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INTRODUCTION

The present User's Guide applies to the three-dimensional viscous
flow forward marching analysis as used for the calculation of the
helicoptor tip vortex flow field. The basic analysis is described in
Refs. 1 and 2 as well as Ref. 7 which present equations and results
related to this program. The present User's Guide, which should be
utilized in conjunction with -Ref. 7 presents a discussion of the

program flow and subroutines, as well as a list of input and output.



DESCRIPTION OF SUBROUTINES

The present section describes the various subroutines used in the
code. The main program is termed PEPSIG which controls the logic of the
program. After setting initial conditions PEPSIG marches the solution
downstream from the initial station. Subroutine PRIMRY in conjunction
with COEFM and ADI solves the primary momentum equation. In this sequence
COEFM writes the differential equation in finite difference form; i.e.
loads the required storage locations to represent the finite difference
form of the equation as a linearized algebraic equation at each grid
point. This process yields a coupled set of linear equations, one
equation at each grid point; which is then solved in ADI. Secondary
flow is calculated via SECFLO; which calls COEFPH, ADI, COEFVS and
ADI2X2. This set of subroutines serves to solve the continuity equation
and the coupled stream function - vorticity equations. COEFPH forms
the linearized continuity equation in terms of the unknown potential
(see Ref. 7) at each grid point and ADI solves the set of equations
through matrikx inversion. COEFVS and ADI2X2 relate to the coupled stream
function - vorticity equation. Of the remaining routines CROSEC is a
routine structured to perform several unrelated objectives depending upon
the argument list. These include updating variables and turbulence quantities,
computing integral quantities; writing plot files, etc. RESTAR and RESTRG
are restart subroutines. VISC and TURB set laminar and turbulent viscosity,
respectively. A description of these and other routines follow. 1In addition,

Fig. 1 shows the general flow through the program.
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ADDRES

The first subscript in the Z array is the name of the variable stored.
The second subscript is the grid point designator. The arguments of the call
are the grid coordinates 1Y, IZ. The variables LNlA, LN2A and LN3A are
passed through common from subroutine READZ, permitting subroutine address to
operate both for the Z array incore option (INCORE=1) or for tHe out of core
option (INCORE=0). The output consists of the grid point designators used
for Y direction derivatives KYl, KY2, KY3, Z direction derivatives KZ1, KZ2,
KZ3, cross derivatives KI11, K12, K13, K21, K22, K23, K31, K32, K33 and source
terms KPT. Note that shifting within ADDRES retains consistency of the

output when used at boundary points.

ADI

Subroutine ADI solves 2-D scalar linear equations of the form:

ag:qs) = Dy(¢) + Dz(¢) + C

with boundary conditions of the form

Dy($) + Dy(¢) + C = 0

where ¢ is a dependent variable, Dy and D, are Y direction and Z
direction difference operators, and A and C are independent of ¢. A
Douglas-Gunn scheme is used to solve the equations (Ref. 3). Parabolic
equations are solved without iteration, elliptic equations are solved
iteratively using a pseudo-time marching technique.

The array C(N, IY, JZ) contains the initial conditions and the
equations to be solved. The solution is returmned in C(1, 1Y, JZ) for

parabolic equations and in C(2, 1Y, JZ) for elliptic equationms.



The argument list contains:
MODE1
0 elliptic equation (A=1)

-1 elliptic equation with no Dirichlet boundary
conditions (A=1)

1 parabolic equation

2 paraboilc equation (A=1)

IDUMP1

0 ' no ohtput

1 namelist and iterative information

2 input C array plus IDUMP=1

3 sweep 1 and sweep 2 coefficients plus IDUMP=2

4 GAUSS coefficients plus IDUMP=3

5 iterative information only

INLYl, INLY2 index limits on IY

INLZ1, INLZ2 index limits on JZ

MAXITS maximum number of iteratioms allowed
for elliptic equations

LIN not used

ICON iterative convergence flag returned

1 converged, O not converged
ADI2X2

Subroutine ADI2X2 solves two coupled linear two-dimensional equations.

For parabolic equations the form is:

g—t (Ap ) = Dop(op, 6) + D p(des ) = Sy & = Sgy 95 + C¢
+ D (8 0)
%? (AS ¢S) = Dys(¢f’ ¢s) + Dzs(¢f' ¢s) - Ssl ¢f - SsZ ¢s + Cs

+ D, (6es 0)



For elliptic equations the form is:
Dby bg) = Dyglop, 60) + D c(bey 05) = Sgydp = Sgpds + Cg

+D e (8es 9)

Dt(¢f’ ¢s) B Dys(¢f’ ¢s) + Dzswf’ ¢s) - Ssl¢f - Ssz¢s + Cs
+ Dyzs(¢f’ ¢S)

where ¢f and ¢g are the dependant variables, D¢, Dy, D, are time, Y
direction and Z direction operators. Dyz is a cross derivative operation,
and C is a constant. Subscripts f and s refer to first and second variables
or equations.

Boundary conditions are of the form:

Dyf(¢f,¢s) + sz(¢f,¢s) + Cf

n
o

Dyg(df,¢g) + Dyg(bg,bg) + Cg = C
A Douglas—Gunn Linearized Block Implicit scheme is used to solve the
equations (Ref. 3). Parabolic equations are solved without iteration,
elliptic equations are solved iteratively using a pseudo-time marching
technique.
The array Q(N, IY, IZ) contains the equations to be solved. The array
PHI(N, JY, JZ) contains the initial conditions and the solution.
In the argument list IWRITE controls intermediate printout. Caution
must be exercised with this variable since massive printout is produced.
IWRITE
0 iteration summary information only
1 input equation dump plus IWRITE=0

2 equations sent to block tridiagonal matrix inverter
and solution returned plus IWRITE=1l

3 tridiagonal matrix inverter printout (subroutine
MGS2X2) plus IWRITE=2

Argument ICONV is a flag set in ADI2X2 indicating convergence (ICONV=5) for
elliptic equations solved by pseudo-time iteration. Failure to converge is
indicated by ICONV < 5. The maximum number of iterations allowed in

iterating for convergence is MAX2X2 in common NAM2X2. Parameters MODEF and



MODES in the same common block indicate parabolic or elliptic equations and
they are intended to be set to the same values for any problem, 1 for
parabolic equations, 0 for elliptic equations with Dirichlet boundary
conditions and -1 for elliptic equations with Neumann boundary conditions on

all boundaries.

ADI3D (not used in the present problem)
BULEEV (not used in the present problem)

CL (not used in the present problem)

COEFM

This subroutine writes the streamwise momentum equation:

o - pUp a_up_ - du - dup PUpVs iii
h  ox, PYs dx, S ax, h ox,
pUpWs dh o9
- h 3;2 h ox (PI t Pv)

i 6h dup pup [ oh
TR _67, ox, ,_ he \ dx

p dh dup  pup [ on \°
YW, 9xp  he\ axp

Calls to subroutine DXYZ apply the chain rule to express this equation in a
body-fitted coordinate system used. Boundary conditions are either no-slip or
symmetry as controlled by the indicies NS1, NS2, NS3, NS4 for each cross-

sectional boundary separately.



COEFPH

The scalar potential equation:

0 ¢ 0 les dpup
0=z — h ——~ | + — h —— +
ax| P dx| 6)42 P 0x2 ox

3

is written. Calls to subroutine DXYZ apply the chain rule to express this
equation in body fitted coordinates. Boundary conditions set normal
derivatives equal to zero on the wall and inner board and set ¢=0 at the
center boundary. The resulting two-dimensional elliptic scalar equation

in ¢ is solved by a call to subroutine ADI. The arguments of the call are:

MODE = -1

IDUMP1 = ICOEF(1,13)

INLYLl = 1
INLY2 = NEY
INLZ1 =1
INLZ2 = NEY

MAXITS = ICOEF(1,3)
LIN = 1

ICONV = -1

A warning message is printed if convergence has not been achieved.
The irrotational components of the secondary flow velocity are computed

from the scalar potential:

36 _ 1 as + Y2 3
¢ Bxl Bxl Byl Bxl ayz

36 _ 1 3 + Y2 o3
¢ 8x2 sz Byl sz 3y2

£
il
I
It



COEFVS

This subroutine writes the vector potential equation and the vorticity

transport equation as a coupled system for solution by subroutine ADI2X2.

Vector Potential

Vorticity Transport

o) d Q a
o= Pl T, TP L (pwf)
h  Oxs dx Oxo

+ aWS d PYp aVs o0 PUp
dxy 0x; \- h Oxz Oxo h
ox, h xp /. Ox, h ox,

aPVS aVS apvs 5V5 +aPWS 6W5 apr aws

ox, Ox, Ox, OXx, ox, 9%, ox, X,

Where:

=
w
u
£
-y
+
=
"



Although zero normal derivatives of ¢ in the scalar potential equation
correspond to zero normal velocity, the tangential velocity, Vt’ at solid
boundaries is generally nonzero. In the coupled vorticity and vector-potential
equations, both normal and tangential velocity components can be specified as
boundary conditions since these equations are solved as a coupled system.

By choosing (a) zero normal velocity and (b) -v, as the y-contribution to the
tangential velocity, the slip velocity Ve arising from the ¢ calculation is
cancelled, and the composite secondary flow velocity including both ¢ and V¥
contributions will satisfy the no-slip condition exactly. Inner board and
outer boundaries use boundary conditions of zero vorticity. The vector
potential, ¥, is set to zero on wall and inner board boundaries. At outer
boundary, ¥ is obtained by integrating inviscid vertical velocity.

The equations are written in the array Q(N,I1Y, 1) for each line
IZ=constant. Each line of equations is written onto logical unit NDR using
binary write statements. These are to read in subroutine LOAD and used in

SCALE, ADI2X2 and MGS2X2 to solve the equatiomns.

COPY

The restart procedure saves all the common blocks in the 'COMDECKS" COM
and GCOM. In addition the entire Z array is saved as part of the restart.
Whether the Z array is stored on disc or kept in core, subroutine COPY copies
7 onto the restart unit or from the restart unit to the appropriate storage.

Copy is called from subroutine RESTAR.

CROSS (not used in the present problem)

CROSEC

Subroutine CROSEC is structured to perform several unrelated operations
while surveying a cross section of the solution. This subroutine was written
especially for the INCORE=0 option to facilitate the use of auxiliary

storage. This approach naturally inhibits vectorization.

10



Using the formal arguments IOPT1, IOPT2, IOPT3, IPOT4 subroutine CROSEC
will perform up to four of the following functions at a single call:

I0OPT=1 rotate N+l level quantities into N level storage
IOPT=2 update turbulence quantities

IOPT=3 compute integral properties

IOPT=4,5,6 unused

IOPT=7 load resultant secondary flow velocities and

pressure at conclusion of computational step

IOPT=8 compute vorticity vector
IOPT=9 load secondary flow velocities on starting iteration
IOPT=10 write plot file and on MODE=3 write geometry for

potential flow

DD (not used in the present problem)

DFN' (not used in the present problem)

DXYZ
Subroutine DXYZ writes finite difference approximations in

computational coordinates for terms of the form:

Al (3X) (1)

where A and B are independent of ¢ and Xy, X5 are reference coordinate
directions. Transformation from reference coordinates to computational
coordinates is performed within this subroutine. On option (LOAD) the
résulting coefficients are loaded into appropriate storage for matrix

inversion. Alternatively the term can be evaluated at the explicit (marching

11



step n) level. Setting derivative direction subscript 1=0 produces terms'of
the form B 3¢/a¥j. Setting derivative direction subscript j=0 produces
terms of the form A 3/3X;(B¢).

Marching direction derivatives are written as backward differences,
transverse direction derivatives are written as central differences at the
fully implicit (n+l1) level or on option at the explicit (n) level.

Transformation from reference coordinates, X, into computational
coordinates, Y, is accomplished by the chain rule 3/3Xy = (an/BXi)
3/3Yj with a summation on j. The elements of the Jacobian matrix are
stored in the Z array. Difference weights in the transverse directions are

stored in the AG array.

The argument list contains:
I,1J computational indices.of the grid point

ND number of derivatives in summation in Jacobian
transformation from reference coordinates to
computational coordinates, ND=2 cross plane
transformation only, ND=3 includes mar ching

direction.
1D,JD derivative direction subscripts (i,j) in Eq. 1.
LOAD
-1 explicit evaluation of term for ¢=Z(IVAR,KPT)
0 difference approximation returned in AC array in
common GRID
1,2 difference approximations loaded in Q array for
ADI2X2. Equation is designated by LOAD (1 or 2),
variable is designated by IVAR(1l or 2)
3 difference approximations loaded into C array for
solution by ADI
IVAR (See LOAD)
IDUMP
0 no printout
# 0 printout of AC array

12



NPLUS

0 Jacobian transformation evaluated at explicit (n) level
1 Jacobian transformation evaluated at implicit (n+1) level
Bet not used
FRAME

This subroutine, called from GEO, computes geometric quantities for the

reference line based reference orthogonal coordinate system. Output

includes:

FFRAME(J,1,1)
FFRAME(J,2,1)
FFRAME(J,3,1)

B(12,J,4)
B(12,J,5)
B(12,J,6)

CNU,CETA

A(7,1)
A(7,2)
A(7,3)

B(16,J,K)

normalized vector basis for
the orthogonal reference
coordinate system T, v, n

arc length derivative of the
basis vectors
9T , dv , an
3 3 TS

components of centerline curvature
Kys Kp

reference line arc length and
derivatives

reference line locations in
Cartesian coordinates and
derivatives (k-1)

Variables A and B appear in common GVAR, CNU and CETA are in common
GEOS, and FFRAME is in common GEOM. In addition, B(12,J,K) contains the

orthogonal basis vectors for the reference orthogonal coordinate system

expressed in Cartesian reference coordinates (IFRAME=1) for use in computing

coordinates for the potential flow or expressed in orthogonal reference
coordinates (IFRAME=0) for use in the viscous flow. Thus, for IFRAME=0,
B(12,J,K) = 8jk and for IFRAME=1, B(12,J,K)=FFRAME(J,K,1). The

arc length derivatives of the basis vectors are also expressed in the same

choice of vector bases depending on the IFRAME option,

13



Specification of the reference line is provided by either specification

of the parameters S(t), Ky(t), kn(t) on option ICOEF(1,9)=0 or
specification of the location x(t), y(t), z(t) on option ICOEF(1,9)=1l. For

either option, the following relations are used in integral (ICOEF(1,9)=0) or
differential (ICOEF(1,9)=1) form:

R =T

3S

32 = K, v+ K n
35 n

22 = - KVT
39S

Bﬁ = - K %
3S n

where ﬁ(S) is the location of a point on the reference line and S is

arclength. The following intermediate print is provided at each call to

subroutine FRAME.

WRITE(6,2)
WRITE(6,2)
'WRITE(6,1)
WRITE(6,3)
WRITE(6,1)
1 FORMAT
2 FORMAT
3 FORMAT

JX, [(B(16,J,K); J=1,3), K=1.3]

JX, [(A(7,J), J=1,3]

FFRAME

JX,X,CNU,CETA

[(B(12,J,K), J=1,3), K=4.6]
(' FRAME ',9F12.4)
(16,9E11.4)

(' FRAME ', I112,3F12.4)

14



GAUSS

Subroutine GAUSS solves a scalar matrix equation AX=B where A is a
tridiagonal matrix and X and B are column matrices. Common GAUS contains the
arrays, Cl, C2 and C3 which are the coefficients in the A matrix. The array
C4 contains the entries of the B matrix. Gaussian elimination and back
substitution are used to solve for X. The solution is returned in Cl. The
indices Il and IL indicate the first and last rows in the arrays to be used

for inversion.

GEO

Subroutine GEO is the control subroutine for inputting geometry informa-
tion and inviscid flow pressure and velocity. For the tip vortex generation
problem, the geometry is created by the grid generation code of Frank Thames
(Ref. 5). A separate subroutine GEOM reads and reprocesses the inputted
grid system and computes Jacobian associated with grid systems. The
reprocessed grid system and its Jacobian are stored in the coded file JOB30.
The GEO subroutine will call subroutine TESTG which will read the grid point
locations and its Jacobian from JOB30. At each computational grid point GEO
loads the Z array with the transformation matrix from orthogonal reference
coordinates to body-fitted coordinates, the determinant of the matrix, grid
point locations in Cartesian reference coordinates.

For viscous flow calculations (MODE=1l) subroutine GEO calls subroutine
PFIELD to load the inviscid pressure field into the Z array.

. The first call to subroutine GEO after a restart or at the initiation
of a run reads namelist GEOM containing many of the parameters needed to
specify the reference line and duct cross-section. Namelist input is explained

in detail in the input section of this User's Manual.

INPUTS

Subroutine INPUTS reads and prints namelist information. Details of
the namelist input are given in the input section of the User's Manual.
Subroutine calls are made to VISC to initialize the laminar viscésity and to
ROBTS to load the difference weights into the AG array and the computational

coordinates into Y and YSAVE.

15



INTBL (not used in the present problem)

INVERS, INVERZ

These subroutines invert 3 x 3 matrices. Some CDC computers require
level 2 storage for some variables. INVERZ assumes the input matrix is in

level 2 storage.

IPROF

This subroutine loads the initial conditions into the Z array. An
inviscid velocity is computed from the input static pressure coefficient.
Boundary layers are put on no-slip walls using subroutine VKPOHL for laminar
flow and TPROF for turbulent flow. Laminar viscosity is loaded by a call to
VISC.

LENGTH (not used in the present problem)

LSFE (not used in the present problem)

LOAD

The equations for solution by the block coupled LBI solver, ADI2X2, are
written on logical unit LDR in subroutine COEFVS. Subroutine LOAD reads unit
NDR and calls SCALE to perform time-step scaling to speed convergence of the
solution. If resident memory storage limitation is a problem, the equations
can be written on logical unit NDR2X2 in a form compatible with their use in
subroutine ADI2X2. The controlling index is IN. The resident memory option
is IN=1, and unit NDR2X2 is not used. Options IN=0 and IN=-1 both write unit
NDR2X2 in the same format. Option IN=-1 requires less resident storage than
IN=0, but requires more reading of unit NDR and consequently more computer

time.

16



PEPSIG

The code is based on the viscous primary/secondary flow analysis of
Briley and McDonald (Ref. 1) as modified by Levy, Briley and McDonald
(Ref. 2). The main program PEPSIG controls the logical flow or the code.

The title card read at the top of the main program contains the index
MODE in column 1. Successive cases may be read in, each with a new title
card. If MODE=0 or the first four letters of the title are STOP, the
program will terminate.

MODE=1 computes viscous flow using the subject viscous primary/secondary
flow analysis. After initial geometry and fluid dynamics conditions are set or
after restart conditions are read in, the main computational loop marches the
solution downstream. Subroutine PRIMRY computes the primary flow by solving
the streamwise momentum equation. Secondary flows, both rotational and
irrotational, are computed by subroutine SECFLO. Post-processing and writing
" of a plot file are accomplished by calls to CROSEC. Printed output is
provided through subroutine OUTPUT and saving restart file is controlled by
subroutine RESTRT. The end of the loop is reached, thus finishing a marching
step. Printed output, plot files and restart files are written at user

designated stations and not necessarily produced at each marching step.

MGS2X2

Subroutine MGS2X2 solves a matrix equation AX=B where A is a block
triagonal matrix with block size 2X2. X and B are block column matrices with
block size 1x2. The array Ql, equivalenced into common BLKMM, contains
matrices A and B. Gaussian elimination, and back of substitution are used to
solve for X. vThe solution is returned in matrix B. Arguments IL and IH
indicate the first and last rows in the A and B matrices to be used for

inversion. Argument IGDMP - O prints the input A and B matrices.

NTRN

Subroutine NTRN can be used to control transfers between fast core and

large core memory on CDC machines. It can also be used to link with NTRAN

utilities on Univac.

17



OUTPUT

This subroutine controls the two—dimensional printout of variables
from the Z array. The C array is used to transfer data from Z to the

printout. The only argument of the call is:

IWRITE
1 printout of polar coordinates of each
grid point, computational velocity components,
streamwise vorticity, and pressure coefficient
2 printout of velocity and vorticity for starting
iteration.
3 printout of auxilliary variables requested in

ICOEF(2,6) to ICOEF(2,13)

Velocity vectors are presented in computational coordinate directions.
Additional printout of velocity in reference orthogonal coordinate directions
can be turned on by setting ICOEF(1,11)=1.

The C array is loaded by a call to subroutine READ9 and two-dimensional
output 1s provided by a call to subroutine OUT2D.

OUT2D

This subroutine contains the write statements and formatting for
two-dimensional printout of a single variable and a label. The label is
passed through the argument list as MSG and the variable is selected from the

C array by the argument IP,

18



PARSE (not used in the present problem)

PFIELD

A three-dimensional inviscid pressure field is input for use in the
viscous primary/secondary flow analysis. The inviscid pressure field is
supplied by Maskew [Ref. 6]. Subroutine PFIELD reads the inviscid pressure field
input file, logical unit KDRUM and loads 0.5 times the inviscid pressure

coefficient into the Z array. When no inviscid pressure field is being used

ICOEF(1,6)=1 loads Cp=0 into the Z array. Standard operation sets ICOEF(1,6)=0.

Since the inviscid flow can be run on a coarse mesh, streamwise smoothing
of the inviscid flow pressure field is used to better represent the inviscid

flowfield. The smoothed pressure coefficient at index JX is computed as
CP(JX) = (CP(JX-1) + 2 *CP(JX) + CP(JX+1))/4

PFLOW (not used in the present problem)

POLY (not used in the present problem)

PRIMRY

The controlling subroutine for calculation of primary flow is PRIMRY.

It calls COEFM to write the primary flow momentum equation, and calls ADI to

solve the streamwise momentum equation.

PROB (not used in the present problem)

READZ, WRITEZ

When the PEPSIG code is used on computers with very little resident
memory it may be necessary to use extensive disc storage for many variables.
On option INCORE=0 the Z array containing the fluid dynamic and geometric
quantities can be stored on lbgical unit 9. Subroutines READZ, WRITEZ and
ADDRES work together to manipulate the Z array and keep track of storage
addressing. READZ and WRITEZ call subroutine NTRN to interface with machine
dependent utilities such as NTRAN or MOVLEV.

For all operations subroutine READZ sets indices LN1A, LN2A and LN3A
for use by subroutine ADDRES.

19



READ9

For two-dimensional output of variables in a cross section, subroutine
READ9 loads the C array for subsequent printout by OUTPUT and OUT2D. The
options associated with argument IWRITE are the same as those explained under

subroutine OUTPUT.

RESTAR, RESTRG

A flexible restart capability is provided which allows the saving of
the solution at designated stations and subsequent restart from those
stations. The Z array, which may be stored on logical unit 9 (INCORE=0) and
all the common blocks in common deck COM are written on the designated
restart file JRSTOT or read in from the désignated restart file JRSTIN.
Subroutine RESTRG reads or writes the common blocks in common deck GCOM.
Multiple restart files can be written on a single logical unit without
multiple end of file marks.

ROBTS

Finite difference operators for first and second derivatives are loaded

into the AG array in subroutine ROBTS. First derivative operators are:

(-.5’0,_._5_)

h h
and second derivative operators are:
1 -2 1
—, —_ , ==
h? n? h?

where h is the local computational grid interval. The computational grid is
equally spaced going from O to 1. The computational coordinates are stored
in the Y and YSAVE arrays by this subroutine. ROBTS is called by INPUTS at

the start of a calculation.

20



SCALE

A system of two coupled equations is solved by pseudo-time iteration
using an LBI technique in subroutine ADI2X2. The time step taken at each
grid point is scaled to help speed convergence. Four time scales are
computed and the smallest time scale is used. The four time scales are:

T} twice the reciprocal of the geometric mean

of the Y and Z direction operator diagonal terms

T 16 * SIN2(w/(2+NE)) divided by the magnitude of

the source term

T3 4 * SIN2(n/(2+NE)) divided by the magnitude of
the difference between the off diagonal terms in

the derivative operators

Ty a default value set to prevent a divide by
Zero (1031)
SECFLO

Subroutine SECFLO is the controlling subroutine for computation of
secondary flows. Subroutine COEFPH is called to write and solve the scalar
potential equation. COEFVS 1s called to write the equations for the coupled
vorticity transport and vector potential equations. ADI2X2 is called to
solve these coupled equations. The resulting solution is loaded into the Z.
Special care is taken in computing the velocities at the polar coordinate

singularity at the duct centerline.

TESTG

Subroutine TESTG is called by subroutine GEO to read the coordinates

of grid point and its Jacobian from input file JOB30.

21



TPROF, VKPOHL

For initial conditions a boundary layer profile is placed adjacent to
a wall. Subroutine TPROF computes velocity profiles for a turbulent boundary
layer based on a modified Coles profile. Subroutine VKPOHL computes velocity
profiles for a laminar boundary layer based on a von Karman - Pohlhausen profile.
These routines are called from IPROF at the start of a calculation. Density

profiles are computed in IPROF based on velocity, pressure and the perfect

gas law.
TUBE (not used in the present problem)

TURB

TURB subroutine is called by CROSEC subroutine to update the eddy
viscosity. The eddy viscosity computation is based on Clause's Model,

Eqs. (19 and 20) in the main report.

UNIVAR

Linear interpolation on a monatonic function is performed. The data is
sampled to determine if the function is increasing or decreasing. The
location in the data array of the previous data point is saved as a starting

point for the new search.

VISC

On an initial call from INPUTS with VISC0S=0, this subroutine sets the
reference viscosity from reference density, velocity, length and Reynolds

number. Subsequent calls from IPROF set laminar viscosity.

WAVINT

A weighted quadratic interpolation is performed using four node
points. Quadratic equations are fit through the three points on the right
and another quadratic is fit through the three points on the left. A

weighted average of these two parabolas is provided.
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DESCRIPTION OR INPUT

TITLE CARD (I1,8A4)

COLUMN 1

COLUMN 2-33

NAMELIST RESTAR

'IRSTIN
IRSTOT
JRSTIN

- JRSTOT

NFILE

NSAVED

INCORE

MODE 1 viscous flow primary/secondary analysis

MODE

"

0 terminate run

TITLE

is the station number to be read in for RESTART
if IRSTIN = O not a RESTART case (DEFAULT IRSTIN = 0)

is the interval for saving RESTART information
If IRSTOT = 0 no RESTART info saved

logical file name from which RESTART information
is to be read (DEFAULT JRSTIN=11) '

logical file name onto which RESTART information
is to be written (DEFAULT JRSTOT=11)

is the sequence number in JRSTIN of the desired
restart information (DEFAULT NFILE=0)

is the number of RESTART stations saved on JRSTOT.

Must be initialized in inputs to the number of stations
already written (and to be preserved) on JRSTOT.
Nominally initialized NSAVED=0.

NOTE that by setting JRSTOT = JRSTIN and NFILE = NSAVED
one file can be used for both read and write without
destroying the already saved information.

Z Array uses no auxiliary storage (INCORE=1), DEFAULT)
Z Array stored on logical unit 9, retrieval and storage
controlled by subroutines READZ and WRITEZ (INCORE=0)
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NAMELIST FLUIDS

DX

AP

NFIRST

NS

NEY ,NEZ

IPLOT

CMACH

KTURB

IBULEV

marching parameter used in evaluation of polynomials
P and PA in namelist GEOM. X is the streamwise
computational coordinate.

initial increment in X at station JX=NFIRST

ratio of adjacent values of DX for geometric change
in X. (default AP=1)

station number of the parameter X. Note if this is

" not the same as the first station in a run subroutine

INPUTS will compute the needed values of X and DX.

station number of last station to be computed.

number of grid points in circumferential and radial
directions respectively.

=] plot file written as controlled by ICOEF (2,4) and
ICOEF (2,5) or a controlled by IPSTA
= 0 no plot file written

reference Mach number

reference Reynolds number based on UZERO, RZERO, YZERO

= 0 laminar flow (DEFAULT)
= 1 turbulent flow

= 0 Buleev length scale not used (DEFAULT)

= 1 Buleev length scale used in initial conditions
to compute effective distance to wall only

= 2 Buleev length scale used in calculation of
turbulence mixing length
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BLD(1)

BLD(2)

BLD(3)

BLD(4)

DELBUL

ICDC

IWSTA

IPSTA

not used
not used
not used

initial boundary layer thickness for IBULEV=0 option

value of Buleev length scale at edge of initial boundary
layer for use with IBULEV=1 or 2 options

indicator flag for disc writing in subroutine NTRN

centerline arc length at start of calculation
(DEFAULT ARC=0)

station numbers printed output 1s to be produced
(DIMENSION IWSTA (101)) activated for ICOEF(2,3) < O

station numbers that plot file is to be written
(DIMENSION IPSTA(101)) activated for ICOEF(2,5) < 0

ICOEF(1,N)

N

1

2

initial station print (0)

momentum integral boundary layer calculation for boundary
layer thickness used in turbulence model (1)

PHI - ADI iteration limit (200)

ADI3D iteration limit . (200)

max no. of pressure iterations in PRIMRY (5)

0 - LOAD CPI, 1 - CPI = 0 (0)

PFLOW INTER DUMP -1, FULL DUMP 1 or 3 (0)

9Y{ printout from CROSEC (0)
axj
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ICOEF(2,N)

9
10
11
12
13
14
15
16
18
19

N

W O N O 1 & W N =

p—
o

—
[S—y

o
[N

ot
w

[
(o]

N
(@]

NOTE:

FRAME PA: 0 is CNU,CETA,S; 1 is Y,Z,X (0)
OUTPUT PHI,PSI Cartesian velocities (0)
OUTPUT Cartesian velocities (0)

ADI2X2 dump (0)

ADI dump for scalar potential equation (5)
ADI dump for streamwise momentum equation (O)
INPUT namelist dump (1)

IPROF dump (0)

Difference weights dump (0)

PFIELD drum reading information (O0)

ADI2X2 iterations (1002

PRINT INTERVAL (0)

PRINT INTERVAL - NOTE: If .LT.0 See IWSTA (1)
PLOT INTERVAL (O0)

PLOT INTERVAL - NOTE: If .LT.0 See IPSTA (1)
AUXILIARY VARIABLE PRINTOUT

AUXILIARY VARIABLE PRINTOUT

AUXILIARY VARIABLE PRINTOUT

AUXILIARY VARIABLE PRINTOUT

AUXILIARY VARIABLE PRINTOUT

AUXILIARY VARIABLE PRINTOUT

AUXILTARY VARIABLE PRINTOUT

AUXILIARY VARIABLE PRINTOUT

N PLANE intermediate DUMP of velocity + vorticity (0)
Geometry DUMP for MODE+3 (0)

Printout at station JX will be produced for ICOEF(2,3).GT.0 If

MOD(JX-ICOEF(2,2), ICOEF(2,3)) =0

The plot file will be written at station JX for ICOEF(2,5).GT.0

If MOD(JX-ICOEF(2,4), ICOEF(2.5)) = 0

Printout of auxiliary variables from the Z array are produced
by filling ICOEF(2,6) - ICOEF(2,13) with the variable storage
index from the following list
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W & N O it & W N -

[ —
- O

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

O O v © VD f §f < 4

o
—

- velocity
- velocity
- velocity
~ velocity
- velocity
- velocity
density at
density at
streamwise

streamwise

component at N

component at N+1
component at N

component at N+l
component at N

component at N+l

N

N+1

vorticity component at N

vorticity component at N+l

inviscid pressure coefficient at N

inviscid pressure coefficient at N+l

determinant of the Jacobian at N

determinant of the Jacobian at N+l

laminar viscosity at N

laminar viscosity at N+l

turbulence
turbulence

coordinate

‘coordinate

coordinate

coordinate

viscosity at N
viscosity at N+l

in v direction at N
in n direction at N
in v direction at N+l
in n direction at N+l

dissipation function (2D:D)

turbulence

mixing length

scalar potential

vector potential

pressure

(not used)

scalar potential velocity component

scalar potential velocity component

vector potential velocity component

vector potential velocity component
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33 Q vorticity component in v direction

34 _92 vorticity component in n direction
35 93 vorticity component in T direction
36 Y reference Cartesian coordinate
37 Z reference Cartesian coordinate
38 X reference Cartesian coordinate
39 - 47 components of Jacobian at N + 1
48 - 56 components of Jacobian at N
57 - |
58 -
59
60
61
62
ICOEF(5,N)
N
5 modify pseudo-time increment for iterative

solution elliptic equations 1/At = (1/At)RgF
2.%*ICOEF (5,5) (DEFAULT ICOEF (5,5)=0)

6 modify pseudo-time increment for iteration
solution of coupled elliptic equations
1/At = (1/AT)RgF 2.**ICOEF (5,6)
(DEFAULT ICOEF(5,6)=0)

7 modify pseudo-time increment for iterative solution
. of 3-D elliptic equation 1/At = (1/At)RgF 2.**ICOEF (5,7)
(DEFAULT ICOEF(5,7)=0)

8 . time step selection in ADI3D is based on the magnitude of the
finite difference operators. One time scale is based on a
composite of the cross plane operators. Another time scale
is based on either (ICOEF(5,8)=0) the streamwise operator or
(ICOEF(5,8)=1) a composite of all three direction operators.
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NAMELIST GEOM (not used in the present problem)

File Input/Output

The geometric information and inviscid pressure field needed in the tip
vortex flow calculation for NACA0012 are stored in permanent files JOB30 and
INVICI4. If restart calculation is desired, the restart information from
previous calculations stored in local temporary file RESTEP should be saved
and made permanent for restart calculation. Also if a plot is desired, the
local temporary file TIPPL which contains plot information can be saved and

made permanent.

Sample Input Cards and Printed Output

A sample case was run to illustrate the set up of inputs streams and
typical printouts of the code. The given input card deck is for a new
calculation. In the case of restarted calculation, proper parameters in
namelist 'RESTART' must be set as described in The User's Guide.

The code output first prints out the namelists, 'RESTART', 'NAME' and
'FLUIDS'. This is followed by the computational coordinates of the grid
points and their associated finite difference coefficients for the first and
second derivatives in both directions.

The next output item is the integral property across cross section, like
the cross section area and mass flux. This is then followed by the printouts
of the Cartesian coordinates of the grid points and of the flowfield variables
at the initial starting step of the calculation. The enclosed output has been

annotated to explain the printed variables, coordinates and iteration histories.

30



CONTROL CARDS TO RUN SAMPLE CASE
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NAMELIST INPUT FOR SAMPLE CASE

=1

F(1415)

1,1C0:
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ST CASE -
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PRINTOUT FROM SAMPLE CASE
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The following three pages contain the values of the Cartesian vertical coordinate Y at the
grid points (IY, IZ) in the first cross-sectional plane. Each column represents a given IZ location
and each row represents a given IY location. For example, the "Y" physical location for IY=10,
17=4 is .05131. TFollowing the print out for 'Y', the Cartesian spanwise coordinate 'Z', the streamwise

velocity 'u', the vertical velocity 'v', the spanwise velocity 'w', the streamwise vorticity '"VOR-X'

at grid point IY, IZ are printed out.
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The next page prints out integral properties, area and mass flux. It also prints out the
iteration history of scalar potential equation at streamwise station 3. The ITER is the iteration
number, PMAX is the maximum value of scalar potential, DELP is the maximum of change of scalar
potential at one iteration. RHSMAX is the maximum residual of equation. The PTEST and RHS test
are the measures of criterion of convergence test of equation. In the present calculation, when
PTEST < 0.1, RHS < 0.1, and if RHMAX/RHMAXI < 0.005 (RHMAXI is the maximum residue at ITER=1),

the equation converges.
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The next pageprints out iteration history of stream function - vorticity equations at streamwise
station 3. The ITER is the iteration number. RHO is the parameter for time scaling, MODEF and MODES are
parameters relating to time scaling. DFF, PXF are the maximum value of charge of streamwise vorticity and
maximum value of streamwise vorticity respectively. DPS, PXS are the maximum absolute value of charge of
stream-function and maximum value of stream-function respectively. TS and TF are the measures of criterion
of convergence test of equation. When TS < 0.1 and TF < 0.1 simultaneously ICONV value increases by 1.

If ICONV=5, then equation converges.
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The following pages print out the Cartesian vertical coordinate 'Y', Cartesian spanwise

streamwise velocity 'u', the vertical velocity 'v'!

coordinate 'Z', v',

the spanwise velocity 'w', the streamwise vorticity ‘vor-x' at grid point IY, IZ.
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