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A USER’S GUIDE FOR V174
A PROGRAM USING A FINITE DIFFERENCE METHOD
TO ANALYZE TRANSONIC FLOW OVER OSCILLATING WINGS

T. D. Butler, W. H. Weatherill,
J. D. Sebastian, and F. E. Ehlers
Boeing Commercial Airplane Company

1.0 SUMMARY

This document describes the design and usage of a pilot program for calculating
pressure distributions over harmonically oscillating wings in transonic flow. The
procedure is based on separating the velocity potential into steady and unsteady parts
and linearizing the resulting differential equation for the unsteady flow by assuming
small disturbances. The steady velocity potential distribution, which must be obtained
from some other program, is required for input. The differential equation for the
unsteady flow is linear, complex in form, with spatial varying coefficients that are
dependent on the steady velocity potential distribution. Time is not a variable in the
program since sinusoidal motion is assumed. The numerical solution is obtained
through a finite difference formulation and a line relaxation solution procedure.

This program may be used for wings with arbitrarily, swept leading- and trailing-edges.
The leading edge may be curved. However, the trailing edge must be straight. The
program uses a rectangular array of mesh points.

2.0 INTRODUCTION

This document describes the design and usage of the FORTRAN IV digital computer
program V174. This pilot program was written as part of a research effort to develop a
method of computing the transonic perturbation flow about a harmonically oscillating
three-dimensional wing.

Based on the finite difference procedures of references 1 through 3, the program
computes the solution of the unsteady velocity potential and the resulting unsteady
pressure distributions. It requires as input the potential distribution from a steady state
transonic small perturbation program (ref. 4). Conservative differencing is used for
subsonic points and nonconservative differencing for supersonic points and across
shocks. Figure 1 shows the geometry used for the program.

The program is set up to calculate the deflections and slopes for a control surface mode,
a pitch mode, or a flapping mode. The control surface, which is located at the trailing
edge, may be either partial or full span. Although a modal amplitude theta (f) is input,
the printed pressure coefficients are for unit amplitude motion. Other motions may be
treated by modifying the appropriate boundary condition subroutine.



Figure 1.—Schematic of Mesh for Three-Dimensional Problem



Included in this document are:

Description of equations used in the program
Description of user I/O and scratch file formats

List of program limitations

Description of computer program usage

Data stacking procedures

Description of program output‘, normal and diagnostic
Sample problem inputfoutput -

Description of program structure and routines used

Features of this program include options to:

Analyze flat plates or wings with thickness

Use row or column line relaxation

Begin the iterative solution from a previous solution of the same dimensions
Analyze wings with swept leading and trailing edges

Take advantage of autosymmetry in the case of a wing at zero angle of attack and
with a symmetrical thickness distribution to substantially reduce the number of

nodes

Use over- and under-relaxation factors to reduce the number of iterations to
convergence

Determine iteration print intervals

Determine far-field updating intervals
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a,b
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cd

Ck1,Ck2-Ck3,Ck4
€s1,¢52,ds51,ds2

cq,dg,c2,ds

E

Fi;
f(x,y,t)
fo

£y

3.0 SYMBOLS AND ABBREVIATIONS

coefficients for y,z differences corresponding to second deriatives,
with appropriate subscripts (eq. (3)) '

root semichord of wing

coefficients for x difference corresponding to second derivative
(eq. (3))

equation (28}
equation (13}

L
coefficients for second-order accurate difference corresponding to

first derivative (eq. (3))

coefficients in difference equation‘s with appropriate subscripts
equation (6)

instantaneous wing shape defined by zy = 3f(x,y,t)
undisturbed wing or airfoil shape

unsteady contribution to wing or airfoil shape

z]’1m+1 _zkrn

V-1

x,y,z subscripts for points in the mesh

freestream Mach nu:mber

freestream velocity

coordinate of control surface hinge line

scaled coordinates (X, £¥9, #2Zo) for the three-dimensional problem

coordinates defined in equation (18)

" coordinates of leading and trailing edges

LI ¢ ’

physical coor,'d'iné.tes, made dimensionless with the root semichord

variables of integration



¥t

AC,
Ax 1

AXg

Apy

¢

¢g or Phi,
¢ or Phi;

‘le

coordinate of wingtip

1-M2 .
ratio of specific heats for air
jump in pressure coefficient
Xj - Xi.1
Xj-1 - Xj-2
jump in ¢, at plane of wing or vortex wake
thickness ra’tio or measure of camber and angle of attack
Xg - X
ximax ) ximem'1
o2/
oM/(1 - M%)
scale factor on y and zgy, u = §1/3 M2/3
unscaled perturbation velocity potential
steady scaled pert-urbation velocity potential
unsteady scaled perturbation velocity potential
wake integral defined in equation (21)
acceleration or pressure potential

fundamental source solution of integral equation for evaluation of
far-field boundary conditions

angular reduced frequency (semichord times frequency in radians
per second divided by the freestream velocity, wb/U)

ORIGINAL PAGE IS
OF POOR QUALITY



\ 4.0 DISCUSSION

The finite difference equations for three-dimensional unsteady transonic flow are given
by Ehlers in reference 1. At interior points where the steady flow is subsonic, we have

et (MO T Py TR T il2) 1

1
b =-E -E - -b
7y Aijice] i " P Y Pk oY Pk
and at points where the steady flow is supersonie,
~fa, +b, +a,_ +b, -E  -qu/2
2 Pk (ayj vi Cmc T Cmy e k! )‘Pl ik (2)
+b = (E, +E -E - -b,. ¢
Zx ‘plijk-i-l (B, 4)"oli-ljk a %1 i-25k %j (p‘ij-lk Yj lij+Hlk
where;
a, = 1 ay, = 1
Ze  (ze - 21 (2 - Zi]) Vi O - Vi) 0550 @
b = 1 b = 1
2k T (@] - ZeD) Bkl oz Y Ol YD e -y

B, = o ujppk -iwe, fe
E, = & Uy + 1o, e
By = Ciuy i,k - iwesife
E, = di—lui-3!2jk -idei/e

1
C- =
1 (K - %) K1 - %P

o, = (X

d: = L
T (%54 - %500 (% - %40

Ay T G- x4
Witi4 ik =K - &+ (‘PO i+1jk - ¥ ljk)l(xi+1 ) xl)

Wy = K - O+ D@ = oy X Xi)



Equations (1) and (2) are equations (24) and (27) from reference 1.

The boundary conditions on the upper and lower wing surfaces lead to the following
equations for subsonic flow at finite difference points immediately below the wing,

k=ky,
+E, +E, - qijkaZ) @, ik, (4)

a, O -( _+b, +a,
K ikl (Y5 Y T

b, FU

= 'El gpl W ljkm -E2 ‘PI l'ljkm 'ayj tp] lj-lkm -ij Sol 1_]+1km ka

and points immediately above the wing, k = ky + 1

6))

- +h, tb +E, +E, - q; 2) o, .. tb
(ayj y] ka+l 1 2 qukln+ ]/ ) (Pl l_lkm+1 zkm‘l‘l lpl I_]km+2
= (U)
=B e 11 Btk +1 8y P e Oy etk r T P2+ F(u
where
1) _ (L (L)
B =10 gy + e £ gy ©

fV= 60 Gy + 00 1 x;,99)

The (L) and (U) refer to upper and lower wing surfaces, respectively. The equations
similar te equations (4) and (5) at supersonic points can be written down analogously.

The total harmonic deflection of the wing is written as

7, = 8f(xy,) = 8 {f, (xy) + £ (x¥) eiwt} D

The steady wvelacity potential (pg) is calculated from the steady deflection shape
(fo),while the unsteady potential (¢;) is calculated from the harmonic mode shape

f1(x,y).
Over the wake, the condition that the trailing vortex sheet supports no pressure,

A
oy iwhp, =0 (8)
ox
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results in a term being added to the right-hand side of equations (1) and (2). For finite
difference points just below the wing plane (k = kyy), the additional term is

b A &)
z 13
K ij
and for points just above the wing plane (k = kyy + 1), the term is
(10) -
-a A
2k %
where
Ao, = Ap, e OB 1) (11)

ij 1iI+Ij

and A‘Plilﬂj is the jump in velocity potential at the first point aft of the wing trailing

edge at station j determined so as to satisfy the Kutta condition on the trailing edge.
The addition of equations (9) and (10) implicitly satisfies the conditions. The normal
velocity is continuous across the wake.

The finite difference equation for the jump in ¢y across the wing to the second order in
mesh size is

pg = ¢ - O

~ % " P+ Pk, “est(Prige_so T Pk H)
(8} (L)
- Csz(‘% ik, O ijkm_l) - (dsl Fj ~ +dsa Fy ) (12)
where | )

sl — 48 (s, + 1) s2 7 4s,(s, t 1)

h(2s, +1) h@2s, + 1)
dst =76, v 42 =736, + 1) (13)

5 = (ka+2 'ka+1) /h S, = (ka - ka-l)/h

a4

h =7+ "%,



Two integral relations are used to satisfy the far-field boundary conditions on the outer
boundaries of finite difference mesh. The first for the velocity potential is

tye  x(y,)
1 ' s
@, (X,,¥,:Z,) = I f [A«pl 1,021, - }bAqolZl,]dxl dy,
Vi Xp(¥,") .
+yt ) ( ’) [="e] . ,
1 iwx(y, , f -iox, ,
i f e Do, t().rl )y’ e g, dxy
Vi x4(¥1)

1 1

] i ,
+Efl (’Y“)‘Pox; lplx,’ ¥y, iw(y-Dy, Eb%x,x,}dv (15)
v

and the second for the pressure function is

Py, 4) =% ° lwy, (16}
*1
+ve  xy)) , ..
=1 X, 1 - XA dx, dy .’
T dnm [A@] Zy # zl'] 1 Y
v %xy))
zlw— f e I0Xey dAp, 3, Wy ()% 9, -y/)hz,) dy,
_yt
] ) e ,
’71?{'[ {(H])%xl' lplxl' xxi iy-1) ¢ x‘*ooxlrxlt}dv an
v
defining
2 2 2
X=X -X,¥ =Y, -y, Z = 2, -z, and R =JY§ ty +7
i\ (ME-R)
Y(EYy2) = R
_Z .
Yz "TU/R + i\ ¥
V! = [, M - R (/R +iX )] Y (18)
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X = lpxl +iwy

>
i

= [ith—z(1/R+i)\l)+iw] v
X, = -E{[l—il Y M-xw:l A, +1/R) -2, x/R]yD (18)

Equations (15) and (17) have been simplified for the program. First, as noted in the
two-dimensional derivation

AN (Bapl)
2z, =A 22, =0 19

/

and thus the second integral in the first term of both equations (15) and (17) is zero.
Second, the third term, which is the volume integral and has not been of significance in
the two-dimensional problem, has been dropped. Third, since we are interested in the
far-ficld, we approximate x; - x;" and y; - y{' with y; so that the terms of ¢ and x may
be moved outside the integral sign. The evaluation of wake integral in equation (15) is
discussed in detail in the next section. The equation for the velocity potential on the
far-field (eq. (15)) for x5 = 1.0 is

+yp o x(y,)

= Pyt
‘PI(XI,YI,ZI) = 'HI,DZ]’ A‘Pl dX‘1 dyl + SolW

-yt XQ (y 1’)

[ (’7+1) ‘p x; lj}xlf - iw(V-l)‘PI ‘p‘pax; x],]dv (20}
v

where
+yt

- f Aplt(y{) (v ,.2,¥) dy/ (21)
.‘yt

with the trailing edge defined as a straight line by the functions f(y;’) = a| ¥ |, the
function I, is given as

. ‘zle-lhlﬁﬁo('ﬁl/M) 1 M _Pl)
" By | /1432 \ 8,/fv )+ Ry Ro
iA
[ / 2
+"ﬁ- —ﬁ [+uy“+ Z WF(T)]} 22)

i=1

nl




M/t Rp2 iy

lli bl
6Rg

F(r) = \/ﬁ2+[ﬁﬁl-?\ﬂ§ 1}2
! 170

Ro=y/ (v1-y1)? 2y

The pressure function equation {9) becomes

vy X))
P(x,.y,.2,) = ql—ﬂ—ler Ayp, dx] dy/
vy X))
+yt
-7}5 2 f ¢ i0x(y;) Ay, t(yl') dy, (28)
i

Equation (20) is used to evaluate the velocity potential along the line resulting from the
intersection of the Y-Z plane through the trailing edge of the wing and the X-Y and X-Z
planes bounding the finite difference volume. Equation (16) is then integrated by the
trapezoidal rule to determine values ahead of this line and behind this line on the
upper, lower, and side boundaries. For example, on the lower boundary when k = 1, for
points ahead of the trailing edge (x<1.0 or i<iy),

i : Xi-X;
= l(X4-Xy: - X; iT¥ (24)
L2 11 12 i1 e I0(xj-Xjup) . [P(xi,yj,zl) elo(xi-Xi1) + P(xi-l’y"zl)]___'g

and the equation for points downstream of the trailing edge (i;<i) is

Xi - xi—I (25)

-io(X;-%:_1) ) - -w(x;-%;
e i"~-17 + I:P(xl,yj,zl) +P(xi_13yj,zl) e -lw(x; X1—1)] 3

A T A

i-1j1

The application of equation (23) to the upstream and downstream boundaries results in
the following equations: on the upstream boundary,
(26)

= P -
‘plljk ckl‘plzjk k2 1jk

1S
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12

and for the downstream boundary,

(27
Y. . =Ck3t,0‘ . +ck4P. k
where ! Imaxjk ! Ipyax - 1jk Imax!
Py = POx,¥jzi)
P; q = . .
imaxik (leax’ Y zk)
1 +iwd, [2 _
and Rl =T iws, /2 8y = X%s - X
1
ey = 6 f(1-16 [2)
k2 1 1 o8
%3~ (1- 182 /2)/(1 +ie8,/2) 6 = ximax ) ximax -1
g = 82/(1 +iwdy/2)
Equations (25) and (26) may be used to substitute for ¢ and ¢ _ in equations (1)
and (2). ik i maxik



5.0 COMPUTER PROGRAM USAGE

5.1 MACHfNE REéUIREMENTS
V174 executes on a CDC 6600 or similarly compatible computer.
5.2 OPERATING SYSTEM
V174 was-designed for a KRONOS 2.1 or NOS 1.1 operating system.
5.3 STORAGE ALLOCATION
This program executes in 132000 octal words of computer memory.
54 TIMING
Timing is hardware and operating system dependent.
The following example was run on a CDC 6600 with KRONOS 2.1 operating system.
The program loads in about 4.5 CP (central processor) secends. Using an XYZ mesh of
44 by 16 by 26 (18 304 nodes), the program requires about 5 CP seconds per iteration. It

needs a like amount of time for each far-field update; 50 iterations of this example with
a far-field update every 10 would require:

CP seconds = 4.5 + (60)(5) + (50/10 + 1) (5)

or 984.5 decimal seconds. Rounding up the user would place 300 decimal seconds on his
job card.

5.5 FILE 1/O
The program card of V174 is as follows:

Program V174 (INPUT= 1002,0UTPUT= 1002, TAPE7,DEBUG,TAPE5=INPUT,
TAPES=0UTPUT TAPE1=1002,TAPE10=1002,
TAPE11=1002,TAPE12=1002,TAPE13=1002)

As noted previously, the buffer sizes of most of these files have been reduced from the
default values to save memory space.

5.5.1 FILE UTILIZATION

A considerable saving of core memory, and consequently cost, was achieved by
modifying the program. This modification puts only 3 planes of the Phi; and Phig
matrices in core at a time. These planes are chordwise X-Z planes and are denoted by
the J indice (identifying their Y coordinate). Thus, on any one binary file there will be
JMAX planes of data.

ORIGINATL PAGE IS
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In core the program identifies the necessary 3 planes as JR (corresponding to J-1-see
theory), JC, (corresponding to J), and JL (corresponding to J-1). There are 3 indices
available in the incore matrix data space, but each of these will be reused as often as
necessary moving JR, JC, and JL. For instance, if the program is calculating the X-Z
chordwise plane corresponding to J indice 6 this plane may have been read into the
incore storage area plane numbered 3 and would designate that incore plane as JC.
Calculation plane corresponding to J = 5 would be in JL which would be stored in the
incore data storage plane 1. The next calculation plane JR (corresponding to J=7) would
be read into the available incore plane storage area 2.

After calculation plane J = 6 is recalculated, and written to binary file, this plane is
now designated JL by the program. The former JR now becomes JC (incore plane area 1)
and a plane corresponding to J = 8 is read in and placed in the incore storage area now
designated JR (incore storage area 3).

Thus, for calculation of plane J = 6 the incore storage should be as follows:

Calculation Incore plane
plane storage area
Plane JC 6 3
Plane JR 5 1
Flane JL 7 : 2
For calculation of plane J = 7:
Plane JC 7 1
Plane JR 6 . 2
Plane JL 8 3

Please note that the description applies to the usage of the Phig matrix as well, with the
exception that it is not recalculated with each iteration.

The file named TAPE1 contains one steady state velocity potential distribution (Phigp)
from a separate program. This matrix must be present for a wing with thickness (see
ref. 3 and input variable list MSTST).

The file named TAPE13 contains the modified Phiy matrix from file TAPEL. This
matrix is written on the file in the standard form for this program. The initialization
overlay recalculates this matrix. During iterations the Phijy matrix on this file is read
as previously described.



The file named TAPE1L0Q is the file containing the starting data, if any (see input list
variable, INC), for the Phi; matrix. After a.successful execution of the program it will
contain the new Phi; matrix in place of the old. Its format is standard for this program
(sec. 3.5.2).

The files named TAPE11 and TAPE12 are interchanged in function for each iteration of
the program. They will contain the scratch Phiy matrix in the standard format
discussed in section 3.5.2. Initially, one of these will contain the starting Phi, matrix.
Either may, be from TAPE10, a previous run, or a Phi; matrix of zeros. The other will
then have written on it the Phi; calculations from this iteration. For the next iteration
these files will be rewound and functions interchanged with the former supply file
becoming the receiving file for this iteration.

5.5.2 FILE FORMATS

Binary files

The files TAPE1, TAPE10, TAPE11, TAPE12, and TAPEL3 are binary T/0 files and all
use the same basic structure of format. TAPE1 and TAPE13 are real data (Phig matrix);
TAPE10, TAPE1l, and TAPE12 are complex with a real- and imaginary-parts written

for each element of the matrix (Phi,).

The structure of these binary files are as follows:

1 (J indice of the first plane)
The W e_,-lement atK=1

The IMAX™ element at K = 1 ORIGINAL PAGE 8
The I? element at K = 2 OF POOR QU

The IMAX™ element at K = 2

The IMAX® element at K = KMAX

2 (J indice of the second plane)
same structure as the above plane

15
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JMAX (indice of last plane)
1™ element at K = 1

IMAXth element at K = KMAX

As mentioned previously the complex binary files will contain a real part and an
imaginary part for each element of the Phi; matrix.

BCD Files

The BCD files INPUT, OQUTPUT, and TAPE7 follow the standard FORTRAN and
system formats for that type of file.

BCD files are those which deal with character printing or reading. V174 has three
of these; INPUT, OUTPUT, and TAPET.

INPUT, also called TAPES, is the file which contains cards or card images. Program
card (or card image) input is fully described in section 3.7.

OUTPUT, also called TAPESG, is the file on which the program places the primary
printed information. (See sec. 3.8 and app. A.)

!
TAPE7 is also a prmt ﬁle The user may disregard it unless he is executing the program
on a terminal where the - prlmary QUTPUT print file is to be printed later. It will print
a summary during execution telling the user how convergence is proceeding.

Usage of TAPE7 is LGO,IN,OUT,OUTPUT. (See sec. 3.6.}

TAPE7 was primarily used in development of the program. Terminal usage of the
program should be limited as terminal execution is usually very expensive.

5.6 CONTROL CARDS
The following control cards can be used to load and execute TEV174 from tape:

JOBN,T500,CM132000,P02.
ACCOUNT,ACCTNO,PASWD. URNAME/PH/M.S./ORG
REQUEST, TAPE,VSN=66XYYY F=ILB=KL.
COPYBF,TAPE,LGO.

. RETURN,TAPE.



GET,TAPE1=URPHIO.
GET,TAPE10=URPHI1.
MAP,FULL.
LGO.

End of Record
Input Cards

The preceding will execute using existing Phigand Phi, distribution files. If either is not
available, then adjustments are made in the input cards and the respective GET card is
not used.

5.7 PROGRAM INPUT

5.7.1 GENERAL REMARKS

The input to TEV174 is of two forms, disk file/tape input (binary input) and card input
(BCD input). Disk file/tape input may consist of input point locations and the Phig
andfor Phi; distribution. An input Phi; distribution is indicated if a previously
calculated Phi; matrix is to be used to start the iteration process. If the user is starting
from scratch, there is no Phi; input and the initial Phi, distribution is all zeros. Phiy is
the steady-state distribution from another program. If a flat plate solution is, sought, it
would not be input.

A description of disk file/tape formats is given in section 5.5.2 and a listing of the
input for a sample problem is presented in appendix A.

The card input consists of field dependent input and namelist free field input. The field
dependent input is defined in the format column of table 1 as a specific field (i.e., F10.2,
A10, 15). The namelist data will be represented in the same column by the namelist
name “PARAM.”

Some of the features of namelist input are:

1. Card field consists of columns 2 through 80.

2. List consists of a $ list-name in column 2 followed by a series of specifications
continued on as many cards as required and terminated by a $.

3. Specifications are of the form:
a. Vname = Value
b. Where Vname is an array, Vname = Valuel, ValueZ, . .. ,Valuen
‘Where Vname is one of the variable names for the list, value is the associated
value(s). Value may be an integer, a fleating point number in normal or

exponential form, or in the case of a logical variable (specifically the options) of the
form.

ORIGINAL PAGE IS
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T. or .True. indicating true or on
.F. or .False. indicating false or off

4. Specifications must be separated by commas. There is no comma between the last
specification and terminating $.

5. Embedded blanks are allowed except within the $ list-name, variable name, or
value. At least one blank must separate the $ list-name and the first specification.

6. The order of appearance of variables on the card(s) is not important; the spelling is.

7. Any or all of the variables may be left out of the list, e.g., $ list-name.. $ is
legitimate. This assumes, of course, that there is a legal default value associated
with the variable(g) not included in the list.

5.7.2 LIMITATIONS

The following are size limitations within the program.

o 3<sIMAX=H5 X nodes parallel to upstream downstream flow in the XYZ
mesh. .
o 3=JMAX=33 Y nodes spanwise in the XYZ mesh.

° 3s=KMAX=26 Z nodes vertically in the XYZ mesh.

Note: The Phi; and Phigy distributions must also correspond to the limitations on
the XYZ mesh.

? 1<NDWING=20 The number of Y values in the Y array less than YT.
Corresponds to number of values in XLE, XA, and XT.

5.7.3 DATA STACKING

Note: All coordinates are entered as scaled coordinates,

Y = p*Yh

where b is the root semichord and the subscript p means physical coordinate.



Table 1. - User Input Variables

Card number Variable name Format Description
1 Title 8A10 80-character title for this problem
2toN FSMACH PARAM  Mach number
DELTA PARAM  Thickness ratio
THETA PARAM  Maximum angle of attack in degrees
OMEGA PARAM Angular reduced frequency
GAMMA PARAM Ratio of specific heats for flow medium
AL PARAM  Axis of rotation for flapping mode
: dimensionless physical coordinate
IMAX PARAM  Maximum X node count in users mesh
JMAX PARAM  Maximum Y node count in users mesh
KMAX PARAM Maximum Z node count in users mesh
IS PARAM  Starting X node limit for volume integral
for the wing; currently not used
IE PARAM  Ending X node limit for volume integral for
the wing; currently not used
KS PARAM  Starting Y node limit for volume integral
for the wing; currently not used
KE PARAM  Ending Y node limit for volume integral for
the wing; currently not used
NMAX PARAM  Maximum number of iterations to be
allowed without convergence or divergence
NA PARAM  Far-field update cycle control; updates the
far field each NA iteration
ERROR * PARAM Error difference. - When the maximum

difference between Phi; distributions of
consecutive iterations is less than ERROR,
the program stops iterating

NP PARAM Prints pressure distribution every NP
interations
INC PARAM Restart variable. - If INC=0, start with the

Phi; distribution on TAPE1Q; if INC=0,
start with a Phi; distribution of zeros.

ORF PARAM Overrelaxation factor used for subsonic
nodes to accelerate convergence 1.<ORF=<2.
URF PARAM Underrelaxation factor used for supersonic

nodes to accelerate convergence 0.<URF=<1.
¢
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Card number Variable name Format

Table 1.— {Continued)

Description

2 to N {cont} MSTST

ISWEEP

ILAX

CONPXT
CONES6

YS
YSA

TP1MSH

20

PARAM

PARAM

PARAM

PARAM
PARAM

PARAM
PARAM

PARAM

When MSTST=0, start iterations with a
Phi, distribution from a steady-state
solution. When MSTST=0, U(I1,J,K) is set to
K and thickness effects are not included in
the analysis. This is the “flat plate”
analysis

This variable along with ILAX determines
the order of calculations; with ILAX=0 (row
relaxation), ISWEEP has two possible
values; (2) ISWEEP=0 indicates rows will
be solved from the upper and lower
boundary, alternating, in toward the wing;
(b) with ISWEEP=0, rows will be solved
from lower to upper boundary consecutively
with ILAX=1 (column relaxation), ISWEEP
has two possible values: (a)with
ISWEEP=0, columns will be calculated
starting from the trailing edge and moving
forward (upstream) then coming back and
calculating the nodes back of the trailing
edge moving backward (downstream);
(b) with ISWEEP=1 (with ILAX=1),
columns will be calculated from upstream to
downstream boundary

With ILAX=0 (see also ISWEEP),
relaxation using rows of points is used, the
points forming a line parallel to the wing in
an X-Z plane; with ILAX=1, relaxation
using columns of points is used, the points
forming a line perpendicular to the wing in
an X-Z plane

Constants required for convergence of
row relaxation (See refs. 2 and 3.)

Y coordinate of wingtip; scaled value

Y coordinate of the inside edge of the
control surface; scaled value

This variable determines from what files
the XYZ mesh size and the coordinates of
each nodé are read. If TPIMSH=0, read
IMAX, JMAX, KMAX, and the XYZ mesh
coordinates from input. If TPIMSH=1, read
them only from file named TAPE1l. If
TP1IMSH=2, read them from both input file



Tabfe 1. — {Continued)

Card number Variable name Format

Description

2 to N (cont)

LUPSYM PARAM
IPLOT PRAM

NDWING PARAM
IMODE PARAM

End of Namelist Variables

Card number Variable name Format

and file TAPE1l. The data overwrites the
TAPE1l data. This last preserves file
spacing on TAPE1

If LUPSYM=0, perform a ncrmal problem
of full size. If LUPSYM=0 and the
angle-of-attack THETA is 0, then assume
the nodes above the wing are antisymmetric
to those below and calculate only those
below

Not used

The number of ¥ nodes on the wing

If IMODE=1, a control surface mode is
used, and the mode shape deflection is
allowed only over the control surface
defined by XA, XTE, and YSA. The axis of
rotation is parallel to the Y axis at XA. For
IMODE=2, a pitch mode is used, and the
mode shape deflection is allowed over the
entire wing. The axis of rotation is parallel
to the Y axis at XA. When IMODE=3,
flapping mode, mode shape deflection is
allowed over the entire wing; the axis of
rotation is parallel to the X axis at Y=AL

Description

N+1 X 8F10.2
to
M

M+1 Y
to

8F10.2

K+1 Z
to

8r10.2

ORIGINAL PAGE IS
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The location coordinates of
each of the IMAX X node locations; not
input if TP1MSH=1; eight per card

The location coordinates of each of the
JMAX Y node locations; not input if
TP1MSH=1; eight per card (scaled
values) X

The location coordinates of each of the
KMAX Z node locations; not input if
TP1MSH=1; eight per card (scaled
values)
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Table 1. - (Concluded)

Card number Variable name Format Description
L+1 XLE 8F10.2 The X location at the corresponding Y
to node of the wing leading edge; NDWING
P of these are input; eight per card
P+1 XA 8F10.2° rhe X location at the corresponding Y
to node of the aileron hinge; NDWING
Q of these are input; eight per card
Q+1 XTE 8F10.2 The X location at the corresponding Y node
to of the wing trailing edge; NDWING.
R of these are input; eight per card
5.8 PROGRAM OUTPUT

5.8.1 PROGRAM RESULTS
A listing of the output for a sample program is presented in appendix A.

The printed output of the program consists of an initial block of information printing
back the user’s input followed by information identifying the program options the user
selected.

The X, Y, and Z mesh data come next, read either from cards or binary file (TAPEL).
The mesh data are followed by the X locations on the wing of the leading edge, aileron
pivot, or pitch axis and the trailing edge. Intermediate information regarding calculated
variables and time used at routine calls will follow. This is followed by iteration prints
giving data on how convergence to the required error difference is proceeding.

If the program iterates to the maximum number of iterations specified (NMAX), the
next data printed will be the complex Phi; matrix. If the program stops before NMAX is

reached, Phi; will not be printed. If it is desired, a follow up run with NMAX=1 will
always print the Phi; matrix.

Next, and finally, the pressure coefficients above and below the wing will be printed.

Optionally, the user may print the pressure coefficients unextrapolated to the wing
surface by setting variable NP to the iteration interval desired.

5.8.2 PROGRAM DIAGNOSTICS

“BERROR DIFFERENCE IS GREATER THAN 100 BETWEEN ITERATIONS. ERROR IS

---------- THE SOLUTION IS DIVERGING.” The program checks errors by calculating




the difference from iteration to iteration between corresponding nodes, saving the
largest for comparison to the user-specified standard. The preceding message indicates
the error is becoming larger too rapidly.

“SOLUTION FAILED TO CONVERGE IN ---- ITERATIONS IERR,
JERR, KERR, ERRMAX1”. ---,---,---,--- indicates the largest error found at the

indicated XYZ node location is still larger than the user-specified standard and that the
maximum number of iterations has been attained.

“SOLUTION CONVERGED MAXIMUM ERROR IS ---—------ ” indicates the user error
standard has been reached and calculation will stop. .

“PLANE ERROR THE PLANE READ DOES NOT MATCH THE PLANE DESIRED J =
wree JT - JUNIT = ---- KAW=----" indicates an error in the incoming Phi; matrix on

the indicated file. This error is probably caused by use of the wrong file for TAPE10
(Phi,).

“INFORMATIVE ERROR - - ISWEEP OPTION MUST BE 2 IF LUPSYM OPTION AND
ROW OPTION SELECTED. ISWEEP SET TO 2” indicates user did not select correct

option of ISWEEP for row relaxation. This also indicates ISWEEP was reset to the
correct value.

“STOP 1” - If this message appears in the dayfile, the program was unable to find the Z
nodes just above and just below the wing. This may be caused by a Z node at Z =0,
which is prohibited.

ORIGINAL PAGE IS
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6.0 COMPUTER PROGRAM DESCRIPTION

Flow diagrams for the program and its subroutines are listed in appendix B.

6.1 OVERLAY STRUCTURE

TEV174 consists of a (0,0) level overlay and four primary level overlays. The (0,0
overlay contains the program driver and several common usage subroutines. The (0,0)
driving program called V174 does the following:

1.

2.

6.

7.

Calls the (4,0) level overlay to input data and initialize variables and arrays
Controls the number of iterations performed either by terminating because of
convergence (or divergence) or terminating because the maximum number of
iterations has been performed

Calls the far-field boundary updating overlay (3,0)

Calls the relaxation overlay specified by the user for row relaxation (1,0,
specifying which X-Z plane is to be calculated

Prints convergence data for each interation
Saves the Phi; matrix on file TAPE10 after iterations have ceased

Calls the final print package routine CPR for pressure differential printing

The (4,0) overlay does the following:

1.

2.

Reads inputs and prints them back
Sets constants
Calculates the body function

Calculates the mesh data

Initializes the steady-state Phiy matrix with a constant or with data from another
program

Initializes the Phi; matrix either with a complex constant or with data from a
previous program run

“The (1,0) overlay updates an X-Z plane of the Phi; matrix by column relaxation, It also

causes the print display of the Phi; matrix if the maximum number of iterations
(NMAX) has been reached.



The (2,0) overlay, like the (1,0) overlay, updates the X-Z plane specified by the (0,0)
overlay. It does this by row relaxation instead of column. It will also print the Phiy
matrix at iteration NMAX.

The (3,0) overlay calculates and updates the nodes on the outside boundaries (farfield
update overlay).

6.2 COMMON BLOCK USAGE
Table 2 describes usage of blocks of common variables.
Boeing Commercial Airplane Company
P.0. Box 3707

Seattle, Washington 98124
October 1977

Table 2. — Blocks of Common Variables

Block Usage

CONST Control and calculation constants

IMESH X, Y, and Z mesh constants

WING Variables describing the wing

CONST2 Control and calculation constants

TIMES Print time variables

CONES6 Row relaxation constant

TROUB Troubleshooting variables

ENTR Column relaxation control and calculation variables used in MATRXCF
EPS Calcuilation constants

FARF Far-field boundary calculation variables -

IRELAX Relaxation variables used in MATRXCF and SRMATCF

JAYS Phi, incore plane designators. - Looking toward the wing from upstream:

JL indicates the left X-Z plane.

JC indicates the center X-Z plane.

JR indicates the right X-Z plane.
ITER Current iteration number and NMAX
IVOL Wing integral variables

MATRIX Matrices used to form the diagonals for solution; used in SRMATCF,
MATRXCF, FOURDG, and TRIDIAG

SUBER Contains two diagonals (see MATRIX) needed for PHICLM calculation
used in SRMATCF, FOURDG, MATRXCF, and TRIDIAG
SUBSUB Contains the fourth diagonal required for row relaxation; used in

FOURDG and-SRMATCF

ORIGINAL PAGE TS
- OF POOR QUALITY

25



26

Table.2. — (Concluded) .

Block Usage

PHI Contains the three X-Z planes curreritly being ‘used by the program (see
also JAYS)

XYZ Contains the X, Y, and Z coordinates of the nodes at which Phi, is to be
calculated

PRNT Not used, was a print variable

IRLAXF Subsonic, supersonic node identification array

ERRS Error convergence data

10 File names

FUL Upper and lower wing function

DEL Phi, array

U Coefficient of ¢ {4y term

XY Functions of the X, Y, and Z mesh

BIAS Relaxation coefficients used to speed up convergence

Note: The following common blocks are used only in the far-field boundary
overlay (3,0).

v
SUM

Integral evaluation variables

Not being used in this version
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«2618E-02

4 189E-G2
«4la3E=-02

+5283E-02
6283E-02

«8378E~02
+E3THE=O2

+1G4TE=CL
+1047E-Q]

«1309E-01
+1309E-~01

#1571E=01
«1571k-01

+1033E=01
+1833L-01

+2C094E-01
+2094E-01

+2356E=01
+2306E-01

«2618E~01
o2618E=01

«26B0E~01
+288QE-01

«3142£=01
«31428=-01

«3603E=01
«3403E=01

«3685E-01
#3665E-01

+»392TE=-OL
+3527E-01

«41B89E=01
«h109E~01

«h451E=-01



it

6363 Vha51E=01 4363 T AGE1E-gY L4383
v 4363 V4451E-01 4363 «h451E~L1
30 4363 +4B60E~0L L4363 D 4660E~01 44363 4H60E=01
4363 JhELOE=01 L4363 +4600E=01 4363 ShEE0E=OL
+ 4363 L 466GE=01 L4363 «4b60E=01
_ .31 .4363 +4B1TE=0L  .4363 +4B1TE~Q1 #4363 W4b17E-GL
T 4363 WABLTE=01 L4363 J4BITE-C1 L4363 4B1TE-0L
« 4363 ABLTE=QL . 43¢3 +4B17E=01
L 32 4363 4Q22E=01 L4363 v4922E=01 44363 $4GZ2E~01
+ 4363 4G22E-01 4363 W4922E-C1 4363 4522E-01
4363 4922E=01 . 43&3 «4922E+C1
__ 33 %363 _ _ 45027E=~01  .43&3 $5027E~CL_ 4363 WEC27E-CL
« %363 +S027E~01 . 4363 L5027E-C17 L4363 «SCZTE-OL
$43863 W5027E=01 L4363 +H02TE-01
34 44363 JS131E=01  +4363 «5131E=01 4363 +5131E6=01
- 4363 . +5131E=-01 44363 «S131E~01 #4363 #B131E=01
04363 «S131E=01  +4363 «5131E~=C1
.35 4383 #5236E=01 . h3E3 +5236E-C1  +4363 _ WEZ36E=01
L4362 «5236E=01 L4363 «5236E-C1 44363 «5236E-01
+4363 W5236E=-01 14363 +5236E=01
CP TIME TOT= 224746 SINCE LAST CALL $16C
CF TINE TOT= 224749 SINCE EAST CaALL +0C3
CP TIME T3Tw 22.946 SINCE LAST CALL 197
Ny IERH s JERA ) KERR, ERPHAXL 1 34" 1 3 +E0E-04
ITER 1 PLANE 0 ERRMAX1s COU4BE~04
. §RRrAK - 296 TTE~=C% ERROR = +«1000E=03
%o
Eﬁ SOLUTTGN CONVERGED. MAXIHUM ERROR 1§  ,6048E-04
¥y
% “tr TIME TOTe 254041 SINCE LAST CALL 24095
e

ch451E-01

4363

+h363
+4363

24363
+ 4363

14363
PLELE]

+%4363
A ELX]

%362
«4363

4363
4363

+4451E=01

W4bEGE-OL
«4bb0E=0]

vael7E=01
+4B17E~01

4 922E=-01
W 4922E~01

«5027E~Q1
«5027E=-C1

#»5131E=-01
#5131E-01

#5236E-0L
+5236E+01

+4 363

«4363
2h 363

4363
4303

«43563
4363

v4363
a4303

363
363

+ %363
14303

+A451E=-01

«4660€-01
shbOUYE=0]

WAHBLTE-OL
«4E1TE=01

W4922E=01
+4922E=~01

«5G2TE~0]
«EUZTE-01

+5134k=01
+£131E-01

W£236E-01
2 5236E-0G1



(&5

HACH NOHBER = .88~

SELLwW AIKFCIL

e e

T AT CHORE Y()=

040000 X-- LEADING E&DGE=

¢ G. C.
11 7 7T 0. O ) -
12 Gu Ce
. 13 0. C.
B = 14~ ' Ge
i5 Qq. G
16 0. €
17 0. G.
138 Q. Co*
19 0. G
20 Qs G
21 0. Cs
22 —_— B 0 e
23 O C. T
24 O Ce
. 25 N 0. Co
26 G Ge
27 Cs C.
28 0 .
29 N O G
30 0. La
A o, C.
32 Q. Lo
33 0. G
3 0. e
35 0 G

__AY CHORD Y(J)= 1701 X=- LEADING EDGE=

T CPEEA = L0860

=~140C000 AILERCN PIVLT=

Ce
as
a.
0.
Ce
.
0.

Cs
OI
Qs
[
C.
G

CI
G
G
Ce
Cro
o,
0.
G
Ceo
0.
0'
0.

~1.00C0 AILERCK PIVCTe

PRESSURE CGEFFICIENTS

ABOVE AIRFGIL

I
Ca
Ce
e
[
s
nc.u r
CI
C.
Cs
Ca
[
—— —_c. -
Gl
C.
OI
C.
C.
c"
CI
CI
L.
Ce
G.
Ce
C.

10 0. C. Ce Ce
11 R L Ce o B ')
12 Qs Ce [+ 1Y %
13 (2% Ce G Ca
14 N 0. Ce G Ce
15 ~ 0. [ C. Ce
16 [ Ce O« C.
17 O Cs Ue Ce
w Oe T G G. Q.
19 Q. Qs 0. Qs
20 Q. [ C. C.
- TR 0. C. G Cq
22 G, Ge Ge C.
23 O Ce Ga <.
24- e -'.0. C. ° - ". c‘
25 G’ Q. Ga C.
26 Q. <. Q. Ce
- , 0. Ge a. [
28 Q0. e G Ce

AMPLITUDE = .d26

ASOVE =~ BELDW

-1.6000 TRAILING ELGE=
v233E402  —.30bE+01
L160E+02 o 343E401
¢150E+02  -.323E401
#134E402  ~.283£+0]
SL19E+02  —.261E+01
«104E+G2 © ~4196L+01

i J92TE+OL = 160E+01
«B9LE+0Ll  =.L41E40L
«B94E+01  ~.131E+01
JB53E401l  =.102E+01
JBCBE+GL  —.673E+00
JE99E40L  ~.52BE+00
J12TE402  -4158%400
$123E402 «230£401
»B6BE+01 «387E+01
+340E+01 «2576401
J210E+L1 $195E 401
«14BE+01 $157401
+108E+0L «126L+01
«7BGE+00  L106E+UL
«G00E+00 L 983E400
LHB9E+Q0 +740L +00
+382E400 +63QE+00
22603400  2503E400
$18IE+00 +327E400

0. 0.
~1,0000 TRAILING EGGEs
(233E402  ~,505E401

. «160E+02  =o54RE40L
J150E+02  =~.322E+01
W134E+02  =.282E401
C119E402  =.240E461
JL04E+0Z  =.195E+01
$925E401  =4159E401
«BBIEFOL  =-.140E40L
JA93E401  =.130£+01
LuSZE+QL =L 101E+01
CBOTE4D)  ~ut6ZE4OL
«BIBL401  -.513E+00
L131E402  =.B73E~01
«125E+02 «237E+01
$63LE+0L 366E401
+316€+01 +253E+01
«19TE+01 +192€401
+13BE+G1 +155L401
a102:401 +128E+01

1.000C

1.0000

- 260t+00
- FROE+QQ
=+ 900E+00
=+.840E+00
= TH6OE+00
=.680E+0C
~+600E+00
-+500E+00
=+400E+00
=+300E+G0
=.200E+00D
~+100E+00
a-
+100E+G0
«200E+0QQ
+304E+CO
HOLE+CD
«50CE+00
«600L+00
« TODE+0O
«THUE+QQD
«B40E+00
+BBOE+0Q
+92QE+G0
« 960 L400
«100E+CL

~s98CE+0O
-y FHOE+UO
= 900E+00
-+ 840E+00
= 7TH0E4+00
-~ 0BOE400
-~ HOOEFCD
-4500E+00
-+ 400E+00
=-.30CE+00
- ZQGE+00
=+ 100E+GO
a.
«100E+00
«200E+0Q
«300E+GO
W400E+00
«500E+L0
+000E4GD



o1 @oyd TYIOm0

<IrTYOD ¥o0d 40

€€

by 0. C» TG, . V7576400 $105E+C1 + 700E+00

30 0. G Qe [ . 5HQE+00 +874E¢U0 + TBQE+GO
3l 0. 0. C. Q. 4555400 « 7338400 B4OE+00
32 0. C. G G +371E+00 6256400 +2B0E+00
33 0. [N Ue Ce +202E+400 +495E+00 WFZOEHQG
34 . 0Os G R Ce «1B3E+00 «35REH0C 2606400
TTTTTT 35 0. Ce 0. Ca O O. +100E401
_ AT CHORD_Y(J)= «3402 X~= LEADING £0GEw «1.00G0 AILEREN PIVECT= =1.0000 TRAJILING EDGEs 1.0000
10 0. B O Ga Ge $232E402  =.499E+40L - GBGESGO
I ¥ 0. Ca Ga Ce . f159E402 —.343E+4G] -y S40E+GD
: 12 [ Ce [ C. «149E+02  —.3lBE+0L -+ JOCETO0
13 0. Cs [ Ce J133E402 =L 27BE+40L ~«B4CE+00
14 c. Co G Cs «119E+Q02  =,236E+01 =~ THOE+00
S § - C. G Ga Ca +104E+402  =.192L+01 -, HBCE+G0
16 G [ 0 Os «92Z2E+401 =4 156E+01 -, bO0ECO
IR & S O Ge 0. C. +BBHE+OL =~ 13TE+C1 ~ 2500400
18 0, [ C. C. JBE9E+0L  =.126E+01 =~ OGE+CO
19 G . c, 0. Ce .84BE+01  ~.975E+0C ~« I00E+CO
) 20 O Ce G. C. «B0KEFQL = 62TE400 ~.200E+G0
) 21 0. G. [ G 2BYHE+UL  ~.4LBE+QC «,100e+C0
22 0. Ca [ Ce e 146E+G2 295600 Ve
23 0. Q. Ce _ . [ +130€+02 v264EY01 . +1CCESOC
T T 2% 0. A [ [ «4TIE+OL +350&+01 200E+4GC
25 0 Ce G c. «232E401 W23BE40L «300E+00
26 0. Ce 04 Ce +157E+01 + 1828401 +4OQE+60
27 0. Ge Cs Cy +117E401 «l48E+UL LS0UE+00
28 0. [ [ Ce +B96E+0U +323E401 +H00E400
23 0. Ce G, Co +b6BIE+00 «102E+0QL + TOOE4CO
T 30 G [ : "Ca I A% . 530E+00 «B5S1E+00 »TBOE+0C
31 g, C. Cse 0. «418E+00 # 7158400 +B40e+00
32 0. O, Ca G «342E+00 «610E+00 +88CE+CO
T - 33 0. Cs G [ +260E+00 WHEBE400 +926E+00
14 O. C. Ce Cs +170c400 «34GE400 +960E+00
_35 - _9”: . _ Ce . Ce . i [ G Q. «10CE+GL
AT CHORD Y{d)e 25104 Xx== LEADING EDGE= =~1+G0O0G0 AILERLMN PIV(Te -1,0000 TRAILING EDGEe © 140000
ST TTTT 10 0. C. Us Ce +ZILESQZ =.4b9E+0L =y 980€400
11 0. Ce G Cs «L58E402  =4336E+01 =+540E+00
12 0. . Co G C ) P14LE+02  ~4¢312E+C) L =+ 900E400
13 T» o [ te 1326402  ~J2T2E+0) =~ B40E4CO
14 0. Ce 0. G +L1BE402  ~.231E+0) . 760€400
15 [V 0. 0. i Cs 2103E402  =,187E+01 ~sGBOE+GO
R Y T G, €.’ Ce +9165401 =,151E+01) =2600E4G0
17 O 0. Ca Ca «880E+01  =.131E+01 ~+500E400
18 O, C. {ie Cs «BBZE4CL  =4120E+G1 -~ 4QOE+GO
17 oL T Ty tt e TTTTTTTTT Y, T e T — oo JB4OE4GL  ~4S1ZE+00 T =4+300E+00
20 0. [ G Co LTISE40L =4509E+00 -~ 20CE+GO
- _21 0. G O« Ce +A90E+0] =4+333E+00 -, 100E+00
Y - A 0. Ce G Co CwadTEHO2 «49TE+OC Os
23 O Ce c. Ce. +126E402 .281E+01 «100E+00
2% 04 Ce (1 C. +39BE+0QL V343401 +200E4C0
25 6 — Tt 4 T - T OL184E+01°  TR228ee0iT T TTTTT 77T L300£400°
24 [+ 1Y O 0. Cs «130E+01 W1T4E40] »AQ0E4QD
27 . O« Ca C. [ »998E400 +141E¢G) «5GGE+O0
Tt T TTze 0. [/ T G ) Cs + 763E400 «1LBE+01 +bOOE+0O
29 04 0. Cas Ce «GOTE+00 GuLE+GO + TGOE +O0




123

10 0.

31 0.

32 0.
- i3 0.

34 O

35 0.

AT CHORD Y(J)= 4805

e g g e 0.

11 0.

12 0.

i3 O

14 0.

15 O
T T T e 0.

17 0.

1B 0.

19 Oa

20 0.
S -5 S 0.

27 '

23 0.

24 __be

Z5 0.

26 0.

21 T
T T _-Z-B 0.

29 0.

30 .0
1 31 G,

3z O,

d 33 ___ 0s

"“ i% 0.

35 0.
TAY TRORD Y(H=" ™

10 0.
I 11" - OI "

12 Ce

12 0,

14 [

15 - 0.

16 0.
R Y A T 0.

13 0.

19 0.

20 P

21 0.

22 ‘B

Z3 B P

24 'R

25 O.

25 T

27 0.

28 0.
AT T T T ey

a0 0,

K== LEADING EDGEm™

0.
Ca

KN
Gs

"7 48506 ¥~— LEADING EDGE=

Ca
c.
Ce

0.

.
Ce
Ce
'
[
Ce
0.
C»
Ca

"L
Ce
Ce

[

0s
[:N)
[
Ge

C.
0.
Qs
C.
'}
C.

c'
€.
L.
Co
0.
0.
OI )
[
c.

N
G
Ce
o.
Os
0.
Cs
[
[
Oa
G--
0.

.

Os
C I_.
0.

~1+0000 AILERKCN PIVLT»

=1e0060 AILERGN PIVCTs

C. «4TSE+00
Ca «ITTE+OG
[ o 309E+Q0
€. «236E+00
Ce «154£ 400
Cs G

=1+0000 TRAILING

<. «229E+02
G «15TE+02
L o . Jla7er02
T, T i »131E402
C. o 1176402
C, 1026402
Cs +I0LE+G)
C. +870E+01
N T . «BTOEtOL
C. «B26E+01
Ce o 7TBTE+OL
_ 6. __ _«BB2E+01
G, W 1456402
. 117502
_bs . _. _ +300c£+0]
T olh8EF01
G. «1G7E+01
Lo _ . <853E000
C. «BBSE*00
Ce + 5382400
[ +424E400
Ge «33BE%00
Ce «2TTE400
Ce +212E+00
[ i «1382406G

C. 0.

=1+0000 TRAILING

c. «226E402
C. o +155€402

c. «145E+02
T R L _ 1208402
e 1156402

[ +10GE+O2

C. +692E+01

B T «854c+01
C. W05 LEFOL

C. +B0LE4DL

O o THHE+0L

C, «BTLIE+UL

0. +152E+02
T, ' W 107E402

Ge «6T2E+00

Ceo #»TLIE+00

T . - i » TTLE+OOQ
Cs “E99E+00

G +59LE+OC
-y . +HTSE+00

Cs +378E+0C

«»820c+00

+HIVE+OC

«590E+00

+4T2E+0C

2335E+00
*H

ELGE=

= 4T5E+GL
“e320E40]
=-+302E+401
~2264E+0]
= 2Z23E¢01
=+ 179E+01
- ladb+0]
=«l24E+0Q]
= 112E+01
=+BLAE+00
=2 4BZE+QC
-u2TSE+0QO

«B43E+Q0

«2968E401

L213E401
«162E+01
+133E401
+112E+01
+532E+00
+TH2E400
+659E+00
+564E+00
452E+00
3216400

0-

ECGEn

~e45TE+Q]
=+313E+G1
= 200E+0)
=e252E+01
-2212E401
o L6FE+0Y
~.134E+01
“e113E+0Q1
- GH2E+Q0
~+6TQE+QU
~a332E+0C
~«B79E-QL
1T75E40L
T 43306401
+251E+G)
v 4 175E+01
«l41E+0]
«120E4+01
+103E+01
+B69E+00
e 734E400

$325E40L

1.0000

1.0000 °

«T8OE+00
«»840E+00
+8B0E+00
«J20E+00
«F6QE+Q0
100E+OL

=+ 9860E+00Q
=+940E+00
=+30CE+Q0
= B4CECGO
=+ THOE+0D
=+ 6BOE+0O
=+ 6O0E+O0
~+500E400

_—ek00E+00

=.306E+00
=4 200E4G0
-« 100E+GO
0.

<100E+C0
2200E+G0
«300£460
+4OQE+00
+500E+00
+600E+CO
+TOOE+00
«7BOE+00
+B4GE4G0
+BB0E+00
+92GE+00
«960E4C0
+100E+G1

~+980E+00
~+940€+(0
-« 300E+00
=y B40E400

T = s THOE+O0

~s6BCE+CO
=+ 6OOE+GD
=« 50CE+00
=a4D0E+CO
=+ J00E+00

T s 20GE+00

~s100E+00

O

T W100E+00
«206£+400
«30QE+CO
«400E+00
+5Q0E+O0
+&0CE+00
+ TOOE4CO
JTHOE+00



43

Sk

fILIﬂFI‘fflt) Qi(}CNi:il‘)

movd TVNIDIHEO

0y
=3

AT CHORD Y=

31
32
33
g
35

0.
[
[0
[\
0.

1.0207 X=~ LEADING EDGE=

cl
Ce.
L.
c.
C.

241908 X—— LEADING EDGE=x

I 0. C.
T 1y T 0. [
1z 0. G.
. 13 0, Ca
. R T 0 Ce
i5 0 Co
i} 1% ¢, G
T 17 O 0.
138 0 Cs
o __ Qg Ou [
20 0. Ca
21 O G
. 22 0, C.
- 23 0 G
24 04 Co
. 25 Oe Le
B 26 0, C.
27 O Ce
28 O 0.
o 29 0. Cs
N 30 O, Cs
) 3] 0. Co
TTTTTT T3y 0. Ca ™
33 [ Ce
34 Ce G
- 35 C. Ce
__AT CHORD YiJ)= 1
10 G. o
11 0. 0.
- 12 0. Co
13 0. Ce
14 _0e LT
i%5 T, '
16 0. Ce
17 0. C.
I V: B 0. Ca
19 0. Ca
20 O Ce
ZI- o4 T Co
22 0. [/
23 0. O
LTI O Ca
2% 0. Ce
26 0. 'B
x| U.
28 O Ge
29 0. ct
et TT T 30T 0. C.
31 0, Geo

=14C0C0 AILERCN PIVCT»

.
(4'
G
Ve
.
L,
G
0.
Ce
.
G.
Ge
Ce
0'
0.
Ce
G,
C.
Ue
Ue
‘.
Go
G
c.
G
c.

~1.0000 AILERCK PIVETw

Ge
Q.
Ce
G
Ge

G.
c.
[
0.
o.

Ge
———— e

D
C.
Ge
e
O
0.
Ce
U
O,
[

BT

<.
C.
Ca
[
G

Ca
G
G.
<.
C.
cl
[
G
G
cl
cl
C.
Ce

L.
O,
Ce
G
C.

c.
Ce
G
C.
Co
c!. -
Ce
C.
Ce
t
c.
Ce
cl
(«-
Ce
Q.

~1.0000

~1.0000

«302E+00

W 2HBE4ULO

»190E+00

«123E+00
Ga

TRAILING

222E%02
e152ct0?
»l&3IE+02
«LZTE+Q2
«113E+402
+9BOE+OL
oEHIE4OL
«B83LE+0L
28lEBE+0L
+ 156E+0]
+718E+0L
«863c+01
«14TESD2
«GI5EXQL
«10BE+OL
~4E1E+0G
«HTTE+GD
«HIBEHOD
2 243E+QQ
v 43TE+00
+34TE+QG
«2THE+QuU
«226E+06
«l72E %00
«LL1E +00
G.

TRALLING

«21b6E+02
s L4 BE+02
»139€402
«123E+02
clOQE*OZ
vI44E4OL
8328401
«T9LE+O]
e THOE+0L
«6THE4O]
«b4TE+CGL
«BOSE+QL
s 385E+CL
«56TE+0L
« LOLE+0L
«FSIECCO
+B0QE+00

«HH3EH00°

«533E400
«41TEFGQ
s326E+0G
“2B5TE+00

WHZLEHOC

«53Z2ct0C

s 427400

«30uEs00
Ua

ECGE=

~a432E40]
- 296E+01
=-s2T70r+Cl
-e237c¢01
~+ 1976401
~«156k+01
=-s122c401
4996400
—s522EHUGC
~s460E+00
=s124%E¢Q0
+L90E+0L
03138401
«345E401
»l13E+01
«130E+C]
«l20E+UL
+107E+01
«F41E+00
«BOSE4IC
BB +00
WSBlE+OL
4 IFL+0C
«401E+Q0
«2BHE+00
00

ECGEs

~ 401E+GL
=e2THE+O]
-e232E+404
-421TE+0OL
~.179E+01
=e139E+01
- l05E+01
-eB22E+00
= SBTLE+OG
- 200E+0L
JGTOE-0L
WHEBEFOG
2 245E401
W2BbE+yl
wli4E+OL
W126E+01
+112E401
+991E+00
«870E+00
»T4LEYID
«bISE4OC
«540E+0C

1.0006

144060C

+U4CE+OG
«BBQE+CO
«IZOE+CO
1 96UE+CO
«lUCE+01

+96CE+QO
«G40LE4CD
«F00L+00
2840E+00
+TEOE+GO
+OA0EHGO
«&00E+00
«500E400
HO0E+LE
«300E+CO
+200E+400
+«100E+(D

[0 TR T U T D IO I R N A |

L]

«L00t+GO
W2LOE+LQ
+300£+C0
400E+CD
+500€+400
«600E+00
»TOCGEYOD
«TBOE+CO
+899E+00
«040E+GU
« 220400
«960E+00
«100E+01

- +JBOE+OQ
=, 3490E+00
~+50GE+Q0Q
-+ BRGELCO
-« T60E+GO
~.680E+00
—+6500E+00
=2 500E400
-~ 4Q0E+00
=+300£+00
~e200E+GQ

~«100E+400

O
»100E+00
«Z00E+00
«300E+00Q
«40CE+00Q
«5Q0E+00
«H00E+00
«T00E+Q0
«TBOE40G
«840E+CO



9€

iz G
a3 0.
_34 Q¢
TTTTTTTTas T 0.
AT _CHORD Y(J4)= 143609 X--
10 D
11 0.
T a2 0.
13 0.
i4 8.
1% &
14 0.
17 0.
TTTTTTITIR T 0.
19 0.
20 0.
3 0.
22 0.
23 [
TTTT T T e 7T 0.
25 0.
26 _ 0.
- 27 0.
24 0.
29 0.
ToTagm G
31 0.
32 0.
TTOOTTTT T T 0.
34 O
3 0
AT CHORD Y(J)= 1.531L x=-
R Y Q.
11, 0.
12 0.
B B R O
14 0.
15 04
1% 0.
17 0.
18 0.
- T 19T Q.
20 0.
21 0.
B S s
23 0.
24 8.
o TasT T 0.
26 0.
27 0.
- -1 - T 0. T
29 0.
30 0.
TTTTTTTT AT T 0. -
3z 0.

c.
Ce
G
Ca

LEADING EDGE=

Os
Cs
[
Ca
Cs
C.,
Ce
OI
[HY
c.
[
0.
Cs
‘I.
C
Cs
CI
('
Q.
Ca
c.
Ce
c‘
Co
L’l
Ce

LEADING EDGEw

c.
0'
c.
C
Ga
0.
CO_
Ce
G
Cs
c.
%
0.
Ca
CI
Ca
[
Ce
Ce
Co
G
Ce
CI

Ce
C.
0-
0.

Ce
0‘
G
C.
cl
0.
o.
. [’
c.
U
G.

Qs

e
Oe
0.

Py

=1.00G0 ALLERCKM PIVCT=

=1,C0CC AILERCM PIVLI=

[

Ce
Co
O.
cl
Q.
_(ll
'N
0.
Q.
Q.

O

Co
Cu
<.
c.
C
c.
c.
cl
Ce
cl
Cs
LI
cl
Ca
C.
e
c.
C
c.
C.
<
cl
c.
Co
c.
c

Ce
Ce
C.
Co
Ce
Co . F
e 7
Co
Cs
.
C,
Ca
C.
C.
Gt
t. ™
G
Ce
e
[
C.
C. -
c.

=1.0000

=1.0000

+209E+00

138400

+997E-0L
OI

TRAILING

«207E+02
«la2E+402
J132E+02
L 1175402
»iD3IE+02
+BT9E+DL
o TB5E401
2 TOBE+0OL
«552E+Q)
W S6TE+Q]L
«360E+0L
«73TE4QL
+65TE+OL
+30BE+GL
+147E+01
+107E+01
WHZHE+DOQ
«Be4E4QU
+ 504E+00
+3B6E*00
W 29TE+Q0
S2IZEH00
«187E+400
«L3IGE+U0
+851E=01
0'

TRAILING

«192E402
J131E%02
+122E40Q2
1062402
#GOQEYOL
«749E+0L
WG4 TESOL
+563E+01
L 4B5E+0L
2 %36E401
24BTESOL
WSEREROL
«SQTE+QL
1h4E+QL
«119€+01
L924E+00
T2LE+00
«56LE+OY
+%#35E+00
« 3298 +00
22518 +0C
s 192400
+152£400

JABRE+OG

#ITIEFQO

+266E490
0.

EDGEs

~+361L+01
=4 243E+01
—~u 2258401
-«191E+ul
=slb4f+01l
=-ell5L+01
~+E20E+00
-5T2E40Q
=+303E+0C

W364E-GL

«276E+00

79T7E+00

«195E+01
«209E+C1L
«138E+01
v i16E+01
W 102E+01
«HIBEOC
»TIOEHOG
WETIELQ0
STHE+OC
433E+00
«424E+G0O
«341E+0C
«243E400
O«

ECLGE=

= J0TE+D]L
~2208E*01
=-o189E+01
-.156E+0}
=« 119E+0Q1
“e62TEHOL
=+953E+OC
= 2THE+DG
-+223E~0]1
«189E+00
«418E+00
Wll4c+0l
#151E*CL
W120E401
«106E+01
«G4BE+OD
wBD3EHOC
e TEHE QU
WHTIE+OG
+SBBE+QC
+504E+0C
«230E40Q0
«370E+u0

lowCOU

1.v000

«860E+0G0
«920E+00
»FGOEGO
s10QE+Q)

=+9BLE4CO
“oaQE+QC
-.9GCE+00
- B4GE+ GO
=+ TOQE+QQ
- 680E+G0
~o600E 400
=-500L+00
=+ 4U0L+00
=~ A0CE+O0
~«2Q0E+GCO
=»100L+400
o'
«100E+GO
W20Cc+GC
+300E+00
«4OO0E+GC
5008460
«H0CE+CD
+TOOE+QQ
+TBCE4CO
«340GE+CO
«BBCEVOO
«F20E+G0
»FHUE+QD
«100E+01

-+ G20E400
-+ 940E+00
=-«90CE+00
= 840E+CO
=~ THOE+CGO
+eGBOE400
—+G00E+00
=+500£+00
~.h00E+00
=+300E400
-~y 2Z00E400
~s LOOE4CO
Ga
+100E+CO
+200E+00
+300E400
«4QGE*QQ
«50CE+0Q
«H0CE4GO
«700E+CO
+180E400
«840E+CO
«8H0E+OQO



LE

33
34
35

AT CHORD Y{J)»

10
11
12
13
14
15
1&
17
18
19
2n
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

S gpyd T

gyrvoD 5008 87

tP TIHE TOTw

C.
O
O

1.7012 X=~

0.
0.
[\
C.
0.
Qs
Q.
[+
Q.
T
0.
0.
G
0'
G
0.
[t
LN
C.
0’
Q.
0.
Os
0.
0.
G

[
Co
L

Leapide EUGEw

G
L
Ca
C.
[
Ce
c-.
[
C.
Co
T
C-
[
[
Ce
[
L
L.
Lo
Lo
Ca
Ca
Ca
Ce
C.
C.

264065 SINCE LAST

CALL

L1024

-

La
L.
C.

ALUGO AILERLN FINLT=

Ge
[ 9
L
Ce
Ce
Le
L.
[N
[
C.
G
L
Le
Ca
Ce
Ge
La
[
Ce
.
G
Le
L
Ce.
Ce
Ca

[
[
[
[
L.
Cs
Ca
Ce
[
Lo
Co
<.
C.
C.
Ce
Le
Le
Ca
[
C.
[
Ce
Ce
Le
L
Cs

+ 1096400
$509.=01
O

e2yBrt0C
Wzl2utGC
U

TrAILING ECLES

«16124C2
Wl09cel2
2 G795+31
W TI02+01
Wbl72v0d
«480z+0l
ebil0E+U]
L 3495401
+I02E+C]L
290E¢01
3162401
L LTS
#»13912+Cl
«lLOE+L]
«863c+00
athT240U
e52.2+06C
50z 00
«313n+Ce
2235400
f1T5E 400
el2ck 400
«33%c-vl
«5225=01
$H293-02
0.

~e229E+01
—a153F*0u
~sb34c+Cl
=J101Et0l
~.o0bbrul
s 404e UL
—.229E+0C
=-.538L-01
G 7E=Gl
2232L+00
2G0GEHY0
«ToTE+CE
c33t+0u
«TToEr00
« L4400
WG +0C
stbor+9C
y2B3ELU
savsr dol
JGadr Gl
303430
PRED TR
cedbEtul
232+ 3L
YT RIS
J.

s920E+(L
«960c+L0
JLOOE4CL

letLOu

S +C0
-, 040L+G0
BUGELLO
TIAZ I
.?egetuo
WHBCE+LO
«00CE+UG
(1R A
wA00E+LO
«IuGE+LDO
2006400
«10Ge+00

~ 111

+LLCE+00
«2ulkEelL
3000400
chuukeyu
H AR Y]
JHOLLHIG
JTOQE+00
«TECE+LD
SB4VE+LU
dUCE+CY
«92Cc+G0
FOLESLE
+100u+Ly



. An ANl
P " g AGE' mﬁ’
PRYEHEN APPENDIX B
PROGRAM/SUBROUTINE
FLOW DIAGRAMS

N

A TAPEG=AUTPUT, TAPE1=1002, TAPE10-1002,

PROGRAM TEV17Y txnrur:xaua gUTPUT=1002, TAPE?, DEBUG TAPES=INPUT,
B TRPE11=1002, TRPE12=1002, TRPE13=1002]

PURPBSE

COOOOOCOOO0O000ONO000OONO0I000

GVERRLL PROGRAN PURPESE

TEVI7Y INCLUBING OVERLAYTS COMPUTES THE UNSTEADY THRNSGNIC
TRANSANIC PERTURBATION FLOW ABOUT A HRRMONICALLY
gggéh%gﬂégﬁ THREE LIMENSIONAL WING, USING FINITE DIFFERENCE

OVERLAY PURPOSE
QVERLAY 0,0 NAES THE FOLtOWING:
A) SERVES AS THE OVERALL DRIVER,
Bl SERVES AS_THE INITIALLIZATION VARIABLE STORAGE ARER,
C CANTRGLS THE ITERATION COUNTER AND TERMINSTES AS NECESSARY,
D) CHECKS THE ERRGR DIFFERENCE BETHEEN ITERATION TO SEE
CENVEHGENCE OR DIVERGENCE HARS OCCURRED AND TERMINRTES IF

E) GNTBULS THE FAAFIELD BOUNDRRY UPDRTING,
F) CONTARINS UTILITY ROUTINES NEEDED BY THE @THER OVERLATYS.

PROGAAM ROUTINE TEV17d PURPGSE
THE TEVI™ ROUTINE IS THE OVERALL DRIVER AND PERFCAHS R TO £ ABO

;

AUTHOA T.D BUTLER  LANGUAGE FTN 4.8 420
REFERNCES

1. £HLEHS.F EDWARD, A FINITE DIFFERENCE METHOD FOR THE SOLUTION
THE TRANSONIC FLOW RAOUND HARMANICRLLY GSCIILATING

H INGS,
{BOEING NRSA CONTRACT ,NASA CR-2257)

2. REATHERILL, HRHHEN H..EHLE S, F.EDWARD, SEBASTIAN, JAMES D.,
COMPUTATION 6F THE TRANSONIC PERTURBATION FLOW FIELDS
RROUND TWO AND THREE DIMENSTONAL USCILLHTING HINGS,
(BOEING-NASA CONTRRCT, NASA CR-2599

DESCRIPTION

[slylnlyleinlplnirlginizigizizigiviniylelnlainliviygin]

QVE

EBGGHRH ROUTINE TEVI74 WILL PERFORM ITS TASKS IN THE FOLLOWING

L THE INITIRLIZATION GVERLAT Fﬁﬁ INPUT AND OTHER INITIALIZ
Bl STRRT THE ITEAATION LOGP, IT WILL LOGP NMAX TIMES MAXINMUM,
C%LIF INDICATED FOR THIS ITERATION CALL THE FRAFIELD UPDATE

m DEPENBENT GN INPUT VARIARELE ILHX(SEE PAOGRAM INIT)
AXATION OR THE COLUMN RELAXTION £ALC-
ULRTIGN GVEHL T (SEE REFERENCE 2)
£) WAITE ON TAPE THE FINAL XZ PLANE FOR THIS ITERATION,

~

Wﬁuﬁl AR NP

¥
rf .ﬁ-..*
‘5

Figure B-1.—Program V174

:ORIGINAL, PAGE 18
F POOR QUALITY

A
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Fl TEST £eR CUNVEREENCE 08 BIVEHGENCE TERMINRTE THE ITERATION
08P _IF EITHER IS.PRES

END OF THE ITEHHTIGN LOGP_ -

G} SAVE THE PHI1 DISTRIBUTION 8N FILE TAPELQ, '

H) GUTPUT THE FINAL PRAINTS

1] EX
NCTE SUBJECT TO CUNVEBGENCE/BIVEHGENCE CRITERIARDBCTOF
NHRX TIMES. .

MBDIFICATION HSITORY.

TEY174 3-1 TAANSONIC SMALL DISTURBANCE FLBW OVER WING
VEASION 3-18-75 THREE D QUT BF CORE S0L

VERSION 3-15-76_LO-UP SYMMETAY-TB

VERSIGN 5-3-76 THREE-D ROW RELAXATION-TH

UNSTEADY TRANSANIC SMALL DISTURBANCE FL.GH QVER AIRFOILS

INPUT

INPUT OF THE_INI
THE INITIALIZATI

QUTFUT

TIAL BCD AND BINARY DATR IS ACCOMPLISHED IN
ON GVERLAY { PROGAAM INIT IIIDL,Y,03

[gigigleinleipleiviplglelploleinigielslyieininleleiyl

THIS ROUTINE OUTPUTS THE SAVERBLE AND REUSABLE PHI1

!

OOOMOOOOOOO0nOOOOO0OO0O0O 0000

DISTRIBUTION IN BINARY FOAM ON TRPEID, °

ALSA IT OUTPUTS PRINTED ERRGR MESSAGES AND CONVERGENCE
DIVERGENCE MESSAGES.

OTHER 1/0 15 HCCUHPLISHED BY THE QVERLAYS RND ROUTINE
CPR IN THIS OERLAY

THE OTHER QVEALAYS MAY CALL THE UTILITY ROUTINES IN THIS
OVERLAY FOR 1/0.

FSMACH MACH N@.

DELTA THICKNESS RATIC

THETA ANGLE OF ATACK

OMEGR ANGULAR_REDUCED FREGQUENCY

GRAMHA ARTIO OF SPECIFIC HERTS FOR RIA

aL HINGE LINE

IMAX MAX X NGDE COUNT

JMAX MAX T NODE CUUNT

KMAX MAX Z NODE COUN

1S STARTING X NUDE LIMIT FOR VOL INTEGRRL FCR KING
1E ENDING X NODE LIMIT FOR VOL INTEGRAL FOR WING
KS STARTING T NODE LIMIT FOR VOL INTEGRAL -FEOR WING

Figure B-1.—({Continued)



[xlnlslnixizizisixiniziviirivigieleinlnlalnleieliyl

KE
NMAX
NA
ERROA
NP
INC
GARF
URF
HSTST
ISHEEP
NVOL
ILAX
CONPXT
CONES

YT
YSA

ENDING Y NODE LIMIT FOR VOL INTEGHHL FGR WING
HRXIHUH PUSSIBLE COUNT UF I ATISN
FAR FIELD UPDATE CYCLE C
UPDHTE FARFLD HFTER EQCH NB ITEHHTIUNS

ROA TRAGET. HHEN EBHUH 1S LESS THAN THIS STOP
HINT ITERSTION COU
START AESTART VRHIHBLE INC=0 ON START.
SUBSONIC BIAS T8 ACCELERATE CONVERGENCE
SUPERSONC BIAS T8 ACCCELERATE CONVERGENCE
WHEN EQURL T8 ZER@ START WITH DDATR FADM
ANOTHER SOUACE FOR PHI
DEFINES GRDER OF NODE SOLUTION. PHHTICULHHLY REKS.
Ug%ﬂ¥§g FOR VOL INTEGRAL INCLUSION IN FARFLD

RELAXATION PBGCEDUHE SELECTOR. NOT USED PRESENTLY

CONSTANT FOR

PHI X
ggﬁSTH?T EEGUIHED FOR CONYERGENCE OF ROMW
COGABINATE OF

Y COORDINATE OF INSIDE EDGE OF CONTROL SURFACE

PERFBRM INPUT AND INITIALIZATION

]

[ CALL GVERLAY GLITIOLY,O) |

]

(&

THIS IS THE RELAXATION ITERRTION LUUPi)

{ 10 500 ITER=1,NMAX |

N=ITER
EARMAX=0.

!

(cx ca 70 10000)

IF
IN.EQ. 1.AND.INC.NE. 1)
Ga TO 7873

IF
MUD (N, NR) .NE. D}
GO TG 80

1
7879 CONTINUE
CALL SECOND {TIME)
ETIME=TIME-TINEP

TIMEP=TIHE
WRITE [6,9100) TIME,ETIME
PRINT 7878 , N

Figure B-1.—{Continued)
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(C___GPIATE FAR FIELD BBUNDARY CONDITION)

IF
HOD (N, NVOL) .EQ. 1)

@ CALL FBHFLB)

[ cALL GVERLAY (SLIIIN..3.0) |

10000 CONTINUE
CALL SECONB {TIME)
ETIME=TIME-TIMEP

TIMEP=TIME
.WRAITE (56,9100} TIME,ETIME

@ EVALUATE UNSTERDY POTENTIAL FUNCTION ALONG COLUMN I IN PLRNE JJ
IF
1LAX.EQ.Q) i
[ CALL GVERLAY (SLIIIDL,2,0,GHRAECALL) |
1.

IF
ILAX.EQ. 1) }
[ CALL OVERLAT (SLIFIDL, 1,0, BHRECALL) |
]

[ cALL FINAL tJMAX1,JL,JC, JA) |

701 CONTINUE
GE& 10 799

Figure B-1.—{Continued}



ORIGINAL
oF POGR

700 CONTINUE

799 CANTINUE
ERRMAX1=ERAMAX/CAF :
KRITE (6.9007) N, IERA,JERR,KEAR, EARMAXT
WRITE (7.8007) N, IERR,JERR,KERA, EAAMAX]

PAGE IS
QUALITY

IF
(MOD [N, NP) . NE.O)
6O TO 7981

[WRITE (7,7978) N,ERRMAX1 |

7881 CONTINUE

(c INTERMEDIATE PRINTOUT )

IF
ME0 (N, NP} LEQ.Q)
CALL CPA (O

(T TEST FOA CONVERGENCE )

YN, J, ERRHAX1, ERRHAX, ERROA

WAITE (8,500
T )N, J, ERRMAX1, ERRMAX, ERAOA

WRITE (7,500

prrard

IF
(ERAMAX1.LE. ERRGA)
ca 70 550

IF
(ERRMAX1,GT.100.]
GO T9 57S

500 CONTIRUE

575 HRITE (6,9009) N
GB 76 585 WRITE (7,9009IN
—

585 CONTINUE
WRITE {6, 9001 N, 1ERR, JERR, KERR, ERAMAX1

WRITE {7,S001) N, IEAR, JERR, KERR, ERAMAX]
66 TO 600

Figure B-1.—(Continued)
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550 WAITE (5,9002) ERAMAX1
WRITE (7, 9002) ERAMAX]

600 CGNTINUE
CALL SECONB {TIME)
ETIME=TME-TIMEP

TIMEP=TIME
WRITE (5,91000 TIME,ETIHME.

for ]

(c SAVE UNSTEADY VELOCITY PGTENTIAL FOR POSSIBLE RE-STAAT )

REWIND 10
AEWIND i1
REWIND i2
AREWIND 13

!

650 J=1, JHAX |

!

{ REHBEGUNITJJT.IIPHI(I.JC.K].I=1.IHRXI.K=1.KHRX!I

E STOP 1006

[HATTE (10 J, ((PHI (1, JC,KI, I=1, INAX)  K=1,KHAX) |

650 CANTINUE

AEMIND 1
REWIND 10

{c FINAL PRINTOUT WITH PLOT )

CALL CPR_(IFLOT)

CALL SECOND (TIME)
ETIME=TIME-TIMEP
TIMEP=TIME

WRITE (6,9180) TIME,ETIME

CALL EXIT

Figure B-1.—(Concluded)



S SUBROUTINE DISP (IM, JM, KMIX.N.J)

slelsirin nizizirinizsiziyigiyinlpiglylelslinlyleinlel

————————

THIS AQUTINE DISPLHTS UNE PLHNE ﬂF THE COMPLEX PHI
ONE DISTHIBUTIUN AT EACH CALL. T 1S ONE | PLANE
{XZ PLANE A NUDE PGSITIGN GN THE 1 AX1S)
z 1S INCHEQSING DUWN THE PAGE, HHILE X 1S INCREASING
LEFT TG RIGHT. USUALLY T IS INCREHSING FROM PLRNE TU
PLBNE BUT THART 1S DEPENDENT ON THE CALLING AQUTIN
CURRENTLY THE CRLLING BGUTINES ARE SET FOR FN INCBEHSING Y.

RUTHER T.D. BUTLER 62544 MS/73-3% PH 2378570
LANGUAGE FTNU.&

VARIABLE METHOD DESCRIPTION .
CALL PAR MAX COUNT OF I THE X NODE COUNTER

iH

JH CALL PAR MAX COUNT OF J THE Y NODE COUNTER

KM CALL PRR MAX COUNT OF K THE Z NODE CﬂUNTEH

N CALL PER THE CURRENT ITERATION NUMBER

J CALL PAR THE NODE NUMBER OF THE CURRENT J PLANE
(X2 PLANE ON THE Y RXIS)

PHI COMM _/PHI/ THE CUHHENT PHI PLANE PLUS THE LAST
PLANE AND THE NEXT

JC COMM/JRYS/ JC IS THE NODE NUMBER IN THE PHYSICAL

OO0 000

PHI MATRIX IN CORE @F THE CURRENT XZ PL
JL _AND_JR_ALSO PRESENT BUT NBT

USED ARE THE NODE NUHﬂEHS IN THE IN COR
PHI HATRIX OF THE RESPECTIVELT,
LAST AND NEXT PHI PLANES.

GUTPUT
THIS ROUTINE @UIPUTS, AS DESCRIBED IN THE PURPOSE ABOVE,
THE TH X2 PLANE OF fHE PHI | DISTAIBUTION IN BCD

'

200 CONTINUE
HAITE (6,202)
HAITE (6, 102) J

~ 00 400 I=1,IH

[ WRITE (5,201 1, (PHI (I, JC,K) ,K=1,KM1X] ]

400 CONTINUE

IF
(J.NE. JMAX1)
GO T9 500

HH%TE[S ,202]
HRITE (6, 102} JPH

Do us0 I=1,IM

[ WRITE (8,201) I, (PRI (I, JR,K) ,K=1,KRtX) |

Figure B-2.—Subroutine DISP
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450 CONTINUE.

500 CONTINUE
AETURN

Figure B-2.—({Concluded)



~SUBROUTINE PLANE (JJ,JL, JC, JR)
!

PURPOSE

e i e

THIS ROUTINE INPUTS GNE PLANE OF THE PHI1 HATRIX AT A
TIME ADJUSTING JHE JAYS COMMAON BLOCK TQ INBICATE WHICH
OF THE THAEE IN-CORE PLRANES 15 LEFT, CENTER, AND RIGHT.

ARUTHOR 7.0, BUTLER G2Sud MS 73-34
LANGURGE FTN 4.6 420~

INPUT

YRRIABLE METHOD DESCRIPTION.

MO OO0 O0OO00O000NO00N000000

JJ . CALL PRA CURRENT J PLANE BEING CRLCULATED
Ju CALL PER LEFT PLANE IN CORE CORR 70 JJ-1
Je CALL PRA CENTER PLANE OF THE INCORE PLANE
CORRESPONTS TO THE JJ PLANE -
JA CRLL PAR RIGHT PLANE NQDE OF INCOARE PHI1S
CORRESPONDS TQ JJ+1
GO T8 100 n
19
oo B
OF POOR @

Figure B-3.—Subroutine PLANE



10 CUN}'INUEI
AEWIND -12

IF
TROUB, EQ. 1.CR. NTROUB.LT.0) ]

[ WAITE (7, 20001 J, TUNIT, GUNIT,UUNIT |

READ (IUNIT) JT, L(PHE {I,JC. KD, =1, IMAX) . K=1, KNAX]
KAK=1 .

REAB (UUNIT) JT, (U (I,JC, K}, I=1, INAXS ,K=1,KNAX]
KRH=2

IF
(JT.NE. 1)
11:

AEAD (TUNITYJT, ((PHI (1, R, K}, I=1, IMAX) , K=1,KMAX]
KA=3

READ (UUNIT) JT, (W (I, JA,K) , I=1, IMAXD ,K=1, KMAX)
KAH=Y4

i

1000 CBNTINUE

WRITE (6,1001) J,J7, !
WRITE (7 1008) J.JT. 1

SToP 1001

UNIT, KAH
UNIT, KAK

Figure B-3.—(Continued)



100 CONTINUE
JT=J-1

iF
AOUB.EQ. 1.0R.NTRGUB.LT.0O)

}
[ HAITE (7. 20010 J. TUNIT, BUNIT, UUNIT |

s

WRITE (QUNITY JT, {(PHL I ...ll-:, Ki,I=1, IHAX} ,K=1,HMAXD
o

JA=JSAVE
REB?(BS (IUNIT) JT, CPHI (1, JR, K], I=1, IMAX ,K=1, KMAX)

IF
(JT.NE. J*1)
g T0 1000

%El]s(UUNIT! JT, (W, JR, K) , I=1, JMAX) ,K=1,KMAX)

IF
LT.NE. J+1) ; EIS
3 1@ ‘1060 ORIGINAL PAG
OF POOR QUALITY

AETUAN

Figure B-3.~{Continued)
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ENTRY FINAL

IF
OUB.EQ. 1.0R.NTROUB.LT.O

)
[ WAITE {7,2002) J, IUNIT, BUNIT, UUNIT |

F

WRTTE (QUNITY JMAXL, ({PHI (1,

I=1,1
HATTE (GUNIT) JMAX, T (PHI (1, JR, K0, I=1, IMAXS,

REWIND 11
REWIND 12
REWIND 13
RETURN

HAX) JK=1, KMEX]
K=1, KMAX)

Figure B-3.—{Concluded)



ORIGINAL PAGE I3
OF POOR QUALITY

N._SUBRGUTINE CPR (IPLOT) /

E PURPOSE
C N £
E THIS ROUTINE MBDIFIES RND GUTPUTS THE PRESSURE COEFFICIENTS
[
C
C
C
c
$
AM1=THETA/57,29578

WRITE (5,9000) FSMACH, OMEGA, A¥L
EPS2=-2,#EPSx57.29578/THETA
REWIND 11

AEWIND t2

REWIND 13

COM=IMAGMAOMEGH

JC=1

300

Do 200 J=1,J51

CONTINUE

[RERD (GUNIT) JT, ((PHI (I, JC, K, D=1, INAX) ,K=1,KHAX) |

E STGP 1002

HRITE (5, 109) Y (1, XLE ()3 , XA (J} , XTE ()
10D=104{0

11011 ()
T

[ mo 200 1=10D, 11D |

IF
(IPLOT_.NE. O)
GO TO 120

D0 100 Kk=1,2

HI {I.JC,K)
PHIX=C1 (1) » (PHI {1+1,.JC
CP (KK =EPS2x (PHIX+COMx

EPHD

K) —CPHI}+D1 (1) m (CPHI-PHI [I~1,JC, K1}

100 CONTINUE

[ Dcrin=cP2-CP 1) |

110 CONTIN

UE
WRITE (6,8001) I,CP{1),CP(23,DCP(D),X(D)
63 10 200

Figure B-4.—Subroutine CPR
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120 DPHIP=DELPHI (I+1,.0)
DPHI=DELPHI (1,)
DPHIM=DELPHI (-1,
OCP (1) = EPS2x (Cl [IJ-{BPHIP-DPHII +D1 (1) % {DPHI-DPHIN) +CAMHDPHD)

IF
1.E6.11D)

T ePtm=10.,0.) |

SO
[(eo 10 119]

200 CONTINUE

Figure B-4.—(Concluded)



http:IPLOT.Eg.OJ

~SUBROUTINE DELT 3,00/ -

PURPOSE

CALCULATES THE PRESSURE ACAOSS THE AIRFOIL

PRESSUAE JUKP RCRAOSS AIRFOIL -

[alglpigiginliyglylalele]

D0 100 [=10D,11F |
‘ .
DELFT {1, J)=—CS1wPHI [I,JC, KMP+1) + {1, +CS1) nPHI (1, JC, KMP) -~ (1+052
R wPHI (I, JC,KM) +C52xPHI {1,.JC, KM-1) ~DSIxFU (1, J) -DS2wFL U1, )

100 CONTINUE

r
1500 CONTINUE
RETURN

Figure B-5.—Subroutine DELT

N\\_COMPLEX FUNCTION DELPHI(1.J) /

ORIGINAL PAGE IS
N SeLr a1, OF POOR QUALITY
|

100  CONTINUE
RETURN

Figure B-6.—Complex Function DELPH]
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SECTND(TTHER)
%}. WIE MTE%.MESRJI

e THPUT RABITRART B0 CHARACTER TITLE )

FENINE L

o R

RERD (5, 8000 TETLE
e (&.mgf_ L8, BATES

Cc" T s SPen(FIED TH HneL [3T
g HAVE e s SpeCIPleD

Ey _CERTAIN PARSNETERS
DATA STRTEHENT

In 8

IF
P NS, E0. 0. . 0. TPINSH. ER. 2.

| READ 65, 200) THAX, JHAX, KHaX I

(e |

- Figure B-7.—Program INIT
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CHELX 10 SEE IF ERAGA IH ISWEEP ummi)

Figure B-7.—(Continued)
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Lc THPUT X ANB Y MESH cmnnmas)

IF
inSH.KE.O)

REAR () (DD, Ewt, IHAXY , (7 LIY o Jo1, 0HAXD ,
G 00 K=] KnAN)

IF
1R3H.EQ. 0. . 0R. TP1HEH. EQ. 2.0

| TRERD (5. 1021 & if}, IwL, S |

IF
1451, EQ. 0. . 0A. TP1HSH,. EQ. 2,

[ FEAD (5. 102) (Y 10}, Jwt. JHAND |

[F '
PIHSH. ET. Q. . 0A. TP IMIN. EQ.2.

(AL E. 1031 @ 00 .Ke1 kA |

w1
IMAX 1w GA-1
KHAX wRIAN-1

Figure B-7.—( Continuedj
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r
i3.e0.0, 8. IELEQ. T
0 18 &0

S0 COHTINUE

Fleptmd o1,
?'n-m.r%.wu sssssssw

X (L~ E Ao / 02]. THe SHACHban] . 33333881

EF5=B2L TH/F SHALIs0, CEEEAEE?

R HETA/ (57, 235 7Bx1RLTA)

0 0., L .

G LCRRRAST

HISOREGA/ (HERS)

XLAH=HINITURT (L. vXHEPD

11
SUOGE XCEPS.XLRN, L, 2T, RO, L
9005} ua us lig f8,

i
[mE is.910m TMEETIRE]
i

¢ EVALUATE UCPER RKD LOWER BUTY FUHCTION )

CRL RMIL
!‘."lr!_i 5 ETIHE-TME—TIIEP 9 TINEP=TINE
E m.smm T.I'HE-

(€

i
EVALURTE FIMCTIONS fF X.T OF 10 FLOW FIELD KESH )

CHALL SECOND (TINE) $ CTTHESTIME-TIMEP § TINEPSTINE
NALTE (85,9100 YIME.ETINE

(c TRFUT STEARY STATE YELECITT PETENTIAL AND EVRLURTE UIL® )
[cAL storst msTsn
o wTIME-TIWEP § TIHEP=TIHE
mﬁ’f 8,3100 Tnﬁ.s‘ﬂm
i
(c PROVIZE IND1TAL VALUE A TRE UNSIEATY VELOLITY POVENTIAL )

CALL IRGTHD (NG
RETURN

Figure B-7.—(Conciuded)

ORIGINAL PAGE I8
OF PEOR QUALITY
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SUBAGUTING ATRFTIL

PUFPTE
EVALUATES THE UPPER RND LESER HIKD BAOT FUMCTIEN.

EVRLUATE UPPER AND LOWER BADY FUNCTION

Lplala iy pielalsiy]

:
COPLXGA,Z0 = (1., 0.1%2A * (0..0.)wil

[ LACATE MOTES FOA THE SPAMIISE BOUMIRRIES FOR THE
(T ST~ )

-~ i
L1 LT T3A.AHDL T LD L GE.

IF
-1 LT YT.ANRL Y LT LG5

CIREEIHATE ©F RILERDH PIveT

LBLATE KSPE FOR LEABING EXGE, AILERGM PIVEET, AND TRAILING EDCE

0 150 Jrl.J3

Figure B-8.—Subroutine AIRFOIL



IE
[XIM.LT. XTE. AND. X1 GE.XTE)
[Ro-r]

IF
BN, LY, XRJ.AND. X1 CERJ,

IF
ol Tt LT JLES AT XE L GEL 0
Lt =]

Figure B-8.—(Continued)
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(‘E UFPER AWT LOWSH BERY muﬂruu)

rEEA. 1)

‘W@'Iﬂ-ﬂ’l

[ FO LN »ErPL (AN, RN X (L - XA LN T |

l FU (Lo Jt »CWPLY, (0, , AHOE I L) /ALY ) [

FLU N =FU 1,0

IRALTE {8, B00R1
TUR=10 {11

16 4on . f#100, f12

PLAYE]

WALTE (8, 90011 [, FU L.t

@ TORIIART USED 3T FRA FIELT 1SUNDRAY cman

Figure B-8.—(Concluded)



ABRAUTINE MESH

[xlplelely yizlela]

PURPESE

1
EVALURTES THE FURCTION® OF XY, RHY E OF THE FLOW FIELD RES

EVALUATE FUNCTIONG OF X,¥ OF THE FLEN FIELD HER

i

TP G, 211 = (L., 01828 ¢ (0., 1.0m20
T A ] phelm
ar i =87 1)

JftL

Tre={r L1 =Y {J-11)
AY el @Ea 00O =Y U=-131
Y L=l BTea X 1

—mw——l'ﬁl@

Z 3+ 1 -2 H-11 l

ﬂO-!../GEBHEOO-EE‘(-II;I
(0=1./ Ta2x (2 M1 -2 E0 10

5
g

IR
E Q0¥ -2 (100

@‘.i‘-’?
RR
.
kx
g
=TS

A
P
&
3

£}

[]
13

5
e

S

Figure B-9.—Subroutine MESH
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\_SUERSUTIRE [HCOWD (INCY .

[z1zizlxlululelyiylyl

STAAT RITH A ZERY POTENTIAL FIELE

w DY 100 I=1, IMAX

P L. JC, K= (0., 0.}

WATTE (UNTT J, (OHT (1,JC.10 . vl INAX . X=1,KKAN)
IT‘.:II.EEHELT i, b o

200 CONTINGE

%
3

g0

( E STRAT WITH A POTEMTIAL FIELE GEHERATED BY A PREVIGUS SMM)

‘Jl “I0 500 =1, MAX I

AERD (101 51, (FPRILL,JT,K , Is1, [KAX) Kl KHAXD |

0

TATTE (AT T, (AT (T, JC,K1 » T=1. FA1 (KoL, FRAN]
OLL BT it ’ -

SO0 COTINGE

Figure B-10.—Subroutine INCOND



N SURUIE STTST_ hatan

PURPIOE

ELTHER MRS ERNY EPHIT? SRUTIMM OR SET THE RARAY
s m.nus 51 STRT m m !

I¥PUT STERTY STATE VELSCHY PUTENTIAL AWD EVALHATE UIL.K.0

xlalaiylyioiainly ylyly)

0 110 Jel, SHXL

RERD (L) J1, | PHIOCL, JC. K}, [=1, JRAID , Hel  KHAX)

D8 100 II=1, fRAX1

I=InANrL=11
GYPGPL/ £X (1) -4 (=131}
RTLI=GAXL

[ uer, Je, K =XN-tm PHIG {1, JC. 10 -PHIG {11, JC, KT

oot LOD COHTINUE

CAE DN . (A, JCK , [o1, [KAXD el KA |

v 110 COHTINIE

Figure B-11.—Subroutine STDST
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Figure B-11.—{Concluded)



3z el lalrlalyle aln iz lelalalel sy xox lrlny

GYERLAT PURPOSE ]
MHE SYERAT CALCWRIES THE CURAENT X-2 PLANE IM COLUMKS
, CELLMNS ﬂF PHIL HODES PARSLELL T8 THE ¥ AXIS.
PROGRAN PURPESE
THIS PROCAAN IS THE DRIVER FOA THE ca.mm RELAXAT O
o mﬁnn;t,ﬂmm BYERLAY
A ¥~2 PLARE 15 UPDRTE AND_THE THO ¥-7 PLAKES
EINER SID= O 11 (BXCEPT Mic THE X7 PLANE ) BEING cq.u.ur
NEYT 16 THE REST THE I:lJ'[SI
rmm—: DIFFERENCE UPTATING,

ALS0 CACULAES THE DIFFEAENCE DETHEEN T J{S’T
mﬁgn M JHE PREVIOUS &'ﬁ A FRSS rnssss Tmt 1 mz
ﬁm@m oF m'smn I0H,

INPUT VAR PTION
PHT m?su BRI ASITING PLANE INTO THE PHI RRART
O B AR 0 QRIGINAL PAGE IS

-

OMAOOOOaaDrIONnnNaemOnaOnnag

SUPERSMNIC AND SUBSGMIC

LUPSTH Connoy IHPU'! VﬂﬂlH&E IHDICRTINB LENER-1PPER
R 5 WE TO ZERT ANGLE OF

.

K,JC,JR  COMMON THESE IDENTIFY WHICK PHI J PLAKE IS IK RHAT
ER PRAT OF THE PHI RRRAT
PRSSED
IhAKL COMMON MAXINM MMBER OF USER X NODES LESS | CALC-
ULATED IN IRIT M.O
n M RRAAT OF INTE INPICATING THE NODRL
con POSITION OF 'IEEH%RILING EDGE.
ISEEP COMNON INPUT VAAIRBLE CONTAOLLING SOL ORDER SEE INIT
KRAKL COMMON KAY HUMEER OF USER 2 NOTES LESS 1. CRLC-
ULATED IN IWIT.
TRLRYF COMMEN ARRAY INDICATING CCIJ.MN HODES RHICH ARE

o COMNEM IHDICATES ZODE JUST BELIM THE HING

P COMRON IDICATES z‘ HEDE ST ABOVE THE HING
£ TALOULATED IN INIT,
C THAN, RAX, At THESE VARIAZLES INDICATE THE MAXIMm USER
¢ AND KRAY o BEA O HADES IN THE, nssrzmva'.”.‘ 1LY,
g NS AKlS
g ] CORMON CURRENT nsrmm MAMBER,
£ HHAX COMMIH MAXIMUNM BLLOWABLE MMZER (¥ FTERAT IONS
g HITHOUT CONVERGENCE "OR DIVERGENCE.,
£ o COMNOH BIAS VARIABLE TO' SPEED UP CONVER FoR
€ YR R GENCE
£ URF CounN 314S VA VARIABLE 10 SPEED UP CONVERGENCE FOR
£
c HUTRUT VRAIAM.ES IN BYECUTION CRDER
¢ I R
¢ PRICLE  COHMON CALCULATED I8 MATRXCE RNY TREDIAG. THESE ARE
£ NEW PRIL § T8 REPLACE THE OLD OMES. THIS
£ ARARY WILL CONTAIN OHE COLLEN AT R TINE,
c AR CORMON THIS YARIRBLE CONTRINS THE LARGEST
¢ DIFFERENCE BETWEEN THIS COLUMN JUST DOME

AND THE PREVIOUS VALUE.
ERAHAX COMAOM SEE ERR
ERRAL Coied REAL PART OF ERA
ERAILY COMREN INRGIRRAY PAAT OF EAR.

rnnnnnnnnnnn

RUYHE F.EMWARD EHLERS
MODIFTER TD BUTLER G2SUX 73-34 23195 C
COMATH/PRIZPHI (55,3, 26

09 30 J=1, HAXL

Figure B-12.—Program COLLAX
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[ PLARE LI XL T 0
}

(E SET THE YRAILING EOGE WODE POINTER 10 THE RDAT TE)

(¢ EVALUATE TRI-DIAGONA, RATRIX COEFFICIENTS )

CALL MATRXCF t1..1

(E SALVE TRI-DJAG MATAIX COEF. )

CRLL TRIDIRG @, KMAXL.I,J.M

15 SUBSONIC

D3 130 Ke2, KHANE

IF
IRLAYF ) . EQ. 1 3
[ PHTCLH (0 ~ORF<PRICLA (0 * 11, ~GRF) <PHI (1, JC.K} |
]

iF
TALAYF 00 24,0}

| PHICLA (G =URF=PHICLA O

X + {1 LAF =Pt U, JC, K0 |

PHICEN DO —~FPHICLH 004} y
PHICLM OSKP+1) ~=PHICLM (KK-1) R

Figure B-12.—(Continued]



TEST FOR MAXIMUM CHANGE [N P!

I8 250 K=2.KHXL

{ ERA<CABS AT (1,JC.K2-PHICLA 00 §

IF
(ERA,LLT . ERRAAX)
G Td 250

IEAA=]
JERAw.
KERA=K

ERt o REN. [PHY L1 . JC, 1 -PHICLY 2011 JOF
ERZ1= 1§INAG PRI {T,JE .10 ~PHICLN 61 11 /0RF

F
Lvmwquzsn PHE £, JC, K0 ~PHICLA 8 |

EAL DELT LJ,.CY

[T CRLL TI5P {IHAX, JAAY, KHAX. b, 1 |
|

310 CONTIMIE

LBO0g  AETUAN

Figure B-12.—(Concluded)
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N SUBRZUTINE IRIDIAG M.K, [IT.LLLKK ~

[alslylaleinlylplylyixinlyin]

PURPOSE ...

SMYES THE TRIDIADENAL HATRIX FEAMER BY HATAXCF FOR THE PHIL
COLUME BEING CALLULATED.

DIAG RHS PHICLM
SuB

HLoh-1
Hl=Hv1
K-

=N
RUX (M) =C M) /B Ot
X b =D () /B L4

M 5 [=H1.HL

[I=]-1 y
3 BET~B LI -A 1] «AR LI
3 AR LE «C LD /BET

3

Lvaninn{s KL= (0 LY -A (D R LEN ) /BET |

[ KM= 0 0N A 0 wX (ML) 7 (B (M) <6/ UN1) w14 |

08 10 II=1.MM

Ju-11

I T T e |

600 _CONTIMIE

550 CEONFIMUE

B0 CONTINUE
NRITE (8,041 BN, IT T, 0
WRITE (8,88

NP =i+l

I8 50 I=1,HPL

[WOE®E, 6mAd,aih,cM.010 |

[50 ConT Ihe |
[ RETURN |

Figure B-13.—Subroutine TRIDIAG



N SUBABSVINE HATAXCE (IILD
i

[3lplxlalalylplzlate alylyly alaly]

PURPASE
THES H FORKES THE ELEMEMIS OF THE FIN ITE RIFFEHEHL‘
EQATI A FORM_SUITABLE FOA SOLYING A U PLACES
THE! ELEHEHTS IN THE TAIDIRGONAL HATRIX CORF FIE}EH'IS FtA
O BY THE TRIDIAG ROUTIHE.

SIfB 00 ~ ELEMENT.LEFT OF DIAGMMAL ELEHENT

SUPERGD ~ ELEMENT RIGHT OF DIRGONAL ELEENT

DEAGOO - DIAGONAL ELEHENT - .

RAS 00 - AT HAKD SIDE - o

1
| - . 1
%&nzn 1n.,0.1%28 + {0 n-zl

Iip=I1 {JSEHIN
D10 LISERT

-

A IF
(ZEHTRY,RE. )
GI 10 100

FIRGT EHIAY TAT0 SUBROUTIRE

vannad T 50 Ko, KMXL

SUB 00 »AZ 00
SUFER 00 =67 00

CKC1sl,= (01 (11T +IMAGOREGA) /C1 (11D
IEN‘[.M trom/cititm

Emnmmmivnt

109 CONTINUE

@ TURN OVER-RELAXATIAN STGHAL m)

DO 300 K=2,KMAYL

Eiw'{m JELI0
G=0.5uC L i Vg, 2,003 tn w irPr-ut0)

(c TEST FOR SUBSOHIC OR SUPERSONIC FLEMW )

IF
WIKHJIER.LT.0.1
GO0 10 200

Figure B-14.—Subroutine MATRXCF
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(< SUBSONIC FLOW (EQUATION 13 ELLIPTICAL - USE CEWIRAL DIFFERERGING )

}
£l {C (1] ] IPK) —HanC] m
£2= (D L1 sJIK) +HExEL (1]

[ CHECK FCH THE INSIDE BOUMDRAY AND CALCILATE IT
E IF Ja1

DEAG D) = AT LI =BT Lh -A2 05} -32 6 ) -E1-E2+ 0
ltPHI (el JC, K] -E2nPHI (1-1, JC. KT
+JL0 =BT LA wPHT UL, 08, K1

800 CONTIMUE
i3 18 160

150 I:UHTL'II'E
DIAG N1 = (=AY L1 =BT (J} ~AZ (K} -B2 () | -EL-E2+Q
AHS (K} »=~ELwPH] (1*1,JE, K] -E2uPHI -1, JC, Kl ~AY (R «PHE (L L KD -
/BT L wPRT U, JALKI

T

180 CONTINUE
{c ALTEA DIAG FOR UPSTREAM BOUHDARY )

[ DIAG 041 =DIAG 00 +LH1xER |

ALTER PIAG FOR DOWKSTRERH BOUNDARY

IF
1. EQ. IMRX1L

- i DIAG £ =RJAG () *CHIxEL |
E [ 396'

Figure B-14.—(Continued)



200 CUMT IKUE

AH

THE EQRATION &

c SUPERSONIC FLOW [EQUATIBN IS HYPERBMLIC - USE FORHARD DIFFEHENBIHG
E HBTE E}El%l RHD F3 CFLC!.LR_HED HERE CORRESPAND Tg THE E3

El= (G 1I-1] <IIK] -WERC2 IT] i .
Eam 1 (I=1) ol (-1, JC, 1 1 -HEwDY I-11°
TRELAY>

}
( E CHECK FUR INSIGE BOUNDRAY AND LALCULATE IF J-l)

i Lp <Y -2 00 FL 10 ~ELed
e ) PRl L= JC KT E2xPH (-2, . =
ReAL (Lo L10 87 A T, KO

}
( E TURH wm—aa.mmuan SIGR. OFF H'EH COLLMN EYPERTENCES Sl.I'PERSEHIC)

- |300_IRLAXF 00 =IRELAX

HLIER A65 FR Lm AND UPPER_BOURDAAT )

i MQ)-RHSQI-R?.E)-PHHI T

(I.LT.I00.CR. 10.03.J.67.J511

(B ALIER COEEFICIENTS 10 ACCOUNT FOR PRESENCE OF AIAFOIL BMDF.HT)
CER{DTTION

I

SUB (KPL =0,

SUPER 041 =0,

DIRG (¥} =DIRG BXH) *BZ (HH)

TTAG (KHP) =iRG (HHP) +AZ (IHP)
HHSM-RHSD(H} EO‘ZHH-FLH.JI
AHS [(4P) #RHS (KKP) * (A INHPI T mEU UL
G 10 500

Figure B-14.—(Continued)
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C

Cc TEST FOU FIAST COLMH BEYEND 1RAILIHG evse)
OBTAIN PRESSURE JUNP AT TRAILING E

IF T~
LEQ. [10%L.ARD. J.LE.JS1L

DPHI=CHE LWDELPHI {110, J1 +CHERDELPHI CILD-1, Jt
- 1

g

c

THTER AIRFO]
UNLESS LOWER UPPER" §

:
RESTORE SUN EHF| AKD SUPER BN} VHEN COLUMN MATAIX DOES NOT ) )

"?HI{E'IHY IS BEIND USED

Eﬂ %%-njmu 001 -B2 G I

DEHIP=DPHInLEMPLY 1CAS LARGE , SIH (ARG )
‘RHS (M) »AHS ({N] +3Z (HH) «DPHIP
RHS DOHP) =HAHS (P) -A2 (KKP) xOPHIP

Figure B-1 ﬁ.—( Concluded)



FRAGARY AMWLAY

OVERLAY PURPOSE

THIS SVEALAT CALEULATES THE CURRENT X~2 PLANE IN AGWS PRARLELL
T0 THE X AXIS. THAT IS AW S OF PHIL KABEY.

PREGRAM PUAPQSE

THIS PROGRAY IS THE DRIVER FOR THE ROW AELAXATION
IR CRLCULATION 0
IT IS GIVEN AN X-Z PLAKE 1O UPIATE AND THE TRE X— FLmES
BN EXITHER SITGE OF. IT (EXCEPT, WHEH THEXIPLRHEBE
13 HEXT 18 THE RUUT OR THE QUTSIDE N!JHDPHT)
FOR FINIIE D!FFEREII:E UPRAT T
IT ALE] E‘LCU..RT THE MFFEREHDES BETHEEH THE H
CALCULATED AND THE PREVIBUS VALUE FOR THAT NODE RHD PRSSES
]].l'FFr.BEHCE ON 70 THE HAIN DAIVER, 0t RHICH U
IT FOR DETERMIKATION OF DIVERGEHLE, &R CaH\FEHGENCE

HTG THE PHI ARRAY

Lalalatylalalalslulalslalylslylaleiylylylalalylyly xl

o S
B Ao “fﬂ"ﬁ

PHI >
TAPELR
JL.JC, A COMMON THESE IGENVIET . H‘IIC}C PHI J PLARE IS IN WHAT
[+ PRAT OF THE PHI RARA
PRSSED
IKA%L Comi XINm M USEB X RODES LESS 1 CALC-
™ ﬁﬂ]’ﬂl N IHD N.
n COMMEN ARARY OF INTESERS INDICATING THE KAUAL
POSITION OF THE TRAILING EDGE.
ISHEEP . COMMAN INPUT VARTABLE CONTROLLIKG SO DADER SEE INIT
KHAXL GEMHEN MAY- MUMBER OF USER 2 HOTES LESS 1. CALC-
: s WLATED IN INIT.
TRLRYF COMMON RARRY INDICATING ROW HOTES WHICH RRE
SUPERSONIC AND SU'BSGN ¢

LUPSTH COHMIN IH!‘UT VH.RIHR_E IHDICRTIHG LOWER-UPPER
BT'[Rﬂ( T OF NODES DUE TO ZERD RNGLE OF

[xlrlplyislylylylalylylalylalalelzirly wlinly el iely)

KN COMAmY INDICATES ZCTE JUST BELBY THE WING

LTS COMHON !DIGRTES 2 Hﬁl}E JUST ABAVE TRE HING
CALLALATED IH THIT.

IHRK.JH-QX. COMMON THESE YARIAMES INDICATE THE MAXIMM HIZR
AND K#A g“»&binnumums IN THE,RESPECTIVELY, XY,

H COMMMY CURRERT ITERSTION MUMBER.

e Lo ﬁ%ﬂm %ﬁ%ﬂ&m of DIVB!SEEEEHWS

mF COWMCN BIRS VRRIRBLE 10 SPEED UP CONVERGENCE FUR
SUBSEMIC K

UBF - COMHON BIAS Vﬂﬂ!l}&i 10 SPEER P COMVERGENCE FOR

OUTPUT YARIABLES IH EXECUTION DRUER

VAAIRM.E FREM  DECSAIPTIMN

PHICLH CEnKOH CRLOIEATED IM SRERTCF ND FMHHE. IHESE RAE
HeH PHII § 18 REPLRCE B MHES. THIS
RRARY WILL COMIAIN GRE ﬂﬂﬂ m A TIE,

ERA COMEN THIS YARIAME CONTRINS THE LGAGEST
]

fxlxlelyinizlziglizlzizlplnlylslnlnlalylyieinlyleinlyl

ﬂ BE] THIS AGH JUST DOKE
4 RND THE PREVIOVS .

ERRKAY COMHOW SEE ERR
ERAL COMM RERL PART OF EFR
EARIL COMRIM THAGIHAAY PAAT OF ERA.

RUTHOR F.EINRAZ EHLER! ’
HODIFIER TI BUILER ﬁasuu 1334 237650 t

03 310 Ju1, HAXL

Figure B-15.—Program ROWLAX

[x1ylylalylalgialslnlalnalyly]

GE I8
ORIGINAL PA
oF POOR QU UALITY

Y
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[ %L _&ﬂz 0,5, 8 l

I8 300 KK=2.KHX

KaiMAY- ((H-11 .2
GO 10105

Figure B-15.—(Continued)



(c EVALUATE FOU-DIAGINAL WATREX COEFFICIENTS )

CALL SREATCE UKD

A SELVE IRI-DIAG HATAIX COEF. )

i
[CAL FouRs 2. ha%L. M |

. 500 CoHTIHUE |

BYER-RELAX_WHEN 51 FLOW RT (I,J K1 IS SUBSONIC
AND UKDER-RELAX mﬂu}lm 15 SUPERSANIC

og 139 E=3; IMAXL

BN
IRLAYF ([} .EQ. L }
. [ PHICLH () =CAF=PRICA LN * L —BAF] »PHI £, JE.KD |
|

]
[ PHICLH{]) =URAF=PHICLH L) + (1, —URFY =PHI (F, JC, 1D J
]

130 CERTINJE

TEST FOH MRY[HUM CHAMGE IN PHI

79 250 =2, IHRXL

: [ ERA=CAPS PRI (I.JC.H -PHICLH I |
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