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SUMMARY

The application of a combined linear theory/impact theory
method to calculate pressures and loadings on a wing-body
configuration at Mach 4.63 was assessed. The results, compared
with experimental pressure data, show that the combined method
gives significantly improved predictions over either the linear
theory or the impact theory method alone. The combined method was
also applied in the inverse design mode at Mach 4.63 to calculate
optimum camber distributions on a wing—-alone, and on a wing-body
configuration. The results of these optimization calculations are
compared to results obtained using unmodified linear theory, and
show that there is a large difference in the predicted camber
distributions. Assessment of the analysis results indicates that,
for the high Mach number, the optimum camber slopes obtained using
the combined method are more correct than the linear theory
results, and that finite thickness wings "optimized" at high Mach
numbers using unmodified linear theory will not achieve the

minimum drag characteristics for which they are designed.

INTRODUCTION

The feasibility of combining elements of linear theory and
impact theory for improved aerodynamic predictions in the Mach 4
to 8 range was verified in Reference 1 for several wing-alone
configurations. The approach is to use the aero influence coeffi-
cients (AIC) from the linear theory computer program of Reference
2 to modify the impact pressures computed in the impact theory
analysis program of Reference 3. The approach provides a method
of accounting for the interference effects missing from the impact
theory analysis, while retaining the thickness and non-linear
lifting effects characteristic of the high Mach number. range.



The basic equation for the combined theory, given in matrix
form, is

IS T
{CP} = [a 7] { 2 C

*
p! (1)
where {Cpl is the column matrix. of upper or lower surface pres-
sure coefficients, [a~l] is the square matrix of aero influence
coefficients, B = YM2-1 where M is the freestream Mach number, and
Cp* represents the upper or lower surface pressure coefficients
calculated using impact theory. The approach requires a one-to-
one correspondence between the linear theory chord plane panels
used to generate the AIC matrix and the surface elements used to
represent the configuration for the impact theory calculation,
i.e., the projection of the surface elements onto the chord plane
must match the linear theory panels. As noted in Reference 1, the
impact pressure options consistent with this analysis are tangent

wedge, and Prandtl-Meyer.

The combined theory was applied to several wing-alone config-
urations in Reference 1, with excellent results for pressures,
loadings, and forces and moments. Only in the case of comparisons
near the outboard leading edge of a 76 degree swept wing were
there substantial differences between predicted and measured
pressures. Further analysis of that problem indicates that the
differences are related to the high sweep angle, and that the
over-predictions encountered will not occur unless the wing sweep

exceeds about 70 degrees.

In Reference 1, the basic equation (1) was used as the start-
ing point for a derivation of closed form approximations for the
lift, drag, and moment on uncambered, wing-like bodies at high
Mach numbers. Comparisons made with force and moment data on
several NASA all-body models, at Mach 5.37 and 7.38, show that
these closed form equations correctly predict the manner in which

thickness, volume, and non-linear angle of attack effects modify



the linear theory predictions. Because of these effects,
unmodified linear theory applied in the inverse optimization mode
will give camber slopes which correspond to incorrect 1lift and
moment constraints. In Reference 1, the combined theory was used
to rederive the optimization equations to properly account for the
thickness and higher order effects on the camber distributions. -

The application of the combined theory to a wing-body config-
uration to calculate pressures and loadings, and to calculate
optimum camber distributions, is discussed in this report. The
necessary modifications to allow the computer programs given in
References 2 and 3 to be used for the combined theory are also

discussed.

WING-BODY ANALYSIS

The wing-body configuration discussed in Reference 4, and
shown in Figure 1, was analyzed at Mach 4.63 using the combined
analysis. The 65 degree swept delta wing has a symmetrical double-
wedge airfoil section of 6 percent thickness ratio and joins the
slender axisymmetric body at 47 percent of the body length.
Pressure data is given on the body and at four spanwise locations

on the wing.

For a wing-body, the basic equation (1) for the combined
analysis can be separated into two equations, one for the body and
one for the wing. To do this, the AIC matrix (a~l) is subdivided

into the submatrices which represent the body-on-body panel
influence (agé), the wing-on-body influence (a@%), the body-on-
wing effects (aﬁ%), and the wing-on-wing panel effects (aﬁ%). The

basic equation then becomes

a_l "l '
o -2 )
P a=l -1 4 CP
BW WW



In terms of lifting pressures, the equations for the body and wing
are, respectively,
B

fac. } = [a=i1 {8 ack b4+ [azd ac }
Py 1 py aws! 2 Py

(2)
_ _l { * } _l *
{Acpw} = laggl ' § CPB + lagyl 4 ACPW}

In the equation for the body pressures (ACPB), the first term is

simply the isolated, or body alone, pressure, and the second gives
the interference contribution from the wing. In the equation for
wing pressures (ACPW), the first term is the interference contribu-

tion from the body, and the second is the wing alone solution.

7=101.60 cm
~—————0.385! 0.540/ —-0.0751
X 650
1
* |0.0831
1 2y/b
258
444
629
815

Figure 1. Sketch of Wing-Body Model from NASA TN D-6480,



Two linear theory methods were considered for the calculation
of the influence coefficients. One was the program described in
Reference 5, which uses surface panels on the body and chord plane
panels for the wing. Although this program gave excellent predic-
tions for the body alone pressures, a stable solution in the

presence of the wing could not be achieved.

The second appfoach was to use an all chord plane represen-
tation (i.e., flat panels of zero thickness), as illustrated in
Figure 2, and to use the program of Reference 2 to compute the
influence coefficients. The pressures and loadings on' the body
were calculated for a variety of impact pressure options using
these chord plane influence coefficients, and the results, partic-
ularly on the forebody, were poor. Figure 3 presents typical
loadings on the body calculated using the chord plane influence
coefficients. For comparison, the surface panel solution and the
experimental pressure differences along the centerline are also
shown. The large pressure peaks shown in Figure 3 are attributed
to the high sweep (81 to 86 degrees) of the leading edge panels.

On the afterbody, the loadings become more reasonable.

Figure 2. Chord Plane Paneling for Influence Coefficient Calculation.
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For the body pressure calculation, it is not really necessary

to use the ag% influence coefficients as computed. If the body-

on-body influence coefficient matrix is replaced by a diagonal
matrix, where the diagonal terms are 4/g, the combined theory will
give the impact theory solution on the body, plus the wing carry-
over effects. If the [ag%] matrix is zeroed out entirely, then
only the wing interference effects are retained. These can be

calculated and added to a separate isolated body solution, e.g.,

the surface panel method of Reference 5.
Figures 4 and 5 show the predicted pressures and loadings on
the body using the latter approach. The isolated body pressures

¥ Mo a2y i QLT L LA GSsLl s aiis ~SUL QLT LY S22 LTS

were computed using the surface panel method of Reference 5, and
the wing interference pressures, calculated using tangent wedge
and Prandtl-Meyer pressure options, were added directly. These
results, compared with the experimental data, show that both the
pressure levels and the loadings are very well predicted, both on

the forebody, and in the interference region on the afterbody.

The results of the chord plane body representation shown in
Figure 3 indicate that the forebody effects on the wing will be
overpredicted. On the other hand, since the results on the after-
body were more reasonable, the carry-over effects from the panels
aft of the wing-body junction should also be reasonable.

The pressure distributions on the wing presented in Figures 6
through 9 were computed using tangent wedge/Prandtl-Meyer (TW/PM)
impact pressures on the wing and aft portion of the body. Three
different pressure options were considered on the forebody. These
were: (1) tangent wedge/Prandtl-Meyer, where the forebody was
treated as a flat plate. This calculation gives essentially the
same carry-over loadings on the wing that unmodified linear theory

gives. (2) A tangent cone (TC) approximation was used, where

Cg =*+2 sinZs
TC
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and 8 is the local surface slope measured from the freestream.
For negative values of §, the minus sign in the above equation is
used. And (3), the wing pressures were computed with the forebody

pressures set to zero.

The results of the calculations for the wing pressures are
compared with the measured data in Figures 6 through 9. Results
from unmodified linear theory on a chord plane representation of
the wing are also shown, along with a standard impact theory
(TW/PM) solution for the wing surface panels. The comparisons at
all four wing stations show that the combined theory gives better
predictions for both pressures and loadings than either linear
theory, or impact theory. For the combined theory results, the
best predictions were obtained for the forebody pressures set to
zero, suggesting that the slender forebody actually contributes
very little influence on the wing. The use of both the tangent
cone approximation, and the tangent wedge/Prandtl-Meyer
calculation, led to overpredictions at the inboard wing stations.
These overpredictions occur along the Mach line emanating from the
highest pressure peaks on the forebody (Figure 3), and reflect the
difficulty in simulating the flow on a slender axisymmetric body

using a chord plane representation.

OPTIMIZATION

Figures 6 through 9 show that at each spanwise location on
the wing, the center of lift is much further forward than
predicted by linear theory. This is because the thickness contri-
butions to the lifting pressures, which become important at high
supersonic Mach numbers, are not included in the linear theory.
Depending on the thickness distributions, the linear theory will
not correctly predict the lift and/or moment characteristics of
finite thickness wings at high Mach numbers. Conversely, the
"optimum" camber distributions calculated using unmodified linear
theory will correspond to incorrect lift and moment constraints.

14



As discussed in Reference 1, the combined theory permits the
inclusion of the thickness effects in the inverse design proce-
dure. The optimization equations from Reference 2 were modified
to include the thickness contributions to the lifting pressures,
and the equations are presented in Figure 10. These equations
were used to calculate the optimum camber slopes on the theoreti-
cal wing from the wing-body configuration in Figure 1. The camber
slopes were calculated at Mach 4.63 for a design lift coefficient
(Cy,) of 0.1 and a design moment coefficient (Cp) of 0.0. The
moment reference center was at 50 percent of the mean aerodynamic
chord (.58). The calculated camber slopes using the combined
theory are compared with the unmodified linear theory results in
Figure 11.

The comparisons in Figure 11 show that there is a significant
difference in the predicted camber distributions. The reason for
the large difference is illustrated in Figure 12, which shows the
lift and moment characteristics for the uncambered wing as
predicted by the combined theory and linear theory. Although the

icgs the ¢
1s Tl S

ac +h
& N N ad

. .
e for this win ¢ the

.
lift curve slo this wing

combined theory shows that the wing is 9.5 percent unstable, while
the linear theory predicts the wing to be neutrally stable. Thus,
the moment constraint (EM.SE = 0.0) is not a driver in the linear
theory analysis, and the camber slopes do not deviate much from a
6.63 degree flat plate angle of attack needed to obtain a lift

coefficient of 0.1.

On the other hand, the combined theory predicts that, at a
lift coefficient of 0.1, the camber must effectively trim out a
moment coefficient of 0.0095., Since the thickness effects shift
the loading forward, relative to the linear theory, the forward
portion of the wing must be drooped more than predicted by the
linear theory to decrease the moment, and to satisfy the moment
constraint. As a consequence of the greater variation in camber
slopes, the minimum drag due to lift is about 5 percent higher

than predicted by the linear theory alone.

15
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OPTIMIZATION MATRIX - Solutlon gives loadings for minimum drag
correspondlng to lift and moment constraints
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OPTIMUM CAMBER - Calculated from optimum loadings

where

Figure 10.

z

o = 3j (ACp;)opT

1
bj

area of element i

influence coefficient (element i on element j)
1+1.26¢+ 0.663/2 €i2 (thickness factor from

Ref. 3 Program) and ¢; is thickness slope
pressure difference on element i

ACp,

ACP2

ACp,

distance from moment ref to centroid of element i

Langrangian multipliers

design lift and moment constraints

Optimization Matrix for Design Procedure.
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The minimum drag characteristics for the wing-body (Figure
l), for the same lift and moment constraints used above, are illus-
trated in Figure 13 as a function of the moment reference location
(Xcg). For these calculations, the panels representing the body
were constrained at 6.2 degrees angle of attack. Without the
camber constraint on the body, the solution tends to give unreal-

istically large camber slopes on the forebody.

0.0140 | S
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C =01
Cy=0@C, =0.
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\
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Figure 13. Minimum Drag Due to Lift as Function of Moment Reference Location.
Wing-Body Configuration @ Mach 4.63
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Assuming the combined theory results reflect the true situa-
tion (a reasonable assumption in view of the results shown in
Figures 6 through 9), the minimum drag is achieved for the center
of gravity at 34 percent of the mean aerodynamic chord. For this
moment reference location, the linear theory slopes give higher
drag. Since the neutral point is incorrectly predicted, the
linear theory camber slopes will also fail to meet the moment
constraint. Because of this, trimming devices would have to be

used, resulting in even higher drag.

COMPUTER PROGRAMS

The computer programs described in References 2 and 3 were
used to perform the combined linear theory/impact theory calcula-
tions described in this report and in Reference 1. Although
various versions of the Reference 2 program may be in use, so long
as the essential subroutines (EVAL, INVW, MDMATE, FCALC, CAMBW and
DCPD) are contained in those programs, they may be used for the
linear theory portions of the combined calculation. For these cal-
culations, only minor modifications to subroutines INVW, MDMATE,
CAMBW, and DCPD are required. It should be noted that only INVW
need be modified to obtain the inverted AIC matrix for use in the
impact theory analysis. For optimum camber calculations, MDMATE,
CAMBW, and DCPD need to be modified. The actual modifications to

these routines are given in Appendix A.

The impact theory program (Reference 3) is used to calculate
the impact pressures, and, using the AIC matrix, to calculate the
combined theory pressures. To perform the pressure calculation, a
new subroutine (CPCALC) is added to the program, along with minor
changes to subroutines PRES and FORCE which provide required
control information. The thickness factors needed in the optimiza-
tion matrix are calculated in CPCALC. The modifications to the

program are given in Appendix B.
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RESULTS AND CONCLUSIONS

The results of this study demonstrate that the combined
linear theory/impact theory provides an accurate, versatile, and
easy to use method for the analysis and design of configurations
at high Mach numbers. The combination of the supersonic linear
theory and the hypersonic impact theory overcomes many of the
problems encountered by the individual theories when used in the
Mach 4 to 8 range. In addition, only the simplest combination of
characteristics from the linear and impact approaches are required
to produce consistently good results. Obligue shock theory (or
Newtonian) and Prandtl-Meyer expansion coupled with a chord plane
representation of the geometry to generate the aerodynamic
influence coefficient matrix is considered the basic calculation
method. However, by partitioning the aerodynamic influence coef-
ficient matrix, the basic approach becomes flexible enough to
permit a multitude of combinations which may become more evident
through continued applications and comparisons with experiment.

The results of the wing-body comparisons show that the
combined theory gives improved analysis results over either the
linear theory or the impact theory methods alone. The application
of the combined theory in the inverse design mode shows that the
use of unmodified linear theory to calculate optimum camber slopes
will lead to incorrect results at high supersonic Mach numbers.
The combined theory offers the prospect of improved high speed
designs by providing a more appropriate optimization procedure.
Only minor modifications to existing state-of-the-art computer
programs are needed to implement the combined theory, and these
modifications will not affect the normal, stand-alone operation of

the programs, nor require changes in existing input data decks.
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APPENDIX A
LINEAR THEORY PROGRAM MODIFICATIONS

The modifications to the lineaf«theory program documented in
NASA CR~-73107 (Part II) are given below. The listings of the sub-
routines affected have been extracted from the NASA documentation
and the appropriate changes are noted.

In the analysis mode, the program is used to generate the AIC
matrix and to write the matrix onto a tapé, Which can be accessed
by the impact theory program. It is assumed that the user will
specify an appropriate output device and the necessary job control
cards to save the output tape. Further, it is assumed that the
AIC matrix will be calculated using the "wing alone" or all chord
plane paneling option. ' The AIC matrix is obtained from subroutine
INVW, as shown in Figure A-1. Note that this is the inverted

matrix, [a~1l].

For the inverse design or bptimum camber calculations, the
MDMATE and CAMBW routines are modified to read in and to use the
thickness factor terms from the .impact theory program. Again, it
is assumed that the user will supply the éppropriate tape number
and job control cards to allow the program to access the output
tape from the impact theory program. Subroutine DCPD should also
be modified in case the configuration is run through a series of
angle of attacks using the calculated camber slopes. The
modification in DCPD corrects the loading distributions (ACp's)
consistent with the combined theory and gives the corrected.lift
and moment characteristics. The calculated camber distributions,
and the corresponding loadings are printed in the normal output
(pages 102-104 in Part II) under the headings "WING CAMBER SLOPES
(DZ2/DX)" and "WING PANEL PRESSURE DIFFERENCE (CL)," respéctively.
Note that with the exception of the input of an indicator to tell
the program to read a tape, all other inputs are unchanged. If

the indicator is placed in an unused field on one of the standard
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SUBROUT INE INVM

4 FOR WING ONLY CASE, STORES MATRIX (A) AND (A} INVERSE ON TAPE
c MAXIMUN SIZE MATRIX INVERSION =110

COMMON DATE(2) ,NTAPEANTAPER,NTAPEC,NYAPEDsNTAPEE JNTAPEF 4 NTAPEL
1: NTAPEDO,NBODY ¢ NWING, XMACH, SYM ,KACE

DIMENSION AWW(115,115)

MCEMEN=115
¢ READ (A) MATRIX INTO CORE, WRITE ON TAPE

CALL FSF{1,NTAPEA, IRRY

00 100 J=1.NHING FROM PAGE 671 OF

READ (NTAPEA) (AWNET,J)yT=1sNWING) REF. 2 - PART II

WRITE (NTAPEE) (AWW(I,J),1=1,NWING)
100 CONT INUE

END FILE NTAPEE

RENIND NYAPEA

¢ INVERT MATRIX (A}

CALL SINVRT{AWW,MDEMEN,NWING, IRR]1,IRR2,SCALE ,DE VT(NDETXP)
IF (I]R1}) 15042004150
150 WRITE (NTAPED, 6000) IRR1,IRR2,SCALE
REWIND NTAPEE
sYop

200 CONTINUE
0N 250 J=1,NWING

(::) o MRITE (NTAPEE) (AMN(T,3),1<1,NWING)

250 CONT INUE
END FILE NTAPEE
REWIND NTAPEE

6000 FORMAY{ 1H],38HERROR IN INVERSION OF WING ONLY MATRIX
195Xy 6HIRRE =913¢5X46HIRR2 3413, 5X, 7HSCALE =,E12,.6)

RETURN
END
O MTAFES= _%
WRITE CHTAFES) AWM (Ja1> s I=15MWING

* REQUIRES DEFINITION OF NTAPES

Figure A-1. Modifications to Subroutine INVW,



input cards, such that it defaults to zero if not specified, then
the modifications, given in Figures A-2 to A-4, will not affect

the normal operation of the program.

SURRCUT INE MDMATE

FORMATICON DF DRAG MINIMIZATION MATRIX
MAXTMUM SIZE MATRIX INVERSION =112
MUST BE 2 PLUS MAXIMUM NUMBER OF WING PANELS{110)

(g Nala)

COMMON DATE( 2) 4 NTAPEA,NTAPEB,NTAPEC,NTAPEDNTAPEE ,NTAPEF (NTAPE]
Lo NTAPEO,NBODY o NWINGy XMACH, SYMKACE
( ) DIMENSION WW{1155115)¢XBAR(210),AREA{210)
MDEMEN=11S5
READ (NTAPEC) NBODY,NWING,XMACH,SYM,KACE
NPANEL «NBODY ¢+NWING
READ (NTAPEC) (I¢XBAR(I)DUMMYL ,DUMMY2,DUMMY3 ;DUMMY4& ,DUMMYS

Lo AREAUT) ¢ DUMMY 6, DUMNY T, DUMMY B, 1 =1 ,NPANEL)
REWIND NTAPEC

DO 100 J=1,NWING
READ (NTAPEE) (WW(T1,J3,1=1,NWING)
100 CONT INUE

<:> REWIND NTAPEE FROM PAGE 686 OF
DO 200 I=1,NWING REF. 2 - PART II
1=1

11=1+NBODY
DG 200 J=1,1
JJI=J3+NBODY
WHlT o J)==WWl{T,J)®AREACTIT)Y-WWIJ, I)®AREA(JY?
LLAREFRREL L1 EWD)
200 CONTINUE

@ COMMOM ~EFACT <EMD 61100
DO S0 J=1sHUTHE
0 EMDOdxy=1.10

FEAD (S~ 33" BEIND
FORMAT CF10, 15
IF <EIMD.E2.0.0x 50 TO 170

N

i)
L

MTAFET= % _
FEAD CHTAFETY CEMDCTS s I=1s HWI MG
00 150 J=1sMWING
DO 150 I=1-HWING

150 W CTa =0T e I <EMD ¢ T4

170 COMTINLE

* REQUIRES DEFINITION OF NTAPET

Figure A-2. Modifications to Subroutine MDMATE.
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SUBROUTINE CAMBW (NW.NTAPEX,A,CLW,ALPHAW)

<::> DIMENSION A(Y),ALPHAWI(1)4CLW{1)
c FOR WING UNLY CASE, COMPUTES NORMAL VELOCITY COMPONENTS ON WING
CO 1C0O J=1,NW
100 Eom i 70-0 FROM PAGE_506
DO 200 J=1,NW REF. 2 - PART

READ {NTAPEX) (A(I),1=1,NW}
D0 200 I=le.NW
ALPHAW( I} =ALPRAWII)+A{T)*CLWIJ)}

200 CONTINUE
®—>
RETURN
END
CcOMmMON ~BEFARCTEMDCIT0)
DO 200 I=1aMU

ALFHAL CIY =ALPHAW (1) ~EMTCIY
00 COMTIMUE

®

Figure A-3. Modifications to Subroutine CAMBW,

SUBROUT INE DCPDUNM,NTAPEX,A, ALPHAM,CLM)
[ COMPUTES WING PANEL PRESSLRE DIFFERENCE
: : DIMENSION A(1l),2LPHANM{]1),.CLMI])
DO 1CO J=1,N™ FROM PAGE 535 OF
(LM[42=0.0 REF. 2 - PART II

100 CONTINUE

D0 200 J=1+NM
READ (NTAPEX) (All)s1=1,NM)

DO 200 I=1,NM
— —EL M e AL AL PHAMN L) ——
200 CONTINUE

RETURN
END

COMMON ABFACTEMOCL1 L 00
CLMOTYy =CLM STy +A I «ALFHAM Oy «EMD G

Figure A-4. Modifications to Subroutine DCPD.

OF
I



APPENDIX B
IMPACT THEORY PROGRAM MODIFICATION

-~ 2 I8 Ty L

ifications to the impact theory program documented in
AFFDL-TR-73-159 (VOl. III) are discussed below. Two subroutines

(PRES and FORCE) are modified, and a new subroutine (CPCALC) has
been added.

The m

In the PRES routine, two control parameters (IWOOD and IROW)
are read in and placed in common. The required changes are given
in Figure B-1. The card identification numbers correspond to the
ID numbers in the reference listing. The modifications to the
FORCE subroutine are given in Figure B-2, and the subroutine
CPCALC is listed in Figure B-3.

The parameters IWOOD and IROW control the calculation of the
indices of the influence coefficients corresponding to the impact
theory panels. IROW is the number of panels, leading edge to
trailing edge, in the linear theory representation. Three options

are provided for IWOOD. These are:

IWOOD 0 The normal operation of the program is unaffected.

IWOOD

]
=

The AIC matrix will be read-in and the combined
theory pressures, and forces and moments will be
calculated. The strip input option is used to
define the geometry. The upper surface panels are
input in the same order as the linear theory
panels. The lower surface panels are then input
in reverse order, i.e., the last panel on the
lower surface corresponds to the first panel of
the upper surface.
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REFLACE PRES 2 WITH
CaMMOr ~SDATASLTOTy Je =5MFCT s IORM IGTYFESL 1000 ITROW

REFLACE PRES 53 WITH
READ CTAFEIMs &0 MCOMPs IFSAYEs TITLEs IWOOD s IR0

REFLACE FRE=Z 54 WITH

20 FORMAT CIZaI1»3=s15R421

rl }
fa

Figure B-1. Modifications to PRES Subroutine,

FEFLACE FORD 12 WITH
COrMON <GDATHSLTOT s Je =VMFCT Y IORN IGTYFESL» TWMODDs IROW

IMZERT EBETWEEHM FORC 23 AND FORC 24
SZ4r s BEETAMS DELT 224

COMMOMN < CPRRRY - ICPZsLTZCRE

IMZERT EETWEEM FORZ 25 AMD FORC
EBETAM=Z0FRT iMACH»®z -1 .
IEP§=—1

1 ICPE=ICP=+1

S22 AMD FORC 224

1
rn

IMZERT EETWEEH FORLZ
DELT cL»=DELTAR

IMNZEFT EBETWEEM FDRZ S71 AMD FORC S72
IF CICPE.EQ.Ox CPZoLN=CF
IF <ICPZ.ED.1Y CR=CRPE L

IMNZERT EBETWEEM FORCZ 743 AMD FORC 750
IF CdICPEZLES. Gy JAMD, CIMOOD.HE. 02 CALL CRCALC
IF CICPZ.EG.1Y 50 TO 1

Figure B-2. Modifications to Subroutine FORCE (Next, 1G4S),



SUBROUTINE CPCALC

COENBDNDROOBNES

C THIS ROUTINE USES THE INVERTED MATRIA (A) FROM WOQDWARD
C TQO ADJUST THE COMPONENT CP VALUES CALCULATED IN FORCE SUBR,
CQ..QQ'OOQO0.0!
COMMON /GDATA/ZLTOT 9UJesSYMFCTy JURNSIGTYPEsLL s IWQOOD oNROW
COMMON /CPARRY/ ICPSsLTSsCPS1224)sBETAMIFACTIDELT (2248)
COMMON /TAPE/ TAPEINSTAPEQ)
DIMENSION CP(224)9A(1109110) y it s8(110)

c
C
c
10
c
C
c
15
C
C
C
a0
C
C
c
25
30
C
C
c
40
c
c
200
2L0
220
230

INTEGER TAPEINy TAPEOT
READ (A) ARRAY

NTAPEILS
REWIND]

LT= 2°(LVS/2)
L=LT/£

bu 0 181l
READ (NTAPE200) (A({sJ)sJmlol)

CONT INUE
CALCULATE THICKNESS FACTOR
10 1S JsL1slT .
thRUqu“N&ON“((J-LI)INRUW)-(J-LL)
F(IWOODgEQqe2) M3 =NRUN=2ONROWS ( (U=L 1) /NROW)
TAs (DELT (M) SDELT(J) ) /2
ALPH=(DELT(J)-DELT(M))/Zo
HIMIE]L 2] e 2PBETAMOETAS 69BETAMYS | ,SEETABYR

CALCULATE UPPER SURFACE
DO 20 1=l

0 =1l
cP(I)= P(l) + A(I2J)®CPS (V)
CONTINUE

CALCULATE LOUWER SURFACE

00 30 I=L1lsLT

CP{I)=0,
KENROW+2ONROWS ( ([=L 1) /NROwW)¢]l=(]l=])
IF (IWQODeEQe2) Rl =NROW=28NROW® ((I=L 1) /NROW)
DO 25 J=L1:LT
MENROW+ Z28NROWe ( (U=L 1) /NROW) =(J=L1)
éF(INOUD.Eu.e)MSJ-NRON-ZéNROHO((u-Ll)/NROW)
P(I)=CP(]) ¢ Aa(KyM)eCPS(J)
CONTINU
CP(I)=CP(1)#BETAM/ 4,
CONTINUE
WRITE CPS ARRAY FROM FORCE SUBR.
WRITE (TAPEQT.210)
WRITE(TAPEQT 9200) (CPSI(tL)si=1s TS
D0 40 I=lsLT
CPS(1)=CP (1)
CONTINUE
WRITE CP ARRAY CALCULATED HERE
WRITE (TAPEQTIs220)
YgggEl(TAPEOTsZOO) (CPS(L)vl=14LS)
WRITE(TAPEOT230)
WHITE(TAPEUT9200) (m(I)sei=1sl)
FORMAT(1Xs8EL1S,8) )
FORMAT (1H]1 920X 3SHCOMPONENT (P VALUES FROM FORCE SUBRe//)
FORMAT (1H192UX 9 28HADUUSITED COMPONENT CP VALUESe//)
FORMAT (1m])
RETURN
END

Figure B-3. Subroutine CPCALC
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IWOOD = 2 The combined theory calculations are performed,
but the geometry is input in the NASA wave drag

format.

When the combined calculations are performed, the unmodified
impact pressures are computed, along with the forces and moments,
and output in the normal output format. Then the combined theory
pressures, and the corresponding forces and moments, are calcu-

lated and output at the same angle of attack. The output is,
again, in the normal output format.
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