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1.0 SUMMARY

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




2.0 INTRODUCTION

This document describes the design and usage of the FORTRAN 1V digital computer
program A344. This pilot program was written as part of a continuing research effort to
develop a method for analyzing the transonic flow about harmonically oscﬂlatmg airfoils
and wings. .

The program uses a procedure based on small perturbation theory in which the velocity
potential is separated into steady and unsteady parts. The resulting equation for the
unsteady velocity potential is linearized by assuming small perturbations. The solution is
obtained using finite difference techniques. Boundary conditions are applied on the outer
mesh boundaries, the plane of projection of the airfoil (i.e. on the slit y=0), and over the
wake (i.e. the plane vortex sheet downstream of the trailing edge). The derivation of the
equations and the application of the finite difference methods are discussed in detail in
references 1 through 5. The program computes 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 (e.g. ref. 6). Conservative differencing
is used for subsonic points and nonconservative dlfferencmg for supersonic points and across
shocks. The program uses a rectangular grid.

The solution may be obtained by using either a relaxation procedure or a direct procedure.
The procedure and routines for the direct solution, which is out-of-core, is presented by Yip
in reference 7.

Features of this program include options to:

° Analyze sections with or without thickness

e  Use row or column relaxation, or use a direct solution

e  Take advantage of antisymmetry for symmetric airfoils at zero angle-of-attack to
perform the solution over half the finite difference space

e  Analyze flows with either subsonic or supersonic freestreams

e  Obtain the pressure distributions for vertical translation, pitch and control surface
motions

A parallel program for three-dimensional flow but using only relaxation procedures is dis-
cussed in reference 8.
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3.0 SYMBOLS

Semichord

Column index

Index of first column aft of control surface hingeline
Number of columns in mesh grid

Index of first column aft of airfoil leading edge

Index of column at trailing edge or immediately aft of trailing edge
Row index

Index of row immediately below airfoil

Number of rows in mesh grid

Transonic parameter, (1-M2)/(M2€)

Freestream Mach number

Steady-state velocity potential array

Unsteady velocity potential array

=K-(7r+ 1)(d¢0/dx)

Scaled coordinates, X = Xp, Y = qu

Physical coordinates, made dimensionless with semichord, b.
Ratio of specific heats

Thickness ratio or measure of camber and angle of attack
(8/M)2/3

wM/(1-M2)

Scale factor on Yp, M= 71/3M2/3

Steady perturbation velocity potential

Unsteady perturbation velocity potential

Angular reduced frequency (semichord times frequency in radians per second
divided by freestream velocity)




4.0 DISCUSSION

The equations for the relaxation portion of the program of this document are fully derived
and presented in the Appendix of reference 1. The notation used in the program is for the
most part taken directly from that report. The geometry used for the program is shown in
figure 1. The direct solution portion of the program differs mainly in the form of the outer
boundry condition where out-going wave boundary conditions are used rather than Klunker-
type boundary conditions.

The program includes four solution options:

1 Relaxation, full-space, subsonic freestream

2 Direct solution, half-space, subsonic freestream

3 Direct solution, half-space, supersonic freestream
4  Direct solution, full-space, subsonic freestream

The relaxation procedure is an iterative process in which the solution is obtained as sequence
of relatively small problems. In the direct solution, the difference equations are solved all at
once. Generally, relaxation solutions use significantly less core storage and more central
processing time. The direct solutions use more core storage and less central processing time.
However, as noted in references 2 and 3, relaxation solutions diverge for values of A above
a certain critical value. This divergence severely limits the useful range of relaxation pro-
cedures, particularly in terms of reduced frequency at higher values of Mach number. The
estimation of the critical value of Xy, which is a function of Mach number, reduced
frequency, and the dimensions of the solution space, is discussed in section 4.0 of reference 2.

The equations of fluid flow (equations 24 and 26 b'f ref. 1) are set up for row relaxation as:
SUB1(1,J) * ¢ (1-2,]) + SUB (1J) * p(I-1,J) + DIAG(LJ) * ¢ (1))
+ SUPER(L,J) * ¢ (I+1,J) = RHS(LJ)

The right-hand side term, RHS(I,J), contains values from both the current and previous
iterations. For example, for row relaxation proceding from lower to upper boundary, ‘
RHS(1,J) includes values from the current iteration for the row below the Jth row (row J-1)
and values from the previous iteration for the row above the Jth row (row J+1). For
column relaxation, the unknowns on the left-hand side of the equations are :

on the left-hand side of the equations are ®1 (1,J-1), V1 (1,J) and p1(LJ+1 ). For the direct
solution all five p¢’s are on the left-hand side. -

Solutions for the direct procedure are obtained using an out-of-core solution routine. The
procedure and corresponding routines are presented in detail by Yip in reference 7.

The program calculates the modal input data for vertical translation, pitch and control
surface motions. A separate run is required for each mode.
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Figure 1 — Solution Mesh for Two-Dimensional Problem




5.0 COMPUTER PROGRAM USAGE

5.1 MACHINE REQUIREMENTS
A344 executes on a CDC CYBER 175 or similarly compatible computer.
5.2 OPERATING SYSTEM
A344 was designed for a KRONOS 2.1 or NOS 1.2 operating system.
5.3 STORAGE ALLOCATION
Relaxation option, NVER=1; requires cm=120000 (octal words)
Direct solution options:
Half-space, subsonic freestream, NVER=2; cm=220000
Half-space, supersonic freestream, NVER=3; cm=210000
Full-space, subsonic freestream, NVER=4; cm=310000
| 5.4 TIMING

Timing is hardware- and operating system- dependent, as well as being a function of the
number of mesh points used in the finite difference grid.

The following direct solution examples were run on a CDC Cyber 175 with NOS 1.2 operat-
ing system.

1. Full-space solution, 56 x 60 mesh; 70 CPU Sec.
2. Half-space solution, 64 x 46 mesh; 12 CPU Sec. (a 64 x 23 mesh is actually calculated)

5.5 FILEI/O

" The program card of A344 is as follows:
Program TEA344 (INPUT= 102, OUTPUT=1002, TAPE7, TAPES=INPUT,
TAPE6=OUTPUT,TAPE1=1002,TAPE10=1002,TAPE98=512,
TAPER)

The buffer sizes are given in decimal form, with the default value being 1027 decimal
(2003y).

5.5.1 FILE UTILIZATION

The file named TAPE]1 contains one steady state velocity potential distribution (PHIO)
from a separate program. This matrix must be present for a wing with thickness (see ref. 3
and input variable MSTST). '




The file named TAPE10 is the file where the PHI1 matrix is stored. If the relaxation solu-
tion procedure is used, the starting PHI1 (if available) is stored on TAPE10. After a success-
ful execution of the program (using either the relaxation or direct solution procedures),
TAPE10 will contain the new PHI1 matrix. If an old PHI1 was stored on TAPE10, it is
replaced by the new PHI1. The format for TAPE10 is described in section 5.5.2.

5.5.2 FILE FORMATS
Binary files, TAPE1 and TAPE10.

The files TAPE1 and TAPE10 are binary I/O files. The data on TAPE! is real and includes
the number of rows and columns, the x and y coordinates, and the steady state velocity
potential. TAPE1 is read with the following sequence of READ statements:

READ (1)  IMAX, JMAX
READ (1)  (X(D), I=1, IMAX), (Y(J), J=1, IMAX)
READ (1)  ((PHIO(LD), I=1, IMAX), J=1, IMAX)

The PHIO matrix is required only if the airfoil has finite thickness, in which case set
MSTST = 0. The parameters IMAX and JMAX, and the coordinate arrays X and Y are
required: in all cases.

The data on TAPE10 is complex with a real- and imaginary-part for each element of the
unsteady velocity potential matrix, PHI1. TAPE10 is read with the statement

READ (1) ((PHI(I,D), I=1, IMAX), J=1, IMAX)

If the relaxation solution is being used, a previously calculated PHI1 may be used as a
starting point for the new calculations by setting INC#0.

As mentioned previously the complex binary files will contain a real part and an imaginary
part for each element of the PHI1 matrix.

BCD Files

The BCD files INPUT, OUTPUT, 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. A344 has three of these;
INPUT, OUTPUT, and TAPE7.

INPUT, also called TAPES, is the file which contains cards or card images. Program card
(or card image) input is fully described in section 5.7.

OUTPUT, also called TAPE®, is the file on which the program places the primary printed
information. (see sec. 3.8 and appendix)




TAPE?7 is also a print file. The user may disregard it unless he is executing the program on
a terminal where the primary OUTPUT 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. 5.6)

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

5.6 CONTROL CARDS
The foliowing control cards can be used to load and execute TEA344 from permanent file: *

JOBN, T20, CM310000, P0O.

USER, ACCTNO, PASWD. URNAME/PN/MS/ORG
GET, XXPROG=TEA344.

GET, TAPE1=URPHI0

GET. XXDATA=URINPT.

XXPROG (XXDATA).

If the relaxation solution version is to be used (NVER=1) and an existing PHI1 distribution
is to be used as a starting point, a GET, TAPE10=URPHI10 card should be added. if PHI1
is to be saved, a SAVE, TAPE10 = NEWTP10 control card is needed.

5.7 PROGRAM INPUT
5.7.1 GENERAL REMARKS

The input to A344 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 PHIO and/or
PHI1 distribution. An input PHI1 distribution is indicated if a previously calculated PHI1
matrix is to be used to start the iteration process. If the user is starting an iteration pro-
cedure from scratch, there is no PHII input and the initial PHI1 distribution is all zeros.
The subroutine INCOND generates these zeros if MSTS = 0. There is also no PHI1 input if
a direct solution procedure is used. PHIO is the steady-state distribution from another pro-
gram. If a flat plate solution is sought, PHIO 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 the appendix.

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 spceific field (i.e., F10.2,
A10, I5). The namelist data will be represented in the same column by the namelist name
“PARAM.”




It should be noted that the namelist input set is not the same for the four solution options.

The input variables ILAX, CONPXT, and CONES6 are read only for the relaxation solution,

version 1. The input variables LW and MXRR are read only for the direct solutions, versions
. 2, 3 and 4. Input variably ICKPRI is read only for version 2.

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, in our case, $ PARAM, followed by a series of
specifications continued on as many cards as required ‘and terminated by a $ END.

3. Specifications are of the form:

" a.  Vname = Value : :
b.  Where Vname is an array, Vname = Valuel,...,Valuen. Where Vname is one of
the variable names for the list, value is the associated value(s). Value may be an integer,
a floating point number in normal or exponential form, or in the case of a logical
variable (specifically the options), of the form.
-.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 § PARAM, 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(s)
not included in the list.

5.7.2 LIMITATIONS
The following are size limitations within the program.

e 3<IMAXKT5 IMAX = Maximum number of x - nodes (in flow direction).

e 3<JMAX<o60 JMAX = Maximum number of y - nodes (in vertical direction).

e 0<OMEGA

e FSMACHK1 For subsonic freestream option.

Note: The PHIO and PHII distributions must also correspond to the limitations on
the XY mesh.




5.7.3 DATA STACKING

Note: All coordinates and lengths, except for the location of the pitch axis,
are entered as scaled quantities,

X =X,/b

where b is the semichord and the subscript p means physical coordinate. The pitch axis is
entered as Xp (2b) units aft of leading edge.

The scale factor u, as well as the parameter €, is undefined for the flat plate for which § = 0.
The program is coded such that it will ““blow up” if =0 is used as input. Therefore, a
finite value of 6§ should be used for flat plate configurations. The unsteady velocity potential
distribution will be scaled accordingly ; however, the pressure coefficient is independent of

6 since it is found by multiplying the x - derivative of the potential by the factor e.

10




Table 1.—User Input Variables

Card number Variable name  Format Description
1 VERSION 7X,12 Denotes version of solution to be used.
VERSION=1 uses the fuII-Space relaxation.
VERSION=2 uses half-space, direct solution, subsonic
freestream.
VERSION=3 uses half-space, direct solution,
supersonic freestream.
VERSION=4 uses full-space, direct solution,
subsonic freestream.
2 Title 8A10 80-character title for this probiem
3toN FSMACH PARAM  Mach number
DELTA PARAM  Thickness ratio :
THETA PARAM  Amplitude of the oscillatory angle of attack in degrees
OMEGA PARAM  Angular reduced frequency
GAMMA PARAM  Ratio of specific heats for flow medium
AL PARAM  Chord of control surface
IMAX PARAM  Maximum X node count in users mesh
JMAX PARAM Maximum Y node count in users mesh
NVOL PARAM  No. of far-field updates before the volume integration is
: included in the far-field calculation. Limited experience
indicates that the volume integration does not appear signif-
icant to results. The volume integration may also be sup-
, pressed by setting IS = 0,
IS PARAM  Starting X node limit for volume integral for the wing;
currently not used. Intended only for relaxation
solutions. if 1S=0, the volume integral is not included in the
 farfield evaluation. ,
lE PARAM  Ending X node limit for volume integral for the wing;
currently not used. Intended only for relaxation solutions.
- JS PARAM  Starting Y node limit for volume integral for the wing;
currently not used. Intended only for relaxation solutions.
JE Ending Y node limit for volume integral for the wing;
currently not used. Required only for relaxation solutions.
NMAX PARAM  Maximum number of iterations to be allowed without
c‘onvergen'ce. Required_o'nly, for relaxation solutions,
NA PARAM  Far-field update cycle control; updates the far-field each NA
. iteration, Required only for relaxation solutions.
ERROR PARAM  Error difference. When the maximum difference between

PHI1 distributions of consecutive iterations is less than
ERROR, the program stops iterating. Required only for
relaxation solutions.

1




Table 1.—(Continued)

Card number Variable Format Description
NP PARAM  Prints pressure distribution every NP iterations. Required only
for relaxation solutions.. BT . '
INC PARAM  Restart variable. IF INC%O,stért with the PHI1 distribution .

on TAPE10; if INC=0, start with a PHI1 distribution of zeros,
Required only for relaxation solutions.

ORF PARAM  Overrelaxation factor used for subsonic nodes to accelerate
convergence, I<ORF<2, Required only for relaxation
so!utions.

URF PARAM. Underrelaxation factor used for supersonic nodes to accelerate
convergence,0 <URF<1. Required only for relaxation
solutions.

MSTST PARAM  When MSTST=0, a PHIO distribution from a steady-state
solution is read from TAPE 1 and used to calculate U(l J).
When MSTST#0, U(1,J) is set to K and thickness effects are not
included in the analysis. This is the flat p/ate-analysis.

ISWEEP PARAM  This variable along with |LAX determines the sequence in

" which line relaxation solutions are obtained. With ILAX =0
(row relaxation): (1) if ISWEEP = 0, rows will be solved from
the upper and lower boundaries, alternating in toward the
wing; (2) if ISWEEP = 1, rows will be solved from the airfoil,
alternating out to the upper and lower boundaries; (3) if
ISWEEP = 2, rows will be soived consecutively from lower
boundary to upper boundary. With ILAX = 1 {column
relaxation): (1) if ISWEEP = 0, columns will be solved start-
ing at the trailing edge of the airfoil and moving forward to
to the upstream boundary, then going back to the trailing edge
and moving aft to the downstream boundary; (2) if ISWEEP
=1, columns are solved from upstream boundary to down-
stream boundary. Required only for relaxation solutions.-
Default values are ILAX=0 and ISWEEP=0 ,

ILAX PARAM  With ILAX = 0, the line relaxation solution procedure uses
rows of points, the points forming a line parallel to the airfoil,
With ILAX = 1, the line relaxation procedure works with
columns of points which are perpendicular to the airfoil.
Required and read for the relaxation solution only.

CONPXT PARAM  Constants required for convergence of row relaxation (refs,

2 and 3) Read only when NVER =1, .
IP Not used.
MXRR PARAM  Maximum number block rows. Required for direct solutions

only. Default value is 29. MXRR must not be greater than 29, h

Not read when NVER = 1.

12




Card number Variable
ICKPR1

LW

MODE

PAXIS

Table 1.—(Concluded)

Format __ Description _ .

PARAM

PARAM

PARAM

PARAM

Checkprint option parameter available only for half-space
subsonic freestream version (NVER=2). If ICKPR1#0,

a certain limited amount of the intermediate calcula-
tions is printed out for check purposes. This includes the
NDBLK array, the IN matrix and several of the block
coefficient matrices, WW. If ICKPR1 = O, this data is not
printed.

This is the LWORK parameter required by the out-of-core
direct solution procedure. (see ref. 7). The default value is
matched to the maximum permissible values of IMAX and
JMAX. (see section 5.7.2).

Selects mode shape. Use MODE = 1 for vertical translation,
MODE = 2 for pitch, and MODE = 3 for control surface
motion. ‘

Location of pitch axis measured aft from leading edge.
Note that units are Xp/(2b)

13




5.8 PROGRAM INPUTS
5.8.1 PROGRAM RESULTS

A listing of the output for a sample problem using the direct solution is presented in the
Appendix.

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

“The X and Y mesh data come next, as read from either cards or binary file (TAPE1). The
mesh data are followed by the values of calculated variables, and the FU array which is the
downwash on the upper surface of the wing. o ' .

The parameter ICKPR1 has been set to 1, resulting in the printing of the NDBLK array
(the sizes of the matrix blocks), the IN matrix (the blocks with nonzero elements are
identified with integers), values of MXR and MXC, and several coefficient block matrices.

Next is printed a summary of the augmented matrix, and an indication of the quality of the
solution as measured by a “norm” as defined in reference 6 and the largest residual. For
example, “WW BLOCK I=4" is the block matrix resulting from putting the block matrices
6,7,8 (see IN matrix) together, i.e. [6]7|8].

Finally, the jump in pressure coefficient across the wing is printed.

A second sample problem using a relaxation solution rather than a direct solution is also
included in Appendix A. The initial parameters and mesh data are listed first as for the
direct solution. Next the ERROR is printed out after each iteration. The program also prints
out intermediate (and unextrapolated) pressure coefficients every NA iterations. The

final interpolated pressure coefficients are printed out after the solution converges or after
NMAX iterations, whichever occurs first. '

5.8.2 PROGRAM DIAGNOSTICS

“SOLUTION FAILED TO CONVERGE IN -- - - ITERATIONS IERR, JERR ERRMAX]
TR » indicates the largest error found at the indicated XY node location is
still larger than the user-specified standard and that the maximum number of iterations has
been attained. This is found in the relaxation solution option.

“SOLUTION CONVERGED. MAXIMUM ERRORIS - - - > indicates the user error stand-
ard has been reached. This is found only in the relaxation solution option.

14




6.0 COMPUTER PROGRAM DESCRIPTION

6.1 OVERLAY STRUCTURE
The TEA344 program consists of a (0,0) level overlay, two primary overlays and three
secondary overlays. .
|
The (0,0) overlay selects whether the solution is to be a relaxation or direct procedure.

The primary level (1,0) overlay is the relaxation solution procedure. The (2,0) overlay selects
the particular form of the direct solution.

The secondary overlays (2,1), (2,2), and (2,3) perform direct solutions for subsonic free-
stream, half-space; supersonic freestream, half-space; and subsonic freestream, full-space
conditions. ' : : :

6.2 COMMON BLOCK USAGE

Table 2. describes usage of blocks of common variables. -

15




Block
BO
CONES6
CONST
EPS
FUL
EXY

GH
IMESH
IRLAXF
IRELAX
IVOL

L

MATRIX

PHI
SUBER
SUBSUB
SUM

U

\

WAK
WAKE
Xy

TABLE 2.+ Blocks of Common Variables

Usage
Wake integral quantities

Row relaxation constant

Control and calculation constants

Mach number, angle of attack and amplitude of oscitlation

Modal data for boundary conditions on camber line

Functions of X and Y of the flow field mesh

Bessel function values : ‘

X and Y mesh constants

Array to determine whether column is all subsonic or contains supersonic points
Integers for row relaxation options - :
Volume integral constants for Klunker-type boundary conditions

Far-field integral quantities, Klunker-type boundary conditions only
Coefficient arrays required to set up solution matrices

Unsteady velocity potential array, PHI1

Additional coefficient arrays required for solution matrices

Additional coefficient array for row relaxation solution

Far-field integral quantities, Kiunker-type boundary conditions only

Steady flow quantity, U = K--(’)’+1‘)<pox

Terms involved in evaluating the PHI1 on outer boundary; used in relaxation
procedure only

Wake terms for direct solution

Wake integral quantities for Klunker-type boundary conditions only

X and Y locations of mesh points

16




6.3 PROGRAM/SUBROUTINE DESCRIPTION
Short descriptions for the various programs and subroutines of A344 are given in this

section. Routines are ordered alphabetically. Maps of the overlay structures and the sequence
in which the programs and subroutines are used are shown in figures 2 and 3.

1. SUBROUTINE AIRFOIL

Calculates boundary conditions over airfoil.

2. PROGRAM A344VBlI

Performs direct solutions for half-space, éubsonic freestream condition.
3. PROGRAM A344VB2

Perforrﬁs direct solution for half-space supersonic freestream condition.
4. PROGi{AM A344VB3

Performs direct’solution fof full-space subsonic freestream condition.
5. " SUBROUTINE BESNIS

Reqhired for calculation of Bessél functions.

6. SUBROUTINE BESNKS

Required for calculation of Bessel functions.

7. | SUBROUTINE CPR

Calculates the difference in pressure coefficients across the airfoil.

8. SUBROUTINE DATE

~ Obtain date; system subroutine.

9. SUBROUTINE DELPHI

Calculates the jump in velocity potential across the airfoil. Thé velocity potential is found at

the wing surface by extrapolation using values at the two points below (or above) the wing
before the jump is calculated.
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(1,0)
TEA344A

{1,1)

TEA344B
Relaxation Direct
(2,1) (2,2) (2,3)
A344VB1 A344VB2 A344VB3
Subsonic Supersonic Subsonic
Half-space half-space full-space

Figure 2.—Overlay and Program Map
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I I-A1KFO1L
1-ST0YSI _ I=MFSHD
(1—6)" TEA344A-1=-1KCOND (1,1 (2,2) . I-sTDYST
/ 1 _ — —~——  A3Z44VB2-1-FL&TEST
1 +=0FELPHL i _ TEA344B I=-MATRXC3
1-FARFLC=~1 _ I-ETBHGENs
1 +oFemmmme( ;==HANTRM = w=aeHANKEL====AMCON* I-ETCGP#
; S : _I=ETRISOLx
I-MATRXCF===DELPHI +~CPR=====-=GELPHI
I-TRIDIAG
1-SRMATCE===DELPHI
I-FOURDG

+=CPR=======CELPHI
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OUT-OF-CORE SOLUTION PROCEDURE

+=S5CaNDr .
1-DATE*
I-AIRFOIL
 J-MESH2
I-STOYST
e A344VE3-I=FLATEST
(2,3)____  1-MaTRXEL
: I-ETSMGEN®
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I-EIROSTULs
. 4= CPR==--===<[CELFHKI

Figure 3.—Overlay, Program and Subroutine Map




10. SUBROUTINE ECTCSM

Subroutines from out-of-core solution systems. See reference 7.

11. SUBROUTINE ETRDSOL

Subroutines from out-of-core solution systems. See reference 7. o _ o :

12. SUBROUTINE ETSMGEN

Subroutines from out-of-core solution systems. See reference 7.

13. COMPLEX FUNCTION F

Evaluate far field function at specified outer boundary point.

14, SUBROUTINE FARFLD‘

Calculates Klunker-type boundary conditions on outer mesh boundaries.
15. SUBROUTINE FLWTEST

Checks column of mesh points for supersonic flow.

16. SUBROUTINE HANTRM |

Evaluates 3 expressions involving Hankel functions fqr SUBROUTINE FARFLD.
17. SUBROUTINE HANKEL

Evaluates the complex-valued Hankel function of first or second kind for real arguement
x and integer order.

18. SUBROUTINE INCOND (INC)

Provides an initial distribution of unsteady velocity potential.
19. SUBROUTINE MATRXCF

Calculates coefficients for column relaxation solutions.

20. SUBROUTINE MATRXFL

Routine to calculate coefficients for full-space, subsonic freestream solutions.
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21. SUBROUTINE MATRXC2

Routine to calculate coefficients for half-space subsonic freestream solutions.
22. SUBROUTINE MATRXC3

Routine to calculate coefficients for half-space supersonic freestream solutions.
23. SUBROUTINE MESH

Routine to calculate mesh functions for relaxation solutions including Klunker-type
boundary conditions. ’

24. SUBROUTINE MESH?2

Routine to calculate mesh functions for direct solutions including out-going wave boundary
conditions.

25. SUBROUTINE SECOND

Determines central processor time; system subroutine.
26. SUBROUTINE STDYST (MSTST)

Inputs steady velocity potential and evaluates U(I,J).
27. PROGRAM TEA344

Selects either relaxation or direct solution.

28. PROGRAM TEA344A

Performs relaxation procedure.

29. PROGRAM TEA344B

Selects one of three direct solution procedures.
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APPENDIX

Input for the first sample problem is for a direct solution of an airfoil in a Freon flow.

Card
No, -

Columns
1 11 . 21 31 41 51 61

1
2
3
4
5
6
7
8
9

VERSION 2
SAMPLE PROBLEM, HALF SPACE, SUBSONIC FLOW
$PARAM FSMACH=0.9, DELTA=0.06, THETA=1.5, OMEGA=0.30,
GAMMA=1.135, '
MSTST=0,
MODE=2,
PAX1S=0.0,
ICKPRI=1,
$END

Output for the first sample problem starts on the next page.
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VERSION 2

OUY-O0F-CORE FULL DIRECT SOLUTION

SAMPLE PROBLEM, HALF SPACE, SUBSONIC FLOW

T19/711/02.82




SPARAM

FSHACH = 9E+00,

DELTA = J6E~01,
THETA = L1SE+Ql,
OMEGA = 3E+00,
SANMA = .113SEe1,
AL = J5E+00,
IMAX = 269
JHAX = 24, ‘
1S = 0y
1€ = 6,
JS = Oy
JE =0y
NMAX = 50,
NA, = 10,
ERROR = 1E~05s

> NP = 1002,
INC = 1,
ORF = L13Ee01,
MSTST = 0,

ISNEEP = B

NYOL - = 100

b ¢ J = 0,

L4 = 10000,
MXRR = 29,

ICKPR1 = 1,

MODE = 2¢
PAXIS = 0e00¢
$END

MSTST=3 SO THIS AIRFOIL HAS FINITE THICKNESS




THIS
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241976
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XKoEPSoXLAMy W19 W2 WT oWyl

IMAG o N3 oW S W69 WB oW1 Get

TIMESZELAPSED YIME (SECONDS)

oz

.,

~leB8224 ~1.5463 ~1+3492 ~142983
-+25983 «G258 «2228 «3636
1e2322 145574 2.0126 246500
-31271 -21976 ~1.5338 -1.8596
« 3315 «0945 1826 «3061
404283 642500
«143E+01 e154E+00 «142E+01 «128E+01

«10CE+C1 a0 «250E+00 a9 e 744E~-01 0.0

083 «014

SOLUTION FOR FLOW WITH SUBSONIC FREESTREAM

~1.1077
<8641
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«4789
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«128E+31
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0. 3. Je 0. C. O 0. 0.

0. J. 0. 0. Oe b O 0.

Qe Je Ce 0. «35869E+01 «23385E+01 0o Je

0. Ce Ce e 0. 0. O Je
0. le Ce Ceo 0. 0. Ge Je
«12606F+03 de ~+38161E+8) -e235503F+C1 -«29805E+01 ~e22369E+00

ENTER ETCGP

oY
o




SUMMARY ON THE ARGMENTED MATRIX %
ARGMENTED MATRIX IS WRITTEN ON LOGICAL UNIT NO. 38
ORDER OF THE COEFFICIENT MATRIX 264
NOe OF BLOCK RONS 24
NOe. OF NON-ZERO BLOCKS OF THE ARGMENTED MATRIX 98

DECOMPOSE COEFFICIENT MATRIX AND SOLVE LINEAR SYSTEM

RETURN FROM ETCGP

AN INDICATION ON THE QUALITY OF THE SOLUTION %

B IS THE ROW SUM OF THE COEFFICIENY MATRIX A,

X AND Y ARE RESPECTIVELY THE COMPUTED AND ACTUAL SOLUTIONS OF
AX=Be. THE NORM OF (X-Y) IS «99601E-12

RESMAX= L80682E-11 IRESM= 24 JRESM= 12




MACH NUMBER = .98 OMEGA = .300 AMPLITUDE= .026

AEkAEE MODE 2y PITCHy PAXIS= 0.000 x/¢C AR an

PRESSURE COEFFICIENTS

1 BTLOW AIRFOIL ABOVE AIRFOIL ABOVE - BZILOW X

9 Ce Ce Qe Te +981E+31 ~+383E+01 -« 964E+00
10 fe Se Ce Te «790E+01 ~e348E+01 ~+864E+0D
11 % Ge Je Te e741E+01 ~«153E+01 ~e723E+00
12 Je e Te Ce «597E+01 «T87E+00 -+526E4+00
13 Je Te Se Te «AT6E+DL «145E+01 ~+250E+00
14 Qe e Ce Ceo . «J393E+01 «186E+01 «258E-01
15 Qe Ce Ce O e6l7E+01 «985E+00 «223E+00
16 0. Ca Je Ze «517E+01 «219E+01 +364E+00
17 Oe e Co e «250E+01 +326E+01 «464E+00
18 Ge Oe T Je «177E+01 «310E+01 «536E+00
19 O 0. Ce Te «131E+901 +289E+01 «601E+00
20 Ce LS Ca T «843E+20 «250E+01 «693E+00
21 0. Ja Ce Je «40SE+30 «185E+01 «821E+00
22 Ce e Ce Te LY | «100E+01

TIMESELAPSED TIME (SECONDS) 14635 1.553




Input for the second sample problem is for a relaxation solution of an airfoil in a Freon flow.

Card Columns
No. 1 11 21 31 41 51 61

1  VERSION 1

2 SAMPLE PROBLEM, AIRFOIL AT M=9 OSCILLATING IN PITCH,

3 $PARA FSMACH=0.9, DELTA=0.06, THETA=1.5 , OMEGA=,0600,
4 GAMMA=1.135,
7

8

MSTST=0,
NA=5,
9  NMAX=200,
10 ORF=1.8,
11 NVOL=200,
12 NP=30,
13  MODE=2,
14 PAXIS=0.0,
15 $END

’ Output for the second sample problem starts on the next page.

43




144

vERSION 1

VERSION 1
RELAYATION

SILUTIONFULL SPATE

SUASONIC FRELSTRLAM ONLY

SAMPLT PROILEMy A[RFOIL AT Mz,

OSCILLATING

IN PITCH,

13/11/722.82




14

SPARAM
FSMACH
DELTA
THETA
IMEGA
GAMMA
AL
Imax
JHAX
IS

IE

Js

Jt
NMAX
NA
ERROR
NP

INC
ORF
MSTST
ISWEEP
NvOoL
P
ILAX
URF
CONPXT
CONES
MADE
PAXIS

$END

it

«IE+3 2,
e6E=01y
«13E+31,
oBT~G1ly
«11357+C1,
«SE+DDy
25,

20,

O»

D

Gy

Oy

«18E+21y
Gy

G

2€30,

G

O

e 9E+Cy
0125401

«1E¢33,




MSTST=2 SO THIS AIRFOIL HAS FINITE THICKAESS

THIS IS A ROW RTLAX QUT-IN
=2e5S00 -2.1132 ~147333 -1.4572 -l.2732 ~1.1347 -1.93359 ~e3531 ~+8635 -.7228
=«952358 -e2598 «7 753 .2228 .« 3535 «4541 «5359 «6012 «6927 <8207
1.2000 142453 le3712 2.5742 27508
-5027:8% ~44392% ~3e 1655 -2.1177 ~1.4307 ~+3571 -e6118 ~e 3553 -1888 -«0623
#3623 «1333 « 3332 «u1l8 «3371 1.4427 241177 303553 43924 602500
XEK9EPS g XLAMy Wy W2 a W Ty TFeW1l «143%+31 «1:4E432 « 284840 +256E+30 +339E+33 «3792-72 «2195-31 «704E+01

IMAG o W3 s WHa WS a WA W1 T Jel T 10721 Tel 02T IE 30 2ef «143£-31 0.0 «2567+30 el «355E+0) 8.9 +111E+01

TIMELCLAPSED TIMS (STCONDS) . « 78 #3317

N
o




Ly

I39TA.IY 4
FU
T
«436 +00
« 4361 +20
«4367400
«4367+30

«4365+0¢C
2

17

~

«I4CE -0 2
«124F-C1
<3228 -01
«4027-01
«477¥ =51

TIMEJELAPSED TIMI (SECHNDIS)

TINESELAPSED YIML (STCONDS)

RELATIVE ERROR-1ST INTEGPAL
RELAVIVE ERROR-2ND IANTEGRAL
RELATIVE ERROR-3D INTEGPAL

TIMESELAPSED TIMT (SZCONDS)

TIMELCLAPSED TIMI (SECONDS)

TIMELELAPSED TIME (SFCONNS)

FARFLD ENTRY

TIMELZLAPSED TIMT (STCONDS)

N IERRyJERRyFRRMAX]
NyeIERRy JERR ZRRMAX]
NsIERRy JERR ¢ TRIMAXL

NeIZRRyJERR,“RRMAX]

[N

TIMEPELAPSED TIME (SECONDS)

FARFLD ENTRY

TIMELELAPSED TIME (S:CONIS)

NoIERRy JERR9ERRMAXL

NeIERR ¢ JERR$TRRMAX]

21

G273
«233227

«C3737%

NMAX=

NMAX =

]

<4357« 00
24351400
«43.V40C
«@367+3C

e435E ¢33
~
.

«0138

«231

« 299

+147

11
12

13

«275

A

«322

18

13

«3577=-C2
«196° =01
«3377=01
«4137-01
e5247-01

«548%
«387=01
«69F=01
«717=31

«767=01

<128

«587

«945~C1

e728=C1

>

e43oE+TY
e84 35E 40
«435E¢ 373
e 8355430

N




8t

NeIERRyJERRyFRRMAK] v

NeIERRJERRJERRMAX]L R

NeIERR9JERR¢ERRMAXT a

TIMELELAPSED TIME (SECINDS)

FARFLD ENTRY

SFIMESELAPED TIME (SECOND®)

Ny IERRy JERR ¢ ERRMAX] 1c

N9 IERRsJERRF RRMAX] 11
N2 IERRyJERR W FRRMAXL 12
NsIERA 9 JTRRyEERRMAX] 13
Ny TERR 9 JTRR 9 ERRMAX] 148

TIMEZELAPSED TIME (SZCONTS)

FARFLD ENTRY

TIME+ELAPSED TIME (SCCOND®)

NoIERRyJERRGERRMAX] 15
N+ IERR ¢ JERRERRMAX] 16
NsIERRp JERRyFRRMAX] 17
NeIERR9JERRyZRRMAXL 1
NoIERRyJERRERIMAXL 19

TIMELELAPSED TIME (SECONDS)

FARFLD ENTRY

TIMESELAPSED TIME (SECONDS)
NyIERR¢JERRy TRRMAXL 2%

NeICRR ¢ JTRRyLRRMANX] 21

24

2a

MNMAX=

24

NMAX =

NMAX=

24

o434

1)

+532

17

17

«h72

15

« 779

89701
«817-01
«757=31
162
.. 8c
«717-21
«417=-01
«337=31
«34L-01
«31£=01
o162
047
«83F=-01
«34F=-01
«337-C1
«287=01
«167=01
o172
«T47
«277=-01
«15¢-01



6v

Ny IERRy JERR+ERRMAXL
N+ IERRyJERRFRRMAX]

NoIERR ¢ JERR$FRRMAX]

TIMESELAPSED TIMI (STCONDS)

FARFLD ENTRY

TIME,ELAPSED TIME (SECONDS)
N TERR » JERR »ERRMAX1
NoIERR,JERRZRRMAX
NeIERR ¢ JERRyERRMAXL
NoIERRsJIRRSCRRMAXL

Ne+IERR9JERRERRMAXL

TIMESELAPSED TIME (STCANDS)

FARFLD ENTRY

TIMEZELAPSED YIME (STCONDR)

Ny IERRy JERR 9 RRMAXT

25

26

27

28

29

30

24 17
24 18
24 18
1.123
NMAX= 25
1.169
24 19
2 18
24 18
24 7
23 19
14337
NMAX= 32
1.383
24 )

147=01
.127-01

«R2Z-02

«167

<046
«13E-01
«72E-02
«68E~-02
eR4E-02

«34E-02

+168

«345

«56E-02
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MACH NUMBER = .90

Ak kE

I

8

9
10
11
12
13
14
15
16
17
18
19
20
21

N+IERR$JERR S ERRMAXL
NsTERRyJERRJERRMAXL
N IERR y JERR 9 £ RRMAXL

NyIERRyJERReSRRMAXL

moNT

29 PITCHs PAXIS=

8TLOW AIFOIL

-+311F+01
~o314F4C1
~+275F L1
-22325+01
~+2992+91
~e46RE+01
~e8915401
—+6655+01
-e27RE+31
-e2028471
-+1597+01
-e118€+C1
- TITE+CC
~«20RE+(D

31

TIMESELAPSED TIME (SECDNDS)

FARFLD ENTRY

TIMELELAPSED TINE (SECONDS)

NsIERR s JERR ¢ERRMAX1
Ns IERRy JERR9ERRMAX1
N'IERR,JERR.ERRHAxl
Ny IERRy JERRERRMAX]

No+IERRy JERRyERRMAXL

35

35

37

38

TIMELELAPSED TIME (STCONDS)

FARFLD ENTRY

el 49E+C
#1517+01
«129+01
«138F+91
«212%+01)
+325F+01
«4ZBF+GY
«199fF+01
W 262ESLT
«49CE-01
-e438F=01
—.11254902
~o1392+36
-e692F=-31

28
24
23

24

NMAX=

2
24
24
23

23

NMAX=

e’

33

le771

NMEGA

(%]

X/C

[ T

PRESSURE COEFFICITINTYS

AQOVE ATRFOIL

«310E+21
«313E+C1
«275E+01
02325431
«231C+31
«3T77E+5 ]
e9C 4L+ 1
«672E+C1
+275E+01
«199€+301
«156E#01
21147431
«TOTE+DD
«151E+3N

«441 =02
«437-C2
«29E-02

«28F=02

178

G4n

«327-62
#177=02
«18E=-02
«15%-C2

+135=02

«162

~e149E201
-e151E£+01
~«128E401
-e137E+01
—e211Z+31
~e321E ¢33
~+399€+31
-+188T+31
~el176E+00T
«136E~C1
«868E-01
«128£+0°2
«132E+3°
e417E~01

AMPLITUDE= .(26

ARQVE

+521E421
- eB27E+DL
«330E+31
e 3532 +21
e3315+431
«338Z+31
»130E+32
e134E+232
«3532+01
0421 +l]
e 316E+401
02325431
01445421
e 35GE20

BELOW

~+238E+01
-+ 322E+01
-e23TE+01
~e273E+L1
- 424E+C1
~e64BE+C1
-e85TE#Z1
-+387E+01
~+436E+CC
-e354E~01

«131E+32

«238E+2D

«271E+080

«111E+08

X

-e964E+08
~+864E+400
-e 723E+CC
~+526E+00
-e250E+00
«258E~01
«223E400
«364E+02
«46RE+00
«336E+00
«601E+00
«693E+400
«821E+0)
«100E+01




TINESELAPSED TIME (SECOND3) 1.817 L0945
NeIERRs JERR o ERR MAX1 a2 28 2 W177=C2
NsIERR s JERR ¢ TRRMAXL a1 2 3 12732
Ny TERRs JERR y SRRMAXL a2 24 3 +937-33
NeIERR s JERR $ SRRMAXL 43 2 18 .55°-03
Ns IERR ¢ JERR y ERRMAY] an 24 15 +597°-63
TIMEL,ELAPSED TIME (SECONNS) 1.979 J1E2

FARFLD ENTRY NMAX= 6=
TIME,ELAPSED TIME (SECONNS) 2,525 .24
Ny IERR ¢ JERR  ERRMAX1L 45 2 19 «BE6E-D3
Ny IERR s JERR yERRMAXL 46 24 17 .SAE-03
Ny IERR ¢ JERR y ERRMAXL a7 24 18 «65E-03
Ny IERRy JERR »ERRMAXL as 23 19 +42E=33
Ny IERR y JERR 4 ERR MAXL a9 26 13 .326-03
o1
—
TIMELELAPSED TINC (SZCONDS) 24192 L1567
FARFLD ENTRY NMAX= 57
TIME,ELAPSED TIME (SECONDS) 24237 Ry
Ny IERR JERR o T RRMAXL 5" 23 ) CBAF=31
Ny IERR s JERR 9 SRRMAXY s1 2 13 .257=0%
Ny IERR ¢ JERR 4 ERR MAK1 52 22 15 W25E=13
NoIERRyJERRy CRRMAYL 53 23 15 e217-03
Ny TER2 4 JTRR o TRRMAXL 54 24 17 J190=23
TIMEySLAPSED TIME (SZCONRS) 2.47¢ o153
FARFLD ENTRY NMAX= 35




TIMEZELAPSED TIME (STCONDS) 2.445 045

NeIERR § JERR 9 FRRMAX] 5= 24 19 «21F =23
N+ IERR9JERRWZRRMAXL 56 2 18 «17E-03
No IERR¢ JERR s ZRRMAX] 57 24 3 ¢13E£-03
N+ IERRoJERRyTRRMAXY 58 2 3 «B887 =04
Ny TERRyJERRyTRAMAXY 59 23 13 «83F=-04
TIME,SLAPSED TIMI (SECONNS) 2.679 «163
FARFLD ENTRY NMAX = 6l
TIMECELAPSED TIMI (STCONDS) 24655 «245
N2TERRsJZTRR 9 RRMAX] 62 2 2 2125=93

[AS]




» : » [
MACH NUMBER = .97 OIMEGA = .267 AMPLITUDE= o223
LA LA LY MODZ 24 PITCH, PAY]IS= Call0 X/% srxnte
PRESSURE COEFFICIFNTS
I RELDOW AIRFOIL ABOVE AIRFOIL ABOVE - BELOW X
8 -e3117+01 2183721 . «311E+31 -e1535+01 «321F4+31 ~e305Z 31 =+ 964E 403
9 -«3125+01 «1547 421 «3137+31 ~e1547+401 «525£¢01 ~e308E+01 -+864E+00
13 ~e2727¢21 ~e123T#01 e272E 421 ~+129C+31 e 9447401 =e2535+01 7235400
11 -e229F 401 «136E+4031 «229E€+71 ~e1356%+731 «437E+01 -e27254+31 -e525E+00
12 ~»2897+01 02147431 «2A89F+71 —e214E+01 «3TRI+Z1 ~e428E+31 ~¢2502+G0
i3 . —e45TT+C1 +32874351 e4637#21 ~e 3297401 3297+31 -«637E+31 «258E-01
14 “eB7IT+T1 «407E+01 «ARTIE+:1L ~e4CTE+B1 o176+ 2 ~+814E4+21 «223E+08
15 ~a5545401 21965491 «5S4E+21 -<196T+01 o 1315432 -¢392E8+C1 «364E+00
16 =e271F+01 «251€+4027 «272E431 ~«231E+27 «5437451 ~e302E+730 «463E+400
17 ~e195E+71 «4065=21 «197E401 ~e4327 =01 «333£401 ~+828E~31 «536E+00
18 ~+154F+01 ~e4307=31 e134£+31 «496E8~71 ¢ 318F+51 «98SE-01 «501E+00
19 -e112%+01 ~.1035%¢L3 «1128+401 « 1055402 02247431 «211E+5% +693E400
2t -+ 68954370 -+1187+C2 26ILE+3T «11954+43° «1385+31 «238E+00 «821E+00
21 -e1R2F+¢" ~¢35BE-G1 «183E+04% +368E-01 « 354430 «722E-31 «100E+01
Ny IERRyJERRS ZRRMAXL 61 24 19 «TTE~T4
N3 IERRy JERR 9 ZRRMAXL 62 24 18 «635=04
Ny IERRyJERR9ERRMAX]L 63 28 4 «515 =04
8} N9 TERR 9 JERR 9 ERRMAX1 64 24 3 «399«34
TIMESELAPSED TIME (SECONDS) 2833 178
FARFLD ENTRY NMAX= 65
TIMESELAPSED TIME (STCONDS) 248839 -047
Ny IERR ¢ JERR4ERRMAX] 65 24 19 «617-C4
NeIERRy JERR9y ERRMAX1 13 2 13 «387-04
Ny IERRe JERR9ERRMAX] 67 24 5 «36E-04
Ny IERRs JERRGERRMAX] &8 23 3 «26%-04%
NeIERRS JERRFRRMAX] 62 2 6 »24F 04
TIMESFLAPSED TIME (SECONDS) e4] 161

FARFLD ENTRY NMAX= 75




TIMELELAPSED TIMZI (SECONIT) IIHAR ect?
NoIERR¢WJERRyERRIMAX] 17 26 " «29° =08
NoIERRyJERR 4 TRRMAXL 71 2 3 «23°~04
NoIERRGJERRyERRMAX] 72 2 b lB87=G4
Ny [ERR s JERR < FRAMAX] 73 2 k4 «19t =24
NoIERRGJERRyTRAMAX] 74 2 2 157=248
<
TIMEHZELAPSED TIME (STCONDT) 3oz o152
FARFLD ENTRY NMAX S 1=
TIMEWFLAPSED TIMZ (STCONPT) Jec75 «J85
NeIERRyJERR¢FRRMAXY 75 2 17 o200
No IERR 9 JERRy ZRRMAXL T3 s 2 «337 =025
Ny IERRyJTRRyERRMAX] 17 24 3 e3¥7-lE
N+ IERRyJEPRyF RRMAX] 74 2 3 « 7985 =-C5
NoIERRyJERR T RAMAX]L 7 ? 117248
g .
TIMCLELAPSED TIMZ (SECIONAS) 3ob -3 1567
FARFLD ENTRY N4Ax= a.
TIMEvﬁtAVSED TIMS (SECONTT) 30729 «TAG
NeIERP s JERR¢“RRMNAX] 8) 2 13 e117=94
NeIERRyJFRRyZRAIMAX] &1 2 19 «92 =35
NoIERR¢JERRFRAMAX] an g 12 «6517=18
NoIERRyJERRy ZRRMAX] 13 2 19 « 8477 =25
NeIERIpJTRRe=RIMANL qs 2 2 «81 =3°
TIMESZLAPSED TI¥" (SFCINDT) 3.674 o137
FARELN TNYRY NMAY = an
- v . Y




TIME JELAPSED TIME (SECONDS) 3.720 «G45
N IERRyJERRSERRMAXL 85 2 2 .535-05
"y TERR § JERR 9 FRRMAXL 36 2 19 .605=05
Ny IERReJERR s TRRMAXL 87 2 19 +455-05
NoTERRy JTRR » TRRYAXL 80 2 C a7 +455-35
Ny IERRy JTRR 4 ERRMAXL 8= 2 2 L31E-85
TIMESFLAPSED TIME (STCONNS) 3.885 .165
FARFLD SNTRY  NMAXZ 97
TIME,ELAPSED TIME (SECONDS) 3.933 048

Ny IERRy JERR$ERRMAXL 94 2 5 «30£-05




99

MACH NUMBER = .99

L KR T

1

8

9
19
11
12
13
14
15
16
17
18
19
29

21
Ny IERR»JERRERRMAXL
NsIERR o« JERRyERRMAXL
NpIERR 9 JERR9 FRRMAX]

NoIERRy JERRy IRRMAX]

MODE 2?4 PITCH, PAXIS=

RILOW ATRFOIL

-« 311C+01
~e3127 51
~+272E+01
~e2295+01
~e283%201
~“oR65T+C1
~+8797+C1
~eh545+01
-a27284+01
-«1275+C1
-+1547+G1
~el12F+(1
~e6975457
-«1R25+50

a9a
32
S3

54

TIMELELAPSED TIME (SECONIS)

FARFLD TNTRY

TIMELELAPSED TIMT {(SECONDS)

NeIERRy JERRyTRRMAXL
Ny TERR ¢ JERR9 ERRHMAXY
Ny IERR ¢ JERRyERRMAXL
N+ TERR JERR 9 ERRMAX]

NyIERReJERRy TRRMAXY

TIMESELAPSED TIME (

96

97

a8

93

STCONDS)?

FARFLD ENTRY

«1537+31
«154E+01
e129F 431
«1367+01
«214E+71
«3237+01
«437E+31
v1965401
«251F¢5"
w3831
- 496E-C1
—«1CAT407
-.1137485¢
=e3647 =01

2

2

NMAX=

NMAX =

IMEGA

g.30C Xx/7

4
173
2
13
4,112
9%
4,161
2
12
2
19
2
4,323
1083

= +163

(T2 XY

PRIESSURE

COEFFICIENTS

ABOVE ATRFOIL

e311K+21
«312E4012

22725431

02297431
«299E+21
«455E+0 1
«879¢+21
eh3454+21
«272E+351
«197E+(1
« 1340421
e1127+121
«623E4G12
«182E+37
2297=03
«367=-05
+337-03

«327=38

+179

+C49
2 317=05
«238-05
«25F =15
«257=65

«247 05

«152

~+15%2+01
~e1345+31
~e129T+31
~e13955¢01
~e2145+201
~e32RE+31
~e437Z4312
-e135T4%1
~e231F+3°
-e42)E =01

2 495E=-21

«135E+32

e 113E+{3

«364E-71

AMPLITUDE= L3256

ABOQVE -

«6212+31
»523E+21
«384E+01
«43B8I401
«3732¢21
«323E+31
«178Z¢02
«131E4+32
«543E+01
¢ 3935401
« 3L8E#01L
«226Z+31
«1382+31
°354E430

BELOW

-+3)5E+C1
-+ 337E+51
-e259E¢(1
~e272E431
~e4270+31
-.657E+01
~+813E+01
-«392E451
~+501E#50
-e831E-31

«992€-31

02115433

=238 +0C

e 728E-G1

X

-+ 9E64E+00
-+ A64E+00
-e723E+00
~e526E+00
-e250E+00
«258E~01
«223E+02
«364E+0%
«464E40C
«536E4+02
«501E+00
«693E+08
+821E+00
«100E+C1




TIMEELAPSED YIME (SECONDS) 443573 al4%
NoIERRPJERRTPRMAN ] 137 2 1e e 26F=05
Ny IERRy JERRyERRMAX] ic1 2 ? 24727
Ny IERR2 JERR A RRMAX] 182 2 13 «2°7=0%
NyIERRGJZRRJLRRMAXL 103 2 2 219628
N:gERR.dERR,FRRﬂAXl 104 2 19 $27°F =235
TIMESELAPSED TIMI {SZCONDS) ’ 44538 «187
FARFLD ENTPRY NMAX= 129
TIMELELAPSED TIMZ (STCONDS) 4,543 o4
NsIERR9 JERR9ERRMAX] 128 2 e «187=CS
NoIERRSJIZRRyTRRNAX] 136 2 13 «182-2
NsIERR¢JERRpERRMAX] 1¢c7 2 2 «135+25
NeIERRYJERRGERRMAX] 18R 2 19 «177-G3
» NoIERRyJERRyZRRMAX] 139 2 2 «l57=15
o1
~
TIMESFLAPSED TIMT (SECONDS) 4eT48 «163
FARFLD INYPY NMAX= 110
TIMESEL APSED TIME (SZCONDS) 4794 «Cac
NoIERRsJZRReZRRMAX] ’ 112 2 19 «157=353
Ny IERR ¢y JERRyTRRMAX] 111 2 > +157=35
Ny [ERR9 JERRyTRR4AX] 112 2 19 «147-335
NeIERR 9 JERR 4 TRRMAX1 112 2 2 +147-95
NoIERRyJERRTRRMAX] 1t 2 13 e14F =35
TIMELELAPSED TIME (SZCONYSY 4,362 o155

FARFLT CANTRY NMAX= 11




89

TIMESELAPSED TIMZ (SZCONDS)

Ny TERRpJIRR, TRRMAX L 115
N+ IERR$JERRyZRRMAX] 115
Ny IERR 9 JERR HERAMAXL 117
NeIZRRy JERRyC RRMAXL 118
Ny IERR 9 JERR¢ZRRMAX] 119

TIMESILAPSED YIMT (SECONDS)

FARFLD ENTRY

TIMELZLAPSED TIME (SFCONDS)

N ITRRy JERRYTRRMAX] 127

NMAX=

5.168

©y

12

54212

N

13

13

045
«135-903
el25-35
«12E~05
e12£-05

«12E~05

153

&2

e11E-25




6S

- &
MACH NUMBER = .99 . OMEGA = L.080 AMPLITUDE= .326
eanans MODE 2o PITCHy PAXISz  0.308 X/C reanar
PRESSURE COEFFICIZNTS
1 RELOW ATRFOIL ABOVE AIRFOTL ABOVE - BELOW X
8 -e3115401 153€e51 «311E431  =,153E+91 ©821E401  ~.3G5E401 -+ 964E+00
9 -e312E901 «15454+01 e312E401  -o154F+31 5256421  -.32TE+J1 ~«864E+00
10 ~e272E+01 21295401 2272E401  -,129E+01 «S44E+01  =-.259E+01 -+ 723E+080
11 ~.2297401 «136E+31 «+229E401  -,136E+01 = 458E451  -4272E+01 =+526E400
12 . -+2895401 2147401 «289E401  =,214E+31 «578E401  -,427E+01 ~+250E+00
13 ~e465F451 «328F+01 45656401  -,328FE+01 +929Z481  -.657E+01 »258E-01
14 ~e879%4901 40375401 «8TIE+21 -,407T+0 «176E+02  -.813E+01 +223E400
15 -2554E+81 1955401 +654E+401  -,196E+01 «131F7¢02  -.392E+]1 +364E+400
16 ~e272%401 +251E+02 2725401  -.2S51E+CS «543E431  -.501E+00 46 4E+00
17 ~«1975+01 +401E-01 2137E+401  -,4037-91 «3935+481  -.801F-01 +536E+00
18 ~e154E401  -,496F-91 «158E4+01 «495E-01 « 3282401 «992E-01 «601E+00
19 ~e112E+01  -,106E433 «112E+51 «106E+DG 2245401 «211E4+580 : «693E+00
20 ~o590E+DL ~e119E¢32 «69CEQ T 2119E+03 e138E+51 «238£+00 «821E+00
21 -e182C+00  -,364E-01 «182E4002 «3545-01 3542430 «728E~01 «100E+01
N9 IERR ¢ JERR yERRMAX1 121 2 2 «11F-05
NeIERR s JERR 9y ERRMAXL 122 2 19 «13F =85
Ny IERRy JERRy ERRMAXL 123 2 2 «135=-05
Ny IERR ¢ JERR 9 TRRMAXT 124 2 19 «ISE=06
TIMELELAPSED TIME (SECONDS) 5.388 o175
FARFLD ENTRY NMAX= 125
TIME,SLAPSED TIME (SECONDS) 54433 047
N+ IERR » JERR ¢ ERRMAXL 125 2 2 +94E-06
Ny IERRyJERR9ERRMAX] 125 2 19 «915=0¢
N2 IERR s JERR9ERRMAXY 127 2 2 «87E=05
N9 IERR 3 JERR,ERRMAX1 128 2 19 «B4E-05
NoIERRyJERRyERRMAXL - 129 2 2 +817-08
TIMESZELAPSED TIME (SECONDS) 5.533 .16°

FARFLD ENTRY NMAX= 130




09

TIMEZELAPSED TIME (SFCONDS)

Ny IERR ¢ JERRERRMAX]
Ny IERRy JERRS TRRMAX1
Ny ISRRy JERR9FRRMAXL
N,IERR,JZRR,ERRHAXl

N» IERR» JERR9ERRMAX1

TIMELELAPSED TIME (S

FARFLD ENTRY

TIMELCLAPSFD TIME (SECONAS)

Ns IERReJZRR s ERRMAXL
NgIERRyJT RReZRRMAXL
NeIFfRRsJERRy TRRMAXL
Ny IERR 9 JERR ERRMAXL

NoIERRpJERR9ZRRMAXL

133
135
137
134

139

TIMELELAPSED TIME (ST CONDS)

FARFLD ENTRY

TIMELELAPSED TIME (SECONNS)

NeTERR 9 JERR s ERRMAXL

N9 IERRs JERR ZRRMAX1

SOLUTION CONVERGED.

140

141

MAXTMUM ERROR IS

RESMAX = «30906E-C1

TIMESELAPSED TIME (SECONDS)

5.680 .47

19 «78E~06

2 ST6E=06

19 «T4E-06

2 .T1E-06

19 £685-06
5.873 <163

135

5.850 047

2 «66E-06

19 . +64E-06

2 «626-06

19 +60E=06

2 «STE=-06
64016 .185

148

64062  .086

19 +56E=06

2 «S4E-06

+53685-06

24 3= 2
64153 «091



MACH NUMRER = .97 OMEGA = 060 AMPLITUDE= L326

rhEA kL _ MIDE Ze PTTCH. PAXIS= J.330 X/C LA AT

PRESSURE COEFFICIENTS

I BELOW AIRFOIL AR0YE AIRFOIL . A3OVE - BELOW ) X

a -2182F+3°2 -e3647-01 ) «182E+37 «364F=351 «158E+402 ~e314E+01 ~e964E+03

9 ~e182F+Q7 -+3647=01 «182E+722 °364Z-31 . « 56552491 | ~.3138¢G1 ~+B64E+08

- 18 -e1827437 ~e3548-11 «182E+30 «3547-01 e3515431 =+257E+01 ~+723E+40C
11 -«182F+2¢C ~+3645-91 «182E4(2 «3642-21 - 24527471 ~e265E+31 | =e526£+400

12 -a1827437 ~e3645-21 «1829+350 «364E-31 «582E+31 ~e421E421 ~e256E+00

13 ~21827 422 ~e364°-01 «182F+27 »354E-01 «9367+31 ~«638E+01 +258E-01

14 ~e182: 427 ~2354E-71 «182E+037% «364%-31 «1787+12 ~e82CE+01 #223E+0C

15 ~a132743C -e3647-31 «132€4C7 «3545~-31 01345232 ~«450E+3] «364E+00

16 ~+182F¢0G . ~.364%-31 . 1827483 «364E-T71 «3452+01 ~e438E+400 «464E+00

17 ' ~«182F+00 ~e354F-01 «182E+3¢C 354E=31 3942421 -¢143E-C1 »S36E+00

13 ~s182F+CC ~«364°=31 «182E+027 «364E~01 e 3285431 «137E+30 «6501E+03

R 19 “«1R2E+2C -.3647=31 «182F40( «364E-01 «2237+51 «2RIE+GS . «B693E+0D
2C ~el82F+00" ~e36487-01 +182743° »3642-301 «1352+01 +336E+30 - «821E+80

21 ~e1R2F+GC -e3645-91 »182C4C3 «3647-01 e e «100E+01-

TIMESELAPSED TIME (STCONDS) 50178 «322
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