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SUMMARY

A computer code has been developed for analyzing two-dimensional flow fields in
supersonic combustion ramjet (scramjet) inlets. The code is written in the CYBER 200
FORTRAN langquage for the CDC CYBER 203 vector-processing computer system. It solves
the two-dimensional Euler or Navier-Stokes eguations in conservation form by an
unsplit, explicit, two-step finite-difference method. A more recent explicit-
implicit, two-step scheme has also been incorporated in the code for the viscous flow
analysis. An algebraic, two-layer eddy-viscosity model is used for the turbulent
flow calculations. The code can analyze both inviscid and viscous flows with no
strut, one strut, or multiple struts embedded in the flow field. Although the code
is primarily written for supersonic internal flow, it can be used for a variety of
other flow problems provided that suitable modifications are made to the boundary
conditions. This report contains a listing of the program, descriptions of the input
and output parameters, and a sample flow-field solution.

INTRODUCTION

A two-dimensional computer code NASCRIN (Numerlcal Analysis of SCRamjet: INlet)
has been developed to analyze scramjet-inlet flow fields. The code is based on the
analysis developed in references 1 and 2. The analysis as such uses the two-
dimensional Euler or Navier-Stokes equations in conservation form to describe the
inlet flow. A two-layer eddy-viscosity model due to Baldwin and Lomax (ref. 3) is
used for the turbulent flow calculation. 1In order to facilitate the use of a geneéral
inlet geometry with embedded bodies, an algebraic coordinate transformation is used
which generates a set of boundary-fitted curvilinear coordinates {(ref. 4). It trans-
forms the physical domain into a rectangular domain with uniform mesh spacing, and
embedded bodies in the flow field are transformed into slits (fig. 1). The transfor-
mation also allows for concentrating mesh lines in regions of high gradients. The
transformed governing equations are solved by an unsplit, explicit, two-step finite-
difference method due to MacCormack (ref. 5). This method is highly efficient on
vector-processing computers, as it allows a high degree of vectorization. A more
recent explicit-implicit scheme (refs. 6 and 7) has also been incorporated in the
code for the viscous flow analysis and can be used upon the option of the user. As
discussed in references 1 and 2, the code can also be used in a quasi-three-
dimensional sense for a class of scramjet inlets under certain simplifying
assumptions.,

The code is written in the CYBER 200 FORTRAN language for the CDC® CYBER 203
vector-processing computer system at the Langley Research Center. 1In its present
form, it can analyze two-dimensional inviscid and viscous (laminar and turbulent)
flows with no strut, one strut, or multiple struts in the flow field. Although the
code is primarily written for supersonic internal flow, it can be used for a variety
of other flow problems, including subsonic inflow with supersonic outflow, supersonic
inflow with subsonic outflow, or fully subsonic flow, by suitably modifying the
boundary condition subroutines.

This report contains a brief description of the code structure, various input
parameters, and output flow quantities. A listing of the program can be found in
appendix A. A sample case is also presented to illustrate the use of the code.



CODE DESCRIPTION

The code listing given in appendix A is primarily set up for supersonic flow,
although by making suitable changes in the boundary condition subroutines, it can be
used for supersonic-subsonic or fully subsonic flow. For the supersonic flow case,
the conditions at the inflow boundary are held fixed at some known values, and
extrapolation is used at the outflow boundary. The code assumes a solid top boundary
from the second grid point to the last grid point in the axial direction. In the
case of a symmetric problem, the code solves the upper half of the flow field. ‘ (See
examples in appendix B.)

The code consists of a main program, NASCRIN, and 20 subroutines. It has been
structured in such a way that the user has to make changes only in the first few
subroutines for a particular problem. A brief description of program NASCRIN and the
various subroutines is given here in the order they appear in the code.

Program NASCRIN
Most input for parameters such as type of geometry, flow, and grid is done in
NASCRIN. Each of these input parameters is discussed below. SI units are used

throughout the code.

Line no. Parameter Description

NASCRIN 52 N1 Number of grid points in x~-coordinate direction. It is
also the second dimension in various arrays.

NASCRIN 53 M1 Number of grid points in y-coordinate direction. It is
also the first dimension in various arrays.

NASCRIN 57 SWEEP Sidewall sweep angle, A (fig. 1). If the code is to be
used in a quasi-three-dimensional sense, define SWEEP in
degrees; otherwise, set it to be zero.

NASCRIN 59 NSTRUT NSTRUT = 0 for no strut embedded in the flow field;
NSTRUT = 1 for a strut embedded in the flow field.

NASCRIN 62 NS1 If NSTRUT = O, NSt, NS2, and MS are not required. For
NASCRIN 63 NS2 NSTRUT = 1, NS1 and NS2 are grid points in the x-direction
NASCRIN 64 MS between which the strut lies. MS is the grid point in the

y-direction through which an axial mesh line passes that is
coincident with the top surface of the strut. (See exam~-
ples in appendix B.)

NASCRIN 69 LSYM A parameter for specifying the type of lower boundary. If
the flow is symmetric about the lower boundary and only the
upper half of the flow is being calculated, set LSYM = 1;
otherwise, LSYM = 0.

NASCRIN 73 NCWL If the lower boundary is fully or partially solid, set
NCWL = 1. If it is a free boundary, set NCWL = O.



If NCWL = 0, NCWL1 and NCWL2 are not required. If
NCWL = 1, NCWL1 and NCWL2 are the grid points in the
x-direction between which there is a solid lower boundary

NFLOW = 0 for inviscid flow; NFLOW = 1 for laminar flow;
and NFLOW = 2 for turbulent flow. If NFLOW = 2, it is
necessary to modify calls to the subroutine EDDY, which
calculates eddy viscosity. These calls are made in

LFI is the unit number from which the solution is read to
restart the program. It is used only for ILT = 2, and its
name must be defined on the program card.

LFO is the unit number on which the output of the current
run is saved. It also must be defined on the program card.

1 for the first run of the computer program;
ILT = 2 for second and subsequent restarts.

IMAX is the maximum number of time-steps the current pro-
gram will run. The program will stop after LMAX time-
steps, print the complete solution, and save it on LFO.
The following message is printed at the end of the
solution: "PROGRAM TERMINATED ON IMAX."

IW is the number of time-steps after which an intermediate
solution is printed., LMAX should be equal to or an integer

A parameter used to apply boundary conditions at the out-
flow boundary. LEXIT = 0 for zeroth-order extrapolation;
LEXIT = 1 for first-order extrapolation.

Line no. Parameter Description
NASCRIN 74 NCWL1
NASCRIN 75 NCWL2

(cowl, strut).
NASCRIN 117 NFLOW

subroutine TURB.
NASCRIN 123 LFI
NASCRIN 124 LFO
NASCRIN 127 ILT ILT =
NASCRIN 132 LMAX
NASCRIN 133 LW

multiple of LW.
NASCRIN 136 LEXIT
NASCRIN 139 CRIT

Local convergence criterion. Convergence is defined as

New density - 014 density 1 1

ERROR =
014 density FDT LSTEP

where LSTEP = Number of time-steps after which the conver-
gence is checked. 1In the present code, LSTEP = 2. That
is, after every two time-steps, quantity ERROR is calcu-
lated at each grid point, and if it is less than CRIT at
all the grid points, the solution is assumed converged
based on the local convergence criterion. The program then
stops, prints the complete solution, and saves it on LFO.
The following message is printed at the end of the solu-
tion: "PROGRAM TERMINATED ON LOCAL ERROR CRITERION." FDT
is defined on line NASCRIN 219.



Line no.

NASCRIN

NASCRIN
NASCRIN
NASCRIN

NASCRIN

NASCRIN

NASCRIN

NASCRIN

NASCRIN

140

144
145
146

170

171

217

218

219

Parameter

Description

CRITAVG

FM
PF
TF

IMET

BETA

CCIMPY

FDTL

FDT

Average or global convergence criterion. Average conver-
gence is defined as

X (ERROR2)

ERRORAVG = - T
Number of grid points

If ERRORAVG becomes less than CRITAVG, the program again
stops based on the average error criterion. It prints the
solution and saves it on LFO. The following message is
printed at the end of the solution: "PROGRAM TERMINATED ON
MEAN SORT ERROR CRITERION." CRITAVG should be one or two
orders of magnitude smaller than CRIT.

These are the Mach number, pressure, and temperature,
respectively, at the inflow boundary. SI units are used.

IMET = 1 if transformation metric coefficients are to be
printed at each grid point; otherwise, IMET = O,

BETA controls grid clustering near upper and lower bound-
aries., The program uses a stretching function that clus-
ters the mesh lines equally near the boundaries. The
stretching function can be changed by making changes in
subroutine XY. BETA should be greater than 1. The closer
it gets to 1, the higher the stretching (i.e., more points
are clustered near the boundaries).

This parameter controls the artificial damping in the
implicit stage of the explicit-implicit method (refs. 6
and 7). CCIMPY = 0 turns off the damping, and CCIMPY = 1
turns it on.

A parameter that allows the use of local time-step marching
to speed up the convergence to steady state, If the local
time-step is not used, set FDTL = 1. If the local time-
step is to be used, set FDTL greater than 1. For example,
if FDTL = 2, the time-step at a grid point cannot exceed
twice the global minimum time-step. If at a grid point,
the local time-step is less than two times the global mini-
mum, the local time-step is used; otherwise, the time-step
at the grid point is set equal to two times the global
minimum.

FDT is a constant multiplier used in the time-step calcula-
tions. In the present code,

Time-step = (FDT.T;%XIT;)
min

over the entire grid. Here Ay 1is the grid spacing in
the y-coordinate direction, v 1is the velocity in the
y-direction, and a 1is the speed of sound at a grid point.



Line no. Parameter Description

NASCRIN 219 FDT Set FDT < 1 for the fully explicit scheme. For the case
(cont.) of viscous flow calculations, if FDT > 1, the explicit-
implicit scheme of MacCormack is turned on automatically.

NASCRIN 220 ccp Coefficients in the artificial damping expression in the

NASCRIN 223 cCcT explicit stage. The damping expression has two parts, one
of which depends on the pressure gradient and the other on
the temperature gradient. CCP multiplies the first part,
and CCT multiplies the second part. Typical values of CCP
and CCT are in the neighborhood of 0.5 and should be kept
as small as possible to keep the artificial damping contri-
bution to a minimum.

NASCRIN 224 LKK This parameter allows the user to try various values of FDT
or CCP and CCT. For LKK = 2, only one set of values can
be used. But, for LKK = 3, the user can specify two
values of FDT or CCP and CCT. If the program detects a
negative temperature in the flow field for the first value,
it will restart the calculations with the second value.
But, if the program proceeds normally with the first value,
it will ignore the second value. (See appendix C for
examples in using LKK.)

NASCRIN 237 TIMEL TIMEL is the time required by the free stream to travel
3 times the length of the flow domain., For supersonic
flows, it has been observed that the flow reaches steady
state if the calculations have advanced in time to TIMEL.
If the program does not stop because of local or average
convergence criterion and IMAX is sufficiently large, then
it will stop if the physical time TIME > TIMEL. Physical
time TIME is obtained by summing up the global minimum
time-step size from each time-step. The program again
prints the solution and saves it also on LFO. The
following message is printed at the end of the solution:
"PROGRAM TERMINATED ON PHYSICAL TIME CONVERGENCE
CRITERION."

Subroutine START

The X,y coordinates of the upper and lower boundaries are prescribed in subrou-
tine START between lines START 27 and START 78. For example, if the strut EFGH is
removed from figure 1(c), define the X,y coordinates of lines APQRD and BC between
the above-mentioned lines in START. However, if there is a strut in the flow field
as shown in figure 1(c), define the x,y coordinates of lines APQRD and UEHGV between
lines START 27 and START 61, and define the X,y coordinates of lines UEFGV and BC
between lines START 64 and START 78. Grid points on lines UE and GV for lower and
upper portions should have the same X,y coordinates. All the distances should be
defined in meters.

For a quasi-three-dimensional application of the code in scramjet-inlet calcula-
tions, geometry should be prescribed in a plane normal to the sidewall sweep.



Subroutine TURB

Subroutine TURB is called in subroutine VISCOUS at line VISCOUS 222 for turbu-
lent flow calculations (i.e., when NFLOW = 2). Subroutine TURB, in turn, calls sub-
routines VORT and EDDY to calculate eddy viscosity. It may be necessary to make
several calls to subroutine EDDY in order to cover the entire flow field. (See exam-
ples in appendix B.)

There are six parameters in the call to subroutine EDDY. These parameters are
described below:

NNX1,NNX2 Grid numbers in the x,y coordinate directions, respec-
NY1, NY2 tively, for the flow domain being considered in a particu-
lar call to subroutine EDDY.

NWALL NWALL = 1 when there is only one solid boundary (i.e., a
wall) at NY2; NWALL = 2 when there are solid boundaries
at both NY1t and NY2.

NSTR NSTR = 1 for the region in which the lower strut surface
forms the upper solid boundary of the flow domain. 1In this
case, set NY2 = MS1; otherwise, NSTR = 0.

Subroutine XY

Subroutine XY performs the algebraic coordinate transformation and stretches the
grid toward the upper and lower boundaries. Transformation metric coefficients are
also calculated in this subroutine.

Subroutines VISCOUS and INVICID

Subroutine VISCOUS is called at line NASCRIN 241 for viscous (laminar and turbu-
lent) flow calculations, and subroutine INVICID is called at line NASCRIN 240 for
inviscid flow calculations. Both subroutines generate a starting solution for the
first run of the program (ILT = 1) and read the solution from file LFI for second and
subsequent runs (ILT = 2). Subroutines for flux vectors, damping, and boundary con-
ditions are called in these subroutines, and the finite differencing for predictor
and corrector steps is also done here. After the program is terminated either on a
convergence criterion or on LMAX, subroutine PRINT is called to print the solution,
and the solution is saved on file LFO.

In the case of subroutine VISCOUS, if FDT > 1, subroutines IMPY and VECIM2 are
called to apply the implicit stage of the explicit-implicit method. This method is
applied only in the y-coordinate direction because for a viscous flow calculation,
the grid is highly compressed in the y-coordinate direction near the boundaries,
which makes the minimum grid spacing in the y-direction much smaller than the minimum
grid spacing in the x-direction. Because of this large difference in spacings, even
if an implicit stage was incorporated in the x-direction, it would not be used.

Sometimes it is necessary to use a small value of FDT or a large value of damp-
ing coefficients CCP and CCT to keep the calculations stable in the initial stages,
probably because the starting solution is a poor guess. But as the calculations
progress, it is possible to gradually increase the time-step by increasing FDT or to
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decrease damping by decreasing CCP and CCT to a desired value over a number of time-
steps. In the present program, these changes in FDT or CCP and CCT can be incorpo-
rated by inserting a few cards after line VISCOUS 51 and after line INVICID 60.
Several examples of implementing these changes are given in appendix D.

Subroutines DVISCP and DVISCC

Subroutines DVISCP and DVISCC are called only for viscous flow calculations.
Both subroutines calculate the viscous dissipation terms in the Navier-Stokes equa-~-
tions. Subroutine DVISCP uses backward differencing, and subroutine DIVSCC uses
forward differencing in the calculation of these terms.

Subroutines VEC! and IVEC1

Subroutines VEC1 and IVEC1 calculate the flux vectors for viscous and inviscid
flow, respectively.

Subroutines DAMPP and DAMPC

Subroutines DAMPP and DAMPC are used to add artificial damping in the flux vec-
tors. Subroutine DAMPP uses backward differencing, and subroutine DAMPC uses forward
differencing in the calculation of damping terms.

Subroutine VEC2

Subroutine VEC2 is called after the predictor or corrector step. It calculates
local flow gquantities from the conserved variables.

Subroutine BOUND

Subroutine BOUND applies the boundary conditions for the viscous flow. The
subroutine is set up for supersonic inflow and outflow boundaries. It applies a
no-slip boundary condition on the upper boundary from the second grid point to the
last grid point. The lower boundary can be either a solid wall, a free boundary, or
a symmetry line. The conditions are held fixed at some prescribed values at the
inflow boundary, and zeroth- or first-order extrapolation is used at the outflow
boundary.

To use the program for supersonic inflow and subsonic outflow, the user needs to
prescribe a back pressure at the outflow boundary. This can be done by changing line
BOUND 76 for LEXIT = 1 or line BOUND 82 for LEXIT = 0 to the line
P(1,N1;M1) = PB where PB is the back pressure in pascalse.

It is also possible to modify the code for a subsonic inflow boundary. The user
should insert the proper boundary conditions for subsonic inflow after line BOUND 33.



Subroutine IBOUND

Subroutine IBOUND applies the boundary conditions for the inviscid flow. This
subroutine is also set up for supersonic inflow and outflow boundaries, although
changes similar to those suggested in subroutine BOUND can be made to modify it to
handle a subsonic inflow or subsonic outflow boundary.

Both subroutines BOUND and IBOUND check for negative temperature in the field
during each predictor and corrector step. Anytime a negative temperature occurs in
the field, the code prints the following message: "NEGATIVE TEMPERATURE IN THE
FIELD." It then prints the number of time-steps at which the negative temperature
occurred and the values of all the flow variables at each grid point. This allows
the user to examine the flow variables in the region where the calculations became
unstable. After this, the code returns to statement 1000 at line NASCRIN 221, It
either restarts with a new value of time-step or damping parameters, or stops.

Subroutines VORT and EDDY

Subroutines VORT and EDDY calculate the eddy viscosity from the algebraic turbu-
lence model of reference 3. Subroutine VORT calculates the vorticity at all the grid
points. The vorticity is then used in subroutine EDDY to calculate the eddy viscos-
ity. The parameters in subroutine EDDY were discussed earlier in subroutine TURB.

Subroutines IMPY and VECIM2

Subroutines IMPY and VECIM2 are used only for the viscous flow calculations to
apply the implicit stage in the y-direction of the explicit-implicit method. Subrou-
tine IMPY actually applies the implicit stage, and then subroutine VECIM2 calculates
the flow variables at each grid point from the conserved variables, calls subroutine
BOUND, and saves the flux quantities on the appropriate upper or lower boundary for
the implicit stage of the next time-step. The implicit stage is used only when
FDT > 1.

Subroutine SPILL

Subroutine SPILL is called after every IW time-steps at line VISCOUS 244 for the
viscous flow and at line INVICID 172 for the inviscid flow. The purpose of this
subroutine is to calculate the spillage in a quasi-three-dimensional application of
the code. It takes the solution in the plane normal to the sidewall sweep and pro-
jects it back to the cowl plane. The constant tangential velocity component is then
properly superimposed on the projected solution to provide the solution in the cowl
plane., Knowing the component of velocity normal to the plane of the cowl and the
density field, flow spillage {(i.e., the amount of flow leaving the inlet ahead of the
cowl) can be obtained. For viscous flow calculations, an arbitrary boundary-layer
profile is prescribed on the constant tangential velocity component before superim-
posing it on the projected solution. In subroutine SPILL, it is assumed that the
tangential velocity changes from zero to the constant inviscid value over 10 to
12 grid points from the solid boundary. For the case of zero sweep, obviously the
spillage in the quasi-three-dimensional application of the code will be zero. For
this case, the subroutine will skip the spillage calculations.



Subroutine SPILL also calculates and prints the nondimensional pressure on the
upper and lower boundaries and on the upper and lower strut surfaces if there is a
strut in the flow field. The pressure is nondimensionalized with respect to the
pressure at the inflow boundary.

Subroutine PRINT

Subroutine PRINT is called after every IW time-steps and after the normal termi-
nation of the program. It prints the complete flow-field solution at all the grid
points. It also prints certain input parameters and the mass flux across a given
axial location.

SAMPLE PROBLEM AND OUTPUT QUANTITIES

To illustrate the use of the code, the listing given in appendix A is set up for
a quasi-three-dimensional application of the code for the inlet geometry shown in
figure 1. The geometry input in subroutine START is in a plane normal to the sweep
line (fig. 1(c)). Only the upper half of the problem is solved. The problem is set
up to calculate turbulent flow at Mach 5. The following values of input parameters
have been used:

N1 = 55

M1 = 61

SWEEP = 30

NSTRUT = 1

NSt = 16

NS2 = 46

MS = 29

LSYM = 1

NCWL = 1

NCWL1 = 24

NCWL2 = 44

NFLOW = 2

LFI = %} (The program card equates UNIT9 to CASE20 at line
NASCRIN 2., CASE20 is the name of the file on which

LFO = 9 the solution is saved.)

ILT =1

LMAX = 25000



IW = LMAX

LEXIT = 1

CRIT = 0.0001

CRITAVG = 0.1 * CRIT

FM = 5. (FM is the Mach number at the face of the inlet in
the plane normal to the sweep line.)

PF = 10000.

TF = 300.

IMET = 1

BETA = 1,005

FDTL = 1,

FDT = 1

CCP = 0.5

CCT = CCP

TIMEL = 3. * x(1,N1)/UF (UF is the velocity at the face of the inlet

corresponding to Mach 5.)

To calculate eddy viscosity, five calls to subroutine EDDY are made in subroutine
TURB as shown in the listing in appendix A. As mentioned earlier, for the quasi-
three-dimensional application of the code, the flow is calculated in a plane normal
to the sidewall sweep. The code prints the detailed solution in this plane. It then
calculates the spillage from the inlet by projecting the solution to a plane parallel
to the cowl plane and properly superimposing on it the component of velocity parallel
to sweep line. The sample outputs are presented in appendix E, and a brief descrip-
tion of output quantities is given below.

Since parameter IMET is set equal to 1, the code prints the metric coefficients
at all the grid points. 1In this portion of the output,

N grid number in x-direction
M grid number in y-direction
X distance in x-direction, m
Y distance in y-direction, m
ox
XXI = —
0g
oy
YXI = =
(o}
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XETA = —

an

oy
YETA = -

oM

dx dy 2y dx
AJ =3¢ an - BE a1

where E,n are the coordinate directions in the transformed plane.

The code then prints the maximum error and mean square root error after every
50 time-steps till it stops either on LMAX or on one of the convergence criteria. It
then prints the total number of time-steps (or iterations), the physical time
advanced in seconds, and the time-limit in seconds. (Time-limit is set by the param-
eter TIMEL.) It also prints the values of CRIT (local error), CRITAVG (average
error), and LEXIT (order of extrapolation at outflow). The complete solution is then
printed at each body station in the x-direction. It includes

X, Y coordinates of the grid point, m
u,v axial and normal velocities, m/sec
P pressure, Pa

T temperature, K

RO density, kg/m3

SH static enthalpy, m2/sec2

VIST turbulent viscosity, kg/m-sec

ERRO local error at a grid point

For NSTRUT = 1, flow variables at M = MS between N = NS1 to NS2 correspond to
the top surface of the strut. Flow variables at the lower surface are printed
separately. At the lower surface of the strut, the code prints total enthalpy HS and
laminar viscosity VISS in place of VIST and ERRO.

With each call to subroutine PRINT, after printing the detailed solution, the
code prints the mass flow rate at each axial station. This allows the user to check
for mass conservation inside the inlet.

After the code stops on IMAX or any of the convergence criteria, it calls sub-
routine SPILL, which calculates flow spillage. If the sweep angle is zero, spillage
calculations are not done, A sample output for spillage calculations is shown in
appendix E. In this output, XP is the projected axial distance in the cowl place
(i.e., XP = X/cos A). Local mass spilled (in kilograms per meter-second) is the
integrated value of the product of density and downward velocity component at a given
XP location. Total mass spilled (in kilograms per second) is obtained by integrating
the local values up to a given XP location. If, for example, the cowl closure starts
at XP = 0.132791 m, corresponding to body station 40, the total mass spilled ahead
of the cowl is equal to 0.01193 kg/sec., The user can then calculate the spillage in

11



terms of the percentage of the incoming mass flow rate at the face of the three-
dimensional inlet.

- Subroutine SPILL also calculates and prints the surface pressure distribution on
the top and bottom (or centerline in the case of a symmetric problem) boundaries and
on the upper and lower strut surfaces for NSTRUT = 1. These pressures are nondimen-
sionalized with respect to the pressure at the face of the inlet.

Finally, the code prints a message that tells on what basis the calculations
were terminated.

From the solution of the sample problem presented here, pressure contours and
the velocity vector field were plotted. These plots are shown in figures 2 and 3,
respectively. Although only the upper half of the inlet was solved, the results were
projected to the lower half of the inlet for plotting purposes.

COMPUTATIONAL RATE AND TIME REQUIREMENTS

The code is operational on the CDC CYBER 203 computer system and is highly vec-
torized to take full advantage of the vector-processing capability of the system.
With the explicit method, it has a computational rate of 2 x 10"5 second per grid
point per time-step for viscous flow and 1.3 x 10~° second per grid point per time-
step for inviscid flow when the 64-bit word arithmetic is used. The code can easily
be modified to use the 32-bit word arithmetic, in which case, the computational rate
is improved by a factor of about 2.5. For example, the code can perform approxi-
mately 50 time-steps per second for viscous flow and 75 time-steps per second for
inviscid flow on a grid of 51 X 51 when the explicit method is used with the 32-bit
word arithmetic. An inviscid problem using a 51 x 51 grid and requiring 1000 time-
steps for convergence can be solved in about 15 seconds.

Finally, in the case of viscous flow calculations with very fine mesh spacing
near the solid boundaries, a significant improvement in computational rate can be
obtained by using the explicit-implicit method.

CONCLUDING REMARKS

A vectorized computer program NASCRIN has been developed that solves the two-
dimensional Euler or Navier-Stokes equations in conservation form. It primarily uses
MacCormack's explicit method, but for viscous flow calculations, MacCormack's
explicit-implicit method can also be used at the user's discretion. An algebraic,
two-layer eddy-viscosity model is used for the turbulent flow calculations. The code
can analyze problems with or without embedded bodies in the flow field. It is highly
user oriented and is structured in such a way that for most supersonic flow problems,
the user has to make changes only in the main program and first two subroutines.
Although the code is primarily written for supersonic internal flow, it can be used
with some modifications for a variety of other flow problems.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

December 1, 1983
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APPENDIX A

PROGRAM LISTING

PRUGRAM NASCRIN(INPUT,COUTPUT »TAPES=INPUT, TAPE6=BUTPUT,
LUNIT9=CASE20)

NASCRIN
NASCRIN

ARk R KRRk R Rk R ARk Rk Rk kKRR R R kKRR Rk Rk ¥ K2 XNASCRIN

c
c
C
o
¢
C
C
C
¢
c
C
c
C
C
¢
C
¢
c
o
C
C
¢
C

a0 OO0

(aleNe]

NASCRIN STANDS FOR NUMERICAL ANALYSIS OF SUPERSONIC COMBUSTION
RAMJET INLETS.

THIS PROGRAM IS BASED ON AIAA PAPER NO. 81-185» NASA TP 1940,
AND NASA Tp 1934, ALL sY AJAY KuMAR OF NASA LANGLEY RESEARCH CENTER.

THE PKOGRAM SOLVES THE TWu-DIMENSIONAL NAVIER-STOKES £QUATIONS FOR
LAMINAR AND TURBULENT FLOW AND Twd-DIMENSIONAL EULER EQUATIONS FUOR
INVISCID FLOW IN FULLY CONSERVATIVE FOkM.

IT USES MACCIORMACK'S UNSPLIT, EXPLICIT #INITE-DIFFERENCE METHOD .

FOR VISCOQUS FLOW, MACCORMACK'S EXPLICIT—IHPLICIf SCHEME CAN ALSO BE
USED AT JSER'S OPTION.

TURBULENCE IS MCDELED BY SALDWIN-LOMAX MOUDEL.

AN ALGESRAIC COORDINATE TRANSFURMATION IS USED TU GENERATE A SET OF
BOUNDARY FITTED CURVILINEAR COORDINATES.,

OPEKATIONAL ON CDC-CYBE®-203 VECTUR PROCESSING CCMPUTER.

BIT 81

COMAUON/FL/NXMy NXMLoNXM2s NXMIs NXMLsNLyMLIoNLLs B11oN31oNS2o NS MO M3 1

1o NCWLANCWLISNCWLZ2, NCWLMsNCHLP» NSTRUT
COMAMON/FAL/M1I29M1I3,NL2aNLI3)NXMSSNXMESMS2sMD3 )54, 4SPL,MSP2H)MSP3

LyNSMLIs)NS1IP1yNS2UY1sNS1IA1sNS2PLaNNSHNSLIM2)NXMT
COMMUN/F2/R0O(51555),U(61555)sV(61555)sr(61555)»T(61555),

L SH(61555)sH(61s55)5RIS(55IsUS(55)sVS(55),

2 PS{55),TS(55)»SHS(55),H5(55)
COMMON/F3/VISLIO6Ls55)sVIST(61555)5VIS(61»55),VISS(55)
CUMMON/F4/SIGX(61955)ySIGY(61s55)sTAUXY(61555)QX(61955),

1 UY(61s55)»SIGXS(55)s51GYS(55)sTAUXYS(55),UXS(55),QY5(55)
CUMMOUN/FS5/7AU(BLr5504)9 AM(01,5554)sAN(6195554)9AULL61»55,4)
CUMMON/FO/AUS(55,4)sAMS(55,4)5ANS(5554)5AUSL(55,4)
CUMMUN/ZFT/X(61955)sY(61555),XXI(61,55),YXI(61555),

1 XETA(61555)YETA(61s55)sAd(061555)
COMMON/FB/XS(55),YS(55)sXSXL(55)sYSXI(55)sXSETA(S55),

1 YSETA(55),4J4S5(55)

CUMMON/FI/ZINT(55), TEL(55)»TE2(59)sTE3(55)»TEG(55)
COMMON/FL10/DT(61,55),0TM

CUMMUN/FLYI/ERRO(61555)9B1(61555)
COMMON/FL2/LSYMyNFLDWs LFISLFUSILT oL MAXsLAWSLEXITICRITSFDTFDTL>

1 TIMESCCP»CCToLsLKsTIMELSCRITAVG
COMMON/F13/GAMASRGASsCPyPRIPRTICVIS) FMyPFs TFHUF)ROFHSHF »HF
COUMAUON/FL14/DAU(B1,55,4)33DAU(5524)98DAUS(5594)sT1(5555),

1CCIMPY,GMLyGM2sGM3yGM4IGM5
N1s55
Ml=b61l

NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN

BEE R R R R R RN E KRR ARk Rk kR R KRR R kR kR Rk AR AR kR Rk KR ANASCRIN

NASCRIN
NASCRILIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN

DEFINE SIDEWALL SWEEP. 1F THE FLOW IS BEING CALCULATED IN A PLANENASCKIN

NGRAAL TO SIDEWALL SweEPy DEFINE SIDEWALL SWEEP IN DEGREES.
UTHERWISE EQUATE IT TJ ZERU.

SWEEP=30.

NSTRUT=0 FOR NO STRUT CASE. NSTRUT=1l FOR A STRUT IN THE FLOW.
NSTRUT=1

STRUT IS LOCATED BETWEEN NS1 AND NS2 MESH PUINTS IN XI DIRECTION
AND IS COINCIDENT wITH MESH MS IN ETA DIRECTION,

NS1l=16

NS2=46

MS=29

L3YM IS A PARAMETER FOR THE LOWER BOUNDARY,

IF THE LJIWER BIUNDARY IS A SYMMETKY LINE AND

WE ARE SOLVING ONLY UPPER HALF UF THE FLOW DOMAIN, LSYMs1

NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN

O @ NN
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¢ IF THE LOWER BTOUNDARY IS NOT A SYMMETRY LINE, LSYM = 0
LSYM=]

OO

CENTER LINE» SET NCwWwL = O OTHEKWISE SET = 1
NCWi=1

NCwWll=24

NCAL2=44

N1l=N1l-1
N12=N1=-2
N13=N1-3
Mll=aMl-1
M12=M1-2
M13=M1~3
NXM=aNL*M]1
NXMisNXM=-1
NAM2=NXM=2
NXM3asNXM=-2%M]
NXM4sNXM3=2
NXMSuNXM=4¥M]1=2
NXMEENXM=2%xM]1 -4
NXM7=NXM=-4%kM]1=4
NSIMi=NS1-1
NS1M2=NS1=2
NS1P1l=NS1+1
N>2M1=NS2~1
NS2P1=NS2+1
NNSaN1-NS1IM1
NY®NS2=NS1+1
NSMl=snS-1
M>13MS-1
MyY2sMy=2
M53=MS5=-3
My4=MS-4
MSPL=MS+]
MSP2=MS+2
MSP3=pMS+3
NCWLM=NCWL1-1
NCWwLP=NCWL2+1

C NFLOw IS A PARAMETER FOR THE TYPE OF FLUWe NHLOW= 0, 1 OR 2
C DEPLENDING DON WHETHER THE FLOW 13 INVISCIDs LAMINAR JR TURBULENT.
R i A I I I I L T L T T T T I I T IY

C IF NFLOW=2, IT IS NECESSARY TU HUDIFY THE CALLS TO SU3RJUTINE EDuY

C WHICH ARE FOUND IN SUBROUTINE TURd.
C THE EMNTLIRE FLOW FIELD MAY HAVE TU BE CIVIDED INTO SEVERAL SuUB-

C DOMAINS AND MORE THAN ONE CALL TOD SUBRUUTINE EDDY MAY BE REQUIRED.

C SEE EXAMPLES IN USER'S MANUAL FUR FURTHER CLARLF ICATION,

NCWL1 AND NCWL2 ARE THE MESH POINTS BETWEEN WHICH COWL OR THE
CENTER STRUT IS LDCATED. IF THERE IS NSO COWL OR STRUT ON THE

NASCRIN
NASCRIN
NASCRIN
NASCKIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCKIN
NASCRIN

R Rk E R R R R R Ak KAk Rk R R kR Rk R R kR R Rk Rk R XK ANASCRLN

NFLJwW=2
C LFI IS THE PERMANENT FIiLE NUMSER FROM wHICH THE SOLJTION IS
c READ TO RESTART THE PRUOGRAM. LFI IS REQUIRED ONLY WHEN ILT=2,
c LFJ IS THE PERMANENT FILE NJUMBER ON WHICH THE OUTPUT OF THE
c CURRENT COMPUTER RUN L[S 5TIREV. BOTH LFI AND LFO SHOULD BE
¢ DEFINED ON THE PROGKAM CARD.
LF1=9
LFJ=9
C SET ILT«1 FOR THE FIRST RUN OF THE COMPUTER PROGRAM,
C TO RESTART THE PROGRAM, SET ILT=2
ILT=1
c LMAX IS THE MAXIMJM NUMBEKR JF TIME-STEPS. THE PROGRAM WILL
o STJUP AFTER LMAX TIME-STEFS AND WILL STOxE THE SOLUTION ON LFO.
o AN INTERMEDIATE SJOLUTLON IS PRINTED AFTER EVERY Lw TIME-STEPS.
¢ LHAX SHIULD BE FQUAL TO GR AN INTEGEK MULTIPLE QF Lwe
LMAX=25000
Liw=LMAX
c LEXIT=0 FOR ZERD OKODER EXTRAPOLATION AND LEXIT=1 FOR FIRST ORODER
c EXTRAPDLATION AT THE UJUTFLOw bOUNDARY.

LEXIT=1

14

NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN

108
109
110
111
112
113
114
115
116
117
118
119
120
121

123
124
125
126
127
1286
129
130
131
132
133
134
135
136
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ERRJR CRITERION

CRITAVG IS THE AVERAGE ERRUR OVER THE ENTIKE FLOW FIELD
CKIT=,0001

CRITAVG=0.1¢CRIT

CONDITIONS AT THE FACE OF THE INLET. UsE SI UNITS.
(P IN N/M2 AND T IN K)

Fh=5.

PF=10000,

TF=300.

GAMA=l.4

RGAS=287.

CP=GAMAXRGAS/(GAMA-1.)

GMl=GaMA-1.

GM2=GM1/GAMA

GM3=CP/GAMA

PR=,72

PRT=.9

GMom2 k GAMA/ PR

GM5=GAMA*RGAS

CVIS 1S THE COEFFICIENT USED IN SUTHERLAND'S VISCOSITY FUORMULA
FCR AIR.

CVI>=1.458E-6

UFsFM*(GAMA*RGAS*TF ) **,5

RUF=PF/RGAS/TF

SHFsGAMA*RGAS*TF/{GAMA-1.)

HFsSHF+UF¥UF/2.

S22 S 222222 24

GEOMETRY INPUT AND METRIC COEFFICIENTS CALCULATIONS.

DEFINE IMET=0 I[F METRIC CUEFFICIENTS NEED NOT BE PRINTED.
IMET=1 IF METRIC COEFFICIENTS AKE TO SE PRINTED,
BETA=STRETCHING FACTORe IT SHOULD BE GREATER THAN 1.
IRET=1

BETA=1.005

MM=0

LF(NSTRUT.EQ.O0)MS=M1

CALL START{(MM,SHEEP)

CALL XY(1,MS,BETA)

IF(NSTRUT.EQ.0)GD TGO 500

MMsl
DG 10 NN=NS1,NS2
N=NN-NS1+1

XSIN)=X(MS,NN)

YS{N)=Y(MS,NN)

XSETA(N)=XETA(MS»NN)
YSETAIN)=YETA(MS»NN)
XSXI(n)}=XXI(MSyNN)

YSAL (i)=Y XTI (MSsNN)

CALL START(MM,SWEEP)

CALL XY{(MS»M1,BETA)

DO 20 N=1,NS1M1
YETA(MSHN)={Y(MS+1,n)=-Y(MS-1sN))/2.
XETA(MSoN)={X(MS+1,N)=x(MS-1sN))/ 2,
DU 30 N=NS2P1,N1
YETA(MSHN) = (Y (MS+1ynN)=Y(MS=-1sN))/ 2.
XETA(MS») N = {X(MS+1,N)=X(MS=1,N))/2,
AJS(13NSY=XSXT (L 3NS)*YSETACL;NS)-XSETA(L;;NS)*YSXI(1;NS)
CONTINUE

AJ(LsLINXM)aXXE (Lo L3NXMI*YETA(L)L3NXMI-XETACL,13NXMI*¥YXI{1s 13NXM)

IF(IMET«EQ.0)GO TO 45
DU 40 N=1,N1
WkITE(65,1100)

DU 40 MM=1,M1
M=M1-MM+]

NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCKRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN

WRITE(6>1200)NsMs XCHMsN)»Y{MsN) s XXT(MsN) s XETA(MIN)» YXI(M,N), YETA(M)NASCRIN

IN)YsAV(MyN)
IFI(NSTRUT.EQ.0)53 TO 45
MeAS

NASCKRIN
NASCRIN
NASCRIN

137
138
139
140
141
142
143
l44
145
146
147

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
l63
l64
165
166
167
l68
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

15
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WRITE(E»1100)

NASCRIN

ARITE(652200) (Ns>Ms KS(N)sYSIN) s XSXI(N)»XSETACN)» YSXIAN)»YSETA(N)»AJNASCRIN
1S(N)sn=1sNS)

FURMAT (/93X "N 93Xy "M ') 10X» ' X1510Xs "Y'y BXs P XXI 'y T Xy ' XETA'58X>

LYYXIV, 7Xs "YETAY ) 9Xs 1A /)

1200
45

1000

50

FORMAT(2X»2I3,7F11.8)
CONTINJE
Rk kkkk kR Rk kkkkx¥
INTERVAL VECTIR,
INT(13N1)=Q8VINTL(1,M13INT(L15N1))
LKkK=0
CClnpPY=1.
FOTL=1.,
FDOT=1,
cCP=,5
CONTINUE
LKKsL KK+1
CCT=CCP
IF(LKK.EQ.2)STQP
Lk=1l
DO 50 I=1,4
8DAUS(1,I;N1)=D,
8DAU(1,I3N1)=0.
DAU(1,1,IiNXM)=0,
CUNTINUE
VIST(1s13NXM)=0,
VISL{ly13NXM)=D,
VIS(1,1;NXM)=0,
VIS5 (1;N1)=0,
TIMEL IS THE TIME KEQUIRED 3Y THE FREE STREAM TO TRAVEL 3 TIMES
UVER THE LENGTH JF THE FLUW DOMAIN,
TIMEL=3,*X(1pN1)/UF
TIME=O.
L=0
IF(NFLOWSEQ.0) CALL INVIZIU(SWEEP)
IF(NFLOWNE.O) CALL VISCOUS(SWEEP)
IF(LK.EQ.,2) GO T3 1000
STapP
ENU
SUBRUUTINE START(MMySAEEP)

CUMMON/FL/NXMsNXML1aNXM2)NXM3 o NXMasNLpMLIoNLL1sM11aNS1IoNS2s NS» MSoMS ]

1o NCALSNCWLLISNCAL2s NCwLMyNCWLPsNSTRUT

CUMMON/FAL/MI2,M13,N125N13sNXH5)NXME s HS2s MS3 ) MS4sMSPLyMSP2y MDP3

1oy NSMLIH)NSIPISNS2MLoNSIMISNS2P L, NNSHNSIM2)NXMT7

CUMAON/FT/X{61555),Y(561555), XXI(61,55),YXI(61,55),

1l XETA(61»55)sYETA(61555),A0(61,555)

COMMUN/FB/XS(55)sYS(55)sX5X1(55),YSXI(55),XSETA(55),

1 YSETA(55),A445(55)

FOR MM=0, THIS SUBROUTINE DESCRIBES THE X,Y CDORDINATES OJF THE

NASCRIN
NASCRIN
NASCKIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
NASCRIN
START

START

START

STAKRT

START

START

START

START

START

START

LUWER BOUNDARY AND THE MESH LINES PASSING THROUGH THE LOWER SURFACSTART

OF THE STRUT. FOR MM=1l, IT DESCRIBES THE COORDINATES OF THE

MESHA LINE PASSING THROUGH THE UPPEKR SURFACE OF THE STRUT AND THE
UPPER BIUNDARY. IF THEKE I> NO STRUT IN THE FLOWFIELD, THEN IT

VESCRIBES THE CJIRDINATES 'TFf UPPER AND LUWER B6DUNDARIES.
PI=4 . ¥ATAN(1,)
SweSHEEP*PI/180,

EERERBRER RN R Rk

DESC
AND»

RIBE X(1sN)s X(MLsN)s Y(1lsN)sY(MlsN)s FUR N=1 TQO N1
IF MM=1, DESCRIBE
X(MS»N), Y(M3,N)

FOR GUASL=THREE-DIMENSTIONAL CALCULATIUNS, PROVIDE THE GECMETRY IN

AP
IF I

LANE NORMAL TO THE SIDEWALL SWEEP.

N INCHES, MULTIPLY BY ,0254 TJ GET METRIC UNITS

X ROk R Kk Kk K

THE GEQMETRY GIVEN BELUW IS IN A PLANE NORMAL TO SWEEP LINE.
SWEEP ANGLE IS 33 DEGREES.

START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START
START

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
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TANCLlaTAN(6.*P1/180.) STAKT
TANC2=sTAN(7.5%P1/160.) START
TANC3=TAN(6.271178%P1/160.) START
X(1l,1)=C, START
DO 1 N=256 STAKRT
X(LyN)=sX(1y)N=-1)+.005 STAKT
X(ls7)2X(1l,6)+.0045 START
Kt1ls8)=X(1,7)+.004 START
X(159)=X(1,8)+,0035 START
X{15,10)=X(1,9)+.003 START
DO 2 N=11l,sN1 START
K({1lsN)=X(1,N=1)4+,0025 STAKT
DX=,0025 START
Akkekkrkkkkdokkkkkkk START
1F(MM.EQ.1)G0 TO 300 START
FEXERERREFX R FEF KR X & START
DU 3 N=1,N1 START
X(MSsN)=X(1,N) START
Y(1sN)=0. START
Y(M5,N)=,018 START
DU 4 nN=25,34 START
YOl N)=Y({1,N=1)+DX*TANC2 START
D0 5 N=35,43 START
Y{1sN)=Y(1sN-1)-DX*TANC2 START
D0 6 N=17,34 START
Y{MS)N)=Y(MS)N~1)-DX*TANC2 START
DO 7 N=35,46 START
YT(MSsN)=Y({MS,N=1)+DX*TANC3 START
DY=(Y(MS,46)-,013)7.0225 START
DO 8 N=47,N1 START
Y(MSoNIsY(MSHN=1)=-DX*DY STAKT
Rk EREEEFEET R AR RS KN START
IF(MM.EQ.J)IRETURN START
¥ERE Rk kR kR kk kK START
CONTINUE START
Y(MLls1)=.04 START
Y{M1,2)=,0¢ START
DO 10 N=1,N1 START
X{M1sN)=X (1N} START
X{MS)N)=X(1,N) START
Y(M5,N)=,018 START
DO 11 N=3,N1 START
Y(MLyNYuY(M1,N=1)=(X(HM1)N)=X(M1sN=1))*TANC1 START
DO 12 N=37,46 START
Y(MSsN)=Y(MS)N=-1)-DX*TANC1 START
DY=(Y(MS»46)=-.013)/.0225 START
D0 13 N=47,N1 START
Y(HSsN)=Y(MSsN=-1)=DX*LY START
START

RETJURN START
END START
SUBROUTINE TURSB TURB

COMMUN/FL/NXMs NXMLyNXM2INXM3IsNXMas NIy M1sNLLIs K11sNSL1oNS2snS»MS»MS1 TURS

L1oNCALINCWLLISNCWHL2)NCNLMsNCHNLPSNSTRUT TUKB
COMAON/FAL/M12)M13)NL2yNLI3)NXMI)NXMO M2 ME39MS4»MSPLIMSP2,) MSP3 TURB
LIsNSAL,NSIP1, NS2M1 s NS1M1,NS2PLs NNS»NSIM2,NXM? TURB
CALL VORT TURS

TURB

CHbkhrbsaanrhthhkpkhkh bbbk arrkranahrdbrbknbshhkknknbbrbbhncbenssh sk sk TURB
C IF NFLJw=2 WAS SPECIFIEDs, EDDY VISCOSITY IS CALCULATED USING CALLS TO TURB
C SUBROUTINE EDDY.

CCOOOOO0

SUBROUTINE EDDY HAS SIX PARAMETERS:
NANX1,NNX2 AND NY1pNY2 aRE THE GRID NUMBERS IN THE X AND Y DIKECTIJINSTURS

TURB
TURSB
NNX1sNNX2sNYLsNY2oNAALL» ENSTR. TURS

RESPECTIVELY FOR THE FLOW DOMAIN BEING CUNSIDEKED. TURB

NWALL=1 WHEN THERE IS UNLY ONE WALL
NWALL®=2 WHEN THERE ARE TWO WALLS (I.Ee» WALLS AT BOTH NY1l AND NYZ2). TURSB
NSTk=1 FOR THE REGION IN WHICH THE LOWER SURFACE OF THE STRUT FORMS TURB

(I+Ees A WALL AT NY2) TURSB
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THE UPPER WALL OF THE FLUW OOMAIN (nY2=MS1).

NSTR=0 OTHERWISE

TURB
TUKB
TUKB

C USE AS MANY CALLS TD SUBRUUTINE EDDY AS NECESSARY TO DEFINE ENTIRE REGTURB
C SEE EXAMPLES IN THE YSER'S MANUAL FOR FURTHEKR CLARIFICATION.
CHEENRRFRBERRRRRRA KR ERR KRR KR KR A RRN KRR Rk Rk p kR Rk Rk Rk kk Rk kR & &XTURB

c

10

15

20

30

18

CALL EDDY(2515515M1,1,0)

CALL EDDY(16,46»MSsM15250)

CALL EDDY(16523515M3151,51)

CALL EDDY(24,46515M5152,1)

CALL EDDY(475N1y»1sM1y1,0)
RETURN

END

SUBROUTINE XY(ETAMNSETAMXsBETA)

CUMMON/FL/NXMyNXMLyNXM2)NXH3sNXMasNL)ML1oNL1y) ML NSIyNS2oNS» MSHNSL

1oNCWALINCWLLsNCWL2sNCWLMsNCALPHNSTRUT
COMMUN/FAL/NM129M13sN129NL3 9 NXMSsNXMOI MS29 MS39MS4 s MSPLIyMSP2, MSP3
1oNOMLIsNSLIPL,yNS2MLyNSLIMLyNS2P 1o NNS s NS 1M2sNXMT
COMMON/FT7/X(61s55)sY(61555)s XXI(61555)sYXI(61)55),
1l XETA(61555)sYETA(61955),Ad(61555)
COMMON/FB/XS(55)»YS(55)sXSX1(55)sYSXI(55)sXSETA(55),
1 YSETA(55),A45(55)

DIMENSION ETAB(61)sETAD(6L)

INTEGER ETAMX,ETAMN

8=ALOG((BETA+1,)/(BETA=1,))

NETA=ETAMX=FTAMN

00U 10 MsETAMN,ETAMX

As (2. % (M~ETAMN)/NETA=1,.)*3

EXPA=EXP(A)

ETAY=((BETA+1.)*EXPA-BETA+1l.)/(1s+EXFA)
ETAB(M)=ETAY*®NETA/2.+ETAMN
ETAD(M)=2,%¥B*BETA*EXPA/ (L +EXPA)®*2

DU 15 N=]1,N1

DU 15 MesETAMNIETAMX

X{MsN)= (X(ETAMX NI *(ETAB(M)I-ETAMN)I+X (ETAMNSN)*{ ETAMNX=ETAB(M)))/
1NETA

Y(AsN)=s(Y(ETAMXy N)#(ETAB(M)-ETAMN)+Y (ETAMNoN)*(ETANX-ETAB(M)))/
INETA

XKETA (Mo N)w (X{ETAMXyN)~-X(ETAMNyN))*ETAD(M)/NETA
YETA(MoN)=s (Y(ETAMXyN)-Y(ETAMNS N) ) *ETAD(M) /NETA

DO 20 N=2,N11

D0 20 M=ETAMN»ETAMX

XXI(MsN)={X(MsN+1)=X{M,N=-1))"/2,
YXI(MsN)=(Y(MyN+1)-Y(HsN=-1))/2,

D0 30 MsETAMNSETAMX

XxI(Msl)eX(My2)=X(M,1)

YXI(Ms1l)mY(FM,2)=Y(Ms1)

XXI{MsNL)®sX{MsNL)=-X(MsN11)
YXI(MyNL)=sY{MyN1)=Y(MyN11)

RETJRN

END

SUBROUTINE VISCOUS(SWEEP)

8IT 81

COMMON/FL/NXMyNXMLoNXM2s NXM3)NXMGsNL1sMLIoNLLI) MI1p)NS1)NS2)NSs MSHMS1

IoNCWLONCWLLIsNCHL2s NCHLMyNCHLPSNSTRUT
COMMON/FAL/M129ML3p)N12sNL3sNXMS5sNXNOIMS29MS39MS4»ASPLyMSP2y MSP3
Lo NOSMLyNSLIP1sNS2MLsNSIM1)NS2PL1sNNSHNSIM2)NXMT
COMMON/F2/R0O(61555),U(61955)sV(61555)sP(61555)9T(61955),

1 SH{6L1s55)sH(61»55)sROS(55),US(55),VS5(55),

2 PS(55),TS(55),SHS(55)sH5(55)
COMMON/FI/VISL(51,55)sVIST(61555)sVIS(01555)sVISS(55)
CUMMUN/F4/SIGX(61555),5IGY(61,55)sTAUXY(61555),QX(615,55),

L QY(61255)9SIGXS{55)»SIGYSE55)sTAUXYS(55)5QXS(55)s WYS(55)
CUMMON/FS/7AU(O6L95554) s AM(6155554) sANLOL»5554 )y AUL(6195594)
CUAMON/F6/AUS(5554)9sAMS (5554 )9 ANS(55,4)9AUS1(5554)
COMMON/FT7/X{61955)5Y(61555),XXI(61555),YXI(61,55),

1 XETA(61555)sYETA(61,55)5AJ(61555)

TUkB

TURB
TURB
TURB
TURB
TURB
TURB
TURB
TURo

XY

viscaus
VISCOUS
vIsCaus
VISCUUS
VISCOUS
VISCGU>
VISCOUS
VISCOUS
VISCOUS
VISCOUS
vIsSCous
VISCCQUS
VISCOUS
VISCOUS
vIsSCOus
VISCOUS



OO0

OO0

3

105
100

10
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COMMUON/FB/XS(55)9YS(55)9XSX1(55), YSXI(55)sXSETA(55),
1 YSETA(55),AJdS5(55)
COMMUN/FO/INT(55) s TEL(55)sTE2(55),TE3(55)sTEG(55)
CUMMON/FL10/DT(615,55),0TH
COMMON/FL11/ERRDI(61555),8B1(61,55)

COMMON/FL12/LSYMoNFLUKSLFISLFOs ILTH)LMAXsLWILEXITH,CRITHFDTSFDTL,

1 TIMESCCP,CCTsLsLKsTIMELSCRITAVG
COMAUN/F13/GAMA)RGAS)CPyPRyPRTSCVIS) FMsPF)TFyUF)ROFSSHFHF
CUMAON/F14/DAU(51555,4)0BDAU(55,4)9BDAUS(55,4),TI(55,5),

LCCIMPY,GMI,GHM25GM3yGMa,G45

INITIAL GUESS

UlLls 13NXM)=UF

V(l,13;NXM) =0,

T(ls1;;NXM)=TF

SHU1,13NXM)=SHF

H{Lly13NXM)=HF

P{l,13NXM)=pPF
ROUEL)L3NXM)=P (1, 13NXH)/RGAS/T(Ls1;NXN)
IF(ILT.EQ.1)G6D TO 2

READ(LFI,561) L,TIME

DO 3 Ne=l,N1

READ(LFISS560)(X{MaN)»Y(MsN)sU(MINI>VIMINI»P (MaN)» T(M4sN)sRO(MIN) »

ISH(ASN) pH(Ms N)s VIST(MsIN)p M=1,M1)
CONTINUE

LMAX=LMAX+L

iF(NSTRUT.EQ.0)GT TO 2

READ{LFI,560)(XSIN)sYSIN)sUSIN),VSINIsPSIN)sTSIN)HRIS(IN)SSHS(N),

IHSIN) s VISS(N)sN=1,NS)

CONTINUE

Lsl+]

CatL BOUND

CONTINUE

LSTEP=1

ERRO(Ly13NXM)=RO(1s13NXM)
QAX(222INXM4)=GAMAXP (2, 2;NXM4)/RO( 252 JNXMG)
UX(2525NXM4 ) =VSQRT(AX (2525 NXMG) ;AX(2,5250XM4) )
DT(2,23NXM4)=FDT*YETA(252 3NXM4) JUVABS(VI{2,23NXN4);
1AY(2,23NXM4) )+QX(2523NXM4))

DTM=QBSMINI(DT(2,25NXM4))

DTML=FDTL*DTM

B8l(2,23NXM4)=DT(2525NXM4) «GTWDTML
DT(2,23NXM4)=QBVCTRLIDTMLIBL(2525NXM4) ;DT (2, 2;NXM4))
TIME=TIME+DTM

CALL DVISCP

catt VECL

CALL DAMPP

PREDICTOR STEP WITH FUORWARD DIFFERENCING.

IF(FDTW.GT.1.)G] TO 10
00 100 I=1,4

vISCQUS
vISCOUS
VISCOUS
vIscous
VISCOUS
VISCLUS
VISCOUS
VISCOuS
vIsCousS
VISCOUS
VISTOUS
VISCOUS
VISCOUS
VISCOUs
VISCcous
VISCOUS
vISCaus
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VIsCGUs
VISCOUS
VISCOUS
VISCOuS
VISCOUS
VISCOUS
VISCQUS
VISCOUS
visCcuous
vISCOUsS
VISCOUS
VISCOUS
vISCOUsS
v1IsCous
VISCOuS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
vISCOuUS
vIsSCaus
VISCOUS
vISCous
VISCOUS
VISCOUS
VISCOUS
vIsSCaus
vVISCQOus
VISCOUS
VISCOUS

AULE292sT5NXME)mAUL252, I NXHG)=DT (25 25NXM6) % ((AM{253,I1;NXNG)-AM(2,VISCOULS

12, I3NXMA) )+ (AN(3,25 I3NXM4)=AN(222515NXME)))
IF(NSTRUT.EQ.D3)GI TO 100

DO 105 N=1,NS

NNsN+NS1-1

VISCOUS
VISCOuS
vVIsSCaus
vISCousS

AUL(MS1oNNpT )=AU(MSIsNNsI)=DT(MSLyNN)I*(AM(MSI,NN+L,I)=AM(MS1,NN, IDVISCOUS

1I+ANSINs I)=AN(MS19NNsI))

CONTINUE

CONTINUE

CALL VEC2

CALL BOUND

GO 10 20

CONTINUE

DU 15 I=1,4

DAU(252s I 3NXML)m=DT (2, 2;NXM4) X (AM(2 3o 13NXML)-AM(2525 IJNXMG )+

VISCOUS
VISCOUS
vISCOus
VISCOUS
vISCOUsS
vISCOuS
VISCUUS
VISCOUS
VISCOUS



16
15

17

c

20

160

210

30

35

OoO00

20

36

40
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LAN(3525 1 3NXM&G)=AN(2,2,I3NXM4))/AJ (25 23NXM4)
IF(NSTRUT.EQ.0)GO T3 15
DU 16 N=1,NS
NNsN+NS1-1
DAUCMSIsNNs I)m=DT{MSL)NN)*(AM(MSLyNN+15i)=AM(MS1aNNsI)+ANS(N,I)~
IAN(MAS1IsNNsI))/Z7AJ(MSLyNN)
CONTINUE
CUNTINUE
IapO=l
CALL IMPY({IADD)
00 17 I=1l,4
AUL(2,2,T3NXMHG)=AUL2525 15NXM&) 4DALI2,52, I3 NXM4)I*AJ (25 25NXNE)
SUBKOUTINE BOUND IS CALLED IN VECIMZ2.
CALL VECIM2(IADD)
CUNTLINUE
IF(LK.FQs2)RETURN
DO 160 1=1,4
AUL(2,2, I3NXMA)sAU(25,2,515NXM4) +AUL(2,2,13NXM4)
CONTLINUE
CALL DVISCC
CALL VECZ1
CaLlL DAMPC

CORRECTOR STEP WITH BACKWORD DIFFERENCING

IF(FOT.GT41.)G0 TQ 30
DO 210 I=1,4

VISCOUS
VISCOuS
VISCOUS
vISCOUS
vISCOuUs
VISCOUS
viscous
vVISCOous
vVISCOUS
VISCOUS
VISCOus
vVISCOuS
VIsSCOUS
VISCOUS
VISCGUS
VISCOUS
VISCUUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCaus
vIsCous
VISCOuUS
vISCOuUs
VISCOUS
VISCLUS

AUL(2,2,T3NXM4) =D, 54 (AUL(2,2 21 3NXN4) =DT (2525 NXM4)I* ((AM(2525 I;NX14)IVISCOUS

1=AM(2,1,I;NXMe))+LAN(2, 2, I151XM4)=AN(1,2513NXFE))))
CONTINUE

CALL VEC2

CALL BDUND

GO TO 40

CONTINUE

00 35 I=1,4

DAU(2,2, T3NXM4)e=DT (2, 23NXMG)*(AM (25 25T 3NXM&GI-AM(251, I JNXMG )+
LAN(2,2, I5NXM4)=AN(152, I3NXM4)) /AJ (2,5 25NXM4)
CUNTINUE

1ADD=0

CALL IMPY(1aDD)

00 36 I=1,¢4

AUL(2s2, T3NXM4) e 5%(AJ1(2525 I;NXM4)+DAU(2520 I;NXMO)*AJ(2225NXM4))

IADD=1

SUSROUTINE 30UND IS CALLED iN VECIM2,

CALL VECIM2(IADD)

CONTINUE :

LF(LK.EQ.2)RETURN

L=L+1

LSTEP=2

JX(2)23NXME)nGAMAXP (25, 25NXM4G) /RO 252 58XM4)
AX(252;NXM4) mVSQRT(QX (2,25 NXM4) 5QX(252;NXMG))
DT(2,25NXMG)=FOT*YETA(2,23NKMG) /CVABS({V(2,2;NXM4 )}
LAY(2,25NXM4) )+2X(2,25NXM4))

DTM=QBSMIN(DT{2s25NXNMG))

DTHML=FDTL4DTM

8l(2,23NXM4)=DT(2,23NXM4) o GTDTML

DT(2,23NXM4 ) =ABVCTRLIOTMLIB1(2,2;NXM4) ;0T (2, 25NXM4))
TIME=TIME+DTM

CALL DVISCC

CALL VEC1

CALL DAMPC

PREDICTOR STEP WITH BACKWARD DIFFERENCING,

IF(FDT.GT.1.)GJ TO 50
00 110 I=1,4

VISCOUS
VISCOUS
vVISCOUS
viIsScaus
VISCQUS
VISCOouS
VISCOUS
vISCOus
VISCOUS
VISCOus
vIiscous
VISCOuUS
VISCOuS
vISCOoUs
vVISCOus
vISCaus
vIiscous
VISCOUS
VISCaus
VISCOUS
v1scous
visCous
VISCaUsS
VISCuus
vVISCOuUS
vVISCOUS
vIiscaous
VIsCous
VISCOUS
VISCOus
v1sCOus
VISCOUS
VISCOuUS
VISCQUS
vISCcous
VISCaus
VISCOUS
VISCOuUS

AUL{252,T5NXM4)=AU(252, T5NXME)=DT(2525NXM4 )% ((AM(2,2,I;NXM4)~AM(2,VISCOUS

11y I3NXMGD Y+ CAN(2,) 25 I5NXM4)=aN(1s2515NXNMG)))

VISCOUS

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
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110

50

25

56

60

150
165

120
¢15

70

76
75

77

80
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CUNTINUE
CALL VEC2
CaLL BGUND
Gu TO 60
CUGNTINUE
DL 55 I=1,4
DAU(2s2s T5NXMG)s=DT(2,23NXM4)*(AM (25 25 L NXMG)=ANM(2,1s I;NXNG )+
LAN(2525I3NXME)=AN(1s25 I;NXMG))/AS (25 23NXNG)
CUNTINUF
IADD=0
caLl IMPY(IADD)
vl 56 I=1s4
AUL(25s25 T3NXMa)mAJ(2525 I5NXM4)+DAU(2 25 I3 NXM4)*AJ(2525NXME)
CONTINUE
SUBROUTINE B8OUND IS CALLED IN VECIMZ2.
CaLL VECIM2(IADD)
CUNTINUF
IFILKJEQL.2)RETURN
DU 165 I=1,4
AUL(292s I 3NXME)sAU(2,2, I3 NXM4)+AU1(292,13NXM4)
IFINSTRUT.EQL.,0)GD TO 165
DO 150 N=1,NS
NNsN+NS1-1
AUSL(NsI)=AUL{MS1sNN,I)
CONTINUE
CaLL DVISCF
CALL VEC1
CALL DAMPP

CORRECTOR STEP WITH FJURWARD UIFFERENCING

IF(FDT.GT.1.)60 TD 70
D0 215 1I=1l,4

VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
vISCOusS
VISCOUS
VISCQUS
VISCOUS
vISCOous
VISCOUS
vIsCOus
VISCOUS
VISCOUS
VI5COUS
vISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCQUS
VISCQUS
VISCOUS
vIscous
VISCOUS
v1SCOUS
VISCOUS
VISCOUS
VISCOUS

AULI2,2, T5NXM&)Y =0 5% (AULL2,2, I3NXMG) =DT (2,25 NXMa) ¥ ((AM(2,53, I15NXH4)IVISCOUS

1=AN(2525sI5NXME) )+ (AN(3 92 I;NXM4)-AN( 2525 I;NXM4))))
IF(NSTRUT.EQ.0)GD TO 215

DU 120 N=1,NS

NN=N+#NS1-1

VISCOUS
VISCOUS
vIsCous
vIscous

AUL(MSLI NN, I 120, 5% (AUSL(Ns T)=OT(MSIy NNIX{AM(MSIINN+1, I)-AM(MS1, NN, VISCOUS

LIY+HANSINS I)-AN{MS1sNN»I)))

CONTINUE

CUNTINUE

CALL VEC2

CALL BOUND

60 Tg 80

CONTINUE

DO 75 I=1l,4
DAUC(252sI3NXME)==DT (2,25 HXM4)*(AM(2,351;NXMG)-AM(252)I;NXMG )+
LAN(3,2, ISNXM4)-AN(25s2, I3JNXM4))/AJ (25 25NXME)
IF(NSTRUTL.EQ.0)GO TO 75

DO 76 N=1,NS

NN=N+NS1-1

DAU(MSIsNNpI }==DT(MS1yNN)*(AM(MSIyNN+1,I)=AM(MS1yNNsL)+
LANSIN,IY=AN(MS1,NNsI})/AJ(MS1,NN)

CONTINUE

CUNTINUE

1ADD=1]1

CALL IMPY(IADD)

DO 77 I=1,4

AUL(2,25 T3NXM4) = 52 (AJL(2525 I3NXM4)+DAU(2525s I;NXMG)*AJ (2,525 NXN4))

IADD=0

SUBROUTINE BOUND IS CALLEL 1IN VECIM2.
CaLl VECIM2(IADD)

CUNTINUE

IF(LK.EQ.2)RETURN

IF(NFLOWLNE.2)G0 TO 216

LL=L/20

LL=LL*20

vIsCOus
VISCOUS
VISCOUS
VISCOUS
VISCOUS
vISCOUS
vISCOUS
VISCOUS
VISCOUS
vISCOusS
vISCOuUS
VISCOUS
vISCOUS
vISCOUS
vISCOus
vISCOUS
vIsCOuUs
VISCOUS
vISCOUS
VISCOUS
VISCQaUS
vISCOuUS
VISCOUS
vVISCOUS
vISCOuS
VISCOUS
vVISCOUS
VISCOoUS
vISCOuS

153
154
155
156
157
158
159
160
161
162
163
l64
165
166
167
168
169

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
21G
211
212
213
214
215
216
217
218
219
220

21



216

510

217

220

218

300

310
560
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IF(LL.NE.L)GO TO 216
CALL TURSB
CONTINUE

ERRO(1,13NXM)={RI(1s 1;NXM)-EKRDO(Ls1; NXM))/ERKO(L,L3NXM) /FOT/LSTEP

ERRO(Ly 1 JNXM)=VABS(ERRO(Ly1I3NXMISERRO(LyL3NXM))
EKRMXA=QB8SMAX(ERRI(L,13NXM))
IF{ERRMXLELCRIT)GO TU 217
IF(TIME.GT.TIMEL)GY TO 217

LL=L/50

LLsLL*50

IF{LL.NELL)IGO TO 220
SIGX({1p13NXM)=ERRDO(Lp1L;NXM)*ERRU(1s1 5NXM)
ERRAVG=QBSSUM(SIGX(1y13NXM))
EKRAVG=SQRT (ERRAVG) /NXM
IF(ERRAVG.LESCRITAVG) GO 7O 217
ARITE(6»510) Ly ERRMXS ERRAVG
FURMAT(/ 10X, 'L=?,]15,10X, "MAX.ERRCR=1,E12455 10X>

1*MEAN SQRT ERRJR=',E12.5)

LisL/LW

LLsLL*LW

IF(LL.NELL)GDO TO 220

CONTINUE

CAaLL PRINT

CALL SPILL{SWEEP)
IF(ERRAVG.LELCRITAVG) WRITE(62600)
IF(EKRAVG.LELCRITAVG) GO TO 218
IF(TIME,GT.TIMEL) WwRITE(6,610)
IF(TIME.GTTIMEL) GO TO 218
IF(ERRMXLELCRIT) WRITE(6s620)
IF(ERRMX.LE.CRIT)GO TO 218
CINTINUE

L=L+1

IF(LeLECLMAX)GO TO 1

LsL-1

WKITE(6,630)

CONTINUE

REWAIND LFD

WKITE(LFOs561) L»TIME

DG 300 Ns=1,N1

WRITE(LFO,560)(X(MoN)s Y(MsN)sU(MIN)sVIMIN)sP(MsN)» T(MsR)HRO(MsSN)»

ISH(MsN)sH(Ms N)» VIST(MHsN) s M=1,M1)
CONTINUE
IF(NSTRUT.EQ.0)GJ TO 310

WKITE(LFOs560) (XSINIsYSINIPUSINIpVSINISPSIN) sTSINISROSIN)I»SHS(N)»

ITHS(N)VISS(N)»N=1,NS)
CONTINUE

FORMAT(1Xy 2F94692F12455FLl4e5,FLl3e55F11e55F14e55F1546)F10,6)

561 FORAAT(1X,1652XsEL547)

600

620 FORMAT(//7520Xs YPROGRAM TERMINATED UN LOCAL ERROR CRITERION')

FORAAT(//»20Xs YPRIGRAM TERMINATED ON MEAN SQRT ERRUGR CRITERION')
610 FORMAT(//520Xs "PRIIGRAM TERMINATED ON PHYSICAL TIMe

1 YCINVERGENCE CRITERION')

636 FORMAT(//7,20X, "PROGRAM TcKkMINATED ON LMAX?')

22

RETURN

END

SUBRUUTINE INVICID(SWEEF)
BIT 81

CUAAUN/FL/NXMs NXMLyNXM29 NXM3 oNXM4sNLIMLoNLILy MLIL1oNSTIsNS2sNSs MSoMS1

1) NCALINCWLIsNCAL2) NCALM)NCRLPINSTRUT

CUMMON/FAL/M12,M13,)N12,N13)NXM5sNXMOpMS2» MS39MS4sMSPLIMSP2y MSP3

1sNSM1I)NSLIPLISNS2MLsNSL1M1sNS2P L1y NNS s NSIM2, NXMT

CUAMUN/F2/R0O(61555)2U(61955)sVI(61955)sP(61555),T(61»55),

1 SH(61s55),H(61s55),ROS(55)5US(55)yVS(55),

2 PS{55)sTS(55)sSHS(55),HS(55)
CUMAON/F3/VISL(61555)sVInT(61555)sVIS(61955)»VISS(55)
CUMMON/F4/SIGX(51555),SIGY(61555),TAUXY(61555),QX(61555),

1 QY(61s55)»SIGXS(55)sSIGYS(55)sTAUXYS(55),0XS5(55),QY5(55)
COMMON/FS5/7AU(6155554)sAM(6155554)sAN(6155554)5AUL(61955,4)

VISCOUS
VISCOUS
VISCOUS
vVISCOUS
vISCOUs
VISCOuUS
VISCOUS
VISCQUsS
v15COUs
vISCOUS
vISCOUS
vVISCaus
VISCOUS
vISCaous
vIiscaus
VISCOUS
vIsCcous
vISCOus
VISCOuUS
VISCOUS
VISCOUUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCOUS
VISCAuUS
VISCOUS
vIsCous
VISCOUS
vISCQus
vISCOUS
VISCOUS
VISCuUs
VISCOuUS
VISCOUS
VISCOUS
VISCaus
VISCOUS
vIsCous
VISCOUS
VISCOUS
VISCOUS
vISCaus
vISCOuUs
VISCOUS
VISCOusS
vISCOus
VISCOUS
VISCOUS
vVISCous
VISCOUS
VISCOUS
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICIO
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID

221
222
223
224
225
226
227

229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
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CUMMUN/FO6/AUS(55,4)9AMS(55,4) 5 ANS(55,4)5AUS1 (55, 4)
COMMON/FT/X(61555)9Y(61955)9XX1(61555)YKI(61,55),

1 XETA(61555))YETA(61955)sA0(61555)
CUMMON/FB/XS(55)sYS{55),X5XI(55)sYSXI(55),XSETA(55),

1 YSETA(55),AJ5(55)
CGMAUN/FO/INT(55) » TEL(55)»TE2(55)2TE3(55),TE4(55)
CUMMUN/F10/DT(61,55),DTHM
COMMON/FL1/ERRD(61555)5B1(61555)
COMMUON/F12/LSYMyNFLOWs LFL LFU»ILTHLMAXS LW, LEXITH,CRITHFUTHFOTL,

1 TiMEsSCCP»CCTsLsLKyTIMEL,CRITAVG
COUMADON/F13/GAMAPRGAS)CPyPRyPRTSICVISyFMsPFsTFUF»ROF)SHF s HF

INIT1AL GUESS

VIl I3NXM)=YXT (1, L3NXM)/ZXXTI( 1y 13NXM) *UF
U(ls15NXM)eUF*UF=V(1s15NXM)*V(1s1;NXH)
ULy L;NXM)=VSQRTIU(L, 13NAM);UCL13NXM))
T(1y13NXM)=TF

P(ly1;NXM)=PF

KO{1ls1jNXM)=ROF

SH{L,13NXY)=SHF

H{ls, 1;NXM)=HF

LF(NSTRUT.EQ.D) GO TGO 4
VO(L3NS)=YSXT(L3NS)I/XSXI(13NS)*UF
USCL3NS)=UF*UF=VSI13NS)I*VS(1;NS)
UST{L3NS)=VSQRT(US(13NS)I3US(13NS))
PS(L3NS)=PF

TS(L3NS)=TF

SHS(1;NS)=SHF

ROS (L3NS )=ROF

HS{L1;NS)=HF

CONTINUE

IF(ILT.EQ.1)G] T 2

READ(LFI,S561) L,TIME

DG 3 N=1,N1

KEADILFIsS60) (X{MoN)s Y(HyN)sU(MIN)I sV MsN)sP (MaN)» TUHsN)SRD(MIN)

ISH(MsN) 9 H(Ms N), VIST(MsN) s M=1,M1)
CONTINUE

LMAXSLMAX+L

IF(NSTRUT.EQ.0)GDO TU 2

READ(LFI»S56C)(XSIN)»YS(N)2USINIs vSINI,PSIN)»TSIN)SRIS(N)I»SHS(N),

IHS(N)sSVISS(N),N=1,NS)

CONTINUE

LalL+l

CALL IBDOUND

CUNTINUE

LSTEP=]

EKRO(1s13NXM)=RO(1s131iXM)
AX(2923NXM4)mGAMA®P (2, 2;NXM4) /RO( 2,2 3NXMG)
UX(2525NXM4 ) =VSQRT (QAX (2,23 NXM4) 5 uX(292;5NXKNM4))
DT(2523NXM&4)=FDTxYETA(2,23NXM4) /CVABOS(V(2)23NXM4);
1QY(2,23NXM4) )+QX(2523NXMG))

DTMaQB8SMIN(DT(2525NXM4))

DIML=FDTL*DTM

B1(2y23NXM4) =DT (252 3NXM4) «GT +DTML
DT(2,23NXM6)=QBVCTRLIDTMLIBL(2923NXM4) ;DT (2, 25NXME))
TIME=TIME+DTHM

CALL Ivecl

CALL DAMPP

PKEDICTOR STEP WITH FUKWARD DIFFERENCING.

00 100 I=1,4

AUL(2,2,TJNXMG)mAUL2,2, I5NXMG)~DT (25 23nXM4)* (LAN(2535 13 NXN4 ) -AM( 2,

12, I3NXM4) I+ (AN(3,2, I 3NXM4)~=AN(25 2913 NXNE)))
IF(NSTRUT.EQ.D)GO TO 100

Du 105 N=1,NS

NNsN+NS1=-1

INVICID
INVICID
INVICIC
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICIOD
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICIUV
INVICID
INVICID
INVICID
INVICID
INVICIC
INVICID
INVICID
INVICID
INVICID
INVICID
InviCIO
INVICID
INVICIVD
INVICID
INVICID
INVICIOD
INVICID
INVICID

ANVICLD

INVICID
INVICID
INVICID
INVICIO
INVICIO
INVICID
INVICIO
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
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150
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AUL{MSIaNN, I)=AU(HSLyNNSI)=DTIMSLyNN) *(AMIMS LyNN+1, I)=AM(MSI,)NN IDINVICID

14ANS(N)I)=AN(MSLyNN,I)) INVICID
CONTINUE INVICID
CONTINUE INVICID
CALL VEC2 INVICID
CALL IBOUND INVICID
IF(LKJEQe2)KETURN INVICID
DO 160 I=1,4 INVICID
AUL(2,2) TINXML)=AU(252, I5NXMA)+AUL(252,1;NXM4) INVICID
CONTINUE INVICID.
CALL IVEC1 INVICID
CALL DAMPC INVICID
INVICIO

CURRECTOR STEP WITH BACKWORD OIFFERENCING INVICID
INVICID

D0 210 I=1,4 INVICID
AUL(2525 I5NXM4) =0 5% (AUL(2525 I3NXMG) =DT (2525 NXMa)* ((AM(2,2, I;NXM4)INVICID
1-AM(25 19 TINXMA) I+ (ANI25 25 I5NXMG)=AN(L122,I3NXM4)))) INVICID
CONTINUE INVICID
CALL VEC2 INVICIO
CALL [BOUND INVICID
IF(LK.EQ.2)RETJRN INVICID
Lei+] INVICID
LSTEpP=2 INVICID
JX(2523NXMa) =GAMAXP (2525 NXM4) /RO( 252 5NXM4) INVICID
QX{2s23NXM6)=VSQRT(QAX (2525 NX ML) ;AX(2525NXM4)) INVICID
DT(2523NXM4)=FDT*YETA(2,523NXM&) /(VABS(V(2,23NXN4); INVICID
LAY(2523NXM4) )+AX(2525NXME)) INVICID
DTM=QBSMIN(DT(2,)25NXM4)) INVICID
DTHL=FDTL*DTM INVICID
BL(2s23NXMG)=DT (25 23NXML) GTOTML IAVICID
DT(2523NXM4)=Q8VCTRLIDTML,BLU2525NXM&) DT (2, 25NXM4)) INVICID
TIME=TIME+DTM INVICID
CALL IVEC1 INVICID
CALL DAMPC INVICID
INVICID

PREDICTOR STEP WITH BACKWARD DIFFERENCING. INVICID
INVICID

DO 110 1Is=1,4 INVICID
AUL(252, IT3NXMA)sAU(222,I;NXN4)=D1(2s2;NXM4) ¥ ((AM(2,2,]3NXM4)-AM(2,INVICID
LT1pIiNXMG) ) +(AN(2y 29 I;NXM4)=AN(1s20 I3 NXNG)])) INVICID
CONTANUE INVICID
CALL VEC2 INVICIOD
CaLlL IBOUND INVICID
IF(LK<EQAL2)RETURN INVICID
DG 105 I=1,4 INVICID
AUL(25,25I3NXM4)mAU(2925 I5;NXH4)+AUL(2925[;NXH4) INVICID
IF(NSTRUT.EQ.0)GO TO 165 INVICID
DL 150 N=1,NS INVICID
NNaN+NS1-1 INVICID
AUSL(N>TI)=mAUL(MS1yNN,I) INVICID
CONTINUE INVICID
CALL 1VEZL INVICID
CALL DAMPP INVICID
INVICID

CURRECTOR STEP 4ITH FORWARD DIFFERENCING INVICID
INVICID

Dp 215 I=1,4 INVICID
AUL(2,2s I3NXM4) =0 5% (AUL(252, I3NXME)=DT(2, 23 NXM&E) X ((AM(2,3s I3nNXM4)INVICIO
1-AM( 252> I ;NXM4))+(AN(3,25 I;NXM&)-AN(25251;NXM4)))) INVICID
IF(NSTRUT.EQ.0)GJ TO 215 INVICID
DC 120 N=1,NS INVICID
NN=N+NS1-1 INVICID
AUL(MSIyNNsI)=0,5%(AUSLT(N»I)=DT(MSL1sNN)*(AM(NSIyNN+1,I)-AM(MSLyNNSINVICID
L1I)+ANS(N» I)=AN(MS1,NNs 1)) INVICIO
CUNTINUE INVICID
CONTINUE INVICID
CALL VEC2 INVICID

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
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CALL IBOUND
IF(LKEQ.2)RETURN

ERRJ(1, 1 jNXM)=(RO(1s1;NX4)-ERROCL1»1;NXM) ) /ERRO(L,L3NXM) /FDT/LSTEP
EKRIC1p13NXM)=VABS(ERRO(LI,1;;NXM)FERROILIL;NXM))

ERRMX=QB8SMAX(ERRI(1s1;NXH))
IF(ERRMX«LELCRIT)IGD Tu 217
IF(TiME.GT.TIMEL)GOD TO 217
LL=L/50

LL=LL*50

IF(LL.NE.L)GO TO 220
SIGX(1s15NXM)=ERRD(Ls L3NXMI*ERRO(L)1;NXM)
EkRAVG=QBSSUM(SIGX(1s13;NXM))
EKRAVG=SQRT(ERRAVG)/NXM
IF(ERRAVG.LEL.CRITAVG) GO To 217
WRITE(65510)LsERRYAX,ERRAVG

510 FURMAT(/»10Xp'L=%,15,10Xs» "MAXe ERRUR®',E12.5510X,

1YMEAN SQRT ERROR=',E12.5)
LL=L/Lw
LL=LL*LW
IF(LLNE.LIGO TO 220
217 CONTINUE
Catl PRINT
CALL SPILL(SWEEP)
IF(EKKAVG«LESCRITAVG) WRITE(6,600)
IF(ERRAVGLLELCRITAVG) GO TO 218
IF(TIME.GT.TIMEL) WRITE(6,610)
IF(TIME.GT.TIMEL) GU TQO 218
IF(ERRMXWLESCRIT) WRITE(b,620)
IF(EKRMX.LEL.CRITIGD TO 218
22C CUNTINUE
L=L+1
IF(L.LE.LMAX)G]O TO 1
L=L~-1
WRITE(69630)
218 CUNTINUE
REJIND LFOD
WRITE(LFD,561) L,TIME
DG 300 N=1,N1

WKITE(LFO» 560 (X (MpN)s YIMaNISU(Ms NI V(MpN)»P(MaN)s T(HsN)ISRO(MaN),

ISHOASN) s HIMI NI VIST(MsN) s M=l ,M1)
300 CONTINUE
IF(NSTRUTLEQ.D)GO TO 310

WRITE(LFJ,560) (XSIN)sYSINIpUSIN)sVSINIpPSIN)»TSINISRAS(N)I)SHS(N),

LHS(N)»VISS(N)sN=1,NS)
310 CUNTINUE

560 FORAATI(1X, ZFQ.S:2F12.5:F14.5;Fl3.5’Fll.5;F14.5,F15.6,F10.6)

561 FORMAT(1X51652X»E15.47)

€00 FORMAT(//,20X, 'PROGRAM TEKRMINATED ON MEAN SQRT ERROR CRITERION')
610 FORMAT(//,20X,'PROGRAM TERMINATED ON PHYSICAL TIME

1 VCONVERGENCE CRITERION')

620 FORMAT(//,20X, "PRAGRAM TERMINATED ON LOCAL ERROR CRITERIUN')

630 FORMAT(//,20X»'PROGRAM TERMINATED ON LMAX?Y)
RETURN
END
SUBRUUTINE DVISCP

COMMUN/FL/NXM) NXML)NXM2 o NXM3 s NXH4r»NLyML)N11p MLL)NSLIyNS2snNS» MO M1

LsNCALINCAHLYLSNCHL2)NCHLM)NCHWLPINSTRUT

CUMMUN/FAL/M12,M13,N12sN13sNXM5sNXMOE s MS2, MS3 s MS4sMSPL,MSP2y MSP3

1oNSH1IpNSIPLsNS2MIp NSLIMLsNS2PL s NNSSNS1I M2,y NXNT

CUMMON/F2/R0{61555)5U(b1555)sV(61955)sP(61555)5T(61,55),

1 SH(61s55)sH(61555)»RISU55),US(55),V5(55),
2 P35(55)sTS(55)5SHS{55),HS(55)

COMMUN/F3/VISLI61s55)»VIST(61255)sVIS(61955)sVISS(55)

COMMON/F4/SIGX(51555)5sSIGY(61,55)sTAUXY(61555),QX(61555),
L GY(61s55)sSTGXS(55)sSIGYS(55) s TAUXYS(55)5QXS(55)sQYS(55])
COMMON/FS5/7AU(6155554)sAM(61555-54)5AN(6155554),AU1(61,55,4)

COMMON/FO6/7AUS(55,4),AMS(55,4)y ANS(5554)5AUS1 (555 4)
CUMMON/FT/X(61955)5Y(61555)»XXI(61555)¥XI(61555),

INVICID
INVICID
INVICID
INVICID
INVICILD
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICLOD
INVICID
IRVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICIO
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICIOD
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICID
INVICIO
ovisce

DVISCP

pvIScCP

Dvisce

DvIsCP

DVISCP

DVISCP

Dvisce

DVISCP

DVISCP

pvisce

DVISCP

DviIsCe

DVISCP

150
151
152
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156
157
158
159
160
161
162
163
164
165
166
167
166
169
170
171
172
173
174
175
176
177
178
179
180
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1 XETA(61555)sYETA(61555)»A0(61,555)
CUMMUON/FB/XS(55)sYS(55)saSXI(55)sYSXI(55)»XSETA(55),

1 YSETA(S55),AJ45(55)
CUMMON/FO/INT(55) 9 TEL(55)sTE2(55)»TE3(55),TE4(55)
CUMMON/F13/GAMASRGASsCPsPRIPRTSCVIS»yFMyPFsTFsUF»RIF s SHF s HF
VIS(1p13NXM)=VISL{L1,13NXM)+VIST(Lls13NXN)

NXMM=NXM~-M1

AUCLy 2, 13NXMM)SU(1,23NXMM)=U(1y1;NXMN)
AU({1ls1p1;3M1)=U(1,2;M1)-U(1,1;M1)

AUCL152p 2 3NXMM) oV (125NXMM)I=V {1y 13NXMN)
AU(1,1,25M1)=V({1,23M1)=V(1,13M1)
AM(1r2915NXMM)aSH(1,2;NXMM)=SH(L1,1;NXMN)
AM{1,1,o13M1)=SH(L»23ML)=SH{1s13M1)

AU(251,33NXML)=2J(2, L3NXML)=U(1,13NXM1)
TEL(1;N1)=QBVGATHR{U(Ly 13 NXM) o INTC(1;NL)STELI(LI3N1))
TE2(13N1)=QB8VGATHR( U(2,13NXM)»INTUL3N1)3TE2(13N1))
TE3(13N1)®TE2(13NL)-TEL(1;NL)
AU(Lp1s33NXM)=QBYSCATRITEI(LI;NL)»INT(LI;NL);AL(Ly 1y 33NXM))
AU(2,143NXML )=V (2, 13NXM1)=V(1s15NXM1)
TEL(L3N1)=Q8VGATHRI(V{Ly1;NXM)» INTC(13NL)FTEL(L3NL))
TE2(1;N1)=QB8VGATHR( V(251;NXM)»INT(1;3N1);TE2(1;N1))
TE3(L13N1)=TE2(L3NL)-TEL(L13NL)
AUCL,1s43NXM)=QBVSCATRITE3(LI3NL)»INTULSNLD)SAUCLY 1y 43NXM))
AFM(2s1p23NXML)aSH(2,15NXM1)=-SH(1y 13NXM1)
TEL(13N1)=QB8VGATHR(SH(L1s13NXM)»INTC(LINL);TELI(L3N1))
TE2({13;N1)=QB8VGATHR(SH(2,1;NXM) > INT(13N1);TE2(13N1))
TE3(1;N1)sTE2(13NL)-TE1(1;3N1)

AM(L1, 19 23NXM)=QB8VSCATR(TE3(LINL)s INTIL3NL)AN(L,15230NXM))
IF(NSTRUTLEQ.0)G0 TU 15

DL 10 N=NS1,NS2

AL{MSsNs3)aU(MSPL,N)=U(NS,N)

AU(MSyNs»4 )=V (MSPLlyN)=V(MS,N)

AR(MSsNs 2)=SH(MSPL1,N)~SH{MS,N)

CONTINUE
AM{Ls1y33NXM)=(YETA(L,y1;NXN)*AM(Ls1y LINXM)=YXI (1o 13NXM)*AM(L1s1,23

INXM))I/ZAJ(1,13nNXN)

AFMCLo Lo a3NXM)=(XXI (1o 13NXM)I*AM(1o1923NXM)=XETA(Ly1 ;NXM)*AM(1s1s1;

INXM))/AJ (11 3NXM)
ANCLsLsL3INXM)=(YETA(LI, IINXM)®¥AU(Ls1y I3NXMY=YXI (1ol sNXM)I*AU(L1s1,3}

INXM)Y)I/ZAJ(1,13NXM)

ANCLyL1p23NXM )= (XXI(1p LsNXMI*¥AU(Ls 13 3NXMI=XETA(Ls 1 ;NXM)*AU(1,1,1 5
1NXM))/AJ(Lls13NXN)
ANCLs Lo 33NXM)m(YETA(L) 13NXM)*¥AU(Ls2s 25NXMI=YXI{1,1jNXM)I*AU(Ls 14}

INXM))}ZAJ(1,13NXM)
AN({LloloasNXM)o(XXI(Ly)L5NXM)*AU(Ls1oe s NXM)=XETA(L)1;;NXM)*AU(L»1,2;

INXM) )/ AJ(1,513NXM)
SIGX(Ls13NXM)=P(Lly13NXM)+2*VIS{1s13NAM)/3 ¥ (AN(1ylsasNXN)=2.%

LTAM(Ls1s13NXM))

SIGY(1p 1 3NXM)=P 1,1 3NXMI+24*xVIS(LloLl;NXM) /3% (AN(1p1sLl;NXM)=2.%
1AN(L1s1s43NXK))
TAUXY(1p13NXM)==VIS(LyI3NXM)*®(ANC(Ly19o23NAM)I+AN(LsL1s35NXM))

QX (Ll 13NXM)m=(VISL(1)13NXM)/PR+VIST(L,13NXM)/PRT)I*AM(1,1533NXN)
QY (Lol sNXM)w—(VISLULp1l;NXM)/PR+VIST(LoLl3NXM) /PRT)*AM(151545NXM)
IFINSTRUT,EQ.O)RETURN

DL 20 N=1,NS

NN=N-14NS1

AULS(Ns3)=US(N)-U(MS1,NN)

AUS(Ns4)=VS(N)=V(MS1,ynN)

ANS(N»2)sSHS(N)=-SH(MS1sNN)

DC 30 N=2yNS

AUS(Ny»1)=US(N)-US(N-1)

AUS(IN,»2)sVS(N)-VS(N-1)

ANS(Ns»1)sSHS(N)=SHS(N=-1)

AUS(151)=US(1)=U(AAS,NS1IM1)

AUS(1,2)=VS{1)-VIMS,NS1IML)

AMS(1,1)=SHS(1)=SH(MS,NSL1M]1)
AMS{1s33NS)=(YSETACL;NS)*AMS(L 15 NS)=YSXI(13NS)*¥AMS(1,25N8))/
LAJS(13NS)

DV1ISCP
ovIisCp
ovISCP
pvisce
pvIsCe
DVISCP
pvISce
OV1SCP
DVISCP
DVISCP
bvisce
DVISCP
DvV1sCe
DVISCP
DVISCP
DVISCP
pvIsce
DVISCP
DVISCP
DvIscCP
DVISCP
pvisce
DVISCP
DVISCP
DVISCP
DVISCP
DVISCP
pvisce
DVISCP
DVISCP
DVISC?
DVISCP
DVISCP
DVISCP
pvIsScCe
OVISCP
ovisce
DVISCP
DVISCP
OVISCP
DVISCP
DVIsSCP
DVISCP
DVidCP
DVISCP
DVISCP
DvIsce
DVISCP
DVISCP
DVvISCP
DVISCP
DVISCP
DViISCP
oVISCP
pvisCe
oVvISCP
DVISCP
DVISCP
pvIsce
DviIsCP
DVISCP
ovisce
pviIscCP
DVISCP
DVISCP
DviIscCPp
DVISCP
DvIsCP
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AFS(1p43NS )= (XSXICLINSI*AMS (19 2;NS)-XSETACLSNS)*¥AMS(1,15NS) )/
1AJS(1;5NS)
ANSEL,13NS)=(YSETACL;NS)*AUS(2o13NS)-YSXI(1;NS)*AUS(1,33NS))/
1AU3(13NS)

ANS(1,23NS)® (XSXTCL;NS)*AUS(1s35NS)~-XSETACLINS)*AUS(Ly15NS) )/
LAJS{13NS)
ANS(L1s33NS)=(YSETACLIINS)*AUS (L1525 NS)=YOXT(1;NS)*#AUS(L,43NS) )/
1AJS(13NS)
ANS(Ly43NS)=(XSXTI(L3NS)I*AUSLL,ya;NS)-XSETACL3NS)Y*AUS(L,23NS) )/
1AJS(1;NS)

pvisce
DVISCP
DVISCP
DvISCP
DVvISCP
pvisce
DVISCP
ovIscCe
bviIsce
DvISCPp

SIGXS(13NS)=PS(L3NS)+2e*VISSC(L3NS )/ 3% (ANS(1943NS)=24*%ANS(1»13NS)IUVISCP
SIGYSCLINS)=PS(LINS)I+2e*vIS5(13NS)/3e*#(ANSCL)13NSI~24*%ANS(1,45N>))0VISCP

TAUXYS{13NS)==VISS(1;NS)*#(ANS{1s23NS)I+ANS(1s35NS))

QAXSC(1;NS)= =VISS(13NS)/PR*¥AMS(1533NS)

QYS(13NS)= —=VISS(13nNS)/Pk*AMS(1s43NS)

RETURN

END

SUBROQUTINE DVISCC

CUMAUN/FL/NXMy NXMLyNXM2oNXNMIINXKasyNLosMLIoN1Ly MLLI)NS1oNS29NS»sMSsMS1

LyNCHLONCALLsNCAL2s NCHLMs NCWL Py NSTRUT
CUGMMUN/FAL/ML2,M13,N12sN13yNXM5sNXMOSMS29 MS3 ) M54, MSPLyMSP2y MSP3

1sNSMIoNS1IP1sNS2MLsNSIMIsNS2PL1oNNSHNSIM2oNXNT
CUMMUN/F2/RD(615,55),U(61555)sV(61555)sP(61s55)5T(61555),

1l SH(61555)sH(61555),R0OS5(55),US(55),VS(55),

2 PS(55),TS(55)sSHS(55),HS(55)
CUMAON/F3/VISL(BLy55)yVIST(61555),VIS(61555),VISS(55)
COMMON/EG/SIGX(61955)»SIGY(61s55)aTAUXY(61»55),QX(61s55),

1 GY({61555)sSIGXS(55)sSIGYS(55)sTAUXYS(55),QX8(55)5QY3(551}
CUMMON/FS/AU(6195554)sAM(6155554) »AN(6155554)5AUL(61555,4)
CUMMON/FSE/AUS(5594)9AMS(55,4)9ANS(5554),AUS1(55,4)
CUMMUN/FT7/X(61555)5Y(61555) 9 XxX1(61,55),YX1(61555),

1 XETA(61955)sYETA(6Ls55)9AJ(61555) .
COMACN/ZFBZXS(55)»YS(55)sX5X1(55)sYSX1(55)sXSETA(55),

1 YSETA(S5),AJS(55)

COMMON/FI/INT(55), TEL(55),TE2(55)sTE3(55),TEG(55)
CUMMON/F13/GAMASRGASICPsPRIPRTICVISy FMIPFsTFyUFsRIF»SHFpHF
VIS(1p13NXM)aVISL{1,13NXMY+VIST(Ls1;50NXM)

NXMM=aNXM=-M1

AUCLs 1o 1sNXMMInU(Ls25NXMM)I UL, 15NXMM])
AUCLoN1,13ML)=U(LyNL3ML)~-U(LsNLL13NM1)

AU(Lols2 ;NXMM)=Y(1,2;;NXMR)-Vv(1s1;NXMM)
AU(LYN1,23ML )=V (1, NL3ML)=~V(L1yN1LljN1)
AM{L1,N1,13M1)=SH{L,NLI;M1)-SH(LlsN113M1)
AM{L1o1s13NXMM)=SH{1,2;NXMM)=SH(1s13NXMN)
AUGLy1p33NXML)Y=J(2,13NXNM1)-0(1y13NXM1)
TEL(13NL)=QBVGATHRIU(MLIL,) 13 NXM) s INTCLI3NL)3TEL(LIINL))
TE2(13N1)=QBVGATHR( Ul ML,1;NXM)»INT(I;N1)3TE2(L;N1))
TE3(13N1)sTE2(13N1)~-TEL(L13N1)
AL(ML1,1933NXM)=QBVSCATRITEI(LISNL)»INT(LI3NL1)3AUCMLY 1»3;3NXM))
AU(Ly Ly a3 NXML)ay (2, L3NXFML)=V(LlsL1l;NXM]1)
TEL(L3NI)=QBVGATHR(VIMLLy 13NXM)s INTCL;NL)FTELC(LISNL))
TE2(1;N1)=QB8VGATHR( v( Mls13;NXM)»INT(1;N1)3TE2(13N1))
TE3(L1;N1)=TE2(13N1)=TEL1(1;N1)

AU(ML1o 1y 43 NXM)=QBVSCATRITEI(LIINL) »INTC(LINL)3AU(ML, 154 3NXA))
AM(Lls1s23NXM1)aSH{2,13NXM1)=5H(1s 13N XM1)
TEL(L;NL)=QAVGATHR(SH(MI1,»1;NXM)s INTC13NL)STEL(LI3NL))
TE2(13N1)=Q8VGATHRISH MLls13NXM)» INTA(13N1)3TE2C(13N1))
TE3(13N1)=TE2(13N1)-TE1(1;N1)
AM(M1,1,2;NXM)I=QBVSCATR(TEI(LI;NL)>INT(L;NL); AM(MY,1,525NXM))
IF{(NSTRUT.EQ.0)GO TO 15

D0 10 N=NS1,NS2
NNsN-NS1+1
AUCMS1oN»3)=USINN)-U(NMSIsN)

AUGMSLy N2 4 )sVS(NN)I-V(MOLNN)

AM(MS1,N»2)=SHS(NN)=SH(MSL1yN)

CUNTINUE

AM(Ls1s33NXM)={YETA(Ls1;NAMI*ARM(Lo1s L3NXMI=YXI(1)13NXM)*AM(1s1s2;
INXM))/ZAJ (1,1 3NXY)
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pviIsce
DviIscCe
DVISCP
DVISCP
DVISCC
DVISCC
Dv1SCC
DvISCC
OVISCC
OvVISCC
DVISCC
DvISCC
DVISCC
DV1SCC
OvVISCC
pDVISCC
DVISCC
DVISCC
pDVISCC
DVISCC
ODVISCC
pDVISCC
DVISCC
DVISCC
pVISCC
ovISCC
DVISCC
DVISCC
DVISCC
DVISCC
DVISCC
pVvISCC
DVISCC
DVISCC
DVISCC
DVISCC
DVISCC
OvVISCC
pvisceC
DVISCC
DVISCC
DVISCC
DVISCC
pDVISCC
LDVISCC
DVISCC
bvISCC
DVISCC
DVISCC
DVISCC
uvi1scCce
OVISCC
DVISCC
DVISCC
OVISCC
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AMCLy 1o aNXM)m (XXT (1o L3NXA)*AM (15192 ;NXM)=XETACL 1 3NXM)*AM( 1113

INXM}Y/ZAJ(1s 2 3NXM)

ANCLs1o13NXM)=(YETA(Ly L3NXM)*AUCLs1s 15NXM) =Y XI(1p1;NXM)*AU(Ly1y3}

INXM)Y)/ZAJ (151 3NXM)

ANCLo1p23NXM) = (XXI(1o LINXM)XAU(L» 1p35NAM)=XETA(L) 1 5NXM)*AU(Ls1s1;

INXM))I/ZAJ(L,13NXM)

AN(Llslp33NXHI=(YETA(L) LiNXM)*AU(L,1s 25NXM)=YXI (11 3NXM)®AUCL, 1) 4}

INXM))I/ZAJ(Ls13NXM)

ANCLoLoasNXK)=({XXT(1) L5NXM)*¥AU(Ls 154 3 NXM)=XETA(L1p 1 ;NXM)*AU(L,1,23

INXM)I/AJ(1,15NXM)

SIGX(Llo1INXM)I®P {11 3NXM)+2e%VISILo13NXM)I/3e%k (AN(L)Llya3NXM)=24%
1AN(1s1p13NXM))

SIGY (1ol 3NXMI=P Lyl iNXR)+2s*%VIS(LoLl;NXM}/3e*% (AN(L1p 1ol ;NXM)=2,.%
1AN{1,1,43NXH))
TAUXY(1sI3NXM)a=VIS(1y13NXM)*(AN(L1s1»25NXM)I+AN(L1y»1)33NXM))
QX(L1pliNXM)w=(VISL(1oLl3NXM)/PR+VIST(L1s13NXM) /PRT)I*AM(1s1,533NXH)
QY (Lol 3NXM)m=(VISLC1p15NXM)/PR+VIST{Lo1;NXM) /PRT)*AM(1s1s4;NXM)
IF(NSTRUT,EQ.O)RETURN

DU 20 N=1yNS

NN=N-1+NS1

AUS(Ns»3)=US(N)=U(MS1,nN)

AUS(N»4)=VS(N)=V(MS1yNN)

AFMSIN»2)=SHS(N)=-SH(MS1,NN)

DO 3G N=1,NSM1

AULS(N»1)=US{N+1)=-US(N)

AUD(N»2)=VS(N+1)=VS(N)

AMS{N»1)®aSHS(N+1)=SHS(N)

AUS(NS»1)=U(MSH)NS2PL)-US(NS)

AUSINS»2)=V(MSsNS2PL)=-VSINS)

AMS{NSs1)=SH(MS,NS2P1) =SHS(NS)
AMS(1s33NS)=(YSETA(L;NS)*AMS (L, IsNS)=YSXI(L1;NS)I*ANS(Lr235NS) )/
LAJS(1;NS)

ANS(L1y43NS)= (XSXTI(L3NS)*AMS(L1s25NS)=XSETA(L3NS)*AMS(1,13NS) )/
L1AJS(L;NS)

ANSCL 153NS )=(YSETACLNS)*AUS(L1s3NS)=YSXI(L1;NS)*AUS(Ls33NS))/
1AJS(13NS)

AN (1,23NS) = (XSXTI(13NS)*¥AUS(L1y33NS)=XSETA(L13 NS)Y*AUS(1y13NS) )/
1AJS(1;NS)
ANS(L1s33NS)s(YSETACLI;NS)*AUS (125 NS)=YSXI(1;NS)*¥AUS(1,435NS) )/
1AJS(1;NS)

ANS(Ll,43NS)= (XSXT{1;NS)*AUS(Lly43NS)=-XSETA(L3NS)I*AUS(L1y23NS) )/
LAJS({1;NS)

Dv1scCe
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DVISCC
OVISCC
bDviscCC
DVISCC
bvIsce
DVISCC
DVISCC
DVISCC
DVISCC
DVISCC
DVISCC
DVISCC
DVIsCC
DVISCC
uVISCC
DV1sCc
DVISCC
OvISCC
DV1SCC
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OVISCC
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OVISCC
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DVISCC

SIGXS(I3NS)®PS{L3NS)+42#VIOS(13NS )}/ 3#(ANS(L1,43NS)—2.%ANS(1513NS))IDVISCC
SIGYSCLI3NS)=PSULIND)+24*VISH L NS)/3.*¥(ANS(L,13NS)-2.*ANS(1,43NS))IDVISCC

TAUXYS(13NS)®=VISS(1;NS)*(ANS(1,2;NS)+ANS(1s3;NS))
QXS(LI5NS)= —VISS(15nS)/PR*AMS(1535NS)

QYS(L3NS)= ~VISS(L13NS)/PR*AMS(1543NS)

RETURN

END

SUBROUTINE VEC1

CUMMAON/FY/NXMo NXMLyNXM2oNXM3oNXM4sNLsMLoNL1Ls ML1oNS 1o NS2s NSy MSHMSL

1sNCWHLINCWL1ISNCAL2sNCWLMsNCWLPINSTRUT

CUMMUN/F2/RO(61555),U(61555)5sV(61555)sP(61555)5sT(61555),

1 SH{61555)sH(61955)9RC3(55)»US(55),VS(55), '

2 PS(55)sTS(55)sSHS(55)»HS(55)

CUMYUN/F&4/SIGX(61955)»SIGY{(61555)sTAUXY(61955)9QX(61955),

1 QY(61955)sSIGXS(55)soIGYS(55)sTAULXYS(55),QXS(55),QYS5(55)

CUMMON/FS/AU(H6L1555,4)AM(615,5554)AN(6195554)9AUL(6195554)

CUMMON/FO/AUS(5594)9AMS(5554) sANS(55,4),AUS1(55,4)

CUMMUON/F6/7AUS(5554)sAMS (5554 )5 ANS(5554)»AUS1(55,54)

CUMMON/FT/X(61955),Y(61,55) s XX1(61555)sYXI(61,55))

1 XETA(61,55),YETALOEL»55),AJ(61555)

CUMMON/ZFB/XS(55)pYS(55)sXSXI(55)YSXI(55)sXSETA(55),

1 YSETA(55),A45(55)

AN({Lslro 43 NXM)=RO(1p13NXM)*H(Ls 1 NXM) =P (1l 1INXM)

AUCL 1o 13NXM)=RO(L,)1;NXMI*U( 1y NXM)
AU(L1s1s25NXM)=AU(Ls1y L;NXM)RUCL) L5NXMI+SIGX (1o15NXM)
AUCLy1s33NXM)=AU( L1, L3NXM)®V (1, I3NXMI+TAUXY(1s1;NXN)

DVISCC
DVISCC
DVISCC
DVISCC
DVISCC
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
VECL
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
VEC1
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AUCLy1,43NXMImCANC(Ly 1 43 NXM)+STIGX(L s 1 3NXM) ) #U(L1s L jNXM)+V (151 3NXH)IVECL

1*TAUXY(1,13NXM)+AX(1y15NXM) VEC1
ANCL ) Lo 13NXM)=RI(1, 154X ¥V (1, 15NXNM) VEC1
ANC(LyLy23NXM)=AN( Ly 1s L3NXM)RU (L, 15NXMI4TAUXY (11 3NXN) VEC1
ANCLy Lo 33NXM)=ANCL Lo LENXMIXVILs LINXMI+SIGY (15 13NXM) VEC1
AN(L)Llpa3NXM)m(AN(Ls1s45NXM)+SIGY(1y) LINXM)I*VI1s 1INXMI4U(Lp 15NXM) VECL
1*TAUXY(1, 1 3NXM)+QY 1y 1;5NXM) VECL
U0 20 I=1,4 VEC1
AM(1p 1y I3NXM)=YETA(Ly L3NXM)* AU(Ls1, I3NXM)-XETA{(L1,13NXM)I*AN(1,1,13VECL
1NXM) VEC1
AN(Lo Lo I5NXM)m=YXI(1pL;NXM)* AU(L»1s I;NXM)+XXI(1,15NXM)*AN(1,1,1; VECL
INXM) VEC1
CONTINUE VEC]
AL(L1y1o13NXM)=RI(1,1;5;4XK)I*AJ (1p13NXN) VEC1
AU(Ls1923NXM)=AU(L1) Ly L;NXMI*UC1s13NXN) VEC1
AU(151s33NXM)=AJ(1s1s L;NXM)*V(1s15NXN) VEC1
AUCL Lo 4 3NXM )= (ROCLL3NXM)*HCLo L3NXM)=P (1o L3 NXM) ) *AJ (1, 13NXN) VEC1
IF(NSTRUTLEQ.D)}RETURN VEC1
DL 30 N=1,NS VEC1
ANS(Ny&)=ROS(N)}*¥HS(N)=PS(N) VEC1
AUSINs1)=ROS (N)*US(N) VECL
AUS(N»2)=AUS(Ns 1) *USIN)+SIGXS(N) VEC1
AUS(N»3)=AUS(N,L1)#VS(N)+TAUXYS(N) VEC1
AUS(N»4 )= (ANS(Ns4)+SIGXS(N) I *US(N)I+VSINI*TAUXYS(N) +AXS(N) VEC1
ANS (N5 1)=ROS(N)*VS(N) VEC1
ANSUNS2)=ANS(Ns1)*US (H)+TAUXYS(N) vVECL
ANS(Ns»3)=ANS(NsL)*VS(N)+5IGYS(N) VECL
ANS(N,)4) = (ANSIN, &) 4+SIGYSIN) I *¥VS{N)+USINI*TAUXYS(N)+QYS(N) VEC1
CONTINUE VEC1
DU 40 I=1,4 VEC1
DU 40 N=1,NS VEC1
ABSINS I)=YSETA(N)#AUSIN, 1) =XSETA(N)*ANS(N,I) VEC1
ANS (NI )m=YSXI(N)®AUSINSI)+XSXI{N)*ANS(N,I) VEC1
CONTINUE VEC1
DO 50 N=1,NS VEC1
AUS(Ny 1) =ROISINI¥AJS(N) VEC1
AUS(N,2)=AUS (N, 1) *uUS(N) VEC1
AUS(N»3)=AUS(NsL)*VS(N) VEC1
AUS(Ns @)= (POSIN)*HS(N)=PS(N) I*AJS (N) VEC1
CONTINUE VEC1
RETURN VEC1
ENOD VEC1
>UdROUTINE IVECL IVEC]
CUMMUN/FL/NXMpNXML pNXM2s NXM3pNXMG N1 sM1oN11s) M11o N3 1o NS22 NSy MS,)MSL IVEC]
1oNCALINCWLI)NCWL2s NCWL My NCWLPSNSTRUT IVEC1
COMNUN/F2/RD(61955)sU(61555)sVI(61555)5P(61555)5T(61555), IVECL
1 $H(61,55),H{61555)5RO5(55),uUS(55),V5(55), IVEC1
2 F3(55)5sTS(55)s5HS(55),HS(52) IVEC1
COUMMON/F5/7AU(6195554)sAM(6155554)5AN(6195594)5AUL(6195554) IVEC]
COMMON/F6/AUS(5554)5 AMS(55,54) sANS(55,4)5AUSL(55,4) IVECL
CUMMON/FT7/X(61555)sY(61555)»XX1(61555)yYXI(61»55), IVECL
1 XETA(61555),YETA(61555),A0(61,55) IVeC]
CUMMON/FB/XS(55)sYS(55)sXSXI(55),YSXI(55),XSETA(S5), IVECL
1 YSETA(55),AJ05(55) IVEC]
AUCL 1ol 3NXM)I=RO(L1, LiNXM)*U(151;NXM) IVEC1
AUCL) 1y 25NXM)=AUCLs 1o L;NXM)¥UCL, 13NXMI+P(1s 1INXM) IveCl
AU(Lly1y33NXM)=AU(Ls1s15NXM)*V 1y 15NXM) IVEC1
AU(lrlr4aiNXM)I=AU(L, 15 L3 NXM)*¥H(L1y1;NXM) IVEC1
ANC(Ls 1o 13NXM)I=RO{L1,13NXM)*V(1s 13NXM) IVEC]
AN(151923NXM)I=AN(LyLsl;NXMI¥U(Ly15NXM) IVEC1
AN(1s1s33NXM)mAN(L, 1y L3NXMIXVIL oLl ;NXMI+P (151 3NXM) IVECL
ANCL1s1p43NXM)I=ANCLs 1o 13NXM)*H(1s13NXM) IVECL
UG 20 I=1,4 IVEC1
AFCLs Ly I 3NXM)=YETA(Ly 13RXM)* AUCL1s I;NXM)-XETA(L1y13NXH)*AN(L»1,I3IVECL
InNXM) IVEC1
AN(Ly1oT3NXM)==YXI(1s13NXM)* AUCL,1, I3NXM)+XXI(L1y13NXM)*AN(1,15I; IVECL
INXH) IVECL
CONTINUE IVECL
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AU(Ls1s15NXR)=RO(2,15NXH) *AJ(Ly15NXN)
AUCLr1,23NXM)mAU(Ls 1y 13RXM)*U(L,13NXM)
AUCLyLs35NXM)=AU(Lp 1 L5 NXMIEV(1s1;NXM)
AUCLy L1 G 3NXM)={RI(1)1;NXMI*H (1, 1 NXM)=P (1o 15 NXM))*AJ(1s 13NXM)
IF(NSTRUTEQ.O)RETURN

DO 30 N=1,NS

AUDINs1)=ROS(N)*US(N)
AUS(Ns2) =AUS (N» 1) *US(N)+PS(N)
AUD(Ns3)=AUS(N»1)*VS(N)
AUS(N»4)=AUS(Ny1)*HS(N)
ANS(N»1)=ROS(N)*VS(N)

ANDS(N»2)=ANS (N»1)*US(N)
ANS(N»3)=ANS (N, 1) *#VS(N)+PS(N)

ANS(Ns4)=ANS (Ny1)*HS(N)

CONTINUE

00 40 I=1,4

OC 40 N=1,NS

AMS (N, T)mYSETA(N)*AUS(N>I)=XSETA(N)*ANS{N,sI)
ANSINs T)m=YSXI(N)*AUSIN» 1) +XSXI(NI*ANS(N,I)
CONTINUE

DO 50 N=1,NS

AUS(N5>1)=ROS (N)*AJS(N)
AUS(N»2)=AUS(N»1)*0US(N)
AUSIN»3)sAUS(Ns1)*VS(N)

AUS(R»4) = (ROS(IN)*HS (N)=PS(N))*AJS (N)
CONTINUE

RETURN

END

SUBROUTINE DAMPP

COMMON/FL/NXMyNXMLyNXM2sNXM3)NXM4sN1oMisNL1s M11p)NS1sNS2s NSy MS»MS1

1y NCHLINCHLISNCWL2yNCWLMsNCLP)NSTRUT

COMMON/FAL/M12,M135N12sN13,NXM5,NXMOSMS2) MS3)MS4»ASPLyMSP2, MSP3

LyNSHL,NSIP1)NS2MLyNS142pNS2P1s NNSHNSIM2oNXMT
CUMMON/F2/7RO(61555),U(61555)sV(61555)sP(61555),T(51,55),

L SH{61,»55)»H{61»55)»K0S(55),U5(55)sVS5(55),

2 PS{55)sT3(55)sSHS(55)sHS(55)
COMAON/F4/SIGX(61555),SIGY(61555),TAUXY(61555),QX(61s55),
1 Qr{61555),SIGXS{55)s3IGYS(55)sTAUXYS(55)50X5(55)»QYS5(55)
COMMON/F5/7AU(61555,4)5 AMI61,55,54) sAN(6155554),AUL(61555,4)
CUMMON/F7/X(61955)sY(61555) s XX1(61955)sYXI(61955),

1 XETA(61555)sYETA(61,55)5AJ0(61,555)
CUNMUN/F10/DT(61,55),0TM

COMMON/F12/LSYMsNFLOWSLFIoLFO» ILT)LMAXsLWSLEXITSCRITSFOTLFDTL,
1l TIME,CCP»CCTsLs LKy TIMELSCRITAVG

CUMMUN/FL13/GAMAY) RGAS)CPIPRYPRTICVIS)FMyPFsTFsUFsRIFHSHFSHF
QR(Ly I3NXM)=GAMAXRRGAS*T(1y1;NXM)
QXCLls13NXMYeYSARTUAX(Ly13NXM) QX (11 3NXM))
SIGX(I)liNXM)'(VABS(U(l)liNXH)SSIGY(l)liNXH))*QX(lJliNXH))
SIGY(Z’Z}NXMQ)'P(2)3}NXH4)-2.*P(Z)Z)NXNQ)*P(ZJI}NXHQ)
SIGY(2,25NXM4)=VABS(SIGY(2,2;NXM4)3S1GY (2,23 NXM4))
QY (29 25NXHE ) =T (2, 3;NXM4)~24%xT(2,2; NXM2)+T(251;NXM4)
AY (2, 23NXM4) =VABS(QY (2525 NXM4) 3QY (25 23NKM4))
S1GX(2,23NX14)=SIGX(2,2;NXMa)*(SIGY(2,23NXM4 )*CCP/
LUP{2,35NXMG) 42.#P(2,2;NXM4)+P( 2,2 5NXMG) ) +QAY (2, 2;NXM4)*CCT/
L(T(2,33NXME) 42, %T (252, NXMG)+T(2,13NXM4)))
QX(L,13NXM)=(VABS(V(L1y15NXM)3SIGY (1 13NXMII+CX(1o15NXM))
SIGY(2925NXME)=P(3)25NXMG)=24%P(252;NXM&)+P(1s2;NXMG)
SIGY(Z:Z}NXHQ)'VABS(SIGY(2!25NXH4’351@Y(2)25NXNQ)’
QY(2523NXM4 )T (3, 23HXME)=2e%T(2,25NAMG)+T (1) 23NXM4)

QY(2,25NXM&4)aVABS(QY(2,2;NXM4)3QY (25 25NXM4))
SIGY(2s2;NXM4)= GX(2s2;NXME)*(SIGY(2523NXM&)*CC P/
1(P(3,23NXM4)+2%P(2,2;NXM4a)+P(192;NXM4))+QY (2,2 5NXM4)*CCT/(
2 TU3s23NXN4)+24%T (2,2 NXM4)+T(1s23NXM4)))
IF{NSTRUTLEQ.0)GO TO 35

D0 30 N=NS1,NS2

NNsN=NS1+1

IVEC1
IVEC1
IVEC1
IVEC1
IVEC]
IVEC]
IVECL
IVECL
IVECL
IVECL
IVEC1
IVECL
IVECL
IVEC1
IVEC1
IVEC1
IVECL
IVEC1
IVEC1
IVEC1
IVEC1
IVEC1
IVECL
IVECL
IVEC1
IVEC1
IVEC1
IVEC]
DAMPP
DAMPP
DAMPP
DAMPP
DANMPP
DAMPP
DAMPP
DAMPP
DAMPP
DANMPP
DAMPP
DAMPP
DANPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
OAMPP
DAMPP
DANPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP

SIGY(MS1sN)=QX(HMSL,yN)}* (ABS(PSINN)=2.%P(MSLIyN)+P(MS2sN))*CCP/(PS(NNDAMPP
1)424 %P (MS1,oN)+P(MS2)N) J+ABSITS(NN) =2 o *¥T(MS1s N)+T(MS2,N) )#CCT/(TS( DAMPP
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2NN +2,¥T(MSY1yNI+T(NMS2,N)))

CONTINUE

CONTINUE

DL 100 I=1s4

QX (2525NXMG) =SIGX (2,25 NXM4)* (AU(2525 I;NXMaY=AU(2,1515NXH4))
QY(2,25NXM6 ) nSIGY {2, 25NXM4)* (AU(25,2) I3NXM4)=AL(L»2» I JNXM4))
DO 10 N=s2,N11

QX(1sN)=D.

QX(M1,N)=0,

QY(1,N)=0,

QY(M1,N)=0.

IF(NSTRUTLEQ.O0)GD TO 25

DU 20 N=NS1,NS2

AX(MSyN)=0,

QAY(MS,N) =0,

CONT INUE

AM(2,2) T 3NXM4)=AM(2,2, I;NXNMG)~QX (252 5NXM4)/XXI(2,23NXM4)
ANC(252sT3NXMAYmAN(22, I3 XMG)—=QY (2,2 3NXM4)/YETA(2525NXM4)
CUNTINUE

RETURN

END

SU3ROUTINE DAMPC

COMAON/F1/NXMyNXMLyNXM2) NXM3»NXMesNLsMLINLL» M11p) N3 1y NS2sNS» MSHHSL

1sNCALINCHLLsNCHL2sNCWLMINCWLPSNSTRUT
CUMMON/FAL/M12,)ML3,N12sNL3)NXMSINXMOS MS2s MS3 s ME4»1SPLyMSP2y MSP3

1pNSHL)NSLIPLIoNS2H1sNS1IN1yNS2P 1o NNY JNSIM2, NXMT

COMMON/F2/RD(61555),U(61555)9V(61555)sP(61055)sT(61555))

1 SH(61s55)»H{(61555)sRUS(55),US(55),VS(55),

2 PS{55)sTS(55)»SHS(55),HS(55)
COMMON/F&/SIGX(61555)sSIGY(61s55),TAUXY(61»55)»QX(61955),

1 QY(61555),SIGXS{55)sSIGYS(55), TAUXYS(55),QX5(55),QYS(55)
CUMMUN/FS5/7AULG6L195524) 9 AM(61-5554) sAN(619594 )9 AUL(61555,4)
CUMMON/F6/AUS(5554)»AMS(5554)sANS (5554)5AUSL (55,4)
COMMON/FT/X(61555)9Y(61955)s XXI(61555)5YXI(61,55),

1 XETA(61,55),YETA(61,55)sAJ(61555)
COUMMON/FLO/DT(61555),DTHM
COUMMUON/FL2/LSYMy NFLOWS LFIsLFOsILT sLMAXSLWsLEXITSCRIT,FDTSFDTL,
1 TIMESCCP»CCToLoLKy TIMELSCRLITAVG
COMMGON/F13/GAMASRGAS)CPIPKsPRTSCVLIS)FMyPF)TFoUF»ROF s SHF»HF
QX(1,13NXM)=GAMA*RGAS*T(1,1;NXM)

AX(L1p L3 NXM)=VSIRT(QOX (L1, 15 NXA);UX(1s1 ;0NKH))

SIGX(Lls 1 jNXM)=(VARS(ULLy1;NXM)3SIGY(L,13NXM)I+QAX (1,1 3NXM))

SIGT(2523NXM4) P (2,33NXM4)=24%P(2525NXM4) 4P (25 13NXM4)

SIGY(2s23NXMe)=VABS(SIGY(2525NXM4);3SIGY(2,25NXM4E))

AV (25 23NXME) =T (253 5NXMa)=24%T (2525 NXME)+T( 2,1 3NXNG)
QY(2,23NX44)=VABS(QY(2,2;NXM4)3QY (2 23NXM4))
SIGX(2923NXMG)=SIGX(2s2; MXNM4)*(SIGY(2s25NXN4)*¥CCP/

LOFP({2,33NXML) 42 %P (2,23 NXML)+P (25 L5NXM4))Y+aY {2, 23NXH4)*CCT/
1(T(2933NXN4) 42, kT (2,25HXM4)+T(2,135NXM4)))

IX{LpLsNXM) = (VABSEy (2 25RXM) 5SIGY {1 15NXM)I+CX (151 3NXMY)

SIGY(2s23NXP4)aP(3,2;NXM4)=2%P(2925NXM4)+P(1s25NANG)

SIGY(25s23NXMG)=vARS(SIGY(2223NXME)3SIGY (25253 NXMG))

AY (29 23NXM4)aT(3,25NXMa)=24%T(2,25NXMG)+T(1,2;NAMG)
QY(252;NXM&)=VABS(QY (252, NXN4)3QY (2,2 ;3NXN4))

SIGY(2523NXM4) = QX (2, 23NXM4)I*(SIGY (2,2 30NXM4)*¥CCP/
LT(P(3523NXM4)42,FP(2,2;NXM4)+PL1s23NXM4))I+QY(2923NXMa)*CC T/
2 TU3,25NXM4)+2%T(2525NXM4)1+T(1s2;NXNM4)))

IF(HASTRUTLEQ.0)GD TO 35

DU 3C N=NS1,NS2
NN=N=NS1+1

DAMPP
DANPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DANPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
DAMPP
bamMpPC
DAMPC
DAMPC
DANMPC
DAMPC
DAMPC
DANPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAnMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DANPC
DAMPC
GAMPC
DANPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC

SIGY(MS1sN)=QX(MST,N)*(ABS(PSINN) =2, %P(MS1sN)+P(MS2sN))*¥CCP/(PS(NNDAMPC
1) 42, %P (MS1yN)+P(MS2,N) ) +ABS(TSINN) =2« *T(MS51, NI +T(MS2,N))*CCT/(TS( DAMPC

2NN)+2.*¥T(MS1,NI+T(MS2,N)))

CONTINUE

CONTINUE

DU 100 I=1s4

QX (2,25 NXM4 ) =SIGX (25,25 NXM&) * (AU(2,53, I;NXMG)}-AU(2,2,15NXM4))
QY(2,23NXM4)8sSIGY (2,25 NXME) ¥ (AU(352, I JNXH4)=AU(2225T3NXM4))

DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC

31
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DU 10 N=2,N11

UX(1sN)=0,

QX(M1,N)=0,

QY(ls,N)=0,

QY(M1,N)=0,

IFINSTRUT.EQ.O0)GO TO 25

DU 20 N=NS1,NS2

NN=sN=NS1+1

QY(ASL1,N)=STIGY(MS1sN)*(AUS(NN,I)=AU(MSLsNs 1))
AX(MS»N)I=0,

QY{MSsN)=0,

CONTINUE

AM(2,2, I JNXNMG)2AM( 2,2, I3NXKG)=UX( 2525 NXMG)/XXI (252 3NXM4)
AN(2525 T 3NXM4)=AN(2,2, [ ;NXM4)=QY (2,2 5NXM4)/YETA (25 25NXMG)
CONTINUFE

RETURN

END

SU3ROUTINE VEC2

CUMMON/FL/NXMaNXMIpNXM2,)NXM3)NXM4»NL)M1)NLI1) MI1y)NSL1,)NS52,NS» MSHMS1

1y NCHLONCWLLISNCAL2sNCWLMINCWLPSNSTRUT
CUMAUN/F2/R0O(61555)9L(61955)sVI61555)9P(61555)5T(Hh1,5,55),
1 SH(61955)sH(61y)55)»RUS({55)»US(55)sVS(55),
2 P3>(55),TS(55)sSHS(55)sHS(55)
COMACN/F&/SIGX(61555)sSIGY(61555)sTAUXY(61555)5QX(61555))
1 QY(61555)sSIGXS(55)»SIGYS(55) s TAUXYS(55)UXS5(55)»QYS(55)
CUMMON/FS5/AU(6155554) s AM(6155554) sAN(6155554)5AUL(6155554)
COMMUN/FT/X(61955)9Y(61s55),XXI(61555)2YXL(61555),
1 XETA(61955)YETA(61,55)sAJ(61,55)
CUMMUN/F13/GAMA,RGAS)CP»PRyPRTSCVIS,FMsPFy TFUF»ROFs SHFHF
COMMON/F14/DAU(6L95554)23DAU(5554)5BDAUS(5554)sTI(5555),
1CCIMPYSGM1,yGM2»GM3sGM4GM5
RUG2523NXM4) =AUL(252,)13NXNE) /AJ(2223 NXNG)
U(2,235NXM4)=AUL(2,2,)23NXM4) 7AUL( 2,25 13NXM4)
V(2523NXMa)=AUL(252»335NXMe)7AUL(25291;3NXMG)

QX(2523NXM4) = (J(2,25NXMa)*U( 2, 25NXM4)+V (2,25 NXMG)®V (2,2 5NXN4)) /2,
SH(2,23NXM4 )= (AUL(252,43NXMN4)/AUL(2) 25 L3NXM4)=QX (25 25NXM4) ) *GAMA

HU2, 23NXMa)=SH(2,23NXM4)+QX (2, 25NXM4)
P(2,2;NXM4)=GM2%RI(2,23NXM4)*¥5H(2525 NXMG)
T(2523NXM4 ) =SH{252;NXM4)/CP

RETURN

END

SUBRUUTINE BOUND

CUMMUN/FL/NXMp NXMLy NXM2) NXM3 s NXMGpNL s MLpNLLy) M11)NSL1)NS2,NS)MSHHSL

LyNCWLINCWLLyNCHL 2y NCWL M) NCWLPNSTRUT
CUMAON/FAL/M12,M13,N12,)N13)NXM5)NXME S MS2, MS3 s MS4sMSPLIMSP2, MSP3

L1yNSHISNSIPIHNSZML)NSIMIsNS2P1sNNSHNSIM2yNXMT
CUMMON/F2/RD(61555)5U(61555) 5V (061555),P(61555),T(61555),

1 SH(615s55),H(61555)sROS(55),US(55),V5(55),

2 PS(55)sTS(55),SHS(55),HS(55)
COMAUN/F3/VISL(61,55),VIST(61,55),VIS(61,55),VISS(55)
CUMMON/F7/X(61555)5Y(61555)) XXI1(61555)sYXI(61555),

1 XETA(61s55),YETA(b1,55)5,A0(61555)
CUAMON/FB/XS(55)»YS(55)sXSXE(55)pYSXI(55)sXSETA(55),

1 YSETA(55),A4S(55)
CUMMUN/FG/INT(55),TEL(55),TE2(55),TE3(55),TE4(55)
COMMON/F10/DT(61555),0TH
CUMMON/F12/LSYMsNFLOWS LFISLFO» ILT L MAXsLWS LEXIT,CRITHFDTHFOTL,

1 TIMESCCP»CCToLsLKy TIMEL,CRITAVG
COMMON/F13/GAMA,RGASSLPIPRIPRTHCVIS»FMIPF» TFsUF»ROF»SHF »HF
TEL(2;N12)=QB8VGATHR(T(MI1,25NXM3),INT(13N12) 3TEL(2;N12))
TE2(25N12)=QBVGATHR(PIML1,2;NXM3) »INT(L;N12)5TE2(2;5N12))
TE3(23N12)=TE2(23N12)/RGAS/TEL(2}3N12)
TE4(23N12)=CP*TEL(2;N12)

T(M1y)23NXM3 )= QBVSCATR(TEL(25N12)»INY(15N12); T(ML,2;NXM3))
P11, 23NXM3)=Q8VSCATRITE2(2,N12)s INTCL;NL12)3FIML,23NANM3))
RO(M1I,235NXM3)=0BVSCATRITE3(23N12) »INT(1;NL12) 3RO(M1I»25NXM3))
SHIM1,2;3NXM3)=QB8VSCATR(TE4(2;5;N12)»INT(L1;N12) ;SH(MLI,2;NXN3))
TEL(23N12)=0,

DaMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
DAMPC
oanpC
DAMPC
DANPC
DAMPC
DAMPC
DAMPC
DAMNPC
DAMPC
DAMPC
DAMPC
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC?2
VEC2
VECZ2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
VEC2
BOUND
BOUND
80UND
80UND
BOUND
BUUND
BOUND
BOUND
BOUND
80OUND
BOUND
BOUND
BOUND
BOUND
BQUND
BOUND
80UND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
8 OUND
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TE2(23N12)=0. 33JUND
U(MLp 25 NXM3)=QBVSCATRITEL(Z2;NL2) s INT(L15N12)5U(M1,2;;NXM3)) BOUND
V(MLy 23NXM3)=Q8VSCATRITE2(2;N12)s INTUL;3N12);3V(M1,2;30XN3)) 8JUND
TE3(2;N12)=TEG(2;N12)+(TEL(23N12)*TEL{23N12)+TE2(23N12)*TE2(25N12)80UND
)/2. BOUND
H{41s23NXM3) =Q8VSCATRITEZ(23N12)s INTCL;NL2)3H(N1S23NXM3)) 8OUND
IF(NSTRUT.EQ.O0)GO TO 15 30UND
DC 10 N=NS1,NS2 80UND
UtMS,»NI=0, BOUND
VIMtSsN)=0, 8AQUND
P(MSsN)=P(MSP1,N]} 8OUND
T(M3sN)=T(MSP1,sN) 8OUND
SH{MSsN)=CP*T(MS,N) BOUND
RO(MS,N) =P (MS,N)/RGAS/T(MS,N) B8OUND
H(MS»N)=SH(MSP1,N) BOUND
DO 20 N=1,NS BOUND
NN*N+NS1IM1 8AOUND
US(N)=0. BAOUND
VS(N)=0. 8OUND
PS(N)=P(MS1,NN) BOUND
TSIN)=T(MS1sNN) BOUND
SH3IN)=CP*TS (N) BOUND
RGSIN)I=PS(N)/RGAS/TS(N) BOUND
HS{N)=sSHS(N) BOUND
CONTINUE 80UND
DG 25 N=2,N11 BAUND
TCLyN)=T(2,N) BOUND
P(lsN)=P(25N) 8OUND
SH(LsN)=CP*T(1,N) BOUND
RO(L1sN)=RI(2,N) BOUND
UlLsN)=U(2,N) BJUND
VIl1sN)=V(2,N) B OUND
H{LsN)sH(2,N) 8JUND
IF(LSYM.EQ.0)GO TO 55 BOUND
DU 60 N=2,N11 BOUND
VI1yN)=0. 80UND
HOL)NI=SHO1,N)+UCL,N)*ULL,N) /2, BOUND
CONTINUE BAUND
COWL PLATE OKR CENTER STRUT 5TAKTS FRGM N=NCWL1 AND ENDS AT NCWL2. BOUND
IF(NCWL.EQ.0)GT TO 35 BOUND
DO 30 N=NCwL1,NCWLZ BOUND
H{LlsN}=SH{1,N) BOUND
U(LsN)=0. BUUND
V(lsN)=C. BOUND
CONTINUE BOUND
IF(LEXITJEQ.0)G3 TG 36 BOUND
UCLsN13M1) =2, %U(1sN11;M1)~U(1sN1235M1) BOUND
VILlyN13M1) =2 %V (1, N1L1; ML) =V(1sN123M1) BAUND
POL)NLISML)m2,%« P{Ll,N11;M1)- P(1pN12;M1) BUUND
SH{LyNL;M1)=m2,%SH(1,N11;M1)-SH(1,N12;M1) BOUND
GO Ty 37 BOUND
CUONTINUE BOUND
UCL)N13ML)=U(1,N11;5M1) BAOUND
VILyN1;M1)=V(1,N11;M1) BJUND
P{LyN13M1)=F(2yNL13M1) BOUND
SHOL,)N13M1)eSH(L1,NL11;M1) BJIUND
CONTINUE BOUND
T(lyN1;ML)=3H(1sNL;HM1)/CP 3 QUND
RO(CL,N13MYI)=P(1,N1; ML)/ (RGAS®T(1,N13M1)) BOUND
HOLIsNLI;ML)mSHOLoNLGML)+(J(1oNLI3MLI*U(L,NLISML)I+V (1) NLI;ML) * B80UND
VIlsN13ML1))/2, BOUND
II=08SLT{T{1,13NXM}»C.5) BOUND
IF(LIJEQ.NXM)GI TJ 50 BAOUND
Ak ITE(6,500)L BAOUND
FORAAT(/92Xs 'NEGATIVE TEMPERATURE IN THE FIELD's15X) BOUND
'NO. OF ITERATIONSs?, I5) 8 JUND

DC 40 N=l,N1 BAUND
WRITE(6s 550N, X(1sN) 8 OUND



40

45
50
550

560
570

20

34

APPENDIX A

DO 40 MM=1,NMl

Medl-MM+1
WRITE(6,560)Y(MsN)sU(MsN)VIM)N)sPIMaNIsTIMI NI o HIMIN)H VIST(H,N)
CONTINUE

IF(NSTRUT.EQ.0)GJ TO 45

WEITE(6,570)

WRITE(65560) (YS(N)SUSINI»VSINIsPSINI »TSIN)»HSIN)pVISS(N)yN=1sNS)

CONTINUE

Lk=2

RETURN

CONTINUE

FORMAT(/s8Xs 'Y ', 10K tUt)10Xs 'V 11Xy *Pty11lXy 'T',12Xs"' H',10X,»
18VIST'»10X,*BODY STATION®',I3,5X,¥Xs',F10.5)
FURMATI(2XsF12459Fl2e55F12455F13445F124952F15.5)

FORMAT( /98Xy *YS193Xp tUSY,9Xp 'VST,1CXsPSY,10Xy"TS?»12X,'HS'»
110Xy 'VISS'y/)

VISLULly135NXM)®VSQRT(T(1s1;NXM)3VISL(1,13NXM))
VISL(1p13NXMY=CVISHVISLIL,1;NXMI*T(L,1;NXM)/Z (T(L1s]1;NXM)+110.)
IF(NSTRUTWEQ.O)RETUKN

VISS(L3INS)=VSQRT(TO(L;NS)FVISS(LI3NS))
VISS(13NS)=CVIS*VISSILIsNS)I*TSCINS)I/Z(TS(15NS)+110.)

RETUJURN

END

SU3ROUTINE IBOUND

CUMMON/FL/NXMpNXML NXA2,)NXM3sNXM4s N1 sMLsNL1Ly» M11sNSLIoNS2sNSs MSHMS1

1)NCALINCHLYIYNCWL2) NCWLMa NCWL Po NSTRUT
COMMUN/FAL/M125M13sN12sN13sNXMEsNXMOIMI2o MO3 s MS 4y MSPLIMSP2y NSP3
L1oNSMLsNSLPY,NS2M1oNSIMLI)NS2P Ly NNSSNSLIM2)NXM7
CUMMIN/F2/RO(619»55)9uU(61s55)5VI61555),P(61555),T(61555),
1 SAH(61»55)sH(61555)sR05(55),US(55),VS(55),
2 PS(55)9TS(55)sSH3(55),HS(55)
CUMAUN/F4/7SIGX(61955)sSIGY(61s55) s TAUXY(61555)9QX(6Ls55),
L QV{61955),SIGAS(55)s5IGYS(55)sTAUXYS(55),QxS(55),0YS(55)
COMMON/FS5/AU(61955,4)5AM(6155594) 9AN(6195594)5AUL{61955,54)
COMMUN/FO/7AUS(5594)5ANS(5524)sANS(55,54)9AUS1(5554)
CUMMGN/FT/X(61555)5Y(61555) 9 XXI(61555)5YXI(61,55),
1 XETA(61555)»YETA(6Ls55)5Ad(61555)
CUMMON/FB/ZXS(55)»YS(55) s XoXx1(55),YSXI(55),XSETA(55),
1 YYETA(55),A05(55)
CUMMUN/FL12/LSY4sNFLUWS LFIoLFOp ILTSLMAX)LWpLEXITSCRITSFDTLFDTL,
1 TIMELCCP»CCTHLy LK, TIMELSCRITAVG
CUMMON/F13/GAMA»RGASsCPsPRyPRTSCVIS,FMyPF,TFSUF»ROFs» SHF»HF
DU 5 N=2,N11

RO(15sN)=RO(2,N)

P(1,N)= P(2,N)

T(1lsN)s T(2,N)

H{lsN)= H(2,N)

SH{1,N)=SH(2,N)

CONLsYXI(1,N)/XXI(1sN)

CGN2=1,+CON1*CON1

UCLoN)=(H(L1,N)=SH({1sN))*2,/CON2

U{1lsN)=SQRT(U(L1sN))

VI1>N)=CON1*U(1,N)

DG 20 N=2,N11

RU(MISN)=RO(M11,N)

SH{M1,N)=SH(M11,N)

P(M1sN)= P(MLl1l,N)

T(M1sN)= T(M11l,N)

H{M1,N)= H(M11,N)

CUN1sYXI(M1,yN)/XXI(M1sN)

CON2=1.,+CON1*CON1

U(MLsN)s (H(M1yN)=SH(ML,N))*2./CON2

U(M1oN)=SQRT(U(ML,N))

VIMLyN)sCON1*U(M1sN)

IF(LSYMJEQ.1)GD T3 60

IFINCWLEQ.0)GI TJ 62

IFI(NCWNLY1«LE+2.AND.NCWL2+GEN11)GD TO 60

DU 50 N=1,NCWLM

BJUND
80UND
30UND
B8JUND
B8OUND
8JUND
80UND
80UND
BOUND
8JUND
BOUND
BJUND
8JUND
BOUND
BOUND
BOULND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
BOUND
I30UND
I80UND
IBUUND
I3 0UND
IBOUND
I30UND
I80UND
IBOUND
I80UND
I30UND
I80UND
IBOUND
I30UND
IBOUND
I80UND
I80UND
IB80UND
IBOUND
IBOUND
IBOUND
I30UND
IBOUND
IBOUND
I80UND
IBOUND
IB0UND
I80UND
IBOUND
I80UND
I80UND
I8QUND
180UND
IBOUND
IBOUND
IBCUND
IBOUND
IBOUND
I80UND
IBOUND
IBOUND
I80UND
IB0UND
IBOUND
IBOUND
IBOUND

96
97
98

100
101
102
103
104
105
106
107
108
109
110
111
l12
113
114
115



50

55

62

56
¢0

10

36

37

500

40
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JLlyN)=U(2,N)
VILyN)sV{2,N)
IF(NCWL2.GE,N11)GO TO 60
D3 55 N=NCWLP,N11
UCLlsN)=U(2sN)

Vi1, N)=VI(2,N)

GG TO 60

CUNTLINUE

D0 56 N=2,N11
U(l,N)=U(2,N)
VILlsN)=V{2,N)

CONTINUE
IF(NSTRUTLEQ.O0)GI TO 6
DU 10 N=1,NS
NN=N+8S1=1
RO{MSsNN)=RO(MSP1,NN)
SH{MS)NN)=SH{MSPL1lsNN)

PIMSyNN)= P(MSP1l,yNN)

T{M>yNN)=s T(MSP1l,NN)

H(AS,;NN)= H(MSP1,NN)
CONL=YXI(MS,NN)}/XXI(M3SsNN)
CCN2=1,+C0ON1=CON1
U(MSH>NN)=(H{MSyNN)-SHIMS»NN) )} *2.,/CUN2
UIMSsNNI=SQRT(UJ(MSHNN))
VIMS,NN)=CONL*U(MS,NN)

RUOS(N)=RO(MS1,NN)

PS(N)= P(MS1,NN)

TSIN)= T(MS1,nN)

HS(N)= H(MS1,NN)

SHS(N)=SH{MS1,NN)
CONL=YSXI(N)/XSXI(N)
CUN2=1+,+CON1*CONL
USIN)=(HSIN)=SHS(N))*2,/C0ON2
US(N)=SQRT(US(N))

VS{N)=CON1*US(N)

CONTINUE

IF(LEXITL.EQ,0) GJ TO 36

ULy NLSML) =2 %« U(1)N1L; M1)=U(1sN123M1)
V(1sN13M1)=2 . «V(1,N11;ML)=V(1sN12;M1)
SH{1yN13ML) =2 % SH{1,NLL1}ML)=SH{1sN12;M1)

PULyNL1;M1)=2,% P(1,N1Ll;ML)= P{LlsN12;M1)
GC TO 37
CONTINUVE
U(LlsNL3M1)=U(LlsN113M1)
VI1oNL;M1)=eV(1,N115M1)
SH{LsN1;M1)=eSH(L1yN1IL;M1)
P{LsNL3M1)=pP(1sN113M1)

CONTINUE

TOL,N13M1)YeSH{LyN13M1)/CP
RO(1oN13ML)=P(1pNIs;ML)/(RGAS*T (1o N1;M1))
HOLsNL3ML)wSHOLs NLISML) 4 (U1, NL;ML)I*0 (1, N1 ML)4V (1) N13M1)*
IV l1sNLIMLI) )/ 2,

I138SLT(T(1,13NXM),0,5)

IF(II.EQeNXM)IRETURN

WRITE(65500)L

FURMAT(/22Xs *NEGATIVE TEMPERATURE IN THE FIELD'»15X»

1 'NJe. OF ITERATIONS =',15)

DO 40 N=1,N1

WRITE(65550)N,X{(1,N)

DU 40 MM=1,M1

M=Ml=MM+1
ARITE(6s560)Y(MyN)JUMINISVIMINISPIMaN)»T(M) N)sH(MpN)
CONTINUE

IF(ASTRUT.EQ.0)GO TO 45

WRITE(65570)
WRITE(E)S560)(YSINIJUSINIpVEINIPPSINI»TSUN)IsHS(N),A=1,NS)
CONTINUE

FORMAT(/9BXs 'Y 510X, U, 10X "v ¥ Ll1lXp tPY,11Xs ?TV,12Xs? H',10X,

IBOUND
IB8DUND
IBOUND
IBOUND
IBOUND
IB8OUND
IBOUND
IBOUND
I80UND
IBOuUND
IB80UND
IBOUND
IBOUND
IBOUND
I80UND
IBOUND
IB0UND
IB80UND
IBOUND
IBOUND
I30UND
IBOUND
I80UND
{d40UND
[80UND
IBOUND
1BOUND
I80UND
IBOUND
IBOUND
I80UND
IBOUND
I3QUND
180UND
IBOUND
I180UND
IB0UND
IBOUND
IBOUND
I30UND
I1B0OUND
IBOUND
IB80UND
IBOUND
IBOUND
I80UND
I80UND
I180UND
I3GUND
I8 0UND
I30UND
180UND
I180UND
180UND
I30UND
I80UND
I3CUND
I30UND
I80UND
IBOUND
180UND
IBOUND
I1BOUND
IBOUND
IBOUND
IBOUND
I80UND
IBOUND

113

35
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1'6JDY STATION=',I3,5X,'X="'F10.5)
FORMAT(2XsF12e55F12455F12¢55sF13445F12455F1545)

FORMAT( /28X 1YST 59X USY )y 9Xs 'WS 120X ' PS,10Xs ' TSV 12X, " HSH,/)

Lk=2

RETURN

END

SUAROUTINE VORT

COMMUN/FL/NXMyNXHLoNXMN2,NXM3sNXMGsN1sMLoH11sF11sNS1yNS2s NSy MSs M3

Lo NCWLINCWLLIsNCWL2, NChLMs NCHLPs NSTRUT

COMMON/FAL/M125HM135N12,N13NXM5sNXMOs M2, 153, MS4,M5PL,MSP2, MSP3

1sN3M1yNSLIPL,NS2MLoNSIM1I,NS2P1aNNo> s NSIM2,NXNT7
CUMMON/F2/RO(61555)sU(61555) sv(61,55)5P(61255)sT(61555),
1 SH(61s55)sH(61r»55)sRGS(55),U3(55),VS5(55),

2 F5(55),T8(55)sSHS(55),HS(55)
CUMMON/F&4/7SIGX(61555),SIGY(61s55) yTAUXY(6L955)9UdX(615,55),
1 QY(61555)sSTIGXS{55)sS1IGYS(55)sTAUXYS(55),CXSU55),0YS(55)
CUMMUN/F7/X(61555)sY(6Ls55)sXXI(061555)sYX1(61555),
1 XETA(61955),YETA(61,55)5A0(61,55)
CUMMUN/FB/ZXS(55)sYS(52)sX5X1(55),YSXI(55),XSETA(55),
1l YSETA(55),AJ5(55)
SIGX(2s1;NXM2)e(U(3,1;;NXM2)-U(1sLl;NXM2))72,

SIGY (2513 NXM2)=(V(3,1;NXM2)=-V(1s1;NXM2))/2.

DU 10 N=1,N1

SIGA{1yN)=U(2,N)=U(1,N)

SIGY(1,N)=V(2,N)=V(1,N)

SIGY(1sN)=V(2,N)=V(1sN)

SIGX(MLsN)=U(M1sN)=U(ML11,N)
SIGY{(MI,N)=V{(ML,N)-V(H11sN)
X(1s23NXM3)={U(L1,35NXM3)=-U(L,13NXM3))s2,
QY(L,23NXM3)=(V(1s33NXM3)=V(1s1;NXM3))/2.

00 20 M=1,M1

UX(Hs1)sU(My2)~-U(My 1)

QY{4s1)eV(Msy2)=-V(Ms1)

AX(H4sN1)Y=U(My,N1)~U(MpN11)

QY( s N1)eV(MyNL1)=V(M,N11)

IF(NSTRUT.EQ.0)GO TO 50

D0 30 N=NS1,NS2

NhaN=NS1+1

SIGX(MS,N)=U(MSPLynN)=J(MSsN)
SIGY(MS)N)=V{MSPLyN)=VIMSHN)
SIGX(MS1I,N)=(US(NN)=U(MSZsN))/2.

SIGY(MS1,N)s (VSINN)=V(MS2,N))/2.

DG 40 N=2,NSM1

QXS(N)= (US(N+1)=US(N=1))/2.
AXS(1)=(US(2)-U(MS,»NS1IHL1)) /2.

QAXIINS )= (UIMS,NS2PL)=US(NSM1))/ 2,

DU 60 N=1,NS

Nih=N=1+NS1

S1IGXS{N)=US(N)=U(MS1,NN)

QXSCL3NS )= (XSXI(L3NS)I*SIGXS(L3NSI-XSETA(LNS)* QXS(L13NS))/ZAJS(L;

1NS)
CUNTINUE

QX(l;liNXH)-(XXI(liliNXM)*SIGK(l;l}NXM)—XETA(l:l}NXM)* AX(1,13

INXM))/Ad (151 3NXNM)

QY(Lol3NXMI= (YETACL,1I5NXM)* QY (1p1;NXM)=YXI{1s1;NXM)*SIGY(1s1;

INX4))/7AJ (152 3NXM)

TAUXY (1o LINXM)=OX(1p13NXM)-QY (11 3NXM)
TAUXY(1,13NXM)=VABS(TAUXY (15 15NXM)3TAUXY(Ls15NXM))
RETURN

END

SUBRUUTINE EODY(NNXLyNNX2sNYL)NY2sNWALLSNSTR)

ELOY VISCOSITY MODEL TAKEN FKOM AIAA PAPER NO. 78-257 BY BALDWIN

AND LOMAX. NWALL = 1 FOR ONE WALL AND = 2 FOR TWO WALLS.
DIMENSION YD(61)»VISTI(61),VISTO(E1),FY{61),UDIF1(61)

CUMMON/F1/NXMyNXMLsNXM2yNXM3sNXMGpN1pMI>NL1Ly M11oNS1,)NS2,NSs MSH»HMS1

1oNCWHLONCWLISNCWL2sNCWLMyNCWLPsNSTRUT
COMMON/F2/RO(61,55)5U(61555)sV(61555),P(61,55),T(61,55),
1 SH(61555)sH{61555)sROS(55),US5(55)5VS5(55),

I80UND
IBOUND
IBOULND
IBOUUND
IB0UND
IBOUND
VORT
VORT
VORT
VORT
VORT
VURT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VUORT
VURT
VOKRT
VOKT
VORT
VORT
VORT
VIRT
VIRT
VORT
VORT
VART
VORT
VORT
VIRT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VOKRT
VORT
VOKT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
VORT
EDDY
EODY
EDDY
EDDY
EDDY
EDDY
EODY
EODY
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2 PS(55)5TS(55),SHS(55),HS(55)
CUMMON/F3/VISL{61555),VISTI61,55)VIS(61s55),VISS(55)
CUMMON/F&4/SIGX(61555)ySIGY(61s55) s TAUXY(61555),QX(61s55),

1 GY(61,55),SIGXS{55),516Y>(55), TAUXYS(55),QXS155),QY5(55)
COMMON/FT/XU61955)sY(61955),XX1(61955),YX1(61555)s

1 XETA(H1555)sYETA(61,55),Ad(61,555)
CUMMAON/FB/XS(55)9YS5(55)pX5XL (55),YSXI(55),XSETA(D5),

L YSETA(55),AJS5(55)

REAL KyKK
OATA AP»CCPsCKLEBICWKsKakK/264214620435002520445 40168/

NSTR EQUAL TO 1 FOR THE REGION WHERE LOWER SURFACE OF THE STRUT

FURMY THE UPPER WALL OF THE DOMAIN IN WHICH EDDY VISCOSITY IS
dEING CALCULATED. IT IS ZERD DTHERWISE,
NNYsNY2-NY1l+1

NNY1l=NY1

NNY2=sNY2

IF (NWALL.EQ.1)GD TO 5

NNY2=NY2

NNYLlsNYL4+NNY /2

CONTINUE

NNY2M1=NNY2-1

NNYLP1=NNY1+1

NNYaNNY2=-NNY1+1

DO 100 N=NNX1,ANX2

LF(NSTR.EQ.1)GD TO 10
TAUN=ABS(VISINNY2,N)*GX(NNY2,N) )*RO(NNY25N)
YPIsSQRT(TAUW)I/VIS(NNY2sN)

DU 20 M=NNY1l,sNNYZ2
YO(A)Y=Y{NNY2sN)-Y(MsN)

GLG TO 15

NNaN=NS1+1
TAUW®ABS(VISSINN)®UXS(NN) ) *ROS (NN)
YPI=SQRT(TAUW)}/VISS(NN)

DU 30 M=NNY1,NNY2

YO(M)sYS(NN)=Y (M, N)

CONTINUE

00 40 M=NNY1,NNYZ2

YPeYP [*YD(M)

RL==YP/AP

RL=EXP(RL)

RLsYD(M)®(1.-RL)
VISTI(M)=RO(MyN)RKXK*RL*RL*TAUXY(MsN)
UGIFL(M)=U(MaNI*UIMINI+V(MsN)EVIMHIN)
UDIF1(M)=sSQRT(UDIF1(M))
FY({M)=RL*TAUXY (MsN)

SOMETIMES CALCULATIONS UF FYMAX MAY REQUIRE SUOME ATTENTION DUE
TO AURE THAN ONE MAXIMA OCCURING 1IN FUNCTION FY.

FYAAX=FY (NNY2M1)

YAAX=YD{NNY2ML)

DO 50 MM=NNY1P1,NNY2M1
M=NNY2=MM+NNY1
IF(FY{M-1).GT.FY(M))GL TD 50
FYMAX=FY(N)

YMAX=YD (M)

GO TO 51

CUNTINUE

FYMAX=FY(NNY1P1)

YMAX=YD(NNY1P1)
COGNTINUE
ULLF=Q8SMAX(UDIFLI{NNYL;NNY))
FWAKEL=YMAX*FYMAX
FWAKEZ2sCWK*YMAXXUDIF*JDIF/FYMAX
FwAKE=AMIN1(FWAKEL,FWAKE2)

UU 60 M=NNY1»NNYZ
FKLEB=Le/(1445.5%(CKLEBXYDIM)/YMAX)*%6)
VISTO(M)=KK*CCP*RO(MIN)*¥F NAKEXFKLEB

EODY
EDDY
EODY
EDDY
EDDY
EDDY
EODY
EODY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EODY
EDDY
EDDY
c0DY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
E0DY
EDDY
EODY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EQDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EODY
EODY
EVDY
EDDY
EODY
EODY
EODY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY



70
100

210

OO0OO

220

221

230

240
200
500

38

APPENDIX A

IGUT=0

DU 70 MM=NNY1,NNY2

Me=NNY2-MM4+NNY1
DVIST=VISTO(M)-VISTI(M)
IF(DVIST.LE.O.)IOUT=1
VIST(MsN)=VISTI(M)
IF(IUUTSEQ 1 IVIST(MsN) =VISTOI(M)
CONTINUE

CONTINUE

IF(HwALL.EQ41)GD TU 500

NhY2=NNY1-1

NNYLsNY1

NNYaNNY2-NNY1+1

NNYLP1=NNY1+1

NNYLP2=NNY1+2

DG 200 N=NNX1,NNX2

TAUN=ABS (VIS (NNYL,N)#IX({NNY1sN))*RO(NNYLsN)
YEI«SQRT(TAUW)/VIS (NNY1sN)

DU 210 M=NNYLsNNY2

YD(M) =Y (MyN)=Y(NNY1,N)

YP=YPI*YD (M)

RL==YP/AP

RL=EXP(PL)

RLsYD(M)*(1.~RL)
VISTI(M)=RO(MyN)KK*XK*RL*KL*TAUXY (FsN )
UDIF1(M)sU(MsNI®U(HINI+VIM,NI®VIM,N)
UDIF1(M)=SGRT(UDIF1(M))
FY(H)=RL*TAUXY (MsN)

SOMETIMES CALCULATIONS UF FYMAX MAY REQUIRE SOME ATTENTIJIN DUE
TG MORE THAN ONE MAXIAA OCCURING IN FUNCTION FY.

FYMAX=FY{NNY1P1)

YMAX=YD(NNY1P1)
DG 220 M=NNY1P2,NNY2

IF(FY(M) GT.FY{(M=-1))Gu TO 220
FYSAXsFY(M-1)
YMAX=YD(M=1)
GU TO 221
CUNTIRUE
FYMAXSFY (NNY2)

YMax=YD(NNY2)
CONTINUFE
UDIF=QESMAX(UDIFL(NNYL;NNY))
FRAKEL=YMAX*FYMAX
FWAKE2=CWK®YMAX¥UDIF*JDIF/FYMAX
FWwAKE=AMINL1(FWAXEL, FWAKE2)
DG 230 M=NNY1,NNYZ2
FKLEB=1la/(1e+5.5%(CKLEB*YD(M)}/YMAX)*%6)
VISTO(M) = K*CCP*RO(MsN)*FWAKE*FKLEB
I0UT=0
DU 240 M=NNY1,NNY2
OVISY=VISTO(M)=VISTI(H)
IF(DVIST.LE.O,)I0UT=1
VIST(M)N)=VISTI(M)
IFCIOUTCEQa1)IVIST(MoN)=VISTI(N)
CUNTINUE
CUGNTINUE
CUNTLINUE
R ETURN
END
SUBROUTINE IMPY(IADD)

CUMMON/FY/NXMy NXML1sNXM25NXM3)NXM49NL s MLo N1y MI1oNS1,NS2sNSs MSHMS 1

IoNCWLONCWLL)NCWL2y NCWLMsNCWLPoNSTRUT

COMMON/FAL/M12,M13sN12sN13sNXMESNXMOMS2) MS3pMS4oMSPLIMSP2, MSP3

1o NSMLsNSLIPL1yNS2MLsNSIMLsNS2P1s NNSHNSLIM2oNXMT
COMMON/F2/RO(61955)5U(61555)sV(61555)sP(61555),T(61,55),
L SH(61s55)sH(61»55)sRUS(55)5U5(55),V5(55),

EDDY
EODY
EDDY
EODY
EDDY
EDOY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY

EDDY
EODY
EDDY
EDDY
EDDY
EDDY
EDDY
ELDY
EDDY
EDDY
EODY
EODY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EVDY
EDDY
EDDY
EDDY
EODY
EDDY
EDDY
EDDY
EDDY
EODY
EODY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EDDY
EODY
EDDY
IMPY
ey
IMPY
IMPY
IMPY
Iney
IMPY



15

110

30

230
20

APPENDIX A

2 P5{55)sTS5(55),SHS(55),HS(55)
CUMADN/F3/VISL(61s55),VIST(61,55),vIS(61555),VISS{55)
COMMON/F&4/SIGX{61555)»SIGY(61s55) s TAUXY(61»55),QX(61s55),

1 QY(61555),SIGXS(55),351IGYS(55)»TALXYS(55),QXS5(55),QY3(55)
CUMAON/FS5/7AU(6125554)5AM(6)155554)9AN(6155554),AUL(61,55,54)
CUMMON/F6/7AUS(5594) s AMS(5554)sANS(55,54)5AUS1(55,4)
COMMON/F7/X(61,55),Y(61955)sXXI(61955),YXI(61,55),

1 XETA(61555)sYETA(61,»55)sA3(61555)
CUMMON/FB/XS(55)»YS(55)sXSXL(55)sYSXI(55),XSETA(55),

1 YSETA(55)5AJS(55)
CUMMON/FO/INT(55),TELU55) s TE2(55)sTE3(55),TEG(55)
COMMON/F10/DT(61,55),0TH
COMMON/FY2/LSYMsNFLOWILFISLFO» ILTsLMAX)LWILEXITSCRITHFOTHFDTLS

1 TIMESCCPCCTsLs LK, TIMELYCRITAVG
CUMAUN/F13/GAMAIRGASSCPIPRIPRTICVISIFMsPFaTFHUF» ROFsSHFHF
CUMMON/F14/DAU(51555,4)sBDAJ(5554)»BDAUS(5594)5TI(5555),

1CCIMPY,GM1,GM2,GM3,GM4,GM5
AX(1y L3 NXM)=GM5%T(1,1;NXM)
QX{Ly13NXM)=VSQRT(UX( 1y 1;NXM);QAX(1s13NXN))
SIGX(LlsI3NXM)=oS5%x(U(Ls LINXN)*U(Ly 13NXMI+V 1, 15NXM)*V (1 15NXN))
QY(1)13NXﬂ)'DTH/YETA(l)l?NXH)
TAUXY(1s13NXM)=GMe*VIS (1, 1;NXM)*QY(1,1;NXM)/ (RO(1y I;NXN)%

LYETA(L,13NXM))
SIGY{Lly13NXM)=aVABS(V(1,1;nNXMH)351IGY(1,15NXM))
AM(LlsLlol13NXMISSIGY (1) L3NXMI*QY(L1y15NXM)=e5
SIGY(LsLl3NXM)={SIGY(1y1;NXMI+AX(1s15NXM))*QY (1) 13NXM)=e5
AMULy Lo 23NXM)aV {1y 13NXM)I+QX {1y 13NXM)

AM(Ls1s23NXM)m{VAS(AM(Ls 1, 25NXM)3AMIL,1,25NXH) ) *QY (1o 1 3NXM) =45

AM(Lls1s35NXM)=Y (L, LINXM)=QX{1)1;NXM)
AM({LsLls33NXM)= VABS{AM(Ly1y3 3NXM)JAM{L1s1s33NXM)II*QAY(Lyl3NXM)-o5
NIM=Q

NN1=2

NNZ2=NSIML1

IF(NSTRUTLEQ.O)INN2=N11

CUONTINUE

NI=NIM+1

DO 10 N=NN1,NN2

DO 10 M=2,M11
MM={1-TADD)*M+IADD*(M11+2-N)
IF(SIGY(MMyN).LT.04,)G0 TO 10

VVsV (MMsN)

CC=AX(MMyN)

ALP=SIGX(MMyN)

RCCSG=1./(CC*CC)

UU=J (MM, N)

RR=RO(MM,N)

IF(IADD.EQ.O)GD TO 30

IF(4AM.NE.M11)GD TO 20

DO 110 Is=sly4
DAJ(MLILISN,I)=DAU(MIL,NyI)+BDAU(N,I)*QY(M1sN)
GO TO 20

CONTINUE

IF(MM.NEL2)GO TJ 20

00 230 I=1,4
DAU(2sNsT1)=DAU(2s Ny I)+BDAUINI)I*QY(1,N)
CONTINUE

INPY
IMPY
IMPY
IMPY
IMPY
IMPY
INPY
InpPY
IMPY
IMPY
IMPY
IMPY
IMPY
IMpPY
INPY
IMPY
IMPY
IMPY
InPY
IMPY
IMPY
INPY
INPY
IMPY
IMPY
IMPY
InPY
INPY
IMPY
InPY
IMPY
IMPY
INPY
IMPY
IMPY
IMPY
IMPY
InePY
INPY
IMPY
IMPY
IMPY
IMPY
IMPY
IMPY
IMPY
I4PY
IMPY
IMPY
IMNPY
INPY
IMpPY
IMPY
IMPY
IMPY
inpPY

OF=(ALP¥DAU(MM)NS 1) -UUSDAU(MMINS2)=VV*DAU(MN SN 3)+DAU(MMIN, 4) )*GHLIINPY

XX1=DAU(HM)N»1)-DP*¥RCZSQ

XX2= (DAU(MMs Ny 2)-UU*DAU(MMAIN,L))/RR
XX33=VV¥CC*DAU(MMsNs L) +CC*DAU(MMINS3 ) +DP
XX4u~xXX342,%DP
VIS1=TAUXY(MM)N)+ABS(XX1)/(GML*¥RR/GAMA)*CCIMFY
DbL1=AMAXL({(VIS1+¢AM(MMIN,1))»0.)
DU3=sAMAX1((VIS1+AMIMMsN,2)),0.)
DLa=ANAXLI((VISL+AM(MMs»Ns»3))»0.)
YYl=XX1/(1.+DD1)

YY2=XX2/(1,+0D1)

YY32XX3/(1,+4DD3)

IMPY
IMPY
IMPY
IMPY
INPY
InpPY
INPY
IMPY
IHMPY
ey
inpy
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YY43XX4/{1.+DD4%)
DR=YY1+.5¢(YY34YY4)*R0LSQ
QAJ(MHsN,1)=DR

DAU(MMyN»2)=UUXDR+RR*YY2
DAU(MM)N,3)=VVEDR+,5%(YY3-YY4)/CC
DAU(MMINy» 4 ) =ALP*DR+RRXUU*YY2Z+.D¥(VV¥(YY3-YY4&)/CC+(YY3+YY4)/GM1)
IF(M.EQ.M11)GD TI 10

MusMM=-2*TADD+1

DDO=YETA(MM,N)/YETA(HJ,N)

271=0D*DD1*YY1

L72=DD*DD1*YY2

2Z3=D0D*DD3*YY3

LZ4=DD*DD4*YY4
DR=ZZ1+e5%(2723+4274)*KCCSQ

DAUIMJIIN, 1)=DAU(MI,N,1)4DR
DAU(MJsNs»2)=DAU(MIIN,2)+UUXDR+ZZ2*RR
DAUIMIINS3)=DAJ(MIINI3)+VVRDR+ 5% (223~224)/CC
DAU(MJIIN, &) =DAU(MIINs 4 ) +ALP*DR+RR¥UUKZZ24 5% (VVX(223-224)/CC+
1(423+4274)/GH1)

CONTINUE

IF(NSTRUT.EQ.O)RETURN

NN1=NS2P1

NN2sN11

IF(HIM.EQ.L)GO TO 15

DL 5 N=NS1,NS2

Nh®N=NS1+1

QYS(N)=DTM/YSETA(NN)

DL 40 N=NS1,NS2

DL 45 M=2,MS1

MM=(1-IADD)*M+IADD* (M3142=M)
IF(SIGY(MMsIN)LT.D.)GT TU 45

Vvay (MMy N)

CC=uX(MMyN)

ALP=SIGX(MM,N)

RCCSQA=1,./7(CC*CC)

ULU=U(MMsN)

RK=RO(MM,N)

IF(IADD.EQ.0)GO TO 65

IF(MM.NE.MS1)G] TI 60

00 7C I=1,4

DAUIMSL N, T)«DAUIMSLI, N, 1) +BDAUSINST ) *QY>(N)
GL TO 60

CONTINUE

IF{HM.NEL.2)GO T3 60

DO 75 I=1,4

DAUCZ2yNy T)=DAU(2,NsI)+BUAUCNS I I*QY(1sN)
CONTINUE
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INPY
IMPY
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INPY
INPY
IMPY
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IMPY
INPY
IMPY
INPY
IMPY
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IMPY
IMPY
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DP=(ALP*DAUCMM)N,) 1) ~UU*DAULMMI Na2)=VVH*UAU(MMIN» 3)+DAU(MMsN, &) )RXGHMLIMPY

XX1=DAU(MM,N»1)=-DP*RCCSG

XX2= (DAU(MNM)N» 2)=UUXDAUIMMINSL))/RR
XX3m=yV&CC¥DAU(MMIN, L) +C2*DAULMMIN,3 ) 4DP
XX4=s=xXX3+42,%DP

VIS1I=TAUXY (MM, N)+ABS(XX1)/(GML*KR/GAMA)*CCIMPY
DD1=AMAXLI((VIS1I+AM(MMsNIL))»04)
DD3sAMAXI{((VISL+AM(MMINI2)),0.)
DU4=AMAXLI((VISL+AM(MMINSI3))»0.)
YYluXX1/(1.+0D1)

YY2=XX2/(1.,+DD1)

YY3=XXx3/(1.4+DD3)

YY4uXxX4/(1l.+DD4)

DR®YYL14,5%¥(YY3+YY4)*RCCSQ

DAU(MMIN,1)=DR

DAU(MMy Ny 2) = UU*DR+RR*¥YY2

DAU(MMY N3 )=YVXDR+,5%(YY3-YY4)/CC

DAU(MMyNs & ) mALP*DR+RR¥UUXYY2+S*(VVE(YY3~YY4)/CC+(YY3+4YY4)/GM1)
IF(M.EQ.MS1)GO T 45

MJsiM-2%IADD +1

ODD=sYETA(MMOIN)/YETA(MJIIN)

Iney
I4PY
IMPY
IMPY
IMPY
IMPY
IMPY
INPY
IMPY
INPY
IMPY
IMPY
InPY
IMPY
IMPY
IMPY
IMPY
IMPY
IMPY
IMPY
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I71=DD*DD1%YY1
1722=D0*DD1*YY2
123=DD*DD3*YY3
L14=DD*DD4*YY4
OR®ZZ14.5%*(2234274)*RCCSQ
DAU(MUsN»1)=DAU(MJIsN, L) +DR

DAU(MUINS2)=DAU(MIINSI2) +UURDR+ZZ22%kR
DAU(MJIH)N,3)=DAU(MISIN,3)+VVEDR+5%(223-224)/CC
DAU(MJI)Ns» 4 )=DAU(MJIINs G )+ALP*DR+RR*¥UURZZ2+,5% (VV*(Z2Z3-224)/CC+
1(223+2724)/6GNM1)

CONTINUE

DU 50 M=sMSP1,M11
MM={1-TADD)*M+IADD*(ML1+MSPL1-M)
IF(SIGY{MMIN)sLT40:)GO TO 50

VVay (M, N)
CC=IX(MM,N)

ALP=SIGX{MMsN)

RCCSQ=1./7(CC*CC)

Uusy (MM N)

RKk=RO(MM,N)

IF({ACD.+EQ.0)GO TOD 85

IF{MM.NF.411)GD T3 B8O
DO 90 I=1,4
DAU(M11,N,1)=DAU(MIL,NyI)}+BDAU(N,I)*CY(M1sN)
GO TO 80
CONTINUE

IF(MM.NEJMSPL)GD TD 80
DC 95 I=1,4
DAUCMSPL,N,I)=DAU{NMSPLyN, I)+BDAUS (N, I1)%QY(KSsN)
CONTINUE

INPY
IMPY
INPY
IMPY
1dpPY
IMPY
InPY
IMPY
IMPY
IMPY
IMPY
INPY
INPY
IMPY
INPY
IMPY
IMPY
INPY
IMPY
IMpPY
IMPY
INPY
IMPY
IMPY
INPY
IMPY
IMPY
INPY
APy
Inpy

DPa{ALP*DAU(MMsN, 1) =Uu*DAU(MMINS2)=VV¥DAUNMINS3)+DAUIMMIN, 4) )2GHLINPY

XX1=DAU(MMyNy1)-DP*RCCSQ
Xx2=(DAU(MMs N» 2)-UU*DAU(MMIN21))/RR
XX3==VVECC*DAU(MMsNs L) +CC*DAU(MMI N, 3 )+DP
XX4m=XxX342,%DP

VIS1=TAUXY (MMs)N)+ABS(AX1)/(GML*¥RR/GAMA)*CCIMPY
DO1l=AMAX1((VIS1I+AM{MMI)N)1)})»O0.)
DD3=AMAXL((VIS1+4AM(MMINS2))504)
DD4=AMAXI((VIS1+AM(MMINs3)),0.)
YYl=XX1/(1.+DD1)}

YY2=aXxX2/(1.,+DD1)

YY3xXX3/(1.+40D03)

YY4m X4/ (1.+DD%)

DR=YY1+.5%(YY34YY4)®RCCSQ

DAU(MMs)N»1)=DR

DAU(MMyN»2)=UU*DR+RR*YY2

DAU(MMIN, 3)=VVHDR+,5%(YY3~YY4)/CC

DAUCMNI N, 4) = ALP*OR+RR*UU*YY2+ . 5¥(VVE(YYI-YY4)/CC+{YY3+YY4)/GML)
IF(M.EQ.M11)G0O TO 50

MJ=4N=-2%TADD+1

DO=YETA(MM,N)/YETA(MIHIN)

LZ1=0D*DD1*YY1

122=05D*0D1*YY2

ZZ3=DD*DD3*YY3

LZ4=DD*DD4*YY4

Dk®ZZ1+e5%(Z23+47Z24)*RCCSQ
DAU(MJISN, 1) =DAU(MI,Ny L) +DR
DAU(MJI)N,»2)=DAU(MISNS2)+UUXDR+ZZ2*RR
DAUIMI,N»3)=DAJCMIINI3)+VVHOR+ 5% (223-224)/CC
DAU(MISN,» &) =DAU(MIIN, &) +ALP*XDR+RR®UU* 222+, 5% (yW*(223-224)/CC+
1(223+224)/GHM1)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE VECIM2(IADD)

COMAUN/FL/NXHy NXML)NXM2, NXM3,)NXM4sN1sMLsNL11) M11o) NS 1o NS25 NSy HSHMSL
LyNCWLINCALLIsNCWL2)NCHLMI) NCWLPONSTRUT

IapPyY
ey
IMPY
IMPY
InMpyY
IMPY
IMPY
INPY
IMPY
IMPY
IMpY
APy
IMpPY
IMPY
INPY
InPY
INPY
Inpy
IMPY
IMPY
IAPY
IMPY
INPY
IMPY
IMPY
IAPY
IMPY
IMPY
ey
IMPY
IMPY
IMPY
INPY
INPY
VECIN2
VECIN2Z
VECIMZ2

144
145
146
147
148
149
150
151

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
17¢
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
166
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

41



10
20

OO0

16

15

17
30

42

APPENDIX A

CDHHUN/FA1/”12)Hl3)N12}Nl3:NXH5}NXH6)H52:HS3)HSQJHSP1:HSP2)H5P3

1sNSM1,NSIPL1pNS2MLIsNS1IM1sNI2P1s NNSSNSIM2)NXMT
COMMON/F2/RO(61555)5,U(61555)sV(61559)sP(61555),T(b1s55),

1 5H(6l)55);H(61!55))RUS(55))U)(55))V5(55)l

2 P3(55)sTS(55),5HS(55),HS(55)
COMMON/F3/VISL(61,55),VIST(61,555),VIS(61555),VISS(55)
CUMMUN/F4/STGX(61555)0516Y(61255)sTAUXY(61555),0QX(61555),

1 QY(61555)SIGXS{55),SIGYS(55) s TAUXYS(55),uXS5(55),QYS5(55)
CUHHUN/F5/AU(61}55:4))Ah(61}55)4)}AN(61)55)4)}AU1(61)55)4)
CUMMON/FO6/AUS(55,4 )9 AMS(5554)9ANS(555445AUS1(55,4)
COMMON/FT7/X(61555),Y(61555) s XXI(61555)sYXI(615,55),

1 XETA(61955)sYETA(LLs55)9Ad(61955)
CUMMON/FB/XS(55)sYS(55)sXSX1(55),YSXI(55)sXSETA(55),

L YSETA(55),A45(55)
COMMON/FO/INT(55) s TELU55) s TE2(55),TEI(55)sTEG(55)
COMMON/F10/DT(61555),0THM
CUHHUN/FlZ/LSYM)NFLUH'LFIILFU}ILT)LHAX!LN)LEXIT’CRIT}FDTDFDTL’

1l TIMESCCPsCCTYsL»LK,TIMELSCRITAVG
COHHUN/Fl3/GAHApRGA):CP)PR)?RT:CVIS:FﬂlPF}TF’UFJROF)SHF:HF
COMMON/F14/DAU(61555,4)5BDAUC55,4)9BDAUS(5554)2TI(5555),

1CCIAPYSGML,)GM2,GM3,yGM4yGM5
L T T T T T T Ty prrate
IF(IADD.EQ.1)GD TO 10
K=M]

GO0 TO 20

K=l

CONTINUE
TI(1p1l;N1)=QB8VGATHP (RU(Ks 13NXM) oMLy N1;TI(1s1;N1))
TI(l,Z}Nl)'QBVGATHP(U(KJl}NXH))Ml)Nl]TI(l)Z}Nll))
TIC1l,33N1)=Q8VGATHP(VIKs13NXM)sML1sNL;TI(1,3501))
TI(1,43N1)=QBVGATHP(T(KIL1;NXH)omLsNL;TI(Ls43N1))
Tl(1953N1)'08VGATHP(V15(K}l}NXﬂ)JNl)Nl}TI(1)53N1))
IF(NSTRUTLEQLO0)GJ TO 30

THE SUBROUTINE ASSUMES U=Vs0 CONDITIONS ON THE
STRUT SURFACE.

IF(IADDGEQ.1)G] T2 1%

DO 16 N=NS1,NS2

NANsN=NS1+1

ANS(N»1)=RDS (NN)

ANS{N»2)=TS(NN)

ANS(N»3)=aVISS(NN)

GU TO 30

CONTINUE

DG 17 N=NS1,NS2

ANS(N,1)=RO(MS,N)

ANS(N»2)sT(MS,N)

ANS(N»3)sVIS(MS,N)

CONTINUE

T L LT T LT,

RL(2,25NXM4)mAUL(252,15NXM&)7AU(292;NXMG)
U(2523NXMa) mAUL(25252 ;NXM4)/AUL(292515NXMG)
V(2,23NXM4) =AUL {25253 5NXMG) 7AL1(2525 1 FNXMG)

QX(2,25NXM4) = (U2, 25NAMA)*U( 29 25NXMG) +V(2, 23 NXMA)*V (2,25 NXM4)) /2
SH(252;NXH4 )= (AUL(2,25 45NXNMG) /AUL (252513 NXNM4 )=AX (2, 25NXM4)) *GAMA

H(2523NXM4)=SH(2,52;NX14)+QX (25 25NXMG )
P(Z;Z}NXHQ)'GHZ‘RJ(2)23NXM4)‘5H(2’25NXH4)
T(2,2;NXM4)=SH(2,2;3NXM4)/CP

T L T T T T T

CALL dOUND

FREEERER RN R KRR kR KR X

V0 40 N=2,N11

ALP= 5*(TI(Ns2)*TI(N»2)+TI(N»3)*TI(N,3))
CC=SUKT(GMS*TI(Ny»4))

AMS(Ns L) =RO(K)N)~TI(Ns1)
ARSIN>2)=RO(Ks N)*¥U(Ks W) =TI(Ns1)*TI(N,2)
AMNSIN» 3)=ROU(KsN)I®RVIKsN)=TIC(nN»1)*TI(N»3)

VECIM2
VECIM2
VECIM2
VECIM2
VECIM2
VECIM2
VECIMZ
VECIM2
VECIMZ
VECINK2Z
VECIM2
VECIMN2
VECIM2
VECIM2
VECINM2
VECINM2
VECIM2
VECIMZ2
VECIM2
VECIMZ2
VECIN2
VECIM2
VECIM2
VECIM2
VECIM2
VECIM2
VECIM2
VECINM2
VECIM2
VECIM2
VECIM2
VECIM2
VECIM2
VECIMZ2
VECIH2
VECIM2
VECIM2
VECIM2
VECIN2
VECIM2
VECIN2
VECIN2
VECIHK2
VECIM2
VECIM2
VECIM2
VECIM2
VECIMZ
VECIM2
VECINZ
VECIMZ
VECIM2
VECINM2
VECIM2
VECIM2
VECIMZ2
VECINZ2
VECIM2
VECIM2
VECIM2
VECIHNZ2
VECIM2
VECINM2Z
VECIM2
VECIM2
VECIM2
VECIM2
VECIMZ2



40

50

55

56
60

65
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AMS(Ns &) =ROIK, N) € (GM3ET (KNI 44 5% (UK s NI*U (K NI +VIK) NI *VIKSN) ) )=

1TI(N,1)*(GM3*TI(Ns4)+ALP)
DP=GML1* (ALP*AMSINSL)=TI(N,2)*AMS(Ns2)=TI{Ns3 )*¥AMSINy3)+ANSIN»4))

RCCSu=1./{CC*CC)

XX1=AMS(N,1)=-DP*RCCSQ

Xx2=(AMS (N, 2)-TI(N,2)*®AMSINs1))/TI(NS1)
XX32CCHx{AMSINS3)-TI(N,3)*¥AMS(N,1))+DP
XX4m=XX3+2,%DP
VlSl-GMé*TI(N,S)/(TI(N’l)*YETA(K’h))-.S*YETA(K,N)/DTH
Vadsl=ABS(TI(N,3))+VI>1l
VPCABS=ABS(TI(Ny3)+CC)+VIS1
VMCABS=ABS(TI(N,3)-CC)+VIS]
DU1=AMAX1(VABS1,0.)
DD3=AMAXL1(VPCABS,0.)
DD4=AMAX1(VMCABS»0.)

YYl=DD1xXX1

YY2=DD1%*XX2

YY3=DD3*XX3

YY4=DD4*XX4&

AYl={YY3+YY4)/ 2,

AY2=(YY3=-YY4)/(2.%CC)
BUAU(Ns1)aYY1+AY1*RCC3Q

BUAU(N» 2)=TI(N,»2)*¥BOAU(N» 1) +TI(N,1)%*YY2
BDAU(Ns3)=TI(N»3)*BDAU(Ns1)+AY2

BOAU(Ns &) =ALP*BDAUCNsL)+TI(Ns 1)#TI(N»2)*xYY2+TI(Ns3)#AY2+AY1/GM1
CONTINUE

IFINSTRUTLEQ.O)RETURN

IF(IADD.EQ.1)GO TO 55

DO 50 N=NS1,NS2

NNsN-NS1+1

TEL1(N)=ROS(NN)

TE2(N)sTS(NN)

TE3(N)=YSETA(NN)

GO TO 60

CONTINUE

D0 56 N=NS1,NS2

TEL(N)=RO(MSHN)

TE2(N)=T{(MS,N)

TE3(N)=YETA(MS»N)

CONTINUE

DG 65 N=NS1,NS2
BDAJUS(N,1)=sTEL1(N)-ANS(N,1)
BDAUS(N,4)-GM3*(TE1(N)*TEZ(N)-ANS(N:l)*ANS(N:Z))
VIS1=GM&*ANS(Ns»3)/(ANS(Ns L) *TE3(N))-o5*TE3(N)/DTH
TE4(N)®SQART(GM5®ANS(N,2))
TI(N,»1)=AMAX1(VIS1,0.)
TI(N»2)=AMAXLI(VISL+TE4(N)»O.)

VECIM2
VECINZ
VECIMZ
VECIMZ
VECIM2
VECIMZ2
VECIM2
VECINZ
VECIM2
VECIM2
VECIM2
VECIM2
VECIN2
VECIM2
VECINZ
VECINZ
VECIMZ2
VECIn2
VECIMZ
VECIM2
VECIM2
VECIMZ
VECIM2Z
VECIMZ
VECIM2
VECIM2
VECIM2
VECIM2
VECIMZ2
VECINMZ2
VECIM2
VECIM2
VECIMZ
VECIN2
VECIM2
VECIM2
VECIN2
VECIN2
VECIM2
VECINZ
VECIN2
VECIN2
VECINMNZ
VECIM2
VECInNZ2
VECINZ
VECIM2

BDAUS(N»1)=TI(NsL)*3DAUSIN, 1) ~GML/(TEGINI*TEGIN))*#(TI(N»1)=TL(N»2)VECIM2

1)*BDAUS(N,4)

BDAUS(N» 4)=TI(N»2)*BDAUD(Ns4)
CONTINUE
AERRRRRR KRR R RR R AR
RETURN

END

SUBROUTINE SPILL{SWEEP)

CUHHDN/FI/NXM’NXHI)NXMZ’NXM3:NXM4;N1:M1’N111HllfNSl)NSZ’NS’MS,HSl

1sNCWLINCHLLIsNCHL2s NCHLMoNCWLPH)NSTRUT
CUHHON/FQI/H121H13)N12’N13)NXM5}NXH6)H52)M53’NSQINSP11HSP21HSP3
19 NSM1sNSLPL,yNS2MLs NSIM1sNS2P 1y NNS»NS1IM2Z5NXNT
CUMHGN/FZ/RU(OI’55):U(6l;55))V(6l)55))P(61’55))T(61155):
1 SH(61955)sH(61555)sk0S(55),U5(55),V5(55),

2 PS(55)sTS{55),SHS(55),HS(55)
COMMGN/F4/SIGX(61555)5SIGY(61555)»TAUXY(61255),QX(61955),
1 OY(61555),SIGXS5(55),5IGY5(55)sTAUXYS(55)2QXS5(55),Qr3(55)
CUMMON/FT/X(61955)sY(61555)sXX1(61s55),YXI(61555))

1 XETA(61555)YETA(61555),Ad(61555)
CUMMON/FB/XS(55)»YS(55)aXSXI(55)s YSXI(55)sXSETA(55),

1 YSETA(55),AJS(55)

VECIM2
VECIM2
VECIM2
VECINM2
VECIM2
VECIM2
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
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COHHDN/FIZ/LSYH!NFLQN:LFI)LFU’ILT}LHAX’LN)LEXITJCRXT}FDT}FDTL!
1 TIME,CCPsCCToLsLKsTIMEL,CRITAVG
CUHAON/FI3/GA*A)RGAS:CPJPR:PRTICVIS)FHJPF)TF)UF)ROF}SHF,HF
DIMENSION XP(61555)5U3P(61s55)sUSTLI{55),USP1(55)

DIMENSION FMASS(55),UST(61,55),FMAST (55)

Pl=4.¥ATAN(1,)

THESWsSWEEP*PI/180.

CTHESW=COS(THESW)

STHESw=SIN(THESNW)

Fh3= FM/CTHESW

XPOLyL3NXM)Y =X {1y 13NXM)/CTHES W

VTI=sFNS*SQRT (GAMA*RGAS*TF) *STHESW*CTHESK

UST(1s13NXM)=VT

USTL(13NS)=sVT

IF(NFLOWLEQ.0)GD TO 35
QX(lJl]NXH)'VABS(U(lllfhlﬂ)}QX(l!l]NXH))

IN 4112eM1-12, 12 IS AN ARBITRARY NUMBER. WHAT IT MEANS IS THAT
FIRST 12 POINTS LIE IN THE 8.L.PRUFILE. THIS IS REQUIRED TO PUT

VISCuUS EFFECTS ON THE INVISCID COMPUNENT VT. NUMBER 12 MAY
NEED TO BE CHANGED FOR CERTAIN CALCULATIONS.

M1l12=pM1-12

0J 30 N=1,N1

DU 30 M=M112,M1
USTUMs)N)=VT*QX(MyN)/QX(KL12HN)
IF(NSTRUTLEQ.O0)GO TO 45
AXSC13;NS)=VABS(US(1;NS);QXS(13NR5))
MS11l=MS+11

DO 40 N=NS1,NS2

DO 40 MsMS,MS11
UST(MyN)sVT*QX(MyN)/QX(MS11,N)
M310=MS=~10

DO 50 N=NS1,NS2

NN=N~-NS1+1

00 50 M=MS10,MS51
QYSINN)=QX({MS10,s8)
UST(hsNY=VT*QX(M,N)/QX(FS10sN)
USTIULINS)sVT*QXS(13NS)/QYS(1;3NS)
USPLOLIINS)=USTLI(1;NS)-US(1;NSI*STHESW
CONTINUE

IF(NCwL.EQ.0)GI TN 35

DU 55 N=NCWL1,NCwWL2

Ju 55 Msl,12
UST(MsN)ayYT*QX(H,N)/QX{12,N)
CUNTINUE
USPCLyL3NXM)=USTUL,15NXM)=U(L1s I5NXM)*STHESW
NOM=NS1IM1

IFINSTRUT.EQ.O0)INSHM=N1
FMASS(1;N1)=0,

DG 275 N=1,NSM

DC 275 M=2,M1

SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPItL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPIti
SPILL
SPILL
SPILL
SPILL
SPILL

FMASS(N)=FMASS(N)+(RO(M=1,N) *USP(M=1,N)+RO(H,NI*¥USP(H,N) I*(Y (M, N)=SPILL

LY(M=1,N))/2,

COUNTIRNUE
IF(NSTRUT.EQ.0)GD TU 290
Du 28C N=NS2P1sN1

DO 280 M=2,M1

SPILL
SPILL
SPILL
SPILL
SPILL

FMASSIN)Y=FMASS(N)+(RO(H=1,N)#USP(M=1,N)+RO{MINI®USP(MaN) DR (Y (M) N)=SPILL

1Y{M=1sN))/2.
CONTINUE

DO 250 N=NS1,NS2
DO 255 M=2,MS1

SPILL
SPILL
SPILL
SPILL

FRASS(N)=FMASS (N)+ (RO(M=1,N) ¥USP(M=1,N)+RU(M,N)*UsP(MsN) J*(Y(Ms N)=SPILL

LY(M=1,N))/2.
CONTINUE
DL 260 MwMSP1,M1

SPILL
SPILL
SPILL

FMASS(N)=FMASS(N)+ (RO(M=15sN) *USP(M=1,N)+RG(MsN)#UsP (HsN) )X (Y(MsN)-SPILL
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1Y(M=-1sN})/2.

COUNTINUE

NNsi=NS1+1
FMASS(N)=FMASS(N)+(ROS(NN)*USPL(NN)+

1RG(MS1sN)*USPIMSLyN)II*(YSINN)}=Y(MS1,N))I/ 2.
CONTLINUE

CCNTINUE

FRAST(1)=FMASS(1)

DO 285 Ne=2sN1

FMAST(N)sFMAST(N=1)+(FMASS(H)+FMASSIN=1))*(XF(1yN)=XP(1lsN=10))/2.

CUNTINUE
WRITE(655,300) (NsXP(L)N)sFMASS(N)sFHMAST(N) ) NoLl»N1)

SP1LL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SePiit

FCRMAT(10X, ' BODY STATION MOew',I4,3Xs'XP=',F10.6,3X,"'LOCAL MASS SPSPILL

1ILLEC®="»F10.553Xs'TOTAL MASS SPILLED UPTO XP='»F10.5)
QAX(1yL;NXM)=P(Lls1;NXM)/FP(1,1)

WRITE(6,805)
WRITE(6,810)(NsXP(1sN)pQXI1yN)»QX(MLsN)sN=1yN1)
FORMATU(//725Xs N ,16Xp tXPV1)21Xs YCENTER LINE PRo RATIOV,
120X "SIDEWALL PR. RATIG's/)
FORMAT(4XsI397XsF13e5s204sF1544520XsF1544)
IF(NSTRUT.EQ.0)GD TO 20

QAXS(NS1I3NS)=PS(L;NS)/P(1s]1)

WRITE{65806)

WRITE(62810) {NsXP{MSsN)»QX(MSsN)» QXS (N)sN=NS1,NS2)
COUNTINUE

FOGRMAT(///795Xs "N p16Xs "XP V16X *STRUT UPPER SURFACE PR, RATIOY
116X, 'STRUT LOWER SURFACE PR. RATIG'5/)

RETURN

EnD

SUBRUUTINE PRINT

31T B1

SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
SPILL
PRINT
PRINT

COMMON/F1/NXMsNXML, NXi42sNXM3sNXM4sN1sMLsNLLs M1LoNSI)NS2sNS» MSoHS1 PRINT

1sNCHLoNCWL1s NCWL 2y NCHLMyNCKLPSNSTRUT
CUHHON/FAl/HlZ’H13)N12)Nl3)NXN5)NXNG’HSZ:HS3)H$Q'MSP1)HSP2)HSP3

l9NSHl)NSlPl’NSZHl’NSlNl’NS2Pl)NNS}NSlH2)NXM7
CDHHDN/FZ/RD(61)55))U(bl)55))V(61)55))P(bl)55))T(61,55);

1 SH(61555)9H(ALs55)9ROS(55)sUS(55),VSL55),

2 F5(55)sTS(55)sSHS(55),HS (55}
CUHHUN/F3/VISL(61:55))VIST(61:55)}VIS(bl:55),VISS(55)
COMMON/FT7/x(61955)»Y(61s55)sXXI(61955)YXI(61s55)s

1 XETA(61555)YETA(61s25)5AJ(61,55)
CUHHUN/FB/XS(55))YS(55))XSXI(55))Y5XI(55),XSETA(55))

1 YSETA(55),A45(55)

COMMUN/F11/ERRO(61555)sBL(61s55)

COMHDN/FlZILSYﬂ;NFLGN:LFI:LFU:ILT:LHAX:LH}LEXIT:CRIT:FDT:FDTL:

1 TIMESCCP»CCTHLsLKsTIMEL,CRITAVG
CUHHUN/F13/GAHA’RGA$9C?}PR:PRT:CVISIFH)PF)TFJUFIRUF)SHFJHF
WRITE(65500)L, TIME, TIMEL
Wk ITE(65505) CCPyCCT»FDT,FOTL
WRITE(65510) CRITHCRITAVGSLEXIT
DL 250 N=1,N1
WRITE(65545)N
WRITE(65550)

DU 250 MMs=1,M1

M=M1-MM+1
HRITE(6;560)X(H:N):Y(H,N);U(M,N);V(M}N)JP(h)N))T(ﬁ)N);RU(H;N))
1SH{MsN) s VIST(MsN)ERRO(MsN)

CONTINUE

IF(NSTRUT.EQ.O0)GO TO 255

WRITE(65570)
NFITE(6;560)(XS(N))YS(N))US(N))Vs(N))PS(N)ITS(N)IRUS(N)ISHS(N))
IHSIN)»VISSIN)»N=1,NS)

CONTINUE

ERQU(L1s13NXMI=RI(1,1;;NXM)*U(1y1;NXN)

DU 265 N=1,N1

FMASS=0.

IF(NSTRUT.EQ,0)GJ TO 261

IF(NeLToNS1eORNsGTNS2)G0 TO 261

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
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263

262

261

260
264

265
500

APPENDIX A

NNsN=-NS1+1

DU 263 M=2,MS1

FAASS=FMASS + (ERRO(M,N)4ERRUIM=1,N))/2.#(Y{ManN)-Y{M=1pN))
FMASS-FNASS*(ERRU(HSlyh)+RDS(NN)*US(NN))/Z.*(YS(NN)-Y(HSl:N))
V0O 262 k=MSP1l,ML

FMASS=FMASS+(ERRO(My N)+ERRUIM=1,N)) /2. % (Y(HsN)=Y{m=1,N))
GU TO 264
CUNTINUE

0C 260 M=2,M1
FAASS=FMASS+(ERRO(MyNI+ERRO(M=1,N))/72% (Y (MsN)=Y(M=1,N))
CONTINUF
ARITE(6,700)NsX(1yN)sFMASS

CONTINUE

FURMAT(/52X, 'NOs Jr ITEKATIOUNS =',I5,2K,'TIME =',E15,7,

2Xs 'TIME LIMIT=',E15.7)

505 FORHAT(/:lGX:'CCP":FB.Q,IOX:'CCT-':F8.4;10X:'FDT-',FB.Q:IOX:

VFDTL=',FB.4,/)

210 FORMAT(/,1Xs"LOCAL ERROk CRITERION=',F10.555X,

545
550

560
570

700

46

'AVERAGE £RROR CRITERION=',Fl1.7,5X,
*ORDER OF EXTRAPOLATION AT QUTFLOW =1,12)
FORMAT(/,10X5'BIDY STATION NO.®1,13,/)

FURMAT(/;&X"X’:QX:'Y':llX)'U')lZX:'V')lZX:'P'JlZX:'T':lOX)'RU"
L1I3Xs "SHY ) 11X, ' VIST'y5Xs YERKO ')

FORMAT(1Xs 2F9¢692F1205)F14455F13455F11055F14e5sF15e62F1046)

FORMAT(I’SX}'XS':%X;'YS':IOX:'US')llX)'VS'}IIX;'PS')llX;'TS'}lOK}
LTRSS 11X, *SHS Y » 11Xy THS 1, 9X, tVISST)

FURMAT(/,10X,*830Y STATIIN NOe= I3, 10X ' X(METERS)=1)F9,5,10X»

1'1ASS FLOW RATE(KG/M/SEC)=',F10.5)

RETURN
END

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT



APPENDIX B

EXAMPLES OF GEOMETRIES AND ASSOCIATED PARAMETERS
Nons ymmetric Problems

Examples of geometries and associated parameters for nonsymmetric problems are
as follows:

Fxample 1
B B'
r
l
}
! o
! 1
| |
| 1
: |
i |
A e e e e e e L L e e e e e i D
A: N =1, M =1 N1 = 61
B: N =1, M = Ml Ml = 51
B': N = 2, M =Ml SWEEP = O
C: N = N1, M = Ml NSTRUT = O
D: N =N1l, M=1 LSYM = O
NCWL = 0

FOR NFLOW = 2: CALL EDDY (2,N1,1,M1,1,0)
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B‘

A: N=1, M
B: N =1, M
B': N=2, M
C: N = N1, M
D: N = N1, M
E: N =31, M

FOR NFLOW = 2:

APPENDIX B

Example 2

N1

Ml
SWEEP
NSTRUT
LSYM
NCWL
NCWL1
NCWL2

| [ T [ O |

PRI I
=

CALL EDDY (2,30,1,M1,1,0)
CALL EDDY (31,N1,1,M1,2,0)

e nonnp




APPENDIX B

Example 3

A EOV%OVAUZWVZOVé

A: N=1, M =1 N1
B: N=1, M =Ml Ml
B': N=2, M=M SWEEP
C: N =Nl, M =M1 NSTRUT
D: N=Nl, M =1 LSYM
E: N=41, M =1 NCWL
F: N=21, M=1 NCWL1

NCWL2

FOR NFLOW = 2: CALL EDDY (2,20,1,M1,1,0)
CALL EDDY (21,41,1,M1,2,0)
CALL EDDY (42,N1,1,M1,1,0)
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Example 4

Bl
-
I
I
|
| F !
F————_ - |
! <777 e . _ ]
| H [
| |
b e e !
P
A: N=1, M =1 N1l =
B: N=1, M =Ml Ml =
B': N=2, M=Ml SWEEP =
C: N=N1, M = M NSTRUT =
D: N =N1, M = 1 NS1 =
P: N=36, M =1 NS2 =
I: N=1, M= 26 MS =
E: N =16, M = 26 LSYM =
F: N =31, M = 26 NCWL =
G: N = 46, M = 26 NCWL1 =
H: N = 46, M = 26 NCWL2 =
J: N = N1, M = 26

FOR NFLOW = 2: CALL EDDY (2,15,1,M1,1,0)
CALL EDDY (16,46,MS,M1,2,0)
CALL EDDY (47,N1,1,M1,2,0)
CALL EDDY (l6,35,l,MSl,l,l)
CALL EDDY (36,46,1,M81,2,1)



APPENDIX B

Symmetric Problems
The code solves only the upper half of the flow for symmetric problems.

Examples of geometries and associated parameters for symmetric problems are as
follows:

Example 1

.
B -
|

|

N1 = 61

Ml = 51
SWEEP = O
NSTRUT = O
LSYM = 1
NCWL = O

FOR NFLOW = 2: CALL EDDY (2,N1,1,M1,1,0)

51
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Example 2

CALL EDDY (31,51,1,M1,2,0)
CALL EDDY (52,N1,1,M1,1,0)

-
|
|
|
' |
! I
Nl = 61
M1 = 51
SWEEP = 0O
NSTRUT = 0
LSYM = 1
NCWL = 1
NCWL1 = 31
NCWL2 = 51
FOR NFLOW = 2: CALL EDDY (2,30,1,M1,1,0)
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Example 3

E_ —rrrrrr ////////////////////////////////////////////////,

N1l = 61

M1 = 51
SWEEP = O
NSTRUT = 1
NS1 = 26
NS2 = 51

Ms = 27
LSYM = 1
NCWL = O

FOR NFLOW = 2: CALL EDDY (2,25,1,M1,1,0)
CALL EDDY (26,51,MS,M1,2,0)
CALL EDDY (26,51,1,MS1,1,1)
CALL EDDY (52,N1,1,M1,1,0)

The sample problem discussed in this report provides another example of the type
of geometries that can be analyzed with the present code.
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APPENDIX C

USE OF PARAMETER LKK

In this appendix, several examples are given for the use of parameter LKK in
trying more than one value of time-step parameter FDT or damping coefficients CCP and
CCT during one computer run. For a given problem, it may be that the calculations
become unstable (i.e., a negative temperature occurs in the flow field) for one par-
ticular value of, say, FDT, and the user may have to try several values before he
finds the right value of FDT for which the calculations remain stable. The same
thing may have to be done with CCP and CCT. One way to find the right values of FDT
and CCP and CCT would be to submit several runs with a particular set of values of
these parameters, but to avoid this, the code has a parameter LKK at line NASCRIN 224
that allows the user to try several values of FDT or CCP and CCT in one run of the
code. To do so, the user has to change lines NASCRIN 219 through NASCRIN 224 as
illustrated in the following examples:

Example 1
FDT = 1.
CCP = 0.
1000 CONTINUE
LXK = LKK + 1
CCP = CCP + 0.1
CCT = CCP
IF(LKK.EQ.6)STOP

The code begins calculations with FDT = 1 and CCP = CCT = 0.1. If the cal-
culations develop a negative temperature in the field, the code stops, prints out the
flow-field variables at each grid point, and then returns to statement 1000. It is
restarted with FDT =1 and CCP = CCT = 0.2. If the calculations remain stable,
the code will terminate in a normal way either on a convergence criterion or on LMAX
without trying any more values of CCP and CCT. But, if a negative temperature devel-
ops again in the flow field, the calculations will restart with FDT = 1 and
CCP = CCT = 0.3. For this example, the code will try five values of the damping
coefficients in increments of 0.1 before stopping. The number of attempts is deter-
mined from the statement

IF(LKK .EQ.6)STOP

and is always one less than the number in parentheses (in this case, it is
6 -1=25),

Example 2

FDT = 1.

CCP = 0.5
1000 CONTINUE

LKK = LKK + 1

CCT = CCP
FDT = FDT - 0.1
IF (LKK.EQ. 4)STOP
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This example allows the user to try three values of FDT, namely 0.9, 0.8,
and 0.7, with a constant value of CCP = CCT = 0.5.

Example 3

FDT = 0.9
CCP = 0.5
1000 CONTINUE
LKK = LKK + 1
CCT = CCP
IF (LKK.EQ. 2) STOP

This example uses only one set of values of FDT, CCP, and CCT, namely FDT = 0.9
and CCP = CCT = 0.5.

If the code develops a negative temperature very early in the calculations, the
chances are that the value of FDT needs to be reduced. But if the negative tempera-
ture occurs after several hundred time-steps, it may be caused by insufficient damp-
ing. This may not always be true but provides the user with a guideline in changing
FDT, CCP, and CCT. Also, if the user wants to try several values of FDT, he should
start from a higher value and decrease it gradually so that the allowable time-step
is as large as possible. On the other hand, to keep the damping contribution as
small as possible, the user should start with smaller values of CCP and CCT and grad-
ually increase them.

55



APPENDIX D

ADJUSTMENT OF TIME-STEP AND DAMPING COEFFICIENTS

In this appendix, examples are presented to show how to gradually increase FDT
or decrease CCP and CCT over a number of time-steps from their initial values.

Example 1

Suppose the calculations are started with FDT = 0.5, and the user wants to
increase it to 0.9 over 1000 time-steps. This can be done by inserting the following
lines after line VISCOUS 51 for viscous flow calculations or after line INVICID 60
for inviscid flow calculations:

IF(L.GT.1000)GO TO 400
FDT = FDT + ((0.9 - 0.5)/1000) *2,
400 CONTINUE

The factor 2 in the expression for FDT occurs because the change in FDT is made
after every two time-steps. By inserting the above three lines, FDT will change from
0.5 to 0.9 in 1000 time-steps. FDT will then remain constant at 0.9 for subsequent
time-steps.

Example 2

In the second example, suppose the user wants to use a damping coefficient
of 0.7 for the first 1000 time-steps and then wants to reduce it to 0.5 over the next
2000 time-steps. This can be done by inserting the following lines in the code at
the locations discussed in the previous example:

IF{L.GT.3000)GO TO 400
IF(L.LT.1000)GO TO 400

CCP = CCP - ((0.7 - 0.5)/2000)*2
CCT = CCp

400 CONTINUE

These statements change the damping coefficients from 0.7 to 0.5 between time-
steps 1000 to 3000. The damping coefficients remain constant at 0.5 thereafter.
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SAMPLE OUTPUTS

Geometry Output

N M X Y XX1 XETA YxI YETA AJ
1 61 .G0000000 .04000000 ,00500000 .O00C0000 «00000000 400002055 400020010
1 60 .00000000 +C3997510 400500000 .0000G00C 400000000 400002983 ,L00000015
159 ,00000000 +¢3993897. 00500000 . ,00000000 400000000 .00004324 400000022
1 58 400000009 .0398B665 .00500000 ,0000000C6 .00000000 .00006259 ,00000031
1 57 400000000 .03981099 ,+00%500000 400000000 00000000 «00009C40 ,00000045
1 5 ,00000000 ,03970187 ,00500000 .000C0000 400200000 400013018 .00000065
1 55 +C0000000 403954509 ,00500000 +000000C0 +00000000 .00018662 +00000093
1 54 400000000 ,03932106 00500000 +0000000C 400000000 400026582 400000133
1353 .,00000000 .C3900339.. 00500000 ..00000000 ,00000000 400037522 ,00000188
152 ,000C2000 .C3855786 +00500000 .C0000000 400000000 00052288 .00000261
1 51 ,00000000 403794250 .00500000 .00000000 ,00000000 .00071578 00000358
150 00000000 ,03711035 ,00500000 +00000000 +00000000 400095622 400000478
1 49 400000000 403601659 00500000 4CO0000000 400000000 00123655 ,00000618
1 48 00000000 .03463154 ,00500000 .00000000 +00000000 .00153337 ,00000767
1 47 " ,000C0000 ,03295800 .C0500000 .00000000C +00000000 .00180529 .00000903
1 46 .00000000 (3104684 400500000 .00000000 ,00000000 400199974 ,00001000
1 45 ,000C0000 .,02909000 .,00500000 00000000 .00000000 .00207073 ,00001035
1 44 ,00000000 02695316 400500000 400000000 400000000 .00199974 ,00201000
1 43 ,00000000 02504200 .00500000 .00000000 400000000 .00180529 400000903
1 42 +00000000 .02336P46 +00500000 400000000 .00006000 .00153337 ,00000767
1 41 ,00000000 .02198341 ,00500000 .00000000 00000000 .00123655 00000618
1 40 00000000 .,02088965 ,00500000 ,C0000000 .CO000000 .00095622 .00000478
1 39 00000000 .02005750 .0050000GC .C0000000 ,00000000 00071578 ,00000358
1 38 400000000 +01944214 ,00500000 00000000 00000000 ,00052288 00000261
1 37 .00000000 401699661 400500000 400000000 00000000 ,00037522 ,00000168
1 36 ,00000000 .C1867894 .00500000 00000000 ,00000000 .00026582 .00000133
135 ,00000000 .Ql845491 00500000 00000000 00000000 +00018662 00000093
1 34 ,00000000 .01829813 .00500000 .00000000 .00000000 .00013018 ,00000065

133 .,00000000 .C1€18901 ,C0500000 +00000000 +CO000000 +00009040 +00000045
1 32 ,00000000_ .01811335 ,00500000__.00000000 ,00000000 ,00006259 00000031

_131 .00000000 .01806103 ,C0500000 .00600000 .000000C0 00004324 ,000000622
1 30- _.00900000 .C1802490 ,00500000 .00000000 +00000000 .00002963 _,00000015
1.25 Q0000000 .01800000 00500000 ,09000000 .00000000 .00002443 .00000012

—1_28.._.000Q0!

1 27 .00000000 .01793941 .00500000_:,.0000000v 00000000 400004494 400000022
1 26 400000000  .01788348 . .00500000. .00000000 00000000 .00006653 ,00000C34
1 25 400000000 .C1779835 ,00500000 ,00000000 .0Q000000 .00010416 400000052
1 24 .00000000 .01766927 .0Q500000 .00000000. .00000000 .00015752 ,G0000079
1 23 +00000000  .01747481 .CQ500000 . .00000000 .,0Q000000 00023643 .,00000118

1,22 _.0000000Q _.G1718460 ,00500000 L0000000Q .00000000 400035085 _..00000175
1 21 00000000 L,01675752. «0Q300C00 .00Q0QQ00 _,00000000 +0Q051199 .00000256
1 20. 400000000 .01614187 _,00500000__..00000000 . .00000000 ,0Q07290%9 ,00000365
1 19 00000000 ,01528027 . .0050Q0000  ..00000000 . .00Q00000 .Q0100279 400000501

.1 18 400000000 01412311 ,CQ500000  .00000000 .,00000000. ,00131509 .00000658
117 . ..00000000_ .0Q1265206  .00500000 _.00000000. «0Q0000000 00162060 .000Q0610

~116 ,00000000 _.01090722 ,LQ0500000 .00000000 _.00000000 400185017 _.00000925
115 . .,00000000 _,00900000 _.00500000 ,00000000. 00000000 ,00193626 ,00000968
1 14 400000000 .00709278 __.00500000 = .0000Q000C 00000000 .00185017 00000925
113 ,00000000 .00534794 _.00500000....00000000 ...00000000 ..00162060 .00000810
112  .00000000 L0Q387689 _ .00500000 _.0000000Q ...000000Q0._..001315C¢9 ,00000658
111 _.00000000 .00271973 .C0500000 .000000Q00 .00000000 .00100279 .00000501

-1.10 _.00000000 ,00185813 L00500000 .00000000 00000000  .00072909 _.00000365
1 9 . .00000000 ..00124248 00500000  .00000000 _.00000000 .00021199 _.00000256
1 8 .00000000. .000B1540 _,C0500000  .0000000C  .00000000 . _.00035085 .Q0000175
1 7 .00000000 .00052519 ..00500000 .0000000Q. 100000000 ..00023643 ,00000118
1 & ,00000000 .0Q033073 .00500000. .00000000 .00000000 00015752 .00000079
1 5 ,00000000 ,00020165 .00500000 00000000 .00000000 .00010416 00000052
1. 4. .00000000...00011652__ .00500000 ..00000000 ._.00000000 . .00006853 .00000034%
1.3 400000000 .00006059_ 00500000 00000000 .00000000 .00004494 400000022
1 2 .00000000 ..C0002396. ..C0500000 . ..00000000 _.00000000 ..00002941 .00000015
1 1 .00C00000. ..G0000000  _.00500000__.0000000C  .00000000 ..00001922 ,00000010
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Geometry Output for Lower Surface of Strut

The geometry output for the lower surface of the strut is printed only for
NSTRUT = 1.

N M X Y xXxI XETA YxI YETA Al

129 65500000 ,01800000 400250000 00000000 -400016457 +00001922 +00000005

2 29 405750000 ,C1l767087 +00250000 =-,00000000 -.00032913 .00001867 .00000005
3.29 ...06000000 . .01734174 ,00250000 -.00000000. -.00032913 ..00001852 _ .Q0000Q05_

4 29 406250000 01701261 400250000 -,00000000 -,00032913 ,00001816 «00000005

5 29 .06500000 ,01668348 .00250000 400000000 -,00032913 .00001761 .00000004

6 29 06750000 .01635434 400250000 ,00000000 -,00032913 ,00001746 +00000004
729 ,07000000 .Q16Q2521 400250000 ,00000000 ~,00032913 ,00001711 ,00000004

8 29 ,07250000 401569608 400250000 -+00000000 -.00032913 ,00001676 +00000004
--=-9.29._. 407500000 ...01536695 ,00250000 _.00000000 =.00032913 _ 200001641__.00000004
10 29 ,07752000 .01503782 400250000. ,00000000 -,00032913 ,00001570 200000004
11 29 ,00007000 01470869 ,00250000 . C00GUQ00. -.00032913 ,00001500 200000004
12 29 ,08250000 .01437956 +00250000.-,00000000. -200032913 ,00001430 «000Q0004
13 29 08500000 ,01405043 +00250000:_,000U0000 -.00032913 +00001360 400000003
14 29 ,08750000 ,01372129 ,00250000 ,00000000 -.00032913 .00001269 «00000003
15 29 ,090C0000 ,01339216 ..00250000 ~.Q0000000 -,00032913 . .00001219 . .00000003_
16 29 409250000 401306303 400250000 -+00000000 =-.00032913 +00001149 .00000003
17 29 09500000 .01273390 00250000 .00000000 -.00032913 ,00001G78 .00000003
18 29 .09750000 401240477 00250000 .00000000 -.00032913 ,00001008 .00000Q03
19 29 410000000 401207564 . 400250000 -.00000000 ~.00002720 +0Q000938 «00000002
.20 29 ,10250000 ,01235037 _,00250000 -,00000000 ,00027473 ,000010C2 .00000003
.21.29 . «10500000__.01262510 .00250000 _ .0000000QQ -200027473 . _.00001067 __,000Q0003_
22 29 410750000 ,01289983 _,00250000 -+00000000 400027473 ,00001131 «00000003
23 29 411000000 401317456 00250000 -,00000000 ,00027473 +00001196 «00000003
24 29  .11250000 .01344929 .00250000 =~.00000000 00027473 00001260 .00000003
25 29 11500000 401372402 ,00250000 . .00000000 00027473 ,00001325 .00000003

- 26.29...,11750000 01399875 _.00250000 -.00000000 400027473, .00001389 .00000003
—21 29 .12000000 .01427368 L002%50000 ~-,00000000 200027473 _,00001454 _..00000004
--28.29 . 412250000 _..01454821  ,00250000 -,00000000 .00027473_ ..00001518 .00000004
--29.29 ..,12500000 .01482293 ,00250000 -.00000000_  _.00027473 .00001563 .00000004
~30 29 .12750000 _,01509766 ,00250000 ,00000000 _ 00027473 _ .00001612 .00000004
~-31 29 413000000 _.Q1537239  .00250000 __,00000000 ,00000557 _.00001641 200000004
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NO.

LOCAL ERROR CRITERION=

X
«082500
+ 082500
0082500
+082500
«082500
082500
2082500
«0082500
«082500
«082500
2082500
« 082500
2082500
« 082500
+082500
« 082500
« 082500
«082500
+082500
082500
082500
«082500
«082500
062500
«082500
«082500
2082500
«082500
«082500
082500
2082500
«082500
062500
«082500
2082500
«082500
« 082500

Q82500
«082500
« 082500
«082500
+082500
+082500
2082500
« 0823500

+082500 _

4082500
082500

«082500
2062200

1082500
+082500
082500
«0862500
+ 082500
+082500
«082500
.082500
«082500
« 082500
082500

L=20700
L=20750
L=20800
L=20850
L=20900

L=20950

OF ITERATIONS =20966

CCPe

Y
4031834
2031839
1031816
«031783
«031735
Q31667
2031368
031427
031227
« 030946
«030559
«030035
2029346
028474
027420
1026216
0024927
«023638
022435
.0213¢e1
2020509
+019820
«019296
«018908
«0185628
018428
2018286
«0181R8
«018119.
018071
2018038
«018016
«018000
2014362
2014334
016293
« 014230
014133
«0139¢€9
2013773
0013455
2012997
« Q12356
4011495
«010401
2009102
2007683
2006264

+004966
2003872

2003011

. 2002370

«001912
«001594.
«001378
2001233
«001137
.001074
+001032
«001005

5000 CCTe  .S000 EDT= 1.0000 FNTis  1,0000
.00010 AVERAGE ERROR CRITERION= .0000001
BODY STATION NO.= 27

u v P T RO SH
200000 200000 21117.65277 .1439.40576 205112 1645883.08563
141043285  -16,06448  21117.65277 1439,40576 005112 1445883.08563
336407852 =36,.45959 21090.51808  1420.07701 05175 1426467.36132
578487778 -5£4.58265 21170.87359  1358.09297 205432 1364204438656
805429764 _-85.39118 21015,02646 1250447902 405856 1256106417466
9B86,43322. ~109,12013  2126B.45406 1127.02993 .06575 1132101.56738
1113.72752. =118,76615 20912.22281 1022.32664 207127 1026927413113
1240.94851 =138,72676  21389.75892 905.14341 «08234 909216455292
1365.88C071 _-149,85078 20854448174 T774.06804 «09387 777551434409
1500.03517 =169.13754 21424467558 621.31771 012015 624113464232
1587.67324 =182.92320  21123.9Q707 509.05603 ¢14459 511346476013
1653,48728 =184.57761  21248.61534 420,69120 17599 422584430918
1670.36848 =203.03762 22328.21261 391.57050. 219868 393332.563964
16834276256 =183.51539 20268.58505 375.99293 18783 377684.90010
1680,99560 =192.14204 21004.27238 379.87616 19266 3681585.60087
1674448531 -206.16829  22323.90846 386484891 20107 388589.72723
1679.96388 =184,14661  21400.67316 381.43901 219549 363155.48809
1684427924 =149.13599  21234.56059 378.12336 19567 379824.91351
1676.61644 =137.98329 23869.82837 391.32011. 221254, 193081.04934
1669.09743 =150.37669 26157.35794 404,32357 +22542 406143402259
1669.07806 =-183.67230 25083,17521 397.31669 «21997 399104.61804
1669.92529. =215.63091  23381.30214 390. 87465 220842 392633.56388
166374045 -175.47543 273444374358 407.72313 23368 409557.88697
1646428555 -70.29511  37976.16622 448,05501 +29532 450071.25703
1626.93619. =36.11208 41798.91318 480,62841 30302  482791.24141
1558.12728  =26.30672  41791.84687 577.99980 225193 580600479916
1437455223 -13.07465 43290419475 739.04716 020410 742372486875
1250.59124 .=13.84925 42510.2006% 948435927 15618 952626.86225
1071.71643 . _=6.03502  43165.64131 1117.57226 «13458 1122601.33088
865.60208  _=4,25916  42792.49836  1279.77870 11651 1285537.7008%
5RA.90389 1.66831  43023.90209 = 1423.10408 210534 1429508.04375
267.54040 a53586  42971.19190  148B.77445% 210057 _1495473.93608
. . .00000 200000  42971.19190 .14BB.77445 210052 1495473.93608
257.94202  -31.70649  24473.196¢4 1335.15858 206387 1341166478876
584.71437 =-82,24051 24617.20662 1273.04066 20A738 1278769.33934
_850.75048 =111,00615 24222.25756  1149.71597 _a07341 115488969343
1083.60635 ~-151,65614 24878.68764 988404947 08773 992495.69624
1266,48235 =147.50022 23969.94329 B825.60987 «10116 . H29325.11520
1465.73033 =212.01746  25149.41894 632,69228 «13850 635539.39513
156126638 =216.45890 24005.41005. 52266908 «16003 _525021.06968
1639.05709 =230,53868 24985458220 . 434,34516 220043 436299.71807
1650.56900 ~-238,77675 26146425372 417.71018 221810 419589487790
1668262196 =215.22299  23322.237Q5 396,98005 220470 398766445883
1647,68176 =223,37145 28518.42230 420,50218 223631 422394.46367
1650436467 =254,77333  26639,86689 414,20683 222410, 416070,75641
1692.36726  -137,26285 17027.00245 363,72526 «163)11 _365362,02568
1724,73146  =40,02671  11498,40Q179 317.85142 212605 . 319281.75610
1732.47659 . -10,26960  10469.69631 303.73396 «12010 305100475842
1733,70155 _2.88421  10311.41879 301.61352 211912 30297077684
9659 23,00226 _9588.62752 301.9507¢ 211004 _3Q3315,5632¢
1713.79186 67,65812 12654471740 336448697 13104 338Q001.16153
1662,18952  225,94421  23239,.03912 4Q3.92572 020046 _4905743.38488
.1653,50732 269.2661C  27138,49898 411,83389 222961, 413687.14712
1659.49103  241,89582 25120.18274 .397,07668 022043 _2398863.52915
1621,71685 251495802 . 26364.45483 447.17010Q 20543 . 449182.36270
b 219,.38323 25586.08915 566.95673 215226 _569508,0306¢
1298.83159  181.60771  25970,60636 _ B12.80505 211133 816462.67068
1013,01014 136,99949 25622424331 1051.572¢82 +Q8490 1056304489438
71113758 100,05549 25827460485 1229458098 07319 1235114409398
329.17494 44480071 25761.44902 1325411109 «06774 1331074.0E549
+00000 00000 25761,44902  1325,11109 «06776 1331074.08549

« 000987 _

APPENDIX E

Flow-Field Output

MAX<ERROR= ,1383QE-03
MAX.ERROR®= .30886E=-03
MAX+ERROR® ,15369E-03
MAX.ERROR= 429912E-~03
MAX.ERPOR® ,25054E-03
MAXCERRQORs ,2988B8E-03
TIME = «2635594E-03

TIME LIN[T=

MEAN SQRT

MEAN SQRT
MEAN SQRT
MEAN SQRT
MEAN SQRT

MEAN SQRT

ERKCRea ,16545E-06
ERROR® ,263628-~006
ERKOR= +20901E~06
ERRCRe ,31551E-06
ERRGR®  ,25941E-006
ERRCR=s  .26156E=06

«2635454E-03

VIST
000000
«000000
«000002
«000017
«0000069
«000198
000385
«000445
«000505
000626
2000596
«000281
«000062
»Q00010
2000002
«000001
2000000
2000000
Q00000
«000000
«000000
«000002
«+000017
2000149
0005348
« 000616
«000519
«000399
21000344
«00QL04
000018
000001
2000000
»000000
-2000011
2000070
000182
4000209
:000270
«000174
2000034
.« 000004
«000000
2000000

4000000

«000000
«000000
+000000
2000000
2000000

2000000
2000000
«000001
»000016
2000120
2000191
1000146
2000111
2000018
2000001
000000

ORDER OF EXTRAPOLATION AT OQUTFLOW = 1

_ERRO _
2000000
2000000
«00000Q0
+000000
000000
«000000
000000
000000
«000000
« 000000
« 000000
+ 000000
+000000
000000
+000000
«000000
«00Q001
«000001
--000000
«000001
«000002
+000003
«000001
. 000002
2000003
000002
+000000
« 000001
«000002
«+ 000003
000003
«000003
«0C3003
«000000
2000000
~«000000
+ 000000
000000
«000000
«0000C0
2000000
«000000
«000000
2000000
2000000
2000000
+000000
+00Q0Q00
2000000
2000000

2000000
2000000
«G00000
+000000
2000000
2000000
.+000000
~+000000
+000000
+000000
2000000
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APPENDIX E

Flow-Field OQutput on Lower Surface of Strut

The flow-field output on the lower surface of the strut is printed only for

NSTRUT = 1.

XS s us Vs PS 1§ RAS SHS HS VISS
«055000 ,018000 400000 +00000 21150410588  1022.61893 +07206 1027220471965 1027220.719653  ..000042
+057500 .017671 +00000 +00000  26€08+30404 1204473457 +07753 1210155.88051 12101554880506 000046
« 060000 4017342 +00000 +00000  26062,07177  L258,61680 +07215 1264280.57540 1264280.575397  .000048
+062500 ,017013 +00000 «00000  26132,18556  1268,71339 207177 1274422.60142 1274422.601416  ,000048
+065000 ,016683 100000 +00000  25678,79887 130653963 +06848 1312419,05387 1312419,053874  ,000049
1067500 4016354 «00000 200000  24707.57060 1289419170 106678 1294993.05786 1294993,057856  .000048
+070000 .016Q25 «00000Q. .a00000 . 25546.14480. 1330.53078 06690 1336518417092 1336518.170923  .000049
+072500 4015696 +00000 100000  25998,06986  1330,99596 206806 1336985,44612 1336985.446119 4000049
+075000 4015367 «00000 «00000  25403.51061  1315.06317 +06731 1320980.95070 1320980.950701  .000049
+077500 4015038 ... 00000 _. . _.00000 _ 25671.50292 1347.91856 406636 1353984419774 1353984.197735 000049
+080000 ,014709.. _ . . .00000 _ __ _.00000 _ 25094,74709 1342.85261 406511 1348895.,44688 1348895.446879 1000049
+082500 ,014380 . 400000 ____,00000 . 24473.19644 1335,15858 +06387 1341166.76876 13411664788756 4000049 .
«085000 ...01405Q. ... ._.00000 ___,00000 25658471111 . .1373.16073 +06511 1379339.95690 1379339.956904 000050
#087500 ,013721. 00000 .. _ .00000 . 25440426089 1361+34970 +06511 1367475.,77132 1367475,771321  ,000050
1090000 ,013392 ~000000 . 7,00000 . 25335.41168 . 1357.54659 +06503 1363655455452 1363655.554519  ,000050C
092500 .013063.. _ .. _.00000 _ __.00000_ _25011.34130 . .1383.89177 . +06297.1390119.26628 1390119.266284 .000050
+095000. ..012734 .. . _.00000 _ ,00000.. .24701.53615 .. 1368400297 _ . 406292 1374158.98565 1374156.985851  .000050
097500 . 4012405 ... .00000 . _,00000 25526421038 _.1401.97981. .. 406344 140828871958 1408288.719577. _ 1000051

--+100000_ .012076 ____.00000 00060 _ 16999.A2893 . 134B.00272 ..__a04394 1154068223128 1354068.231283  .000049
0102500, ..012350 .. _ _.00000_ _ __ ,00000 .. _9323.11286__.1315.50394. 202469 1321423470550 1321423,705498 000049
+105000__.012625 ... ._.00000 _ __ _.00000 __ 7954412589 _ 1334.66212 .. .02Q77 1340668.10302 13406684101019 . _ .000049
«107500 «Q1290u.. _. ..00000  _._ .00000__ _7233.42488 . 1309.19230_ 401925 1315083,66731 1315083.667314 . .000049.
+110000. .013175 ____.00000 __ __.00000 6951406819 .. 1353.51634__. _ 01789 1359607.16406 13596072164064 . .000050
~«112500 4013449 ___ _.00000 __ ___.00000 ___.6340.89227 . 1324426413 ... 01668 1330223.31745 1330223.317449 _ +000049

—all5000 _.013724 200000 +00000 £184.38137 1353.23405 02107 1359323,60707 1359323.607069 000650
117500 ,013999 _. __. 00000 . 10494+36405_.  1074.£83447. 103402 1079671.22156 1079671.221560 __ 1000043

.2120000  .014273 ___ __,00000 200000 _ 164690,87377 . 1445,70312 403541 1452208.78134 1452208,7381338 __ 000052

- 4122500 .Q14548 . ___ __,00000 _  ,00000 _ 20691.04277  _1391.46116 __ _.05181 1397722.73432 1397722.734321  .0Q0050
+125000 . .014823 200000 00000 24926421714 . 1450400748 . 05990 1656532451759 1456532.517593 _ .000052

Mass Flow Rate Output
BODY STATION NO.s 33 X(METERS)e  .09750 MASS FLOW RATE(KG/M/SEC)e  8.07562
BODY STATION NQ.= 34 X(HETERS)®___ ,10000 MASS FLOW RATE(KG/M/SEC)=  8,05485
BODY STATION NO.= 35 X(METERS)=  .10250 MASS FLOW RATE(KG/M/SEC)=  8.05039
BODY STATION NO.= 36 X(METERS)=  ,10500 MASS FLOW RATE(KG/M/SEC)®  8.05796
BODY STATION NQ.e 37 X(METERS)e  ,10750 MASS FLOW RATE(KG/M/SEC)e  8.,03889
BODY STATIDN NO.= 38 X(METERS)=  ,11000 MASS FLOW RATE(KG/M/SEC)=  8.,05932
BODY STATION NO.= 39 X(METERS)e  ,11250 MASS FLOW RATE(KG/M/SEC)=  B8,04369
BODY STATION NQ.= 40 X(METERS)®  ,11500 MASS FLOW RATE(KG/M/SEC)=s  8,06730
BODY STATION NO.= 41 X(METERS)=  ,11750 MASS FLOW RATE(KG/M/SEC)s  8.05163
BODY STATION NO.= 42 X(METERS)=  .12000 MASS FLOw RATE(KG/M/SEC)=  8.07953
BODY STATION NQ.e 43 X(HETERS)=  .12250 MASS FLOW RATE(KG/M/SEC)s  8.06094
BODY STATION ND.= 44 X(METERS)=  ,12500 MASS FLOW RATE(KG/M/SEC)s  8,09378
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BODY STATION NO.= 26
BODY STATION NO.= 27
B8ODY STATION NO.= 28
BODY STATION NOes .29
BODY STATION NO,= 30
.BODY STATION NOa.= 231
BODY STATION NO.= 32
.BODY. STATION HOa= 33
BODY _STATION NCQa=_ 34
BODY STATION NQ.= 35
BODY STATION NO.= 36
BODY STATION NOa.= 37
BODY STATION_NQ.= 38
.BODY. STATION. NO.= 39
BODY. STATION NOa.= 40
BODY STATION NO.= 41
_BODY STATION NOD.e 42 .
BODY STATION NDeo= 43

Pressure Ratio Output on Lower

N XP
1 400000
Z 200577
3 201155
4 «Q1732
5 .+€2309.
6 _e 02887
1 203406
R 102868
9 204272
10 204619
11 204907
12 +05196
13 205485
14 05724
15 006062
16 «06351.
17 206640
18 006928
19 207217
20 07506
21 07794
22 208083
23 «08372
24 208660
23 208949

XPe
Xp=
XPp=
XpPe=
XPm

BRERRER

b
v

TEER

bad
©
L]

0092376
2095263
2098150
101036
4103923
2106810
£109697
2112583
115470
_+118357
2121244
l26413Q
127017
1129904
«132791
2135677
2138564
«141451

APPENDIX E

Flow Spillage OQutput

LOCAL MASS
LOCAL HMASS
LOCAL MASS
LOCAL MASS
LOCAL MASS

SPILLED=
SPILLED=
SPILLED=
SPILLED=
SPILLED=

LOCAL MASS SPILLED= .

LOCAL MASS SPILLEDe

.LOCAL MASS _SPILLED=

LOCAL MASS. SPILLEDe.
LOCAL MASS_ SPILLED=
LOCAL MASS_SPILLEDe

:
:
:

LOCAL MASS SPILLED=
LOCAL MASS SPILLEDS
LOCAL MASS SPILLEDe.
LOCAL MASS SPILLED:
LOCAL _MASS SPILLEDe
LGCAL MASS SPILLED=

10000
1.0070

1.0061
1.,0032
1.0109
1.0011
L1.0125

1.0005
140155
.. 29919
21,0223
09938
1.0200
2956
1.,0079
1.0029
9973
9949
1.,0030
459908
«9900
19968
1,0530
2.1081
246353

212079
»12302
12871
15362
17421
219476
20270
22472
024052
224475
224369
223774
23179
225417
222048
221061

.¢19843

18332

and Upper Boundaries

CENTER LINE PR, RATIO (M = 1)

TOTAL
TOTAL
TATAL
TATAL
TOTAL
TOTAL
TUTAL
TOTAL MASS
TATAL MASS
TOTAL. MASS
TOTAL HASS

MASS
MASS
MASS
MASS
MASS
MASS
MASS

SPILLED
SPILLED
SPILLED
SPILLED
SPILLED
SPLLLED
SPILLED
SPILLED
SPILLED
SPILLED
SPILLED

JOTAL. MASS SPILLED
TOTAL MASS SPILLED
TOTAL MASS SPILLED
TOTAL MASS SPILLED
TOTAL MASS . SPILLED
TOTAL MASS SPILLED

SIDEWALL PR. RATIO (M

UPTO
UPTO
UPTO
UPTU XP=
UPTO XP=
UPTIQO. XP=
UPTO XxPe=
UPTO XxP=
UPTO Xp=
UPTD XPe
UPTQ XP=

XPe
XP=
XP=

JOIAL MASS _SPILLED UPIO XPe

UPTO XPe=
UPIQ XP=
UPTO _XPe=
UPTO XPe

UPTO. XP=.

UPTO XPs=

_1+0000
L7647

242301
242139
2al625.
2.1627
21768
221529
2el63

Cel424
241016
20947
240974
2415117
2+1632
241563
21223
241324
240776
242131
200951
241114
2ell4s
241314
241408

«00386
+00421
«00458
200498
« 00546
200599
00656
200718
«00785
«00855
«00926
200995
201063
201129
001193,
Q1256
201315
«01370

= M1)
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APPENDIX E

Pressure Ratio Qutput on Lower and Upper Surfaces of Strut

The pressure ratio output on the lower and upper surfaces of the strut is
printed only for NSTRUT = 1.

N Yp STRUT UPPER SURFACE PR. RATIO STRUT LOWER SURFACE PR. RATIO
16 06351 1l.4932 2,1150
17 06640 1.2633 2.6808
18 206928 1.1928 246062
19 i07217 1.1509 2.6132
20 « 07506 1.1512 245679
21 «£7794 1.1044 244708
22 .08083 1,2087 245546
23 «08372 1.2125 245998
24 «08660 142956 245404
25 «08949 1.9811 245672
26 09238 3.1793 2.5095
27 209526 442971 244473
28 09815 449100 2.5659
29 +10104 540094 245440
30 010392 449075 245335
31 210681 4+6010 245011
32 w1C970 443770 244702
33 11258 441791 2.5526
34 011547 3.9674 1.,7000
35 11836 4,1153 «9323
36 +12124 3.5351 «7954

Program Termination Message

PRLGRAM TERMINATED ON PHYSICAL TIME CONVERGENCE CRITERION
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(a) Side view of a scramjet-inlet module.
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(b) Geometry in plane xx'.

Figure 1.- Geometry of sample problem.
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(c) Upper half of geometry in plane zz' (physical plane).

P——)f pP' R’ D'

(d) Upper half of geometry in plane zz' (transformed plane).

Figure 1.- Concluded.
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Figure 2,.,- Pressure contour plot for sample problem.
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