)
a u'v' 4 4 4pu'v’
v, = £ 1-4.0 ~ ¢ |1-c | (Iv-2)
c 1 - C . p'v'u . u
u 1~cu1+ )(l-cu)
puryt
“where the term (p'v'u)/(pu'v') evaluated using Reyriolds analogy is -
pvie w1\ (IV-3)
pu'vt h Prt (a_u)
ey
Turhulent viscosity relation:
T =TT putent + (1~ DT iaminays (0 <T <1) (Iv-4)
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APPENDIX C

DISCUSSION OF SUBROUTINE A6IR

ABIR is a reading and listing program that comprises two separate main loops for
reading, testing, listing, and returning to the calling routine, X the second main loop
is entered, it is entered following the exit from the first main loop. Subroutine A6IR
has no internal switches to prevent listing on an external switch option. Listing and/or
switching data is carried on each card and can be a part of the listed text.

Cards read in by the first main loop are designated as type 0 cards. The last type 0
card read in either causes a return to the calling routine or becomes a main index dis-
criminator card for the following second main loop, Except for the return and transfer
cards, the second main loop lists the remaining cards.

If only type 0 cards are to be listed, A6IR may be simplified. Except for the 994
and 997 format cards and the end card, delete all cards after the card containing the
GO TO 104 instruction.

The main index discreiminator card contains the following test words:

Card column

l1to6 First index discriminator word
7Tto 12 Second index discriminator word
13 to 18 Third index discriminator word
(Any index discriminator word may be a blank. )
73 to 78 Test word for main loop only '

The first main loop lists type 0 cards only. Type 0 cards list on the left side card
columns 1 to 72 with carriage control and line numbering if card columns 1 to 6, first
word, and card columns 73 to 78, thirteenth word or the list test word, have a mis-
match. Then following the listing of the card, if card columns 7 to 12, second word, and
card columns 73 to 78, thirteenth word, do match, subroutine ASIR exits to the calling
routine, Otherwise, another type 0 card is read in for testing. The first type 0 card
which fails fo be listed becomes the discriminator card and the second main loop is
entered. '

The second main loop lists only cards of types 1to 5. Cards of type 1, 2, and 3
can be listed only if the switch LIV equals 0. LIV is set equal to 0 on entering the
second main loop and later reset to 1 and 0 by type 4 cards.

Type 1 cards list as the page left side card columns 1 to 42 of a full line of 122 col-
umns with carriage control. For a card to become a type 1 card, the thirteenth word
(card columns 73 to 78) must be identical with the first main index discriminator word.
Otherwise, it becomes a type 4 card. A type 1 card is always followed by a type 2 card.
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A type 1 card can follow either a type 0, 4, or 5 card of a type 3 card which becomes a
transfer card. Type 2 cards list as the page right side card columns 1to 80 of a full
line with card columns 1 to 42 of a type 1 card as the left side. Type 2 cards follow only
type 1 cards, and any card which follows a type 1 card is a type 2 card.

Type 3 cards list as the page right side card columns 1 to 80 of a partial line start-
ing with carriage column 43 and with no carriage control. Type 3 cards succeed either
type 3 or 2 cards. '

Type 4 cards list on the page left side card columns 1 to 80 with carriage control,
A type 4 card can succeed either a card of type 0, 4, or 5, or a type 3 transfer card.

Type 5 cards list on the page left side card columns 1 to 80 without carriage con-
trol. A type 5 card can succeed a card of t&pe 0, 4, or 5,

A transfer card is a possible type 3 card and succeeds only a card of type 2 or 3.

A transfer card is read in by the second main loop {second subloop), and it transfer con-
trol from the second subloop to the first subloop entrance without being listed. Except
for the last card which may be a type 3 card, a blank transfer card becomes the marker
card after each set of two cards when a block of full width lines is to be listed and the
first discriminator word is a blank.

A return card if read in by the first main loop is l1sted as a type 0 card before it is
tested for a return to the calling routine. A return card if read in by the second main
loop is a possible type 1 card, but it returns control to the calling routine before reach-
ing the test for a type 1 card.
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