NWC TP 5761

Method for Calculating Induced

Rolling Moments for Crucﬁorm

Canard Missiles at Angles of
Attack up to 20 Deg.

— by

TECHN] M. J. Hemsch
AL J. N, Nielsan _
M. F. E, Dillenius
JUN 2 6 1975 {  Nielsen Engineering & Research, Inc.
L ' for the
Alrcraft Systems Department
NWC, CHia' LAKE v .p.
' —-l MAY 1976

THIS REDACTED VERSION APPROVED FOR .
PUBLIC RELEASE ON AUGUST 26, 2010

CHINA |LAKE, CALIFORNIA 83868

Naval Weapons Center




Naval Weapons Center

AN ACTIVITY OF THE NAVAL MATERIAL COMMAND
R. G. Freeman, Ili, RAdm., USN . .. ... . . ... . . . . . Commander
G. L. Hollingsworth . . .. o Technical Director

FOREWORD

This report documents an effort to develop engineering methods to predict the aerodynamic
induced rolling moment characteristics of canard controlled missile airframes.

The work was performed by Nielsen Engineering & Research, Inc., Mountain View, Calif.,
during the period from November 1973 to April 1975 under Contract NO0O123-74-C-0829 with the Naval
Weapons Center (NWC). Funds were provided under Task Area No. F3234401, Work Unit No. 151931.
This report has been reviewed for technical content by R. E. Meeker, NWC technical coordinator for the
contract, and J. R. Marshall.

Released by Under authority of
R. W. VAN AKEN, Head M. M. ROGERS, Head
Aeromechanics Division Aircraft Systems Department
5 May 1975

NWC Technical Publication 5761

Published by . . . . . . . . . . e e e Aircraft Systems Department
Manuscript . . . 0 . ¢ o i e e e e e e e e e 5362/MS 7595
Collation . ... .. .. . e e e e e Cover, 102 leaves

First printing . .. ... ... ..... e e e e e Ve e 140 unnumbered copies

- st



UNCLASSTIFIED —

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMDT BTN e RM
1. REPORT NUMBER 2. GOVT ACCESSION \NO. 3. RECIPIENT'S CATALOG NUMBER
NWC TP 5761
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
Method for Calculating Induced Rolling Moments Final Report
for Cruciform Canard Missiles at Angles of Attack| November 1973-April 1975
up to 20 Deg 6. PERFORMING ORG. REPORT NUMBER
NEAR TR 85
7. AUTHOR(s) . ' 8. CONTRACT OR GRANT NUMBER(s)

M. J. Hemsch, J. N, Nielsen, and

M. F. E. Dillenius © N00123-74-C-0829
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ';SgiR&AwOERLKEUEINTT.NF:JRMOEJEECT TASK
Nielsen Engineering & Research, Inc. gro ram %%ggﬁzt 62332N
, roject
510 Clyde Avenue _ Task Area F32344001
Mountain View, California 94043 Work Unit 151931
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Naval Weapons Center May 1975
China Lake, California 93555 “'i&?BER°FPAGES

14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED

15a. DECLASSIFICATION/DOWNGRADING
SCHEDuU

16. DISTRIBUTION STATEMENT (of this Report)

Distribution limited to U.S. Government agencies only; test and
evaluation; 5 May 1975, Other requests for this document must i
be referred to the Naval Weapons Center. :

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Aerodynamic Configurations Computer Programs
Cruciform Wings Subsonic Flow
Canard Configurations Transonic Flow
Aerodynamic Loads . Supersonic Flow

Missile Aerodynamics
20. ABSTRACT (Continue on reverse slde if necessary and identify by block number)

See back of form.

DD , %M 1473  Eoimion oF 1 NOV 65 1S OBSOLETE UNCLASSIFIED
S/N 0102-014- 6601 |

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




UNCLASSIFIED

LLCURITY CLASSIFICATION OF THIS PAGE(When Data Entel"ed)

(U) Method for Calculating Induced Rolling Moments for Cruciform
Canard Missiles at Angles of Attack up to 20 Deg, by M. J. Hemsch, J. N.
Nielsen, and M. F. E. Dillenius, Nielsen Engineering & Research, Inc. China
Lake, Calif., Naval Weapons Center, May 1975. 202 pp. (NWC TP 5761,
publication UNCLASSIFIED.) o

(U) An engineering predictive method has been developed for calculating
the induced roll characteristics of canard-cruciform missiles at subsonic,
transonic, and supersonic speeds. The use of pitch control and yaw control of
the canard fins is included but the use of roll control is not. The steps in the
predictive method are outlined. Sample calculative cases are carried out in
detail for both transonic and supersonic speeds. The four computer programs
used in the analysis are described and listed, and sample input and output are
given. Good agreement between predictions and experiment is shown for angles
of attack up to 20 deg.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




NWC TP 5761

CONTENTS
Nomenclature .......... etieiteeanaaaa Ceeeeneeaanaan e e
Introduction ........... feeetiesieens Cheeeeiearaaas Cereeseeeeaaaa,
Preliminary Considerations .......eeeeeeeeeee... ‘......,..;...; .....

Calculation of Rolling Moments Due to Interaction
of Nose Vortices With Canard Fins ..... ceaen Ceeeseseenne
Axial Starting Positions of Nose Vortices .......iciieecececnes
Nose Vortex Positions at Canard Leading EAGeS .ievieceecacecenn
Nose Vortex Strengths at Canard Leading EAgeS ....ceeeececcess
Tracking Nose Vortices Past Canard Section ...................

Equivalent Angle-of-Attack Concept for Cruciform

Wing~Body COmbinations ....eiieeieseosscscncascsnsecsanns .
Planar Wing-Body Combination at Angle of Attack

With No Fin Deflection; No Bank ...cececeeeevsenn ceeesnnsn
Planar Wing-Body Combination With Fin Deflection

at Zero Angle of Attack; NO Bank ....vieecenencescnansnans
Planar Wing-Body Combination With Fin Deflection

at Angle of Attack; NO Bank ....eeceeceesonsoncnonnnsosen
Body Upwash and Reflection Plane Effects for

Banked Cruciform Wing-Body Combination ........... ceeseas
Increments in Equivalent Angle of Attack ,

_ Due to Sideslip on Fins ..eeeeeveceveneennnns ceherenanaen
Sideslip With No Fin Deflection ......e.eeec... cteescaen s
Sideslip With Fin Deflection and No Bank ......... cessanens .o
Equivalent Angles of Attack for the General Case

for Canard FinS .....eeee-.. seesacsssonssnan ceeconne ceecean
Equivalent Angles of Attack for the General Case
FOr Tail FANS tieurnennenenenenenenennonenennnnnns cesaesan

Induced Roll Due to Panel-Panel Interference ....... cesetaseannenns

Vortex Development Over Aftérbody ce s eessessssacscencsssasatancsanncn
Calculation of Canard Fin Trailing-Vortex
Strengths and Initial Positions .....¢.cceeevecans ceesennn
Calculation of Initial Positions of
Afterbody VOrticCesS .iiieeireseeensoneesossacssasannsnnanss .
Vortex Tracking Over Afterbody ettt teeeieeaaea. cees

Induced Roll Due to Vortex-Fin Interference ......eeeeeeeeesscscces

22

23

23

24

24

26
27

29




NWC TP 5761

FPirst Calculative EXampPle ....eeeeeaceeeeoacnnenannsennses e 30
Geometric and Aerodynamic Characteristics ....iieeieceeecananns 31
Canard Panel-Panel Interference .........ceeeeeecenuscscnsanan 33
Canard Vortex Strengths and Positions .....cieeieceecacceasnn .. 34
Body Vortices .......... et seean e tecssearannns Ceeseaanseaea 37
Multiple Afterbody Vortices .......coe... et ceieenneans Ceeaeaen 38
Vortex Trajectories and Empennage Rolling Moment ...... eeeeae 40
Summary Of ReSULtES it iit e ineatceneesssaoscsaascsssnnsanansns 42

Second Calculative Example ...veeeeceresesenns et es e 43
Canard and Tail Aerodynamic CharacteriStiCs ..eeeveieeeaeccean. 44
Canard Panel-Panel Interference .........cieiiiiieeeenncsacenn 45
Canard Vortex Strengths and Pecsitions ....... et eerecteeneanans 47
Afterbody Vortices .....cieciecenceaenn. C et r et ettt 48
Multiple Afterbody Vortices ............ e veee.i. 50
Tail Rolling-Moment Coefficient ...........ccciviieanns ceese.. B2

Concluding Remarks ....icevieencesss Ce e iseee et et 55

References .....viieinneinnnns e 57

Appendixes:

A. CRFWBD, A Computer Program for Calculating

Aerodynamic Characteristics of Cruciform

Wing-Body Combinations in Supersonic Flow ......... reeeenn 83
B. CRUTRJ, A Computer Program for Calculating

the Trajectories of Frée Vortices in the Presence

of a Cruciform Wing-Body Combination ....... et 153
C. REVFLO, A Computer Program for Calculating

Vortex-~Induced Rolling Moments of

Cruciform Wing-Body Combinations .........ceecueseecens ».. 169
D. VCHASE, A Computer Progran for Calculating
the Trajectories of Canard and Afterbody Vortices ..... ... 183

ACKNOWLEDGMENT

The authors would like to acknowledge the contribution of
Mr. Richard Meeker of the Naval Weapons Center in helping to carry
out the wind-tunnel tests and in administering the contract work
in a helpful and timely manner.




o
B

o o B e

CNC1,CNC2,

CNT1,CNTZ2,

CRMC1,CRMC2,
CRMT1,CRMT2,

cl,cz,

gl’ga’

NWC TP 5761

NOMENCLATURE

,Left afterbody vortex
Right afterbody vortex

Aspect ratio
Body radius-

Value of elliptic component of span loading at the
fin-body junction

Value of linear component of span loading at the
fin-body junction

Rolling-moment coefficient of canard section;
rolling moment/quer; positive clockwise looking
upstream

Rolling-moment coefficient of tail section;
rolling moment/quRﬂr; positive clockwise looking
upstream ‘

Fin normal-force coefficient; fin normal force/'qoosR

Normal-force coefficients associated with Cl, C2,

etc. .
Fin normal-force coefficient for fin i

Normal-force coefficient of "tail alone" formed by
joining two opposing tail fins

Normal-force

coefficients associated with T1, T2,
etc, ;

Normal-force
joining two

coefficient of "wing alone"
opposing canard fins

formed by

Normal-force coefficient of two opposing canard fins
in the presence of a body

Rolling-moment coefficients associated with Cl, C2,
etc.

Rolling-moment coefficients associated with Tl, T2,
etc,

Canard fins; also, vortices associated with canard fins

Large-aspect~ratio canard fins used in NWC-MICOM test;
see Ref., 5 )

Low-aspect-ratio canard fins used in NWC-MICOM test;
see Ref, 5 '

Crossflow drag coefficient

Axial distances used in correlating multiple body-
vortex data; see Fig. 15
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See step 3 on page 8

Wing-body interference factor for fin normal force;
ratio of normal force on fins €2 and C4 at o = as
¢ =0, =6, =0 to that on the wing alone formed

by C2 ana C4 at a=a,
Wing-body interference factor for horizontal fin
associated with aBf coupling

Wing-body interference factor for vertical fin i
associated with af coupling

Wing-body interference factor for horizontal fin
associated with a5 coupling

Wing-body interference factor for vertical fin i
associated with a5 coupling

Wing-body interference factor for horizontal fin
associated with BéH coupling

Wing-body interference factor for vertical fin 1
associated with 6, coupling

Wing-body interference factor for fin deflection;
ratio of normal force on fins C2 and C4 for
a=pf=0 and 8_=06, #0 to that on the wing
alone formed by &2 “and C4 at a = 6, =0,

Reference length, body diameter; 0.75 inch for

calculative examples
Crossflow Mach number, Mmsin ac
Free-stream Mach number

Left body nose vortex

Right body nose vortex
Free-stream dynamic pressure

Crossflow Reynolds number

Local radius of missile nose

Radius of nose tip at juncture with rest of nose

2 2
‘/yv + ZV

Strouhal number
Crossflow area in front of canard fins

Reference area

i

i

i
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Fin maximum semispan measured from body centerline
Free-stream velocity

Missile body axes; x measured positive downstream
along body rotational axis, y measured positive to
right in the plane of C4, and 2z measured positive
upward in the plane of Cl

x-coordinate of area centroid of canard fin planform
x-coordinate of leading edge of canard root chord

x~coordinate of separation position for body nose
vortices

Special set of x,y,z axes for ¢ =0

Position of vortex in crossflow plane in unrolled
body coordinates

Lateral distance from x axis to fin center of
pressure :

Angle of attack, a cos ¢

Included angle of attack, angle between x axis and
free-stream velocity

Resultant angle of crossflow at body centerline due to
free-stream flow and external canard vortices

Average value of Ar between two axial stations

Equivalent angle of attack; that angle of attack of
the wing alone for which its normal force is twice
that of the fin; the wing alone is formed by joining
two opposing fins together

Change in due to a collection of external
vortices ang their images

Angle of sideslip, ac51n ¢

Strength of vortex, positive counterclockwise

Strength of body nose vortex for symmetrical vortex
shedding

Incidence angles associated with fins Cl1l, C2, etc.;
for ¢ =0, 8, and 8, are positive for trailing
edges to the right viewed from the rear, and &,

and 64 are positive for trailing edges down
Incidence angle for pitch associated with the
horizontal fins C2 and C4

Incidence angle for yaw associated with the vertical
fins Cl and C3
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Ratioc &f the nose tip radius tc the nose base radius

Half angle of body nose for pointed body; also,
angle between tangent to nose at juncture of spherical
nose cap and rest of nose and the body axis; see Fig. 2

(¥ - a)’/(sm:‘ - a)

Direction of resultant crossflow velocity at body
centerline due to free-stream flow and external
canard vortices; measured counterclockwise from
positive Yo axis

Ratio of fin tip chord to root chord

Kinematic viscosity

Angle between asymptotlc trajecLory of a torn body
vortex and the body axis

Roll angle, angle between 2z axis and z, axis;
positive measured clockwise viewed from rear
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METHOD FOR CALCULATING INDUCED ROLLING
MOMENTS FOR CRUCIFORM CANARD MISSILES
AT ANGLES OF ATTACK UP TO 20°

INTRODUCTION

In 1973, Nielsen Engineering & Research, Iné. (NEAR) under the spon-
sorship of the Naval Weapons Center, China Lake, CA, carried out an
1nvest1gat10n to determine the state of the art concernlng existing theory
and experiment for the induced-roll characteristics of cruciform canard
missiles, References 1 to 3 represent progress reports on this investi-
gation, and Ref. 4 is the final report. Under Contract No. N00123-74-C-
0829 to the Naval Weapons Center, NEAR was funded to carry out additional
experiments and analysis necessary to improve the state of the art with
respect to predicting the induced-roll characteristics of cruciform canard
missiles. References 5 and 6 report on the experimental work performed,
and Refs. 7 and 8 report on the analytical work accomplished. The present

report is a final report summarizing the work of Refs. 5 to 8.

The primary purpose of this report is to summarize the prediction
method developed by NEAR for predicting the induced-roll characteristics
of cruciform canard missiles undergoing pitch or yaw control with the
canard fins at subsonic of supersonic speeds for a range of angles of
attack up to 20°., The necessary information to apply the method to cal-
culations for practical configurations is contained in this report. For
instance, the details of how to utilize several computer programs used in
the method are contained in the appendices to this report. For illustrative
purposes, the method is applied to two example cases for the AIM-9L missile,

one at subsonic speed and one at supersonic speed.

The computer program reported in Appendix A is an extended version of
a cruciform wing-body lifting-surface program developed during the first
year of an Office of Naval Research contract®and reported in Ref. 9. The
program of Appendix A was developed under an extension of the above
contract.** NEAR wishes to thank the Office of Naval Research for permission

*Contract No. N00014-74-C- 0050, ONR Task NR 215- 226, Technical Monitor:
Mr. D. S. Siegel.
**pechnical Monitor: Mr. T. L. Wilson.
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to publish the operating details of the extended program prior to the
detailed ONR technical report on the subject.

PRELIMINARY CONSIDERATIONS

Consider the canard missile configuration shown in Fig. 1. The
experimental work on this configuratioh completed during this investigation
and reported in Refs, 5 and 6 hae shown that the following sources of
static induced rolling moments can be important for included angles of
attack in the range 0 < ac'g 200°: .

1. Panel-Panel Interference: This source of induced roll is due to

nonlinear lift effects on a cruciform set of fins at combined angles of

attack and sideslip.

2. Nose-Canard Interference: At sufficiently high angles of attack,
separated flow wi;l develop on the missile nose. Although, for the ac's
of interest here, the separated flow will be symmetrical about the plane
containing the wind and body axes, a canard fin configuration at nonzero
bank and/or fin deflection angles will produce a net rolling moment due to

the nose vorticity. ' This component of induced rolling moment is usually

small for @, < 20° except for long noses.

3. Canard-Tail Interference: The trailing vorticity from a canard

fin configuration. with nonzero bank and/or fin deflection will interact

with the tail fins to produce a net rolling moment.

4, Afterbody-Tail Interference: Separated flow (body vortices)‘from
the afterbody section of the missile at angle of attack will interact with

the tail fins to produce a net rolling moment,

The lifting-surface computer program of Appendix A is used for the
calculation of panel-panel interference. The program, which is applied to
induced rolling-moment calculations in Refs. 7 and 8, solves the linear
wave eguation using elementary constant u-velocity panels to approximate
the body and the fins. A nonlinear pressure coefficient is then used to
account for effects of sideslip. Similar computer programs for subsonic
and transonic speeds have not yet been developed. Hence, for these Mach
numbers, the method uses modified slender-body theory (Ref. 10) to account

for panel-panel interference,




NWC TP 5761

To account for nonlinear lift effects on fins at the high angles of
attack resulting from missile incidence and fin deflection, a correlation u
method based on the concept of an "equivalent angle of attack" has been
developed. The equivalent angle of attack,Aaeq, is defined to be the angle E
of attack at which the normal force generated by a wing-alone formed by :
two opposing fins is equal to the normal force actually generated by the 5
fins in the presence of the‘body. "It is calculated from slender-body r
theory for subsonic and transonic speeds (and from the lifting-surface ‘
computer program for supersonic speeds)using the wing-body interference L
factors presented in Ref. 7. The'equivalent angle-of-attack method was |
previously utilized in Ref., 11 for symmetrical missile configurations. The
wing-alone correlations based on the aeq concept are used to correct

loads calculated by the slender-body and lifting-surface methods.

Separated flows from the nose and afterbody sections are modeled as |
two potential line vortices. The missile station at which separation [
begins; that is, the station at which the vorticity is rolled up, is ;
determined from an empirical correlation. The vortex positions on the
nose are also obtained from an empirical correlation. The strength of the
nose vortices at the leading edge of the canards is then calculated using
the vortex impulse theorem (Ref. 10) and the crossflow drag coefficient \
correlations given by Fidler and Bateman in Ref. 12. The positions of
all vortices downstream of the canard leading edge are calculated using ;
slender-~body theory. The aftefbody vortices are assumed to grow unsym- i
metrically under the influence of the canard and nose vortices. The
strengths of the afterbody vortices downstream of the canard trailing edge
are assumed to be given by the vortex impulse theorem and the crossflow
drag coefficient correlations of Fidler,

Vortex—fiﬁ interactions are handled by reverse-~flow methods using
modified slender-body theory for span loadings. Although the lifting-
surface program could be used for this purpose for supersonic speeds, its
greater cost and complexity is not usually justified on the grounds of

accuracy as is shown in Ref. 8.
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CAFCYLATION OF RQLLING MOMENTS DUE TO INTERACTION
OF NOSE VORTICES WITH CANARD FINS

For the angles of attack of interest here, the nose vortices of most
canard configuredlmissiles will be too weak to cause significant rolling
moments when thay: interact with the canard fins. However, missiles with
long forebodies such as "finners" (no forward lifting surfaces) usually
experience significant rolling moments due to body vortex-fin interaction.
The method presented below for handling nose-fin interactions is applicable
to both configurations. The steps involved in the method are as follows:

1. calculate the axial starting positions of the nose vortices.

2. Determine the nose vortex positions in the crossflow plane at
the leading edge of the canard fin root chord.

3. Estimate the nose vortex strengths at the positions given by

step 2.

4, Track the nose vortices over the canards to the crossflow plane

containing fin area centroid.

5. Using reverse-~flow methods, calculate the rolling moments due to

nose vortex-fin interaction,

The first four steps are described in detail in the following subsections.

Step 5 is described in the section on vortex-fin interference.

AXIAL STARTING POSITIONS OF NOSE VORTICES

As the angle of attack of a body of revolution increases, flow sepa-
ration occurs on the leeward side. Separation first occurs at the aft end.
As the angle of attack is increased, the separated region extends forward
until it finally covers most, if not all, of the body length, For the
angles of attack and nose lengths of interest in this report, the separated
flow on the nose has been observed to consist of a pair of symmetrical
concentrated vortices (e.g., see Refs, 10 and 13). The approximate starting
positions of these vortices must be determined if correlations of their
positions downstream are to be developed. Although there is some uncer-
tainty associated with the experimental correlation of the origin of
separation, the correlation should be used in conjunction with the corre-
lations for downstream vortex positions for consistency. It is assumed

in all that follows that the nose is a body of revolution.

10
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The following rules were devised to guide the user in applying the

method in a consistent manner (see Fig. 2):

1. If the angle of attack is less than 4°, assume that no body

vortices appear anywhere on the missile.

2, If the nose is pointed and the nose half-angle, 7, is greater
than 30°, treat the nose as if it were blunt.

3. If the nose is pointed and the angle of attack is greater than 7,

the nose vortices begin at the nose tip.
4. If the nose is pointed and 4°< a, < 7, then the origin of the
nose vortices is given by

X

s—- —_
= =321 (1)

5. If the nose is blunt, determine the ratio of the nose tip radius
to the nose base radius. If the ratio is 0.2 or less, treat the nose as
pointed and use the angle between the body axis and the tangent at the
interface of the nose tip and the nose afterbody to obtain an effective 1.

6. If the nose is blunt and the ratio of the nose tip radius to the
nose base radius is greater than 0.2, then the origin of the nose vortices
is given by

X o
_S= 2 + __10__ (2)
a .

- o]
e 4
The rules given above are presented in flow chart form in Fig. 3.
If xg 1is greater than the distance to the leading edge of the tail fins,
there will be no body vortices according to the method. If x4 is
greater than the distance to the leading edge of the canards, there will

be no nose vortices.

NOSE VORTEX POSITIONS AT CANARD LEADING EDGES

If nose vortices are present, their positions in the crossflow plane
at the leading edge of the canard root chord can be estimated from corre-
lations given in Ref., 14 and reproduced in Fig. 4. The data are shown as
functions of distance along the body from the origin of separation given

11
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by equations (1) and (2). Note that the axial distance along the body is
normalized by the body radius at the base of the nose and that the positions

are normalized by the local body radius.

The lateral vortex positions in Fig. 4(a) appear to be a function of
Mach number and have been resolved into two faired curves. The two recom-
mended curves are shown for Mach numbers less than and greater than one.
The vertical vortex positions in Fig. 4(b) have been resolved into one
faired curve. The data did not seem to have strong Reynolds number depen-
dency as long as the free-stream Reynolds number based on diameter was at
least 10°. ‘

NOSE VORTEX STRENGTHS AT CANARD LEADING EDGES

If the quantity [(xl e

the correlation curves of Ref. 14 which are given in Fig. 5 should be used

- x/)sin ac/a] is greater than or equal to 4,

to calculate the nose vortex strengths. Note that the axial distance along
the body is normalized by the body radius at the base of the nose and that
the strength data are also normalized by the base radius. Also note that
two faired curves have;been drawn, one each for subsonic and supersonic
flows.

1f the quantity [(xz o. X )sin a_s/a] is less than 4, use the following
procedure based on the vortex impulse theorem (Refs, 8 and 10):

1. Calculate the body planform area, S between X and the leading

C’
edge of the canard fin root chord.

2. Calculate the crossflow Reynolds number; that is,

R = Vysina (2) (3)

3. Calculate the crossflow Mach number; that is,

M_ = M sin a : (4)
4. Use the correlations developed by Fidler and Bateman in Ref. 12

and reproduced in Fig. 6 to get €d,- If the flow conditions present

indicate that the body boundary layer is turbulent at the point of sepa-

ration, then use the "turbulent" curves in Fig. 6 even if R < 10°.

12
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5. Calculate the nondimensional nose vortex strength from the

following equation

.2
r sin“qg .
N 1 c
5= = 5= (cg.) (5.) — (5)
Zﬂ%rr 8T dc c rz(iY)(l-rz)
2
v

In summary, if [(x -xs)sin ac/a) 2 4, use Fig. 5; otherwise, use

f e.
equation (5).

TRACKING NOSE VORTICES PAST CANARD SECTION

Fins Not Deflected

The method for tracking the nose vortices past the canard section
assumes that the crossflow plane or slender-body approach is valid. The
necessary equations are given in Appendix A of Ref. 8. The computer
program which carries out the calculations is called CRUTRJ and is
described in Appendix B. If a vortex appears to be "captured" b§ its
own image vortex, it should be eliminated from the calculation of vortex

loads. By "capturing" we mean that a vortex has moved so close to the

body (or fin) surface that its image vortex dominates its movement. See
Ref. 8, pages 16-17 for further discussion. Run the calculations to the
axial location of the fin area centroid, x /. The method assumes that

cen.

the vortex locations in the crossflow plane at Xcen will give the most

accurate loads.

Fins Deflected

The computer program CRUTRJ cannot handle the case when the canard
fins are deflected. However, a simple approximation described in Ref. 8,
page 18, is adequate. The approximation consists of using CRUTRJ with the
fins undeflected and then moving the nose vortices normal to the fin a
fraction of the chord to account for the turning of the flow due to the

fin deflection. To use the method do the following:

1. Run CRUTRJ with fins undeflected to the axial station corresponding

to fin planform centroid.

13
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2. Determine if a deflected fin is in the sector about the positive
z, axis bounded by -45° < ¢ { 45°. If so, continue to step 3. Otherwise,
use results of step 1 for vortex loads calculation,

3. Calculate the amount_ hcen. = (xcen. - Xz.e.)SIn 6 where ¢ 1is

the deflection angle of the fin in the sector -45° < ¢ £ 45°.

4, Move each nose vortex from its position given by CRUTRJ the distance

hcen in the direction normal to the fin from suction side to pressure

side.

EQUIVALENT ANGLE-OF-ATTACK CONCEPT FOR
CRUCIFORM WING-BODY COMBINATIONS

The accurate calculation of induced rolling moments due to panel-panel
interference and to Vortex—fin interactions for the angles of attack of
interest here requifes accounting for nonlinear fin normal force and
Center—of—pre5sure position in the method. To account for such nonlineari-
ties, we have extended the conéept of an equivalent angle of attack
utilized ‘earlier in Ref, 11 (see also Refs., 7, 8, and 10). The aeq
concept not only introduces nonlinearities into the method but also provides
a means of correlating panel force and moment data taken on a cruciform
wing-body combination and extending the results to other conditions and
configurations for which data are not available. Although the equivalent
angle of attack will be defined in terms of fin normal force, it will also

be used to correlate fin center-of-pressure data.

The effects of body (Beskin) upwash and fin deflection are discussed
first with respect to a planar wing-body combination for simplicity. ,
Second, we show how to apply those results to a banked cruciform wing-body
combination at‘angle of éttack. Third, the additional effects of sideslip
are considered. We show how to calculate the increments for each fin of
the equivalent angle of attack from the lifting-~surface program of Ref. 9.
Then we show how to obtain similar results from slender-body theory.

PLANAR WING-BODY COMBINATION AT ANGLE OF ATTACK WITH
NO FIN DEFLECTION; NO BANK

Consider a planar wing-body combination at angle of attack and zero
bank angle with the fins at zero deflection as shown in the sketch below.
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The effective angle of attack on the fins is higher than o because of
the flow around the body. To account for this effect, we define the inter-

ference factor Ky for the linear range such that twice the normal force

on each fin is Ky times that of the wing?alone at the same angle of

attack, a. Thus, in the linear range, the fins are generating as much

force as the wing-alone develops at angle of attack Kya. Hence, we are
led to extend the concept to the nonlinear range by assuming the following

relationship

c (a,
Ny (B)

8y =0) = Cy (Kya) (6)
W .
Thus, the equivalent angle of attack, aeq’ for the fins for the body upwash
effect is just Kga.
Table 1 gives values of Ky for various a/sm ‘ratios based on
slender-body theory. These values can be used at subsonic and supersonic

speeds.

- PLANAR WING-BODY COMBINATION WITH FIN DEFLECTION AT
ZERO ANGLE OF ATTACK; NO BANK

Now consider the body at zero angle of attack and the horizontal
panels deflected at angle oy as shown in the sketch below,
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The fins now have slightly less normal force than they would have if they
were acting at the same incidence as a wing-alone because of the "imperfect"
reflection plane of the body. As before with Ky, we define the interfer-
ence factor kw and assume the following relationship holds for the

nonlinear range,

C (@=0, 8,) = Cy (k. 5.) ‘ , (7)

Ny (B) Ny

Slender-body values of k_ are given in Table 1.

PLANAR WING-BODY COMBINATION WITH FIN DEFLECTION AT
ANGLE OF ATTACK; NO BANK
To apply K, and k_ to combined conditions of angle of attack and
fin deflection, we assume that the following relationship holds
c (a, 6..) = C (Ka + k 6.) (8)
NW(B) H NW KW w H
The usefulness of equation (8) is illustrated in Fig. 4 of Ref. 7 for two
wings of aspect ratio 4 with slightly different planforms for three Mach
numbers. The wings had a/s, ratios of 0.226 (AIM-9L test model) and
0.400 (MICOM test model).

BODY UPWASH AND REFLECTION PLANE EFFECTS FOR BANKED
CRUCIFORM WING-BODY COMBINATION
When a cruciform wing-body combination is rolled ¢ degrees and is
at an included angle of attack, As it is convenient to consider the flow
with components normal and parallel to each set of opposing fins as shown

below.
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Cl
Cc2 C4
e va
c3
¢
V. o
0 C
V. o
[+¢]
where a = accos ®
B = ac51n [0)

The equivalent angles of attack for each fin due to the effects of body
upwash and the so-called "imperfect" body reflection plane are simply

= 6 . )
aeq Kwaccos o + kw H° horizontal fins (9)

= . N 6 » s
aeq Kwac51n o + kw v vertical fins (10)

INCREMENTS IN EQUIVALENT ANGLE OF ATTACK DUE TO SIDESLIP ON FINS

When a cruciform wing-body combination is at an included angle, a_,
and is banked ¢ degrees as shown in the previous sketch, each fin has a
different normal force and equivalent angle of attack because of variations
in local flow conditions. The effects of sideslip on aeq are separately
considered as shown below, the left sketch representing sideslip due to
bank with no fin deflection and the right sketch representing sideslip

(no bank) with fin deflection.

17




NWC TP 5761

cl ; cl
c4 VooB c4
C2 — — c2 ] - V8
c3 , c3
..
o0
¢ # 0, by = by =0 ¢=90°,a—6v=0
a¥ 0, B#O oy A0, BFO

SIDESLIP WITH NO FIN DEFLECTION

Definitions of Interference Factors

The'interference factors for the case of ¢ # 0 with no fin deflec-
tion are defined in Ref. 7 so that the increment in aeq‘ due to sideslip

is given by

g = + Kyg (557) oB (11)

In Ref. 7 we assigned the effects of sideslip to each fin of an opposing
set equally. Further work with the lifting-surface program has indicated
that the K factors due to sideslip can be assigned to each fin separately.
Except for one case described below, we will use the newer approach.

It follows from equation (11l) that KaB for each horizontal fin is

|CNi(a,B) - CNi(a, B=0)| (PR)

(Koa)e . = R (12)
ap’H, i 1l 4B
: 5 CNW(a)

and for each vertical fin
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|cNi(a,B) - CNi(a=0, B)|

R
(KGB)V’i = l C (B) (4_ci) (13)
2 Ny

Calculation of Kap Interference Factors from Lifting-Surface Programs

If a lifting-surface program, such as that of Appendix A, which is
capable of handling the effects of sideslip on fin normal force is avail-
able, the KaB factors can be obtained directly from equations (12) and

(13) and computer runs for the following cases (6l = 62 = 63 = 64 = 0)

1. ¢ # 0, a, # 0

2. ¢ =0, a, = a

3. ¢ =90° a, =B

The guantities CNW(a) and CNW(B) may be obtalned from the program for a
wing-alone, or, more simply from linear theory.

Since fin normal-force behavior is nonlinear, the KaB factors are
. not exactly constant. However, since the increment in aeq due to KaB
is relatively small compared to the increments due to Ky or ky, it is
usually accurate enough to assume that the K B's are constants. For
example, if the user is calculating the induced rolling moments for a range
of ac at a given bank angle, he may calculate KaB at an . in the

middle of the angle-of-attack rangé and use that value for all ac's

Calculation of KB Interference Factors from Slender-Body Theory

Slender-~-body theory (Ref. 10) predicts that KaB will be the, same
for all four fins provided that they have identical planforms. The results
for triangular planforms are presented in Table 1. Those values may also
be used to estimate Kap for other planforms provided the correct aspect
ratio is used in equation (11).

*The program should include the effects of leading-edge and side-edge
suction if the fin planform is such that those effects create a significant
portion of the normal force.
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SIDESLIP WITH FIN DEFLECTION AND NO BANK

Definition of Interference Factors

The interference factors for the case of ¢ = 0 and horizontal fin
deflection (see right side of previous sketch) are defined in Ref. 7 so
that the increment in ’aéq due to sideslip is given by

Using the newer approach outlined above, we find that equation (14) gives

the following K for each horizontal fin (6V = 0)

Béy
|CNi(a=0,B8,6,) ~ CNi(a=0,B=0,05.)| ‘
Bo,'H, 1 1 48 / . _
H ™ c. (5.;) ‘
2 N H
W
By symmetry, we can also write (6H = 0)
|cNi(a,B=0,5,) -~ CNi(a=0,8=0,5,)|
(K )_=”’ 2%y > 2 %y (PR (16)
ad,, ' v,i 1 4q / ‘
v e = C. (&,)
: 2 NW \"

Equations (15) and (16) give the K factors for the deflected fins
which are the primary source of induced roll. The undeflected fins produce
induced roll of an opposite sign to that of the deflected fins, The K

factors for the undeflected vertical fins when 8y # 0 are:

B lCNi(a=0,B,6H) - CNi(a=0,B,<5H=0)|;

=
®eo,)v,i = 1y (26) (17)
2 N,

and, similarly, for the undeflected horizontal fins when oy # 0 are:

_ |CNi(a,B=O,6V) - CNi(a,B=0,8,=0) | R
(K = ) (18)

adv)

H,i 1
’ 2 Oy (8

)
w v

The induced roll produced by the undeflected fins is small, however, and
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to avoid an extra computer run we can safely assign the sideslip effect
equally to each fin. Hence, for our purposes, equations (17) and (18)

can be averaged to get

Ky o |CNl(a=O,B,<5H) - CN3(a=O,B,<5H)|
Boy V Cy (05)

( (&) (19)

N

|CN2(a,B=O,<5V) - CN4(a,B=O,<5V)| =
ws)H = Cy (8y) (7o (20)

v NW

(K

Note that the following equalities follow from symmetry:

(Kqys ) = (Kys )
Bo, 'V, 1 ad 'H, 2

(Kﬁéﬁ)H’z B (Kaév)V,l
, (21)
(Kﬂéﬁ)v’3 B (Kaév)Hs4

o, Ju,4 = Fas )y, 3

Hence, either the BéH or the aév case may be used to find the inter-

ference factors.

Calculation of kaév and KBéH Interference Factors from

Lifting-Surface Program

If a lifting-surface program capable of handling the effect of side-
slip on fin normal force' is available, the Kgsy and Kggy factors can be
obtained directly from equations (15), (19), and (21) and computer runs
for the following cases. .

> %y = O

[}

L)

Q
I

0, By, o

2. a=0,B=0, 64, 6,=0.

Note that by using equation (19) rather than equation (17) we have avoided

a third computer run.
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Calculation of Kaév and K55H Interferénce Factors from

Slender-Body Theory

Slender-body theory predicts that the Kaév and Kgg inter

factors will be equal for opposing fins. Hence, equations (21)

written:

(K o ), = (Kyo )
aév \Y BéH H

(K o )= (Kys )
aév H BéH \Y

The results are presented in Table 1 for triangular planforms.

ference

can be

(22)

The values

given may be used for other planforms provided the correct aspect ratio is

used in equation (14). This method is used at subsonic speeds.

EQUIVALENT ANGLES

OF ATTACK FOR THE GENERAL CASE FOR CANARD FINS

For the general case shown in the sketch on page 11 with bank and fin

deflection, the following equations give the equivalent angle of attack” for

each canard fin:

Cl: a =
eq

c2: aeq =

Cc3: aeq =

. 4 s 2 .
Kwac51n o + kwév + = [ (KaB)V,lac sin ¢ cos ¢

6Vaccos ¢ - (K 6,,4_sin ¢]

~(Kos v,1 Bo v, 1%H%

v
co + k 6. + 2 K .) ” si os.¢
Kya.cos @ wH & R [—( ap’H, 2% St° ¢ c

_(KﬁéH)H,ZéHaCSln ¢ -~ (Kaév)H,26Vacc°S ¢]

. 4 2 .
Kwa051n ¢ + kwév + [(KaB)V,3ac sin ¢ cos ¢

+ (Kaév)v’3évaccos ¢ + (KﬁéH)V,36HaCSln ¢]

*a11 angles are in radians in equations (23) to (30).
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4 2 .
C4: aeq = K,a cos o + kwéH + = [(KaB)H,4 a, sin ¢ cos ¢
+ (KﬁéH)H,4 6Hacs1n o + ‘Kqév)H’4 6Vaccos ¢] (26) |

EQUIVALENT ANGLES OF ATTACK FOR THE GENERAL CASE FOR TAIL FINS

Since the tail fins are never deflected and since they are numbered in

clockwise order, equations (23) to (26) yield:

TL: ago = Kgasin ¢ - (Kygly o (7)o sin ¢ cos ¢ (27)
T2: a__ = K,a,c0s o + (K ) (JL) o sin ¢ cos ¢ (28)
: eq c aBp’H,2 \R c \
T3: a = sin ¢ + (K_,) (:L) a® sin ¢ cos ¢ (29)
‘ eq KWac aB’V,3 \ MR c '
T4: = a cos ¢ - (K ,) (:L) a® sin ¢ cos ¢ (30)
* Teq KW c aB’'V,4 \ R c )

INDUCED ROLL DUE TO PANEL-~PANEL INTERFERENCE

For the angles of attack of interest here, the induced rolling moments
due to panel-panel interference are usually small compared to those gene-
rated by vortex-tail interaction. This was found, to be true for the
configurations investigated under this contract (AIM-9L, Ref., 15 and
NWC-MICOM test model, BN_C_.T Ref. 5). 1In any case, the methods given

376722
below should be used for a few flight conditions to determine if the

induced rolling moments due to panel-panel interference are indeed small.

For reasons of simplicity and lower cost, the method uses the equiva-
lent angle-of-attack conceptto predict induced rolling moments due to panel-
panel interference. For considerably greater expense, the lifting-surface
program may be used for supersonic speeds. If the lifting-surface program
is used, simply read the induced rolling moment for each fin from the
computer output listed under the heading for the Bernoulli pressure
coefficient., If the aeq method is to be used, do the following (see

Fig. 7 for sign conventions):
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1. 1If none of the fins is deflected, neglect induced roll. Previous
test experience with the AIM-9L, and MICOM-NWC configurations (Refs. 5, 7,
and 15) indicates this to be a reasonable assumption. Hence, panel-panel

interference for the tail section may be ignored.

2., If M_ > 1 and the fin leading edges are subsonic, neglect induced
roll,

3,  Calculate aeq for each fin using equations (23) to (26) or
(27) to (30).

4. Determine the normal-force coefficient and center of pressure for

each fin using appropriate wing-alone data or correlations.

5. Calculate the rolling moment generated by each fin from the
following equation:

CRMCi = CNCi —gz— cos 6;; i=1,2,3,4 (31)
Ar
6. Add the fin rolling moments to get the total induced rolling

moment for the canard section due to panel-panel interference

ClC = - CRMCl + CRMC2 + CRMC3 - CRMC4 (32)

VORTEX DEVELOPMENT OVER AFTERBODY

In this section the method for calculating the trajectoriés of the-
canard and afterbody vortices from the canard trailing edge to the tail-fin
centroid is presented. The calculation of the canard fin trailing-vortex
strengths and initial positions is discussed first. Second, we discuss
the method for calculating the starting positions of the afterbody vortices.
Finally, we discuss the tracking of the vortices to the tail fin area

centroid.
CALCULATION OF CANARD FIN TRAILING-VORTEX STRENGTHS AND
INITIAL‘POSITIONS

The vorticity shed from the trailing edges of the canard fins is
assumed to roll up-as a single vortex per fin immediately behind the

trailing edge. Furthermore, the fin span loading is assumed to be a linear
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combination of elliptical span loading and linear span loading. It is
shown in Ref. 8, pages 18-19, how to obtain the vortex strength and
position for each fin. The method consists of the following steps for

each fin:

1, If loading results from the lifting-surface program are to be

used, go to step 2. Otherwise, calculate a_ .

eq
2. Determine CN and ;.
3. Calculate ﬁ
‘ﬁ.—_Y———S'_: (33)
m
4, Calculate ae/aL
a lﬁ_l
e _ 2 E (34)
a, " l_T
3410
5. Calculate ap,
(CN) (SR)
4. = a_\| (35)
(S _a)!‘._l,l_._
m 2 4 a;
6. Calculate the vortex strength
a
I _ 1 _e
2TV _a = 4ra 4, (1 + ;L) (36)
7. Calculate the fraction of the span that the vortex is outboard
of the fin root
a
1,1 e
Yy, - a 2 4(%)
s, - a = a. , (37)
1+ ==

aL

8. Start the vortex on the fin trailing edge at the distance outboard

given by step 7.
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CALCULATION OF INITIAL POSITIONS OF AFTERBODY VORTICES

For cruciform canard missiles with noses having typical fineness ratios
of about 3 to 4, nose vortices play no significant part in the region aft
of the canard trailing edge up to angles of attack of 20°, Consequently,

we will ignore nose vortices in the afterbody region.

Starting Positions in the Axial Direction of the Afterbody Vortices

Depending upon the geometry of a missile and its fin deflections at
any time, the trailing vortices generated by the canard fins may dominate
the crossflow over the afterbody. If this is true, special care must be
taken in applying the method.. To estimate the effect of the canard fin
trailing vortices, the user should run the vortex tracking program VCHASE
with no body vortices present with output generated at roughly one-diameter

intervals.

The program VCHASE calculates the velocity at the body centerline due
to all the free vortices as if the body were not present. This velocity is
added vectorially to the crossflow component of the free-stream velocity
and is used to estimate the crossflow drag coefficient at that station.

The direction of that velocity vector measured counterclockwise from the

~ positive yo—axis is output as THETA.* The magnitude of that velocity. is

output as a crossflow angle in degrees. It is called‘FLOANG.** The
guantities FLOANG and THETA tell the user the influence of the canard fin
trailing vortices on the crossflow at a given axial station. Depending

on the values of A and 6 found from running VCHASE with canard vortices
only, two different methods must be used to estimate the axial starting

positions of the afterbody vortices. The following procedure is recommended:

1. 1If nose vortices are present, e > 4° and 6 1is not more than
90° from the direction of the free-stream crossflow velocity vector, start

the afterbody vortices at the canard trailing edge,

2. If any of the three criteria in step 1 are not met, then it is
assumed that the body boundary layer begins again and a certain body length
is needed for the layer to separate. It is recommended that the body

length after the canard trailing edge which is required for separation be

*We will refer to THETA later in the text as 0.

**We will refer to FLOANG later in the text as Cope
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estimated from equation (2) using A averaged over the length for Qe
This step may require some iteration if aer is a strong function of xg.
For some missiles, the distance between the canard trailing edge and

the tail leading edge may be large enough at ac's of interest in this
report to form a third and even a fourth afterbody vortex. The method for

determining the starting positions of these vortices is given in the section

on vortex tracking.

Starting Positions of the Afterbody Vortices in the Crossflow Plane

In Ref. 8, we gave a method for finding the initial locations of the
afterbody vortices in the crossflow plane based on a procedure for calcu-
lating the position of the velocity maxima on the body surface. Since »
the publication of that report, we have developed a simpler method which
appears to give positions close to those of Ref., 8. The direction of the
velocity vector in the crossflow plane, measured from the positive yb—axis,
which is due to the free-stream velocity and to the external canard vortices
(excluding images) is called 6. The left and right afterbody vortices are
assumed to start at some given distance r,, from the body axis and at
® + 5009, respectively. This method gives results more suitable for VCHASE
when the canard fin vortices are strongly influencing the flow., The VCHASE
program will use this method if suitable control values are input as
described in Appendix C., It is recommended'that the user try a value of
rv/a = 1.2 to start with., This is the value we have found satisfactory

for all cases tried so far.

VORTEX TRACKING OVER AFTERBODY

The canard and afterbody vortices are tracked by the slender-body
theory described in Refs. 4, 8, and 10. The afterbody vortices are allowed
to grow unsymmetrically under the influence of the canard vortices. As
described in Ref. 8, pages 6 to 11, the method uses the vortex impulse
theorem and empirical correlations of the crossflow drag coefficient to
estimate the increase in strengths of the afterbody vortices at each time
step. The crossflow drag coefficient is assumed to vary with crossflow
Mach number along the length of the body.

There are four possible stages of vortex development over the after-

body between the canard trailing edge and the area centroid of the tail fin,
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The possible development stages are:

1. Canard vortices only
2. Afterbody vortices growing in strength

3. Tearing of one or more afterbody vortices and the subsequent
formation of new afterbody vortices

4. PFree vortex movement over the tail section.

Canard Vortices Onl

If afterbody vortices do not start immediately after the canard trailing
edge, the canard vortices will be tracked as free vortices (¢g_ = 0) until
xg or the leading‘edge of the tail fin root chord, whichever comes first.
Since VCHASE was run with no body vortices present in the previous section,

this part of the method already has been completed.

Afterbody Vortices Present

To track the afterbody and canard vortices together, start (restart)
VCHASE at x_ allowing the program to select the initial afterbody vortex
positions or using independently obtained positions. Note that the program
assumes that the first and second vortices listed are the afterbody vortices.
Track the vortices until the starting position of a third afterbody vortex,
if present,or until the leading edge of the tail fin root chord, whichever
comes first. The initial strengths of the afterbody vortices should always

be zero.

Tracking When an Afterbody Vortex has Torn

If the missile afterbody is long enough, for a given ¢y it is possible
that multiple afterbody vortices may form. This phenomenon is described for
round bodies in Ref. 16, We will assume for the purposes of this report
that the data and correlations of Ref. 16 can be applied to afterbodies as
"well. Since this portion of the method is being presented for the first
time, it is illustrated in the calculated-example sections for clarity.

We will simply state here that once a vortex has torn, it should be treated
as a free vortex (constant strength) and a new afterbody vortex started to
replace it, To do this, VCHASE should be restarted at the axial station

where tearing occurs. The torn vortex should be added to the list of free

vortices and a new zero-strength afterbody vortex started in its place.
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This process can be repeated as often as necéssary until the vortices have

been tracked to the leading edge of the tail fin root chord.

Vortex Movement Over the Tail Section

When the computer program CRUTRJ is used to track vortex movement over
a cruciform tail section, large motions afe calculated for a vortex near
the surface of the body or a fin. This result can be attributed to the |
influence of the vortex's image. The\vapor—screen films taken during the
test of Ref. 5 do not show such large motions. Indeed, numerical experi-
ments with CRUTRJ indicate that a concentrated vortex has a larger calcu-
lated motion than if it had been spread out into a number of discrete
vortices with the same center of vorticity. At this time we recommend that
the user restart VCHASE at thé leading edge of the tail root chord and run
the vortices at constant strength (Cdc = 0) back to the axial station
corresponding to the area centroid of the tail fin, thereby avoiding the

large motion due to the tail fins,

INDUCED ROLL DUE TO VORTEX-FIN INTERFERENCE

Reverse~flow methods are used for £he calculation of induced rolling
moments due to vortex-fin interference both for the canard section and for
the tail section. ‘Although the lifting-surface program of Ref. 9 can be
used, the results presented in Ref. 8 indicate that the substantial
increase in computing costs required are not generally warranted unless
detailed loadings are desired. The program to be used here has been
previously described in Refs. 14 and 17. It assumes each vortex to be
infinite in length and that its centroid has the same crossflow location
for all axial stations. Since the vortices do actually move over the tail
section, we must choose an appropriate axial location which will best
"average” the vortex effects. We have chosen to use the axial station at
the fin area centroid. To use the method, do the following:

1. Obtain the vortex positions at the axial station corresponding to

the centroid of the fin planform area.

2. Calculate the aeq for each fin without the vortices present.
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3. Determine the normal-force coefficient for the tail-alone® for
each fin equivalent angle of attack without vortices present using the

appropriate wing-alone correlation.
4, Rurn the reverse-flow program called REVFLO.
5. Add the aeq ~obtained from REVFLO to the aeq from step 2.

6. Determine the normal-force coefficient for the tail-alone for
each fin equivalent angle of attack with vortices present using the

appropriate tail-alone curve.

7. Calculate the normal-force increment for eaéh fin due to the

vortices by subtracting the results of step 3 from the results of step 6.

8. Obtain the induced rolling moment for each fin by multiplying the
center of pressure for the vortex loading from REVFLO times one-half the

results of step 7.**

9. Add the results of step 8 to get the total induced rolling moment
for the tail section due to the presence of the vortices.

FIRST CALCULATIVE EXAMPLE

As the first calculative example, we will consider the AIM-9L configu-
ration at M_ = 1.75 and ¢ = 0 with 20° of yaw control. The AIM-9L as
shown in Fig. 8 has a long slender afterbody between the canards and tail
fins. This is the principal difference between AIM-9L and the missile
previously tested and analyzed in Refs. 5-8. The longer afterbody can

generate more than two vortices even for angles of attack less than 16°.

In carryihg out the following calculative example, we are trying to
predict the rolling-moment characteristics of the AIM-9L missile for wind-
tunnel conditions so that comparison between experiment and theory can be
made., The tests were performed at crossflow Reynolds numbers which reached
about 10° at a, = 20°. We will nevertheless assume the crossflow is super-
critical over the afterbody on the supposition that the canard fin shocks
for 20° of yaw control will trip the body boundary layer. We do not
*This procedure, although written for the empennage, applies equally to

the canard section,

**Rpecall that the tail-alone normal-force curve iskdeveloped for two opposing
fins placed together. Hence, the need for a factor of one-half.
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possess vapor-screen pictures to guide us in setting up the afterbody vortex

model, as was the case for the missile described in Ref. 5.

The sample calculation is described below under the headings:

Geometric and Aerodynamic Characteristics ' i

Canard Panel-Panel Interference

Canard Vortex Strengths ‘and Positions

Body Vortices
. Multiple Afterbody Vortices

[o )TN O B N €% B SR o
.

. Vortex Trajectories and Empennage Rolling Moment
7. Summary of Results

Detailed calculations will be made below for |(°PAbH3)
other angles of attack will also be presented.

. Final results for

GEOMETRIC AND AERODYNAMIC CHARACTERISTICS

The overall dimensions of the static force model of AIM-~9L are shown
in Fig. 8 including the detailed dimensions of the canard and tail fins.
The fins have the following properties:

Parameter Canard Fins Tail Fins
Fin Area () () (5)(3)
Aspect Ratio (b)(3) (b)(3)
Taper Ratio
a/spy

Based on the foregoing values of a/s;, the following interference factors
based on slender-body theory are obtained from Table 1:

Canard Fins: F-Em)_l Fm@-(g)_l ‘
Tail Fins: |i553(;5)(35 | : (B) (D) (3)

We need the normal-force and lateral center-of-pressure curves for

the wing formed by joining the canard fins together. We have data on the
normal force developed by an opposing pair of canard fins obtained during
the tests of the configuration shown in Fig. 8 as reported in Ref. 15.
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These data have been converted to "wing-alone" data by plotting the measured
normal-force coefficient versus the equivalent angle of attac!: using slender-
body theory values of Ky and kw. The results were presented as Fig. 28 of
Ref. 4. The figure is reproduced here for Sp = planform area as shown

in Fig. 9. However, no measurements were made of the lateral center of
pressure of the AIM-9L canard fins. Since the AIM-9L éanard fins are close
in planform to that for the canards tested and reported in Ref. 5, we will
use the data for the lateral center of pressure for the corresponding wing-
alone given in Fig. 5 of Ref. 7 for M, = 0.8, 1.3 and 1.75 included here

as Fig. 10. For comparison, the normal-force curve for the wing-alone of

Ref. 7 is presented in Fig. 11.

We will need the normal-force curve of the "tail-alone” formed by
joining two opposing tail fins. Since no such data are available, the
wing-alone curve was approximated in the following manner. Data at
M, = 1.75 are available for canard fins of the following planform in

Ref. 5.

Fin Area: 6.12 in®
Aspect Ratio: 1.30

l Taper Ratio: 0.533

‘<—‘ 2.829  —

The data for the tail-alone based on this canard fin were "corrected" to
the aspect ratio and taper ratio for the AIM-9L tail fin with the help of
the lifting-surface computer program of Ref. 14. This lifting-surface
computer program computes the potential lift using methods similar to those
utilized in CRFWBD, but in addition it computes the vortex lift associated
with leading-edge and side-edge suction. The ratio of the normal force

between the two tail fins was determined with the following results:
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Theoretical CNT*
a - Ratio
AIM-9L - c,
50 0.158 0.1929 0.817
159 0.537 0.6169 0.870
’250 1.002 1.0092 0.917

*Based on fin planform area.

The data for the C., tail-alone were scaled down by the foregoing ratio
and referred to the body cross-sectional area of AIM-9L to obtain Fig. 12
for the tail-alone normal-force curve for the AIM-9L missile. Since the
above ratios do not represent large corrections, itis felt the resulting
normal-force curve is fairly accurate. This procedure is not considered
part of the general method, but illustrates an approximate method for

obtaining a CNT curve in the absence of data.

CANARD PANEL-PANEL INTERFERENCE

The program CRFWBD has been run to determine the canard panel normal-
force and rolling-moment coefficients for M_ = 1.75 wusing the Bernoulli
pressure equation. The program cannot handle arbitrary nose configurations,
Hence, the ellipsoidal nose shown in Fig. 13 was used to represent the AIM-9L
nose. The following results were obtained for M = 1,75, ¢ = 0°,

= = o = = 0O-
6, = 63 = 20° and 4, = 64 = 0°:

a CNC1 CNC2 CNC3 CNC4 CRMC1 CRMC2 CRMC3 CRMC4

0°]1.1094 0 1.1094 | O 1.3000 | O ; 1.3000 | 0

80 | 1.0449 0.81933 ] 1.1818 0.85912 1,2224 | 0.94571 | 1.3761 | 0.98793
159 | 0.99115 | 1.5032 1.2538 | 1.5681 1.1487 | 1.7289 1.4445( 1,7980
20° | 0.95169 | 1.9477 1.3101 2.0218’ 1.0900 | 2.2301 1.4950 | 2.3088
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The resulting induced rolling-moment coefficients are:

a Cy

le; C

0° 0

80 0.1115
150 0.2268
20° 0.3263

Relatively small induced rolling moments for the canard fins are produced

by panel-panel interference.

CANARD VORTEX STRENGTHS AND POSITIONS

The first step in determining the canard vortex strengths and positions
at the trailing edges is to obtain the fin normal forces and centers of
pressure. To do this we must first find the equivalent angles of attack
for the canard fins for each A . For this case equations (23) to (26)

become
cl: Qogq = k. Sy ~ (Kaév)v’lévac (38)
CZ:; aeq = KWac - (Kaév)H,26Vac | (39)
C3: Ueq = kg * (Kaév)v,Bévac (40)
C4: aeq = Kwac + (Kaév)H,4évac (41)

where &y = 209, We will use the tabulated results of the lifting-surface
program CRFWBD given on page 27 for a, = 0° and 15° and substitute those
results into equations (16) and (20) to get the Kaév factors.

First, we must get the wing-alone normal force at ¢, = 20° based
on linear theory. For supersonic edges, we have

o]
c. = 4 x 20— _ 0.972

N M -1 57.30
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based on the wing planform area. Since planform area/ma® = 3,54 for the
AIM-9L canard fins, CNW = 3,44 based on 7 a®., For Cl, equation (16) gives

0.99115 - 1.1094 o
(K )v L= |0.9 - ‘ | 4‘.12)(57.3 - 0.276
v 3 (3.44) 15°
For C2 and C4, equation (20) gives
1.5032 - 1.5681 o
(K ) - (X ) - | | (4.2) 57.3 = 0.076
aby, H, 2 ady H,4 3.44 4 150
For C3, equation (16) gives
|l.2538 - l.lO94| o
(Kys )v,3 = 1 4212)(57‘3 = 0.337
v ? 3 (3.44) 15°

The canard fin aeq's for ac==16° were obtained from equations (38)
to (41) using the above Kaév factors and are listed below. The corres-
ponding normal-force coefficients and centers of pressure from Figs, 9

and 10 are also given,

a =l6o’¢=oo

c

. _ iak - _ E - a

Fln' : aeq CNC1 | n = Sy, -2
Cl 17.4° 0.66 0.375
c2 18.6° 0.70 0.375
c3 20.6° 0.77 0.375
c4 19.5° | 0.73 0.375

*CNCi is based on planform area of
one fin only.

Let us first find the positions of the vortices at the fin trailing

edges. From equation (34) we have
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a, (—é—) (0.375) - —]é-‘
a (%—> - (%) (0.375)

0.5368

Then equation (37) gives

o
!
U]

v _(%>+C%)(O.5368)

s ~-a 1.5368
m

0.600

We also have

y_ - a s - a
v m
m

(0.600) %—%?/—g) + 1

3.05 |  (a2)

n

Hence, the positions of the C2 and C4 vortices are given by
yv/a = + 3.05 and zv/a = 0, For the Cl and C3 f£fins, the above value
is actually zv/a, However, the deflection of the yaw panels by 20° moves

the trailing edges to the right by the following amocunt

()

c1,c3

1

- 2
( 2.76; 37_5,'2"5 )sin 200

1

0.493
Using equations (34) to (36) and the previously tabulated values of CNCi

and ﬁ; we can calculate the trailing-~vortex strengths. The results together

with the vortex positionsjare listed below:
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a, = 16°, ¢ = 0°

. v z
Fin ST a3 A A
27V a a a
Ccl 0.143 0.493 3.05
c2 -0.152 - =3.05 0
Cc3 -0.167 0.493 -3.05
c4 0.158 3.05 0]

BODY VORTICES

The AIM-9L configuration for the angles of attack of interest in this
report has weak nose vortices which play an insignificant role in the
generation of induced rolling moments. Hence, we will not calculate nose
vortex-canard fin interactions in this example. (An illustration of such
a calculation is provided by an example case in Ref. 8.) As a first step
we need to determine the axial station for body vortex separation for
starting the afterbody vortices. The nose tip radius is 0,225 inches.
Hence, the rétio of the nose tip radius to the nose base radius, €, is
greater than 0.2 and equation (2) should be used to get Xy Since the
nose fineness ratio is 2, equation (2) states that nose vortices will be

present for o, > 90,

The afterbody vortex System for the AIM-9L missile possesses interesting.
aspects because the large canard fins drastically influence the resultant
crossflow angle, A ps and direction, 9, over the afterbody for the present

case. For several angles of attack, o is plotted versus x/a in

Fig. 14. Recall that the resultant cro;sflow angle is the result of the
free-stream velocity component normal to the body axis and the induced
velocities of the canard vortices at the body axis. At the axial position
x/a = 7.39 the resultant crossflow velocity would be horizontal for

ac==0 since it would be due entirely to yaw panel deflection. The arrows
on the figure show the resultant direction of the crossflow velocity in the
crossflow plane as viewed from the rear. This information was obtained by

running VCHASE with no afterbody vortices.

As an example of the method for determining the axial starting posi-

tion of the afterbody vortices, consider the case when a, = 4%, We
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follow step 2 on pages 20 and 21 since equation (2) showed that no nose
vortices are present for a, = 4°, The average value of x s which is
an equivalent a., is approximately 6.4°. So eqguation (2) gives

xs/a = 6,2, Since the canard fin root chord is 3.39 radii long, we have

-8
a Afterbody vortices
for a, = 4°

6.2 + 3.4

9.6

For o, > 99, the afterbody vortices start at the canard trailing edge

since 6 1s within 90° of the vertical direction.

MULTIPLE AFTERBODY VORTICES

At o = 20°, based on the data correlations of Thomson (Ref. le), it
appears that multiple afterbody vortices are possible. For purposes of
estimating when the third vortex appears on the afterbody, consider first
the foliowing sketch. At some distance from their point of origin either

(I 2

L1 d
e

the left or right afterbody vortex will tear away from the body depending

on which is higher. Assume for discussion purposes that the left vortex

tears first. We now designate this vortex ALl and the vortex which
starts under it ALZ' ALl is now a free vortex and moves away from the
body at angle £ which is approximately streamwise. To proceed further

we need a means of estimating the axial positien at which Aq becomes a
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free vortex. Thomson's data correlations (Ref. 15),'which are reproduced
here as Fig. 15, provide a means of making that estimate. The so-called
"starting positions," g;, of the torn vortices shown in Fig. 15 are actually
the intercepts oOf these free trajectories extrapolated linearly to the body
axis. While g, can be used as an approximate location of the vortex
tearing position, we feel that the position is better given by adding an
increment Ag to g,. Hence, asSuming £ can be approximated by a., we
will estimate Ag in the following way:

Ag L _2.5
T " Tana (43)

Equation (43) simply says that we have estimated that when ALl has

essentially turned streamwise, it is approximately 2.5 radii from the boay.

From Fig. 15 we obtain the following values of g,:

gl
o ch 55 S tan Qe
16° 0.483 0.44
20° 0.600 . 0.50

The Strouhal number, S, is given by Thomson as 0.2 and is recommended for
all Reynolds numbers. It would appear that Thomson implies the use of his
data for supercritical speeds, recommending that 8 = 0.2 be used for
this case. Since the data correlation is for subcritical crossflow
Reynolds numbers, its use in the present case, which has been assumed

supercritical, is open to some risk.

Using S = 0.2, the tabulated values for g and equation (43)
2 1 q 2

we get
o = 160: 1,09 _ _(2)(0.44) , _ 2.5
¢ a a (0.2)tan 16° tan 16°
= 24.1
g A
— Ce ._1 _g - (2) (0-50) 2.5
A, = 20°: a + 3 +

(0.2)tan 20° tan 20°

20.6
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Since for a_ = 16°, 20°, the afterbody vortices started at the canard

trailing edge, the axial tearing positions are:

0y = 169 (%) - (%) ER
¢ a First 2/ canard a a
tear trailing
edge
= 7.4 + 24.1
= 31.5
a, = 200 (§> = 7.4 + 20.6
First
tear
= 28.0

Since the tail section starts at x/a = 34.3, we will neglect the
third vortex for a, = 16°. For a_ = 20°, however, we have included the
third vortex. This is done simply by letting the higher of the vortices
Ap and A; tear at x/a = 28,0 and by treating it as a constant strength
vortex thereafter. A new afterbody vortex is started and the VCHASE

program continued.

VORTEX TRAJECTORIES AND EMPENNAGE ROLLING MOMENT

Vortex trajectories and tail rolling moments for a. = 16° will be
discussed in this section. The program VCHASE was started at x/a = 7.4
with the canard trailing-vortex strengths and positions calculated
previously. The program automatically calculated the initial positions
of the afﬁerbody vortices using rv/a = 1.2. The vortices were tracked
until the leading edge of the tail fin root chord, x/a = 34,3, As out-
lined in the method previously, VCHASE was stopped and then restarted with
the vortex strengths constant. The trajectories were calculated until
x/a = 40.3 which is the axial position of the tail fin area centroid.

The vortex trajectories over the afterbody are presented in Fig. 1l6.
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At x/a = 40.3, the vortex strengths 'and positions are:
a, = 16°, ¢ = 0°
. y z
i L Y =
cl 0.143 1.337. 8.902
|

Cc2 -0.152 -0.5261 7.273
c3 -0.167 0.7469 3.251
c4 0.158 3.856 8.942
Ap 0.412 1.584 3.432
Ap -0.492 -0.8161 2,945

Note that the afterbody vortices are about three times as strong as the
C3 and AR

Trajectories for

canard vortices and are nearer the tail fins. Vortices are
close to each other as the final position is approached.
other angles of attack show that A; is almost in line with tail fin T1

— (o]
at Q= 129,

To obtain the empennage rolling moment we first note that it possesses
no rolling moment due to panel-panel interference, and its total rolling
moment is due to vortex interference. To determine this latter component
of interference, the foregoing information on vortex strengths and posi-
tions was introduced into REVFLO to obtain the changes in equivalent angles
of attack associated with each fin and the center-of-pressure location of

the vortex loading. The following results were obtained,

ae = 169, ¢ = 0°
- Y op 2
Fin (Aaeq)V ™ or_ﬂr
Tl 6.48° 0.0806
T2 -3,51° 0.518
T3 1.02° 0.544
T4 -2,23¢° 0.303

Note that the above values are not the actual fin values but include any

reverse-roll effects induced on the other fins by the fin in question.
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In converting the quantities (A into fin-associated normal

OLeq)v
forces, we find Geg for the tail fins without vortices and with vortices.
The difference in normal-force coefficients between these two conditions
repreSents the normal-force coefficient due to the vortices. Using the
results tabulated above and Fig. 12, we can obtain the rolling moments, due

to the vortices, associated with each fin. The results are listed below.

a, = 16°, ¢ = 0°

No Vortices With Vortices

Fin s % % . * . * %k
CNT
Cteq NT1 aeq CNT1 (ACNTl)V | (ACRMTl)V

Tl 0 0 6.5° 0.180 0.180 0.141
T2 18.9° 0.538 15.4° 0.440 -0.098 -0.494
T3 0 0 1.0° 0.032 0.032 0.169
T4 18.9° | 0.538 16.7° 0.478 -0.060 -0.177

CET = -0.,141 + 0.494 + 0.169 - 0.177 = 0.345
¥Sp = Fin planform area.
**SR = TraZ.

SUMMARY OF RESULTS
We present tabulated results for the following quantities:

1. CEC = Rolling moment of canard fins due to panel-panel

interference (see table on page 28)

2. (Cg )o = Rolling-moment coefficient of tail with no body vortices
T - .

3. (Cﬁ )2 = Rolling-moment coefficient of tail with two afterbody
T vortices

4. (Cg )3 = Rolling-moment coefficient of tail with three afterbody
T

vortices (a = 20° only)
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(1) (2) (3) (4) (1)+(3) (1)+(4)
a c (c, ) (c, ) (c, )
c 2o £y’ 0 Ly’ 2 '3
0° | o 0 0 —— —— ] =
4° | 0.06 1.61 1.47 _— 1.53 _— |
8¢ 0.11 1.15 1.34 —_——— 1.45 —_——
120 | 0.18 0.20 1.91 —_— 2.09 —_—
16° | 0.24 | -0.33 0.35 - 0.59 _——
20° | 0.33 | -0.38 -0.69 0.11 -0.36 0.44

The total configuration rolling moment based on (1)+4(3) and (1)+(4)
is compared with the data for the present example in Fig. 17. The genefal
nonlinear shape of the data and thedry curves are in fair agreement. The
first maximum is predicted fairly well but at a slightly high angle of
attack. The first minimum is not well predicted. However, it is
interesting that the second rise for o > 16° is predicted by including

the third afterbody vortex.

SECOND CAICULATIVE EXAMPLE

As a second calculative example we will consider the AIM-9I, missile
as tested at transonic speeds at angle of roll with large pitch and yaw
fin deflections. This case will be completely general in the absence of
applied roll control and will serve to illustrate the method fully. While
in Ref. 8 fair agreement was found at M_= 0.8 1in applying the present
method to the case of an unrolled missile with yaw control, no represen-
tation is made here that a general method applicable at transonic speeds
has been developed. Only application of the method to a large number of
transonic examples can determine the limitation of the present method or
indicate the areas requiring more attention. For instance the method does
not account for effects of fin thickneés, which may conceivably be important
in some instances. We will discuss the calculative example under the

following headings:

1. Canard and Tail Aerodynamic Characteristics

2. Canard Panel-Panel Interference
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3. Canard Vortex Strengths and Positions
4. Afterbody Vortices
5. Multiple Afterbody Vortices

6. Tail Rolling-Moment Coefficient

CANARD AND TAIL AERODYNAMIC CHARACTERISTICS

We are concerned with the "wing-alone" normal-force curves for the
canard fins and tail fins for M_ = 0.8 as well as the_variation of
lateral center of pressure with angle of attack. As in the case of the
preceding calculative example, we have the wing-alone normal-force curve
for the canard fins reconstructed from AIM-9I. aerodynamic tests. This
curve 1is presented in Fig. 9. The lateral center-of-pressure curve will

be taken from Fig. 10 as in the previous calculative example.

The tail-alone normal-force curve is not available from experiment,
and we must construct the curve from the best available information. For
this purpose the data of Ref. 18 were used as a guide, Emerson tested a
systematic series of clipped delta wings on a transonic bump in a wind
tunnel. The normal-force curve for the AIM~9L tail fins has been estimated
from these data. Emerson's data for a systematic series of wings of aspect
ratio 1.33 were compared over a taper ratio range of 0.2 to 0.5 together
with a corresponding set of aspect ratio 1 with taper ratio varying from
0.3 to 0.5. For the two series of wings, no significant effect of taper
ratio on the measured lift coefficients could be found. This is consistent
with the results of slender-body theory. In addition to the two low-aspect-
ratio series described above, a single wing of aspect ratio 0.86 and taper
ratio 0.4 was tested. We will use the latter set of data as an approxi-

mation to those for the AIM-9L tail-alone for which the aspect ratio is

0.87 and the taper ratio 0.64.

The "tail-alone" normal-force curve is given in Fig. 18 by the solid
line as calculated from the lift and drag data of Ref. 18, A theoretical
determination of the normal-force curve of the AIM-9I tail-alone has also
been made using the computer prdgram of Ref. 14 which includes the effect
of leading-edge and side-edge suction in its prediction. The calculated
points as shown in Fig. 18 are in good agreement with the data up to angles
of attack above 20°, The figure indicates that the theoretical tail-alone
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normal-force curve can be fitted closely by the following formula for a

range of angle of attack up to 20°:

dCN

. .2
CN = (—d&—)o sin o + KVSln a

with
da / * K *
The calculations indicate that at aq_. = 20°, 57 percent of the normal force

c
is associated with potential flow, 15 percent with leading-edge vortex lift,

and 28 percent with side-edge vortex 1lift.

CANARD PANEL-PANEL INTERFERENCE

The present calculative example illustrates the most complicated kind
of panel-panel interference in the absence of roll control. The equivalent
angles of attack for the four canard fins given by equations (23) to (26)
each contains five terms, three of which are coupling terms, For a-value
of a/s of 0.227, we find the following values for the interference

parameter from Table 1:

K, = 1.19
k, = 0.942
Ky = 0.495
(Kaév)v = (KﬁéH)H = 0.452
(K ), = 0.142

) = (K
aév H BéH v

Allowing the term 4/A&R to be uniﬁy, we have the followingiresults
for the equivalent angles of attack for a_, = 12°, ¢ = 22,.5° (all angles

c
in degrees):
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Fin C1
aeq =1.19 8 +
a = 21,99
eq
Fin C2
aeq = 1,19 o +
Q = 30.3°
eq
Fin C3
aeq = 1.19 B +
= o
aeq 26.7
Fin C4
Q = 1,19 o +
eq
a = 33.89
eq

The foregoing
Figs, 9 and 10:
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0.94 éH
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57.3

[-0.495 of - 0.452 aé, - 0.142 BéH]

[—0.495 af - 0.142 ad, - 0.452 BéH]

[0.495

[0.495

ap + 0.452 aév + 0.142 BéH}

ap + 0.142 aév + 0.452 BéH]

values of aeq yvield the following information from
a, = 129, ¢ = 22,5°
. = _ i - a
Fin aeq CNW m s, - a
cl 21,99 0.88 0.333
c2 30.3° 0.88 0.333
C3 26,7° 0.88 0.333
c4 33.89 0.93 0.333

The net rolling moment due to canard panel-panel interference is due

to an unbalance of loading between fins

values:
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S, — 2= 1.28 ins, a = 0.375 in, 4. = 0,75 in.

we have

1.068

Y _ 0.375 + (1.28)(0.333)
Ly 0.75

Thus, the rolling-moment coefficient due to €2 and C4 is

c, - - (3.30 - 3.15) (1 078) = -0.080

C
This small rolling-moment coefficient is associated with the fact that the
fins have equivalent angles of attack in the range of the flat top of the
normal-force curve in Fig., 9. The magnitude is insignificant compared to

the tail-generated induced rolling moments,

CANARD VORTEX STRENGTHS AND POSITIONS

We calculate the vortex strengths and positions in the same manner
as in the previous example except that we must transfer the results to
unrolled body axes. Because the hinge line is in front of the canard fin
trailing edge, the trailing edges for all four fins are displaced an

amount laterally for deflections of 20° given by

Ay _ (2.767 - 2.225 o ov
n ( I35+ ) (sin 20°) = 0.493

In rolled body coordinates we have the following results:

ae = 129, ¢ = 22,59

c
Fin 2#5 a 2£ fi
© a a
cl 0.228 -0.493 2.71
c2 -0.228 -2.71 -0.493
c3 -0.228 0.493 -2.71
c4 0.241 2.71 -0.493
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The transformation to unrolled body coordinates is made by

)
Y Z .
CcOs — S1n
a (Z) + a Qb

(VLS

[}
2 - _X. sing + % cos %
a a a

with the following results:

a, = 129 ¢ = 22.5°

. yV ZV
Fin a a
Cl 1.49 2.31
c2 -2.69 0.58
C3 -0.58 -2.69
c4 2.31 -1.49

AFTERBODY VORTICES

The vortex system generated by the afterbody depends on the crossflow
to which it is subjected. The magnitude of the crossflow angle, Qs and
the inclination of the crossflow, 9, have been calculated using VCHASE
with the four canard vortices present but without any afterbody vortices.
The resulting values are shown in Fig. 19. Note that the crossflow angle
is small at the canard trailing edge and the flow is directed almost hori-
zontally from left to right. At the tail section the flow has become
vertical. Note in Fig. 19 that direction of the resultant crossflow veloc-
ity is more than 90° from the vertical. Hence, following the procedure
outlined on pages 20 and 21, we will entirely neglect the nose vortices
and assume that the afterbody is a blunt body developing its own vortex
system starting at the trailing edge of the canard fins. Thus, x  1is to
be measured behind the canard trailing edges.

To determine the distance behind the trailing edge to the start of the
first afterbody vortex pair, we start with a trial value of aer = 5,59
for a short distance behind the canard trailing edge. From the blunt nose

formula
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X 0
— 49
ac 4
we find
x
s _ 10° -
2 = 1.5 + 2 = 8.67

This gives for the position of the first afterbody vortex pair:
X
3= 7.39 + 8.67 = 16

Since the average value of Q. oOver the range 7.39 < x/a < 16 is about

5.5°, we need not perform another iteration.

We now start the first afterbody vortex pair at x/a = 16 with their
starting points disposed at 40° from the diameter normal to the crossflow
direction., The canard vortex positions are taken as those given by VCHASE

up to x/a = 16. The initial vortex positions are given in the table below.

@ = 12°, ¢ = 22.5°

c

Vortex ZZ fz

a a

Cl 1.55 3.33
c2 -2.288 1.9%46
c3 0.275 -1.917
Cc4 2.792 -0.417
Ap 0.573 1.055
A1, -0.939 -0.747
a = 6.5° 6 = 11.51°

cr

The VCHASE program is now restarted with the foregoing initial condi-
tions and run to the tail centroid. The resulting strengths of the after-
body vortices are plotted in Fig. 20 for a_ = 12°, Note that both the
right-hand and left-hand vortices tend to decrease in strength approaching
the tail which starts at x/a = 34.3. It is not physically permissible
for vortex strength to decrease in this fashion, but the effect is
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insignificant in this case because the strengths of the afterbody vortices

are about 10 percent of those for the canard vortices. The calculations

show that vortex €3 passes between the body and the afterbody vortices,

cutting their feeding sheets and giving them severe kicks as shown in

21.
We can speculate that there could be vortex combinations, or the

Fig. We have no data to show what subsequently happens in a case like
this.
two afterbody vortices could become free with new afterbody vortices
forming beneath them. These possibilities can be handled by VCHASE.

MULTIPLE AFTERBCDY VORTICES

The cutting of the afterbody vortex feeding sheets by vortex C3

invalidates a direct application of the data of Thomson for predicting the
onset of a third afterbody vortex. If we nevertheless apply the data of
Thomson, it turns out that the predictions indicate no third afterbody
vortex forms. We will carry out the prediction in full as part of the

example calculation.

Before making this determination, consider the following table showing
and 9

/and two afterbody vortices:

the variation of e along the afterbody for no afterbody vortices

VCHASE RESULTS

a, = 12°, M, = 0.8, 6 =6, =056, =06, = 20°

NO AFTERBODY TWO AFTERBODY

VORTICES VORTICES

x/a acr* o* acr* o*
7.38 4.94 - 6.11 — | e
8.00 4.93 - 5.67 —— | -
16.00 6.50 11.51 6.51 11.58
20.00 9.15 25.17 9.07 24.75
24.00 13.64 54.26 13.36 52.11
28.00 15.34 - 90.20 15.66 86.16
32.00 14.31 104.27 14.81 105.01
34.33 13.72 107.58 14.17 110.15
40.28 12.53 109.31 -—— | ==

*
All angles are in degrees.
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Note that the crossflow velocity due to Cl, C2, C3 and C4 is not
changed significantly by the addition of A; and Ap so that we can use
Fig. 19 to estimate the starting position of the third afterbody vortex.

We must first esfimate g, which is measured from the initial sepa-
ration point of the first afterbody vortex pair. The value of g, is
obtained from the value of g,S tan a/2a as given by Thomson (Ref. 16)
as a function of crossflow Mach number. The calculation is a trial-and-

error one made by assuming various values of Qe From Fig. 15 we obtain.

the following g; values:

g.S tan g g9
acr tan ach Mc 1 2a. cr _é%
8o 0.1405 o 0.112 0.206 14.6
10° 0.1763 0.141 0.2205 12.5
. 12° 0.2126 0.170 0.235 11.0
149 0.2493 0.200 0.250 10.0

From Fig. 19 we make the following approximate evaluations of the

average value of Qe between certain values of x/a.

x/a AxX/a Qo
l6-21 5 89
l6~25 9 10°
l6~32 le 120

By plotting g /a and Ax/a versus Aops We find the condition where
gl/a and Ax/a are the same. This gives

9. Ax —
—_— o — = . = o
a a 11.55 %er 11

As in the first example, we must add a Ag onto g, to obtain the
point where the feeding sheet tears as given approximately by

Ag 2.5
e ———— == 12.9
a tan acr
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The point gl/a corresponds to x/a of

(3)

9.

16 + 11.5 = 27.5

This quantity added to Ag/a yields that the A; feeding sheet tears

near X/a = 40,4. This point is beyond the start of the tail fins and the
third afterbody vortex is not predicted to appear. It should appear at a
slightly higher angle, Note that gl/a tends to be less at subéonic speeds
than at supersonic speeds so that multiple vortex shedding should occur at
smaller angles of attack for comparable conditions. In this case multiple
vortex shedding would be predicted at slightly higher included angles than
a, = 12°.

TAIL ROLLING-MOMENT COEFFICIENT

Having determined that the canard fins produced no appreciable rolling
moment, we will attribute the total configuration rolling moment to the

tail fins. Consider first the tail rolling moments with no afterbody

vortices. The program VCHASE has been continued to =x/a = 40.3 at the
tail centroid with the vortices constant at their strengths at the beginning
of the tail section on the assumption that the tail fins will cut off any

feeding sheets., At x/a = 40.38, we then have the following results:

a, = 12°, ¢ = 22.5°

r v z
Vortex ; v v
27v a a 3
Cl 0.2280 1.848 5.710
c2 -0.2280 -1.014 5.167
C3 -0.2280 1.108 1.791
c4 0.2410 4,134 2.767

The corresponding changes in equivalent angles of attack due to the
vortices and the corresponding lateral locations of the centers of pressure

for the tail fins were found from REVFLO as follows:
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, bl
Fin (Aaeq)v 1,
Tl -3.992° 1.260
T2 ~-4.896° 0.5237
T3 2,299° 0.5024
T4 '0.627° 0.6341

Using the results tabulated above, we can obtain the rolling moments, due

to the vortices, associated with each fin. The for no vortices

Ceg
present are given by equations (27) to (30) and the slender-body theory K
factors on page 25. The results are tabulated below:

a, = 129, ¢ = 22.5°, No Body Vortices

Fin No Vortices With Vortices
. % - R Sy kk

aeq CNTi aeq CNTi (ACNTJ.)V (ACRMTJ.)V
Tl 3.40° 0.090 -0.52° -0.014 -0.104 -1.27
T2 15,10° 0.600 10.20° 0.355 -0.245 - =1.25
T3 7.44° 0,240 9,74% 0.335 0.095 0.47
T4 11.06° 0.400 11.67° 0.427 0.027 0.1l6

CzT = 1.27 + 1.25 + 0.47 + 0.16 = 3.05

*Sg = Fin planform area.

**SR = Ta®.

The rolling moment found above is compared with experiment in Fig. 22,
We will next consider the change in rolling moment with the afterbody

vortices present.

The afterbody vortex strengths are less than 10 percent of the
strengths of the canard vortices, Even though the €3 vortex cuts the
afterbody vortex feeding sheets, we have carried out the formal calculation
with afterbody vortices for illustrative purposes. Actually, it is probable
that vortex €3 would combine with at least one afterbody vortex and a
new crossflow vortex formed. The effect of the afterbody vortices would
still be small,
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In the VCHASE calculation all vortices were frozen in strength at
their values at the beginning of the tail section, x/a = 34.3, and then
VCHASE was continued to the centroid of the tail section at x/a = 40,3.

The following values were obtained:

a. = 12°, ¢ = 22.5°

C
I £ z
Vortex —_— v v
Ve ey a
cl 0.228 1.822 5.708
c2 -0.228 -0.9773 5.125
c3 -0.228 0.784 1.739
c4 0.241 4,08 1 2.821
A 0.01937 -0.02039 1.764
Ag 0.02037 4.736 0.1903

The corresponding data from REVFLO is

' v
Fin (Aaeq)V i,
T1 -1.801° 0.8091
T2 -7.368° 0.5211
T3 3.190° 0.4955
T4 1.671° 0.5431

The rest of the calculation is completed as previously. The results are
tabulated below,

a, = 120, ¢ = 22.5°, Afterbody Vortices Present

Fin No Vortices With Vortices
g CNTi® | ag, cNTi* | (ACNTi) * | (ACRMT) **
T1 3.40° | 0.090 1.80° | 0.040 -0.050 -0.39
T2 15.10° | 0.600 7.73° | 0.250 | =-0.350 -1.78
T3 7.44° | 0.240 | 10.63° | 0.385 0.045 0.70
T4 11.06° 0.400 12.23° | 0.480 0.080 0.42

Czc = 0.39 + 1.78 + 0.70 + 0.42 = 3.29

*SR = Fin planform area. **SR = ra°.
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The rolling-moment coefficient of 3.29 with afterbody vortices compared
to the wvalue of 3.05 withqut them simply indicates that the effect of
afterbody vortices is small for a, = 129, The zbove result is compared

with experiment in Fig. 22.

CONCLUDING REMARKS

The method of predicting induced rolling‘moments presented herein is
broad in scope and its.limitations have not been fully established. The
scope of the method is broader than might be readily apparent. Consider
first the range over which the method can be applied by virtue of its
nature and without regard for its limitations. It is designed to apply
over the Mach number range from low subsonic speeds to high supersonic
speeds. It has been used considering only pitch and yaw control of the
canard fins. At the present time the method could be applied as it is to
roll control at supersonic speeds, and with a little more work at subsonic
speed. While it was conceived initially to apply up to a, = 20°, this
angle presents no inherent limitation. The equivalent angle-of-attack
concept certainly applies to such high angles, and can be pushed toveven
higher angles by using proper addition theorems for equivalent angle of
attack. The method was designed primarily for cruciform canard configu-
rations, but a body-lift missile with cruciform tail fins is a special
subcase to which it is applicable. It is also'applicable to a'midwing
configuration with two wing panels. 1In determining the induced rolling
moment, it has been necessary to advance an aerodynamic model which is also
capable of yielding all forces and moments on the missile airframe, not

only induced rolling moments. The determination of the additional missile

forces and moments and their component quantities from the aerodynamic

model is not difficult and would be worth pursuing.

The thoughts of the authors concerning the limitations of the method
should be of interest to potential users of the method. The method is
limited to the extent that the aerodynamic model properly represents the

real aerodynamic behavior of missiles and to the extent that certain

empirical correlations of vortex data which are used in the method are
general. We have applied the method in determining the induced rolling
moments of the AIM-9L missile and the MICOM missiles (Ref. 5) at both

transonic and supersonic speeds with fair success. These applications are
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not nearly extensive enough to determine the limitations of the method.
However, they have shown a number of specialized phenomena with which the
method must cope. One of the interesting effects observéd‘both theoreti-
cally and experimentally is that in certain cases a canard vortex can tend
to go into the body boundary layer. In certain insténces, vortices tend

to pass close to each other, in which case they can be combined in VCHASE.
Another phenomenon that we have not yet observed experimentally is the
cutting of afterbody vortex feeding sheets by a canard vortex. While we
can speculate concerning how to handle this case using our computer program,
it is important to verify any chosen method by experiment. Another phenom-
enon which falls in the same category is the possibility of formation of
afterbody vortices on the windward surface of the afterbody because of the
high downwash induced over the afterbody by the canard fins. Whether such
vortices could be stable if formed is not clear. Also, other phenomenon
such as special nonlinear transonic effects may appear in future applications
of the method. We have cited the.above phenomena as vortex phenomena which
may occur for canard cruciform missiles although some have not been
experimentally investigated. Thus, we cannot delineate completely the

limitations of the present method until more data are available.

In order that the limitations of the present method be determined
with some degree of certainty, it is neceséary that much more comparison
be made between experiment and theory. A fair amount of data exist which
can be used for this comparison. The unanalyzed vapor-screen data of
Ref. 5 should be most valuable in this connection. MICOM and others
possess quantities of force and moment data on canard cruciform missiles
including component data. However, existing data are not sufficient to
determine completely the limitations of‘the method. There is not enough
very high angle-of-attack data available including component measurements
for this purpose. Other required data include'flow‘visualization data on
the formation of multiple afterbody vortices including the effects of canard
fins and the nose shape. These latter data are needed for supercritical

crossflow Reynolds numbers.

It is now possible to put together a composite computer program to
calculate the characteristics of canard cruciform missiles, but much more
comparison between experiment and prediction is needed to determine its

generality and shortcomings.
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TABLE 1. Slender-Body Theory Interference Factors
for a Cruciform Wing-Body Combination.

alon | Ky Ky %ap | ®s )y | ®ps)w
0.0 1.000 1.000 0.382 0.250 0.500
0.1 1.077 | 0.963 | 0.447 0.201 0.477
0.2 1.162 0.944 0.490 0.153 0.457
0.3 1.253 0.936 0.508 0.112 0.426
0.4 1.349 0.935 0.502 0.079 0.385
. 1.450 | 0.940 0.471 0.052 0.332
0.6 1.555 0.948 0,417 0,031 0.273
0.7 1.663 -| 0.958 0.342 0.017 0.206-
0.8 1.774 0.971 0.244 0.007 0.137
0.9 1.887 0.985 0.127 0.002 0.068
2.000 1.000 0.0 0.0 0.0

*Undeflected panels.

**Deflected panels.
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(a) Pointed nose,.

i
N

(b) Blunt nose,

FIG. 2. Typical Nose Configurations.
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FIG. 3. Procedure for Estimating Axial Starting Positions
of Nose Vortices.
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FIG., 15, Starting Positions of All the Vortices
in Wake of Slender Cone-Cylinder at Incidence.
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Appendix A

CRFWBD, A COMPUTER PROGRAM FOR CALCULATING
AERODYNAMIC CHARACTERISTICS OF CRUCIFORM *
WING-BODY COMBINATIONS
IN SUPERSONIC FLOW

INTRODUCTION

The purpose of this appendix is to describe the cruciform wing-body
program CRFWBD in sufficient detail to permit understanding and use of the
program, This program computes overall loading, rolling moment and span
loading for each fin of a cruciform wing-body combination. In addition,
it can calculate leading-edge suction force, Pressure distributions on
the body are calculated. The program can also treat a planar wing or

cruciform wing alone.

Configuration parameters taken into consideration by the program are
listed in detail in the section concerned with the theoretical analysis of

the wings and the body in Ref. A-1l.

This computer program is an extended version of the cruciform wing-
body lifting-surface program developed for the Office of Naval Research*®
and reported in Ref. A-1. The extended version of this program was devel-
oped under an extension of the original ONR contract. NEAR wishes to thank
the Office of Naval Research for permission to publish the operating details
of this program prior to the detailed ONR technical report on the subject.

PROGRAM DESCRIPTION

Fundamentélly, the program islbased on representing the wings by
constant u-—velocity panels and the body by a distribution of sources andﬁ"
doublets along its centerline. The body source and doublet strengths are
determined explicitly from the flow tangency condition at points on the body
surfaée; The strengths of the constant u—vélocity panels associated with _
the wings and those laid out on the body surface to account for interference
are obtained from a set of simultaneous equations provided by the flow
tangency condition applied at a finite set of control points distributed

over the wings and body. Thus, wing-to-wing and wing-to-body mutual

*Contract Number N00014—74—C-0050, ONR Task NR 215-226. Technical Monitor:
Mr. D. S. Siegel. ‘ ,

\
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interference is fully accounted for in the calculation of the constant u-—

velocity panel strengths.

A sample case descfibed at the end of this appendix illustrates the
input and output of the program. '

Calculation Procedure

The computer program proceeds through various stages as follows.,
After reading - in the. run identification, namelist INPUT is read in. It
; contains wing geometry data, body radius, flow conditions and constant u-
velocity panel distribution specifications for wing and body. The panel
layout on the wings is specified in terms of the chordwise and spanwise
numbers of panels for each wing surface.  As an option, the user can
specify the distances along the wing semispan from the Plane of symmetry
to the outboard panel edges. This input allows unequal spanwise spacing

and breaks in sweep and is read in separately for each wing surface.

For the planar wing or cruciform wing in pitch and sideslip, -the
program proceeds to construct a geometrically asymmetric panel layout.
The panel side edges aré streamwise but not necessarily parallel to thé
wing root chord.‘ If theserconfigurations are pitched only, then the panel
layout is arranged symmetrically with respect to the vertical or (xw,zw)
plane which contains the wing root chord, and the panrel side edges lie
parallel to the root chord. The wing surfaces of a cruciform wing-body .
combination are always covered with a panel layout with the panel side
edges parallel to the individual wing root chords which in turn are made
to be parallel to the body centerline, see Fig. A-3. For all wing or
cruciform wings without sideslip and for cruciform wing-body combina-
tions, the wing leading and trailing edges may have breaks in sweep. The
actual construction of the constant u— velocity panel geometric character-
istics, centroid and control point coordinates is performed in subroutine

LAYQUT.

Next, the geometric characteristiés of the body interference panels
are also determinéd in subroutine LAYOUT if the configuration of interest
is a wing-body combination. The pahel side edges lie parallel to the body
centerline for both pitch and sideslip conditions.

After printing the geometrical characteristics, the program proceeds
to read in the second namelist BODY which contains body geometry data and
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a control index. The strengths of the sources and doublets employed to
flow model the body are then computed and printed in subroutine BDYGEN for
the flow conditions read in by means of namelist INPUT. Perturbation
velocities induced by the body at the wing control points are calculated

in subroutine VELCAL.

If the effects of external vortices are considered, their strengths
and locations are read in next and the program proceeds to compute vortex-
induced velocities in subroutine VRTVEL. The expreésions for the velocities
are given by equations (16) and (17) in Ref. A-~2. The program then prints
the wing control point coordinates together with the body and vortex-induced

perturbation velocities.

The aerodynamic influence coefficients associated with all the constant
u— velocity panel interactions are then determined. 1In this process, sub-
routine VELNOR actually calculates the components which are required by
the influence matrix defined by the left-hand side of equations (41l), (42),
and (43),Ref. A-1. The next step is to build up the array defined by the
right-hand side of these equations. Subroutine LINEQS together with sub-
routine SOLVE solve the set of simultaneous equations by a Gaussian
elimination method to obtain the unknown constant u-—velocity panél
strengths multiplied by a constant, 47u, where u is the axial perturba-
tion velocity component divided by the free-stream velocity V_.

After the constant u-—velocity panel strengths are known, the program
calls on subroutine SfECPR to calculate the nonlinear pressure loadings in
accordance with the expressions given by equations (C-2) through (C-5),

Ref. A-2. In this process, the vortex-induced velocity component parallel
to the wing surfaces can be excluded as an option. Linear pressure loadings
are directly related to the u-—velocity through equation (C-1) of Ref. A-2.

Normal force, lift, induced drag, rolling moment and spanwise load
distribution are then calculated in subroutine LOADS for each lifting
surface on the basis of the linear and Bernoulli pressure loadings. Body
and external vortex effects, if present, are included in the loading
determinations. The calculations are based on equations (44) through (48)
of Ref. A-1 for aerodynamic forces acting on the wing surfaces. Spanwise
loadings are calculated for the planar and cruciform wing cases only for
zéro sideslip. The spanwise loadings are always computed for the fins of

a cruciform wing-body combination.
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The remainder of the program arranges for the optional output of
loading characteristics for all the constant u—velocity panels. Loading
coefficients are printed for each wing surface. Spanwise loadings are also

printed for cases for which they are calculated.

The program is arranged to read in consecutively as many sets of

wing~body configuration data as the user desires.

Program Operation

The cruciform wing-body computer program is written in the FORTRAN 1V
language (026 punch) and has been run on the CDC 6600 machine belonging to
Boeing Computer Services. The main program is arranged so that a total of
250 constant u-— velocity panels are available to cover the wing surfaces
and to be used as body interference panels. A total of 100 sources and
100 doublets can be used to model the body. If the program is to be run
on a different computer with smaller core memory, dimension statements

need to be changed to permit operation on that machine.

No tapes are required other than the standard input and output. The
program. employs a system-supplied subroutine REQFL which computes the
actual dimension requirement for the aerodynamic coefficient matrix FVN,
This subroutine makes use of special machine-dependent parameters. Certain
machine systems may have a similar subroutine available. If no such sub-
routine is available, the dimension of array FVN should be set to 62,500
and the three calls to REQFL marked in the main program removed.

For a configuration employing 192 constant u-velocity panels and 22
sources and doublets, the running time on the CDC 6600 is approximately

50 seconds for one set of flow conditions.

Program Limitations and. Precautions

There are some problems that could arise in the use of the cruciform
wing-body program. The first is concerned with the input for a configu-
ration which includes unswept wing surfaces or fins. For this case, the

sweep should be set equal to 0.0001 in the namelist INPUT.

Problems can arise when an attempt is made to run a wing alone with
forward sweep at zero sideslip, In order to save running time, the program
makes use of loading symmetry for unswept or sweptback wings with zero

sideslip. In these cases, only one-half of the wing is covered with
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constant u—velocity panels. The aerodynamic interference coefficients

are determined accounting for the fact that every panel on one—half wing
has its mirror image on the other half. Presently, wings with forward
sweep at zero sideslip cannot be handled this way. However, the program
can still treat such a wing by covering both wing halves with the same

panel layout and solving this sYstem without the'computer time-saving
benefits of loading symmetry. It should be noted that subroutines LOADS,
VRTVEL, and TRBIPW contain entry points. The first does not employ an x
argument.list and should not cause any problems. However, the entry points
in theksecond_and third may need to have the appropriate subroutine argument

list attached to them if other computer machines are used.

The last warning is concerned with the use of system subroutine REQFL
already mentioned above under program operation. If this subroutine is not
available, an equivalent subroutine can be called or the calls to REQFL.can

be removed and the dimension on FVN set to 62,500.

DESCRIPTION OF INPUT

This section describes the input for the cruciform wing-body computer
program. In the following discussion, the content of all input cards is
specified. All possible input variables are listed at the end of this
section in the order of appearance in the input deck, except for the first
four variables which do not appear in the input deck but are needed for
program input preparation. The input format for all cards is shown in
Fig. A-1l and the item numbers also refer to that figure. A sample input

is described in a later section concerned with the sample case.

Item 1

The first card serves as identification and may contain any alpha-
numeric information desired. This information is printed on the first

page of the output.

Item 2

" The second and following cards form the namelist INPUT which specifies
the geometrical parameters of the wing surfaces specified in their planform
plane. These parameters are the leading-edge and trailing-edge sweeps,

semispan and root chord. For a wing or cruciform alone, the root chord is
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the wing centerline or the cruciform wing junction. In the case of a
cruciform wing-body éombination, the root chord is the line formed by the
junction of the win§ surface and the body. The semispan is measured from
the root chord in any case.

This namelist also contains the deflection angles and the number of
chordwise and spanwise constant u—velocity panels for each wing surface
or fin. The spanwise number may‘differ from one fin to another but the
chordwise number NCW is the same for all., Body radius RB and the number
of body interference panels NBDCR ¢on the circumference are also included
in this namelist. The specification of the latter also determines whether
or not a body is present. The number of body interference panels in the
axial direction is specified by NCWB. The body should be cylindrical in
cross section over the length spanned by the wings. The input'value RB
is the radius of this cylindrical portion.

The included angle of attack ALFAC is the angle between the free
stream and the body/wing centerline (xg—axis). Angle of roll PHI is
indicated by ¢ 1in the sketch below. The program computes pitch and

-y

sideslip angles in accordance with the pitch-roll transformation described
fully in Ref. A-3,

In addition, control indices, free-stream Mach number and reference
qguantities are read in, Breaks in leading-edge and/or trailing-edge sweeps
are only allowed if the configuration is a wing or cruciform wing alone at
zero sideslip or if the configuration consists of a cruciform wing-body.
This option is governed by control index LVSWP. Angles SWLEP, SWTEP,
SWLEV, and SWTEV need not be specified if LVSWP # O.
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ITtem ‘3

This optional input is required when there are breaks in the wing
éweep or if the constant u—velocity panel side edges are to be laid out
with user-determined unequal spanwise spacings. This input pertains only
to a wing or cruciform wing alone at zero sideslip. Variable YR is the
distance from the root chord to the outboard panel side edges. Therefore,
the first value for YR is zero. The last value for YR must equal wing
semispan, B2, specified in the namelist INPUT. 1In effect; this specifi-
cation positions the panel outboard side edges on the right wing. The

sweep angles are positive for wings with sweptback leading and trailing

edges.

Item 4

The optional input of this item is associated with a planar or
cruciform wing-body combination with breaks in leading-~edge and/of trailing-
edge sweeps. Also, this input should be used for this configuration if the
constant u;velocity panel side edges are tobe laid out with user-determined
unequal spacings. Variable YRT is the distance from the body centerline
to the outboard cdnstant u—-Velocity panel edges on the right wing or fin.
The first value should equal the radius of the cylindrical part of the body,
RB, and the last value for YRT must be the same as the semispan, B2, speci-
fied in the namelist INPUT. The sweep angles are positive for right wings
or fins with sweptback leading and trailing edges.

Item .5

This optional output accompanies Item 4 and is associated with the
left wing or fin. Variable YLT is the distance from the body centerline
to the outboard constant u— velocity panel edges on the left wing or fin.
The first value should equal the negative of the radius of the cylindrical
part of the body, -RB, and the last value for YLT must equal negative
semispan, -B2. The sweep angles are negative for left wings or fins with

sweptback leading and trailing edges.

Item 6

The information:in this optional item accompanies Items 4 and 5 if

the configuration is a cruciform wing-body combination. Again, this input
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should only be used if there are breaks in the wing or fin sweeps or if the
panel side edges are to be laid out with user-determined unequal spacings.
Variable ZUT is the distance from the body centerline to the outboard
constant u— velocity panel edges on the upper wing or fin. The first
value should equal the radius of the cylindrical part of the body, RB, and
the last must be the same as the semispan, B2V, specified in the namelist
INPUT. The sweep angles are positive for upper wings or fins with swept-

back leading and trailing edges.

Itemf7

This optional information is the last of four inputs associated with
a‘cruciform wing-body combination if there are breaks in sweep or if the
constant u-velocity panel side edges are to be laid out with user-deter-
mined spacings, see Items 4 through 6. Variable ZDT is the distance from
the body centerline to the outboard constant u-velocity panel edges on
the lower wing or fin., The first value should equal the negative of the
radius of the cylindrical part of the body, -RB, and the last value for
ZDT must equal negative semispan, -B2V. The sweep angles are negative for
lower wings or fins with sweptback leading and trailing edges.

Item 8

The input cards for this item form the namelist BODY which is required
only when a body is part of the configuration under consideration. If the
integer NBDCR in namelist INPUT under Item 2 is specified to be nonzero,

a bpdy is present. The information in this input includes specification
of body geometry parameters and is input in subroutine BODY. The length
of the nose LNQSE determines the body length over which the the radius is
changing as a function of the body axial coordinate. The actual nose
configuration is governed by control index BCODE, which selects pre-
programmed forebody shapes described in section 2.2.1 of Ref. A-1,

Normally, the body length LBODY should at least equal the axial
distance from the body nose to the trailing edges of the wings or fins,

The minimum number of body modeling singularities NXBODY should be
determined as follows. Let the density (sources and doublets/unit body
length) be determined by the number of constant u-velocity panels in the
chordwise direction on the wing divided by the root chord (or length of
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wing-body junction). Then number NXBODY equals the density times body
length. o '

The pressure coefficient distributions are calculated along the body
meridians (i.e., in longitudinal planes) at 6 = 0° (top of body), 45°,

\ 909, 135°, and 180°, The expression used is governed by control index

PCODE which selects one from the set given by equations. (48b) through (48d)

of Ref. A-1, |

ItemVé

This input is required only when variable NVRTX specified in namelist
INPUT, Item 2, is nonzero. In fact, NVRTX is the number of external
vortices whose influences are to be included in the loading calculations.
Each vortex is assumed to be infinite in length and parallel to the wing
surfaces., Therefore, with each vbrtex there is associated a nondimensional
stréngth GAMMA, and nondimensional crossflow plane coordinates YVRTX,

ZVRTX. These quantities are input in subroutine VRTVEL.

Item 10

_ This card ends the proéess of reading in data, It should only be put
at the end of all data cards for the case(s) to be run. The computer

program stops the search for more data and the run is finished.

PROGRAM - ALGEBRAIC SYMBOL

VARIABLE - (IF APPLICABLE) COMMENTS

MSWRP V (Number of chordwise rows on right wing)
+ 13 MSWRP = MSWR + 1.

MSWLP (Number of chordwise rows on left wing)

' + 13 MSWLP = MSWL + 1.
MSWUP _ ~ (Number of chordwise rows on upper wing)
' + 13 MSWUP = MSWU + 1.

MSWDP (Number of chordwise rows on lower wing)
+ 13 MSWDP = MSWD + 1.

Item 1 E Any alphanumeric information may be put
on this card for identification of the
calculation.
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PROGRAM ALGEBRAIC SYMBOL :
VARIABLE (IF APPLICABLE) COMMENTS
Item 2 Namelist INPUT.
CRP ‘ G g Horizontal wing root chord, dimensional.
H
SWLEP ALE H Horizontal wing leading-edge sweep angle
i measured in wing planform, positive for
sweep back, degrees. Omit if LVSWP # 0,
SWTEP ‘ ATE H Horizontal wing trailing-edge sweep angle
) measured in wing planform, positive for
sweep back, degrees. Omit if LVSWP # O.
NCwW Number of chordwise constant u-velocity
panels on the wing,
MSWR ‘ Number of spanwise constant u-velocity
panels on right wing, 1 < MSWR ( 19,
MSWL : Number of spanwise constant u-velocity
" panels on left wing. 1 < MSWL < 19,
default is 0.
MSWU Number of spanwise constant wu-velocity
panels on the upper wing. 1 < MSWU < 19,
default is O.
MSWD Number of spanwise constant wu-velocity
panels on the lower wing., 1 { MSWD < 19,
default is O,
SWLEV ALE v Vertical wing leading-edge sweep angle
: ? measured in wing planform positive for
sweep back, degrees. Omit if LVSWP # 0.
SWTEV ATE v Vertical wing trailing-edge sweep angle
’ measured in wing planform, positive for
sweep back, degrees. Omit if LVSWP # O,
CRPV Cr v Vertical wing root chord, dimensional,
H
B2 by/2 Horizontal wing semispan, dimensional,
B2V by/2 Vertical wing semispan, dimensional,
RB a Radius of cylindrical portion of body.
DELR 6H R Deflection angle of horizontal right wing,
’ same sense as o, degrees, default is

0.0 (also see Fig. 5 in Ref., A-1l).
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VARIABLE (IF APPLICABLE)
DELL 5H,L
DELU 5v,U
DELD 5v,D
ALFAC ag
PHI o)
FMACH M-
LVSWP
N
NVRTX
NCRX
NBDCR
NCWB
SREF Sg
REFL y)

-NWC TP 5761

COMMENTS

Deflection angle of horizontal left wing,
same sense as q, degrees, default is 0.0,

Deflection angle of vertical upper wing,
same sense as B, degrees, default is 0.0
(also see Fig. 5 in Ref. A-1),

Deflection angle of vertical lower wing,
same sense as f, degrees, default is 0.0,

Angle of incidence, measured between free-
stream velocity vector and body/wing
centerline.

Angle of roll, measured from the plane
containing the free-stream velocity vector
and the body/wing centerline to the upper
wing surface, positive right wing down,
default is 0.0,

Free-stream Mach number, .

LVSWP = 0 No breaks in wing leading or
or trailing edges, default
value.,

LVSWP # 0 Up to 19 breaks in wing leading
or trailing edges.

Number of external vortices present,
NVRTX < 10 (see Item 9),

NCRX = 0 Horizontal wing only present,
default value.

1 vVertical wing surfaces in
addition to horizontal wing
surfaces present,

NCRX

Number of constant u-velocity panels on
the circumference of the body. '
NBDCR = 0 No body present, default value.
NBDCR > 0 Body present (see Item 8).

Number of constant u-velocity panels in
the longitudinal direction on the surface
of the body. '

Reference area used in load calculations,

Reference length used in rolling-moment
calculations.
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VARIABLE (IF APPLICABLE)
NFVNPR
NOLINP
NOUT
NPR
NDRAG
Item 3
YR (K.T) R(KJ)
VSWLER (KJ) ALE R(KJ)
>
Item 4
YRT (KJ) Yy, g (KI)
VSWLER (KJ) ALE R(KJ)
>
VSWTER (KJ) ATE R(KJ)
-]
"Item 5
YLT (KJ) Yw L(KJ)

NWC TP 5761

COMMENTS

Print influence coefficient
matrix FVN for debugging,
default is O.

NFVNPR # O

]
o

Loadings calculated on the
basis of linear pressures
only.

Loadings calculated on the
basis of linear and Bernoulli
pressures, default is 0.

NOLINP

[}
=

NOLINP

NOUT # O Print large amount of output for

debugging, default is O.
Same as NOUT, default is O.

0 Omit calculation of induced
drag, default is 1,

NDRAG =

Optional input for planar or cruciform
wing alone at zero sideslip.

Distance from wing root chord to the
constant pressure panel outboard side
edge on right wing., 1 < KJ £ MSWRP,
(MSWRP < 20), YR(1) = 0.0, YR(MSWRP) = B2.

Leading-edge sweep of wing between
YR(KJ-1) and YR(KJ), positive for sweep
back, degrees. 1 < KJ < MSWRP,

(MSWRP < 20), VSWLER(1l) = 0.0.

Optional input for wing-body combination.

Distance from body centerline to the
constant ' u-velocity panel outboard side
edge on right wing. 1 < KJ < MSWRP,

(MSWRP < 20), YRT(1l) = RB YRT(MSWRP) = B2,

Leading~edge sweep of wing between

(YRT (KJ~-1) and YRT(KJ), positive for sweep
back, degrees. 1 < KJ < MSWRP,

(MSWRP < 20), VSWLER(1) = 0.0.

Trailing-edge sweep of wing between
(YRT (KJ-1) and YRT(KJ), positive for
sweep back, degrees. 1 < KJ < MSWRP,
(MSWRP S 20) , VSWTER(1l) = O. 0.

Optional input for wing-body combination.
Distance from body centerline to the
constant u—velocity panel outboard side

edge on left wing, 1 < KJ £ MSWLP, (MSWLP
< 20), YLT(l) = -RB, YLT(MSWLP) -B2.,
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VARIABLE (IF APPLICABLE)
VSWLEL (KJ) ALE-L(KJ)
. ’
VSWTEL (KJ) ATE L(KJ)
. )
ITtem 6
ZUT (KJ) Zw U(KJ)
3
VSWLEU (KJ) ALE U(KJ)
3
VSWTEU (KJ) ATE U(KJ)
. 3
Item 7
ZDT (KJ) 2y D(KJ)
3
VSWLED (KJ) ALE D(KJ)
3
VSWTED (KJ) ATE,D(KJ)
Item 8
NXBODY
LNOSE

NWC TP 5761

COMMENTS

Leading-edge sweep of wing between
YLT(KJ-1) and YLT(KJ), negative for
sweep back, degrees. 1 < KJ < MSWLP,
(MSWLP < 20), VSWLEL(l) = 0.0.

. Trailing-edge sweep of wing between
YLT(KJ-1) and YLT(KJ), negative for
sweep back, degrees. 1 < KJ < MSWLP,
(MSWLP < 20), VSWTEL(l) = 0.0,

Optional input for cruciform wing-body
combination.

Distance from body centerline to the
constant wu-velocity panel outboard

side edge on upper wing. 1 < KJ < MSWUP,
(Mswup < 20), ZUT(l) = RB, ZUT(MSWUP) = B2V.

Leading-edge sweep of wing between
ZUT(KJ-1) and Z2U(KJ), positive for sweep
back, degrees. 1 < KJ < MSWUP,

(MSwWuUP £ 20), VSWLEU(l) = 0,0.

Trailing-edge sweep of wing between
ZUT (KJ-1) and ZUT(KJ), positive for
sweep back, degrees. 1 < KJ { MSWUP,
(MSWUP < 20), VSWTEU(1l) = 0.0.

Optional input for cruciform wing-body
combination. :

Distance from body centerline to the
constant u-velocity panel outboard side
edge on lower wing.

1 < KJ < MSWDP, (MSwDP £ 20),
ZDT(1l) = -RB, ZDT(MSWDP) = -B2V.

Leading-edge sweep of wing between
ZDT (KJ-1) and 2ZDT(KJ), negative for
sweep back, degrees. 1 < KJ < MSWDP,
(MswpP < 20), VSWLED(1l) = 0.0.

Trailing-edge sweep of wing between
ZDT(KJ-1) and ZDT(KJ), nhegative for
sweep back, degrees. 1 < KJ < MSWDP,
(MSWDP < 20), VSWTED (1) 0.0.

Number of source or doublet singularities
distributed along body centerline.

Length of nose part of body measured from
nose tip, dimensional (real variable).
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PROGRAM ALGEBRAIC SYMBOL '

VARIABLE _(IF APPLICABLE) COMMENTS

LBODY Length of body, dimensional (real variable).

RNOSE , RNOSE = 0.0.

XNOSE XNOSE = 0.0.

BCODE Control index (integer) for specifying
forebody shape.

BCODE = 0 Parabolic.
= 1 Sears-Haack,
= 2 Tangent ogive.
= 3 Ellipsoidal.
= 4 Conical.

PCODE .Control index (integer) for specifying
the expression for calculating the
pressure coefficient distribution along
the body meridians.

PCODE = 0 NoO pressures calculated on

the body meridians.

= 1 Planar, equation (48d),

. Ref., A-1.

= 2 Slender body, equation (48c),
Ref. A-1.

= 3 Second order, equation (48b),
Ref., A-1.

XWLE Distance from body nose tip to leading
edge of wing-body junction.

Item 9 Optional input when the effects of external
vortices are considered. '

GAMMA (1) 5;%;3-(1) Nondimensional vortex strengths,

© 1 < 1 < NVRTX.

YVRTX (I) Z{%L Nondimensional y-coordinate,

1 < 1 < NVRTX.
ZVRTX (I) Eéfl Nondimensional =z-coordinate,

1 < I £ NVRTX.
Item 10
Z2272%Z This card causes the program to stop

' searching for more data and the run is
stopped.
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DESCRIPTION OF OUTPUT

This section describes the minimum output for the cruciform wing-body
computer program. This output occurs when NOUT = 0 in namelist INPUT.
In the following, all items of output are specified and the contents
briefly described. A sample output is referred to in a later section

concerned with the sample case,

The first page identifies the run. The second and possibly the third
show the namelist INPUT. All length dimensions in the output are the same

as in input,

On the next page, the wing geometry and flow conditions are listed,
The quantities ALFA and BETA correspond to angle of pitch a, and sideslip
B, respectively, calculated by the program from the angle of incidence
ALFAC and angle of roll PHI specified in namelist INPUT.. .

The next page shows the namelist BODY. It is followed by the program-
computed body definition point coordinates in the body coordinate system
and source T(I) and doublet TC(I) strengths. The body coordinate system
is shown in Fig. A-2. Quantity TX is the origin of each line singplarity.

Presently, the strengths of the very last source and doublet are arbitrarily

set to zero., Body-induced perturbation velocities computed by the program
at the body definition points are then displayed separately for the sources
and doublets, Quantity ALFAC is the angle of incidence Ay expressed in
degrees., Quantities V, VT, and VN refer to the radial, tangential and
normal-to-the-body~surface components, Pressure coefficient distributions
along the indicated body meridians are shown next if PCODE # 0 in namelist
BODY. The quantities marked =x are the control point axial coordinétes in

the body coordinate system (xB,yB,zB).

The next page in the output lists the calculated control point coordi-
nates in the wing coordinate system shown in Figs, A-2 and A-3, for the
constant u-velocity panels distributed on the wing surfaces or fins.
Perturbation velocities, in the wing coordinate system, induced by the
body and external vortices (if present) at the wing control points are
also shown. The quantities BU, BV, BW and VV, WV, are due to body and
vortices, respectively. Coordinates of the control points associated with
the body interference panels are given on the next page, They are

expressed in the wing coordinate system,
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Wing and body interference constant u-velocity panel properties appear
on the next pages. Wing panel properties only appear if NOUT # 0 in
namelist INPUT. The panel numbering sequence for this output is described
first. Quantities NHP, NPANLS, etc., which appear in the following are
explained in section 2.3 of Ref. A-1 and in the input description., J =1
corresponds to the constant ’u-velocity panel on the right wing surface or
fin adjacent to the wing root chord or wing-body junction and at the wing
leading edge. This starts the first chordwise row. The sequence proceeds
towards the trailing edge (J=NCW) and then back up to the leading edge
(J=NCW+1) for the next chordwise row. This process continues along the
semispan for each chordwise row until the wing surface tip is reached.
There, the aft panel of the last chordwise row is located adjacent to the
wing tip and next to the trailing edge. This panel is the last panel on

the right wing.

The sequence continues on to the left wing surface with the constant
u-velocity panel closest to the root chord or wing-body junction and
nearest the leading edge, The same process along.the semispan for each
chordwise row is then followed out to the left wing tip. The last panel
on the left wing correéponds to J=NHP. The upper wing follows in the same
manner starting from the root chord or wing-body junction and continuing
out to its tip. This numbering scheme is continued on the lower wing, so
that the last wing constant u-velocity panel is located adjacent to the

lower wing tip and next to its trailing edge.

If a body is present, the panel numbering sequence continues with the
most forward panel next to and above the right wing-body junction., The
first body interference panel corresponds to J=NPANLS+l. The numbering
sequence continues on the body circumference in the counterclockwise
direction up to the most forward panel next to but underneath the right
wing-body junction. This panel corresponds to J=NPANLS+NBDCR where NBDCR
is the number of interference panels on the body circumference. This
concludes the first circumferential row. The process is repeated for the
next circumferential row, etc. There are NCWB such rows. The very last
constant wu-velocity panel for a wing-body combination lies next to and
underneath the right wing-body Jjunction closest to the wing trailing edge.
It corresponds to J=NWBP. Quantity THETA under the heading BODY INFLUENCE
PROPERTIES is the angle 6 measured between the positive yB—axis and the

radial line to the panel left side as shown in the sketch on the next page.
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Also shown are four body interference panels; they are numbered for the

first circumferential rowv.

A 25

UPPER WING

J=NPANLS+2 J=NPANLS+1
ONPANLS+2 |
JUNCT1ON }
ONPANLS+1 |
LEFT WING RIGHT WING
)y
s B
J=NPANLS+3 J=NPANLS+4

LOWER WING

The quantities displayed under the panel properties heading will now
be described briefly. Quantity YCPT is the yw—coordinate of the panel
control point. The next three are self evident and are illustrated in
the sketch below, Note that the midchord sweep for panels on the left and
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= Yy

PANEL CENTROID—\\ CONSTANT u-VELOCITY PANEL

HORSESHOE _J|
VORTEX BOUNDLEG

CONTROL — H\
POINT
F‘-fﬁf§_#

oo pr T

HORSESHOE VORTEX

| s ] TRAILING LEGS

lower wings are negative for sweptback wings. For the panels on the wing,
and if NOUT # O in namelist INPUT, pressure loadings and the equivalent
vortex strengths are listed. They are related through equation (46),

Ref. A-1l. Quantity VNOR/V is the perturbation velocity normal to the
surface and is necessary to compute the in-plane forces FX, FY for the
horizontal wings and FX,FZ for the vertical wings. They correspond to
ACFX'and ACFY given by equation (47), Ref. A-l, multiplied by the refer-
ence area Sp. Similar expressions can be written for the vertical wing
by interchanging pertinent quantities such as B for a, vy for wy and z
for y. The normal-force FN corresponds to ACy given by equation (44),
Ref. A-1, multiplied by Sgi. The normal forces are also listed for all
the body interference panels. Forces FY, FZ acting on the body interfer-
ence panels are the components of FN in the yp and zp direction. In-plane
forces are not calculated. The guantity designated DELTA-CP is in fact
the u-velocity multiplied by 4w, which is the strength of the constant

u-velocity panel.

The next pages of the output contain overall normal, side, thrust,

lift, and induced-drag force coefficients computed for each wing surface
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or fin. Thrust and induced drag are computed only when NDRAG = 1 in
namelist INPUT. The pertinent equations appear in Ref. A-1, section 2.4.1.
The sums of these wing forces are also shown. Contributions from the body
interference panels to the total normal force and side force are listed

as CN-BIP and CY-BIP, respectively. Flow conditions and reference area

Sg and length 4, are indicated in the heading. Rolling moment for
the right, left, upper and lower wing surfaces or fins appear as ROLMOMR,
ROLMOML, ROLMOMU, and ROLMOMD. The positive directions of the normal

forces and rolling moments are shown below.

Az
B

/\ ROLMOMU
>S

v
<
w

ROLMOMR

ROLMOMD

Positive moments correspond to clockwise rotation when viewing forward.
They are calculated in accordance with equation (45) of Ref. A-1l. Spanwise
load distributions follow and are shown for each wing surface. Note that
the dimensionless quantity Y/(B/2) is zero at the body centerline.
Quantity (B/2) is the wing semispan and (Bx2) is four times the semispan
and c¢ 1is the local chord. The spanwise distributions are given in terms
of section normal force and section thrust force. Quantity ROLLING MOMENT

represents the overall rolling moment.

It should be noted that for the yawed and cruciform wing cases, the
force coefficients in the output pertéin to the wing surface parts to the
right and left, top and bottom of the Xy—axis shown in the sketches of
section 3.1.3, Ref. A-l. However, the printed rolling moments are computed
relative to the wing or cruciform centerline. All loading information is
first calculated on the basis of linear pressures related directly to the
constant u-velocity panel strengths. This is indicated by the line
U/VINF TYPE LOADING PRESSURE.
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The next pages in the output contain nonlinear loading pressures
calculated at the wing control points and expressed in terms of ACp.
These pressures are designated and computed in accordance with the indicated

equations in Ref, A-2, pages 65 through 67.

1. DELTP,LIN = ACP,LIN 5 ACP given by equation (C-1)

2, DELTP,UBAR = ACP,UBAR 5 ACP given by equat;on (C~-2)

5 AC given by equation (C-4)

3. DELTP,1STORD = ACp o enppr BODY P

4., DELTP,2NDORD = A ACP given by equation (C-3)

Cp, 2NDORD

5. DELTP,EXACT = AC 5 AC, given by equation (C-5)

P,BERNOULLI

If the effects of external vortices are accounted for, all pressures listed
above, except the linear, are first calculated without and then with the
vortex~induced velocity component parallel to the wing surface under

consideration.

The following page contains the loading results described above

calculated with the Bernoulli loading pressures,

SAMPLE CASE

In this section a sample case is described to illustrate the use of
the computer program presented in this appendix. The case involves a
cruciform~canard body combination at angle of attack and with yaw control.

The configuration is shown in Fig. A-4 and is based on the AIM-9I,
static force mbdel used in Ref. BA-4. Input for this calculation is listed
in Fig. A-5, Namelist INPUT specifies angle of attack as 20° and the
vertical fins are deflected 20°., Mach number is 1.75. On each fin, a
layout of 4 chordwise by 9 spanwise constant u-velocity panels is
specified. On the body surface spanned by the fins, 12 interference
panels on the circumference and 4 in the longitudinal direction are to
be distributed. 1In addition, 22 source and 22 doublet singularities are
distributed along the body centerline in namelist BODY. Note that the
specified body length LBODY extends just past the cruciform-canard trailing
edges in ordér to account for wing-body interference. The nose shape is
assumed to be ellipsoidal. It should be noted here that the present
program does not model blunt nose shapes properly because the first source
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singularity always generates a conical nose tip. The length affected by
this approximation is Mach number dependent and becomes longer as the Mach
number increases. In between the two namelists, the optional spanwise
layout of the constant wu-velocity panels side edges and the leading-edge
and trailing-edge sweep angles are specified for all fins. This input is

necessary because of the break in leading-edge sweep.

The output for this case is shown in Fig., A-6. Note that the first
input list also displays the defaulted variables (i.e., the variables which
are initialized prior to reading in the namelist INPUT). The effect of the
body is to generate upwash and sidewash at the control points of the fins.
The effects on the horizontal fins are the same at corresponding control
points on the right and left fins because the roll angle PHI is zero. 'The
fin loadings appear under the heading THRUST, LIFT, AND SIDE-FORCE INFOR-
MATION. These results are first calculated on the basis of linear loading
pressures. Nonlinear loading pressures are listed next and the loading is
recalculated on the basis of Bernoulli loading pressures. In the first
instance, the left and right fin loadings are the same. When the non-
linear Bernoulli pressures are used, the left and right fin loadings differ.
Similar behavior is observed for the deflected vertical panels, Thus, a

net overall rolling moment results from the second calculation.

PROGRAM LISTING

The cruciform wing-body program is written in FORTRAN IV computer
language (026 punch) for the CDC 6600 computer., The program consists of
a main program, CRFWBD, and sixteen subroutines. Each source deck is
identified in columns 73 through 80 by a four-character identification
and a three-digit number sequencing the cards within that deck. The
program listing is given on the following pages. The table below will

act as a table of contents for the listing.

PROGRAM IDENTIFICATION PAGE NO.
CRFWBD WBO1 105
LAYOUT WBO2 | 109
LOADS WBO3 " 110

(multiple entries)

VELNOR WB04 113
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PROGRAM ‘ IDENTIFICATION PAGE NO.
VELO | WBO5 116
TRBIPW WBO6 117
(multiple entries) )

LINEQS WBO7 118
SOLVE ' " wBoS 118
BDYGEN WB09 ' 118
VELCAL ' WB1O 120
cp . wBll 121
DOUBLET ' WB12 o121
BODYR o WBl13 121
SOURCE : WB14 122
SPECPR = WB15 122
VRIVEL WB16 124

(multiple entries)

NOUT _ WB17 125
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cOo0Oo000

oo

PROGRAM CRFwWBD(INPUT,OUTPUT, TAPESaINPLTY, TAPESR(ILTPUT) w80}

L1-1:]
VERSION FOR NuC,FEBR, 197S, wgoy

wBO0y
PLANAR OR CRUCIFORM WINGeBODY PROGRAM, SUPERSONIC FLOW w01
BtY UP GEUWETRY, COORDINATES, AERODYNAMIC INFLUENCE COEFFICIENT we01
MATRTX LI-1'}}

[1:13]
DIMENSION YR(20),YRT(20),YLT(20),mEAD(20) w801
DIMENSION YLC(250),YRCL250),RNE(2%0) LTI

DIHMENSION XLF(250),XLB(250),XRF(280),XRB(250),ILF(250),2ZRF (250), wBOY
17L8(2%0),IRB(250),XBAR(250),26AR(250),8%PPLE(250),8uPPTE(250), WBO1Y

2XCPT(2%0) YCPT(250),PNLCC2S0),DELTP(250),2CPT(230) w801
DIMENSION VYNOR(2%0) WBO})

DIMENSION CIRC(250) wROY

DIMENSION TUT(20).201(20) N weo1

DIMENSION BOU(350),80v(2%0),80w(25%0) w801

w0y

LOGICAL ASYM,BODY . ,DELTA wBo1

wgoy

COMMON /THRUBT/CN,XBAR, ZBAR,YCPT, VNOR,CIRC,PNLC, wBot

1 NCw,MBWR,MBWL ,MSHU,MBkD,NRP,NHP, N3P, B2,B2V,XCPT,ZCPT wBo01
COMMON /VWNOR/SWPPLE ,SWPPTE, ZLF,ZRF,ZLB, ZRB ASYM, UCHK, VCHK,WCHK, wBO}

1 11,1F,CONBTY,BETAR,SINBET,COBBEY w801}
COMHON FVYN(1) Wiy

COMMDN /VELARG/loV'ZnU;V;':A.EN:SE'A.lLUPEuTLﬂNCo'IPv w801

COMMDN /PRESS/DELTP,XRF, XRB, XL ¥, XLB,YLC,YRC,COBALF ,NPANLS, wBo1

1 ARNING,FMACH,ALFA,FN(250),3INALF,DELTA w801
COMMDN /IPR/NPR,1,J w01y

COMMON/SWEFPB/YVBULER(20),VSWTER(20),VSaLEL(20),VSnTEL(20), L11 3%

1 VBWLEU(20),VBWTEU(20),VEWLED(20),vINTED(20),LVSWP,LEFT,FAC,NCWB,WBOY
2ARPNL(2%0) ,WIDTHI2S0) wBo1
COMMON /TRANS/NBIP,RB,DX,WBIP, xFBIP(100),8NT(125),C8T(128), L1123}

1 SNT2(12%),C872(12%) wao1
COMMON /TILT/ANGLR,ANGLL,ANGLU,ANGLD,DELR,DELLDELU,DELD wgoy

COMMON /BVEL /BDU,BDV,BDw wao1

COMMDN/WBTR/XWLE wBo1

COMMON/REF /SREF ) REFL wBo}1

COMMON/CRUX /NCRX w801

COMMON/NONL IN/NWBP ,NOLINP, TOTLR,800Y ,ALFR,NQUT,NPRESS,NOCPT,NORAG WBO1L

COMMON/SPSANG/8INALC,COSALC,SINPHI,COBPH] wBo1

COMMON/VRTXV/VYRTX(2%0),MVRTX{250) ,NVRTPL ,NVRTX wB01

w801

EQUIVALENCE (RHS(1),DELTP (1)), (HEADCL),VVRTX(1)),(YLT(1),VVRTX(21)WBO1
l)-(Vﬂ(l)nVVRYl(ll)’:(ViY(l,:VVIYI(OI)’ (ZOTC1), VVRTX(B1)), (ZUT(1),mB01

2vVATX(101)) L1171
: LT

DATA P1/3,14159265358979/ w801
DATA QUIT/aW2TR2Z/ wBo1
wgo1

NAMEL {ST /INPUT/CRP,SuLEP,BuTEP, NCK,MBWR ,M8uL ,ALFAC,PH],B2,FNACH, K801

1LVamp, Fac, NFVYNPR, YOLFAC.NOHU MBWD,; SHLEV,SuTEY, w801
1 CRPV,B2V,NCRX,RB,NS8DCR,DELR,DELL,DELU,DELD,SREF,REFL,NOLINP, waol
INOUT ,NPR,NDRAG NVRTX ,NPRESS, YRTMAX ,NCHB w801
n801

wio1

1 FORMAT (204A4) L1123
2 FORMAT (1M1,2040) [ L1'}}
701 FORMAT(1H1,20%° HWING GEOMETRY/// wao1
1 9N, 21MLEADING ouGE SWEEP = ,F10,5,2X, THDEGREES// w801
2 8X,22HTRAJLING EDGE SWEEP & ,F10,9,2X,THDEGREES// wpo1
3 18X, 12:TIP CHORD ® ,F10,5// w801
& 17X,13HRO0T CHORD ® ,F10,%// wBo1
9 14X, 16HNING SEMISPAN ® ,F10,%//) wBo1

702 FORMAT (//20%,15HFLOR CONDITIONS//SX,THMACH 8 ,F10,%,4X,8HALPHACE WAOY
1 oF10,5,QX, THPHI 8 ,F10,5,4X,THALFA 8 ,F10,5,0X,7THBETA & ,F10,%/)mB01
TO) FORMAT(IH1418X,52H PANEL CORNER COORDINATES FOR wING PawBO1

INELS) L{ ]2}
T0u FORMAT (1H1,10X,30HCONTROL POINT COORDINATES FOR ,12,14w CNO'DIISENHOI
1 BY 12,36H SPANRIGE PANEL® ON RIGHT WING PART,2X,12,1X, 01
126HSPANWTISE ON LEFT WING PART/S3IX,3HAND,12,36H SPANNISE PANELS ON iBOI
1UPPER WING PART,1X,,12,284 BPANWISE ON LOWER WING PART// (1131
! S, IMS 06X, GHX(J) e 8X,4HY (J),BX,aRZ(J), wgoy
X TN, SHRUCS) 40X, SHBY(J) o OX,SHAN(I) , 10X, 5HVV(J) 10X, 5HNYV(J) /) weoy
705 FORMAT {1X,15,2X,F10,%,2%,F10,5,2X,710,%) w801
T06 PORMAT(SX,13,3X,P9, n.ll,F’.a.ll,'..a,lu- FR,8,1%,P9,4,1X,F9,4, 801
1 IO, FO U 1 XaFPO,3,1X,F0,4,1He,FO,4,1X,F9, G.II,FQ q) n8o1

COB®NTIE N~

- [} - -
707 FORMAT(1M1,301,20HINFLUENCE MATRIX FVYN//) wBo1
TOB FORMAT(/1X,56C1H®) 1 THRIGHT WING PANELS,ST(1Ha}/) w801
T09 FORMAT(/1X,S5T(1Me),16HLEFT wING PANLLS,ST(1He)/) L1131
710 FORMAT(/1X,%6(1Ha) 1 THUPPER WING PANELB,57(1He) /) (1131
711 FORMAT(/1X,56({He),{ THLONER WING PANELS,S57(1H=}/) L1I'3]
713 FURMAT(3F1D,%) 8oy
715 FORMAT(// 30X,)SHPARAMETERS UStD// wao1
1 12X, 7THASYM 8 ,L3/12X,8HTLRNC 8 ,E12,5/12%,THLEFT & ,L3//7/) w801
717 FORMAT(1HL,30X,21HSLOPFS OF PANEL EDGES//6X,1KJ,5X,10HL,E, BLULPE, wBO)
1 SX,10MT,E, SLUPE/) LLTT]
718 FORMAT(5X,13,%%,F{0,5,5X,F10,%) LT3}
722 FORMAT (//10%,23HRIGHT WING PART SPAN mw ,F10,5/ w801
110X, 25M LEFYT WING PARY SPAN & ,F10,%/ wgoy
2 10X,23HUPPER WING PARY SPAN n ,#10,5/ LLT
3 10X,234LUNER wiNG PARYT SPAN 8 ,F10,5//) w801
723 FORMAT(//10%,THCRPY 8 ,F10,5/9X,8HCRPTY & ,7#10,9//) LLT2]
724 FORMAT(1H],20X,22KVERTICAL WING GEOMETRY/// w801
1 OX,2tHLEADING EDGE SwEEP » ,#10,9,2X,7HDEGREES// wao)
2 BX,22HTRAILING EDGE SWEEP w ,F10,5,2X,THDEGREES// w801
S 18X,12HT1P CHORD ® ,F10,%// w80}
4 17X,13HRO0T CHORD = ,F10,%// L1131
9 14X, 16HnING SEMISPAN w ,F10,%//) LL1}
T2S FORMAT(IM],30X,4BHCONTROL POINT COORDINATES FOR BIPe8 (WING FRAMEIWBO]
177X 1H] 6%, GHX(J) s 8X,4NY(J),B8X, 4HZ(J)//) w801
726 FORWAT(///729%,35HB1P CORNER CODROINATES IN BIP FRaANE) LL1T]
727 FORMAT(OX,PQ,4,11(1X,F9,4)) w801
728 FORMAT(1H1,30X,22HRIGHT HMAND SIDE VECTOR//&X,1HJ,3X,6HRH8(J)//)  WHOQ
729 FORMAT(2X,13,2X,E12,9) "8 01
13 3 'DHNATIINI.!Ol.liﬂPREISUR( ON PANEL J//74X,1MJ,4%,44P(J)//) L1 13}

7030 FORMAT ( 779X, 1M 15X, 2HLF, 15, w801
1 1Mo, 1 2%, 2HLE, 13X, I He 12X, 2HRF, 15X, IHa, 12X, 2HRB/ 12X, 1HX,0X,1HY, w80}
2 0N IHZ X M X LN OX IHY X UM, S, 1He, 3X, 1M, 0X, IHY,9X, |HT,NB0]

3 SX, 1Ha, 3K, IHX, 0K, IHY 9, THZ /38X, 1He, 20X, 1H%, 20X, 1Ha/130(1He)/  =BO)

43BN, 1M, 20K, 1 He, Q0K IHe) 8oy

7051 FORMAT(IXK,18,2X,F10,8,2X,#10,8,2%,710,%,2%,E12,9,2X,E12,9%, LL11]
1 RX,E12,%,2X,0812,%,2X,012,%) "so1

¢ "s01
¢ wBo1
[ LLTH
¢ wB0o)
c DEFAULT VALUES FOR NAMEL1ST INPUT "eo1
¢ wso1
ASYMu FALSE, wpoy
80DYw, PALSE, waotl
FACmo, 9% [T.1}]
LVONPRg LTI}
TOLFaCe1,0 "pol

NPRBO L1131
NEVNPREO T
NOLINPNHO LTTTY
NOUTuo (TTTY
NVRTXa0 wpo1
NPRESSE0 "goy
PHIs0,0 L1123}
LELINY) "poy
SWLEPu0,0 wsoy
SWTEPRO,0 w801
suLtveo,0 %801
SHTEVaO0,0 [TT3}
CRPVa0,9 L] 3}
B2Ve0,0 (TT3}
LT [ 1131
MeNURO weoy
NCRXuo wgoy
NBDCRao [TT 1
R8e0,0 weoi
DELRa0, 0 w801
DELL=0,.0 waol
DELUmO, 0 w801
0ELDs0,0 "801
vnvnnx-o,ss L1 1}
NDRAGa{ w01
OTORsP1/180,0 wgo1
c...l.l..lnlnlll....lll.'l.l..l.....l..l.‘t.nl.......I.'i.....l...l.'...laﬂ‘
¢ SET CORE REQUIREMENT BASED ON FYN(1) (IT1T
LFLEg 801

CALL REQFL(LFL) n801

19.G6 dI OMN
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¢ -
C-tttttt..-ttntt.--ntttnt-ttittnl..a.tt.....ntn.n.nn-tn-t.n..ntt..n-n.t.u:g:
[ N80
4 WING GEQMEYRY BPECIFIED IN PLANFORM, g:o:
[ GEOMETRICALLY BYMMETRIC wINGS ONLY w01
4 L 1.5}
¢ w80}
[ READ MEADER CARD w801
¢ w0y
999 READ(S,1) MEAD w80y
TFEHEAD(1) ,EQ,0UIT) STOP w801
¢ . w801
¢ READ NAMELIST INPUT w801
¢ w801
READ (5,1NPUT) w801
¢ wB01
tiPvyege w80}
NRPaNCHeMANR L1-1'3}
NRPENRP ¢ w801
NHPENCw# (NSWReMSN| ) : w0}
NHPjuNNP#¢ | waoy
NJIPENCwa (MBuL ¢MIWReMERU) Pl
NIPlaN3Pe) wB0}
NPANL SENCW# (MBWReMSWL +MSNUeMBND) Y
NPANLPENPANL S+ wB01
NBIPENCWBANBDCR w80}
NWBPENPANL SoNBIP wgo |
[4 L1 3}
[ ANGLE OF ATTACK AND SIDESLIP ARE CALCULATED IN ACCORDANCE wITM w801
[ PITCHeROLL TRANSFORMATION, SEE NIELBEN PAGE S, w801
c WBo1
ALFACRBALFAC*DTOR wgo|
SINALCOSINCALFACR) wsol
COSALCHCOBCALFACR) wdoy
.PHIASPH]*DTOR wBO0Y
BINPNINSINIPHIR) wBO Y
CNIPHINCOS(PHIR) wWBO1
SINALFUBINALCSCOSPH] wBo}
ALFRUASIN(SINALF) wao1
CUBALFeCOB(ALFR) WBO1
SINBETRSINALCHBINPH] w80t
LLT
COSBETECOI(BETAR) w01}
Wao}
ALFASALFR/DTOR . wBo01
4 ’ L1138
SLPWLENTANCSWLEP#DTOR) _ wBo1
SLPWTETAN(SWTEP#DTOR) wBo}
ASYMu(BETAY NE,0,0),AND, (NBDCR,EQ,0) . waol
BODYWNBDER, N! 0 wBo1
DELTASDELR, N!.O..DR DELL,NE,0,,0R,DELU,NE O, ,OR,DELD, N0, Isgl
[ w801
WRITE (6,2) WEAD waoy
[ w301
EDILRIDELRQDYDR wBo!
ANGLR2R waoy
ROELL wgoy
ANGLLuALFReROELL wpoy
ROELUBDELUDTOR wBo0l
ANGLUSBETARGRDELU wdo1
ROELOBDELDDTOR waoy
ANGLOSSETARGROELD . waoy
BETAWSORT(ABB(FMACHEFMACHSY ) ) w801
TLANCu(B2#15 ,EeS)aa2eTOLFAC w801
TOTLRE2,0+TLRNC w801}
CONBTs 3,0¢P1 w801
¢ L1132}
4 wWBo1
WRITE (b, INPUT) wB0}
[4 wWBo}
[ wBoy
¢ UP TO STATEMENT 69 18 FOR WING ALONE CASE w80y
c . w801
IFCaByYM OR, BODY,OR NCRX,NE,G) GD TO 69 1.T.1}
MSWRPEM3WR4 wBo01
1F{Ly3»P,EQ,0) GO YO 25 L1113}
READ(S,T18) (YRIKJ),VSWLER(KJ),VEWTER(KI), KIm],N8uRP) LLIJY

anooa

LY YY1

ano

ocon

0o

s

11

14

76

7

14)

LAY DUY THE SPANWISE LOCATION OF PANEL RHS, YR(I)IN THE PLANFORM
PLANE
1¥F THEY WERE NOY READ IN ALREADY

YR(1)m0,0
YR(MBWRP)8B2
DYsg2/"3uR

00 110 lw2,M8wR
Aleley

YR{l)s YR(1)eDYeal
SPANRSB2

CRPTRCAP

GD YO o8

IF WITH BIDESLIP AND wlTHOUT BODY,

YAWED WING GEOMETYRY LAID OUY RELATIVE YO LINE FORMED BY
INTERSECTION OF STREAMWISE PLANE TWNROUGN WING RQOY CHORD LEf AND
WING PLANFDARM PLANE (4 STREAMWISE LINE)

CONTINUE
MINRPEMBNRS )
LELINT 1R LIRS
MESWUPEMYWUS |
MSWDPaMBWD ]
1F(BODY) GO YO 74
IF (,NOY ABYM) GO

IF (LVvBWP NE,0) GO YO 60
SWPLERSSWLEPeBETAY
SWPTERBOWTEPwBETAY
BWPLELSSWLEP¢BETAY
BWPTELRINTEP4BETAY
c

SPANLE (B!ICUS(!IL!PODYOQ)’iCDl(l"L!L!DYDl)

GO YO Te

To 14

w30l
L1
w801
wB0}
wWeot
w801
w0}y
g0}
“801
wB0}
L1113}
(113}
wgo{
w801
weoy
weoy
B0l
LT3}
(L1}
wWaol
wWeol
W0}y
L1123}
w80}
weoly
[ 112}
waol
LLTT
w801
L {12}
L1 1 3%
wWeo1
w80}
we ol
wol
wWaol
LLT 2}

BEY UP BYWMETRIC GEDMETRIC LAYOUY FOR USE LATER wITH NON SYMMETRICWBO1
wWeol

SHPLERSRNLEP
SwPTERBONTEP
BWPLEL=8NWLEP
SWPTELBINTEP
CRPTeCRP

SPANRuED

BPANLE8Q

CONTINUE .
IFINCRX,EG,0) 60 7

CABE FODR VERTICAL WING PANELS

1F(B0ODY) GO YO 7%
IF (. NOY,ASYM) GD
BWPLEUSBNLEVALFA
SwPTELISSWTEVeALFA
SWPLEDEBWLEVeALFA
SHPTEDSBWTEVeALFA

o

Yo 718

TYBCRPYe(COBALF+SINALFOTAN(SWPTEUSDTOR))
SPANUS(B2V/COS(BWLEVADTOR) ) «COS(BWPLEUADTOR)
8PANDE(B2V/COI{SNLEV+DTIOR) )L DI(BNPLED+DTOR) $CTPVaBINALF
0 TO 1Y

SwPLEUsBWLEY

SWPTEUSIWTEY

SWPLEDBBWLEY

BWPTEDEIWTEY

CRPTVRCRPY -

SPANUSBRY

SPAND2B2Y

CONTINUE

SLPwLRE TAN(BWPLER®DTOR)
BLPwTRE TAN(BWPTEReDTOR)
ALPwLLD TAN(OWPLEL*DTNR)
SLPWTLS TAN(B®PTEL*DTOR)
1F (NCRX,EQ,0) GO YO &4

SLPWLUSTAN(BWPLEUSDTNR)

w801
[T1F]
weoy
B0l
w0y
wWBo1
ol
LTI}
weo}
w801
%801
w80y
weol
[ 112}
weo1
weol
weol
wWeol
L1131
wWeol
w80}
wWeol
wWeol
w801
w801
L1}
w80}
[12}
weol
W80y
waoy
[ L12}
nsot

(113}
weol
w801
wB0}

T9.LS 4L OMN




» ‘ - ’
SLPWLORTAN(SWPLEDDTOR) wB0l 509 WRITE(6,723) CRPT,CRPTY w801 38e
SLPNTUSTAN(SWPTEUDTOR) w801 3to 1F (NOUT,NE,1) GO TO 7813 w80y 387
SLPTOSTAN{SWPTEDDTOR) w80y 514 WRITH(6,703) w801 368
64 IF(LVSWP,NE,O) GD TO &0 wB0] §12 WRITE (6,7030) w801 389
GO 10 &8 wi0] 313 WRITE(6,708) w801 390
60 READ (5,713) (YRT(KJ),VSWLER(KJ),VYSWTER(KJ) N Jx],HSuRP) we01 314 WRITE(6,706) (JoXLF(J),YLCCI) 2LF(J) o XLBLI) YLECIYSILB(JI W XRF(J), wBO] 30}
SPANREYRT (MSWRP) wB01 31S 1 YRC(JY ZRF(J), XRB(J),YRC(JIY,ZRA(J),Jal,NRP) w0l 392
READ (S,713) . (YLY(KJ),VOWLEL(KJI) s VSHTEL(KI) KJm],H8uLP) wB01 316 IF(,NOT,(ASYN, OR,B0DY) (AND ,NCRX ,EG,0) GO 10 73 wd0{ 393
! SPANLaYLT{NSHLP) w801 317 WRITE(S,709) w801 394
IF{NCRX,EQ,0) GO 1O 68 wBO1 318 WRITE(6,706) (JoXLF(J)oYLECIY o 2LP (I o XLBCJ),YLECI) 2 ZLBCJ), XRP(J), wBO] 39S
READ(S,713) (ZUT(NJ), VWL EUCKIY ) VSWTEUIKS),KJn],M8nUP) w801 31¢ 1 YRC(J)SIRF(J),XRB(JI,YRC(J),ZRB(J) s JONRPY ,NHP) wB01 39
SPANUSZUT(MEwUP) wg01 320 73 IF(NCRX,EQ,0) GO 1O 7y w801 3oy
READ(S,713) (2DT(KJ)oVONLED(KJ),VENTED(KJ) ,KJIm] ,MSWDP) wB0| 321 WRITE(S,710) wB01 3es
BPANDSZDT (MSWOP) wB0y 322 WRITE(6,706) (J)XLF(J),YLCCJI))2LP(J)oXLBLJ), YLCUJI)»2LB(JIXRF(J), wBOL 399
GO 10 o8 wBd1 323 1 YRC(J),IRF{J)I,XRB(J),YRC(J),ZRB(JYs JRNNP],NIP) w801 o0
% CONTINUE wB0) 324 WRITE(S,711) wg01 401
YRY(1)mRE waoy 325 WRITE(6,706) (JoXLF(J)pYLCCI)sZLP(J) o XLB(J) YLCCIDI S ZLB(JI) XRFLT), wBOY 402
YRT(MSWRP )uSPANRORB WBO01 326 1 YRC(J)oZRF(JI,2RB(J),YRC(J),ZRA(JI) s JBNIPI,NPANLS) wB01 403
DYReBPANR/MSNR w801 327 71 IF(NBDCR,EQ,0) GO TO 72 wB0§ w04
D0 51 Im2,MBWR w801 328 WRITE(S&,726) . w801 40S
Alaley w801 329 WRITE(6,7030) wB01 408
[ 51 YRT(TI)uDYRaAIeRE w301 33D WRITECH, TRY) ALF(INPANLB), YLEINPANLP),2LF (NPANLP), XLBINPANLP), w801 a0y
[ : wBo1 331 1 YLCINPANLP), ZLB(NPANLP), XRF (NPANLP), YRC (NPANLP), ZRF (NPANLP), w801 408
YLT(1)aaR8 wBo0g 332 1 XRB(NPANLP),YRC(NPANLP),ZRB(NPANLP) wB01 409
YLY(NSHLP)ua8PANL oRD w801 333 WRITE (6,717) w0l 410
DYLuSPANL /M8w|, wB01 334 WRITE (6,718) (Js8WPPLE(J)»SwPPTE(J),Jml,NNBP) w801 aty
DO 52 =2,MSw. wao1 338 60 10 7813 w801 412
Alnley WBO1 33¢ T2 WRITE(6,717) . wB01 413
$2 YLT(I)seDY_ vAluRE we01 337 WRITEC6,718) (J,SWPPLE(J),SwPPTE(J),JB1,NPANLS) wWBol w14
IF(NCRX,EQ,0) GO TOD 68 wB01 338 7813 CONTINUE wB0y 1%
c wBO1 339 c : wB01 41
[ PANELS IN VERTICAL PLANE w801 340 DO 10 KMmj,NWSP w801 w17
[ wgo1 34y VVRTX(KM)B0,0 - w801 418
IUT(1)eR8 ’ w801 342 WYRTX(KM)®mO,0 w801 &t9 gé
ZUT(MINUP)mBPANUSRS ‘ we01 343 BOU(KM) 0.0 w801 420 o)
— DZUugPANU/MEWY wB01 344 BDV{KM)20,0 w801 aBy
o DO %4 Is2,M8wy w801 34S 10 BOW(KM)®0,0 w801 422 3
Ny Alulet wBo3 34s [ w80l 423 g
54 TUT(1)spZUeATeRD R w801 347 [ wB0y 42q
c w801 3ap c GENERATE BODY BOURCE AND DQUSLET OISTRIBUTION AND CALCULATE w801 42s w
IDYT(1)u=RB . wBo1 3Jue c INDUCED VELOCITIES DUE YO THEM AT TWE WING CONTROL POINTS wB01 a2e ~d
I0T(MSWDP)an8PANDaRE wB01 350 4 ¢ BDU(K), 8DV(K), BOW(K) ) w801 427 o
DZDESPAND/MSWD weol 351 c w801 48 =
00 S5 1s2,M8WD wg0y 3%2 [ NOTLp BUBROUTINE SODY READS IN NAMELTAT BODY wB0y 429
Alnley w801 353 c w801 430
SS 207(I)seDlDaAleRSB w801 3%4 1P (,NOT,B00Y) GO TO 7811 w80y a3y
68 CONTINUE w804 35S CALL BDYGENCALPR,BETAR) w801 432
[ w8oy 3%6 NSTARTH| w801 433
¢ weoy 387 CALL VELCAL(NPANLS,ALPR,BETAR,NBTART) w801 434
c LAY=OUT ELEMENTAL PANELS ON WING w0y 338 7811 CONTINUE w801 43%
[ w801 359 [ w801 43e
IF(A8YM_OR,800Y,0R,NCRX ,NE,0) GO TO S0 W0y 360 [ w801 a3y
CALL LAYOUT(SLPWLE,SLPWTE,YR,48WRP,CRP,0,CTP) w801 361 C SUBROUTINE VRTIVEL READS IN YORTEX STRENGHTIS AND Y,T LOCATIONS w801 438
1F (NOUT,EG,1) WRITE (6,715) ASYM,TLRNC,LEFT weo1 362 [ ONLY IF NVRTX NE, O w801 439
60 10 53 W0l 363 c THERE ARE NVRTX VORTICES LLIZENTY] 3
S0 CALL LAYOUT(SLPWLR,SLPNTR,YRT,MSWRP,CRPT,0,CTP) w801 364 [ COMPUTE EXTERNAL VORTICES INDUCED VELOCITIEY AT THE WING CONTROL WBO! 44y )
IF (NOUT,EQ,1) WRITE (6,71%) ASYM,T_RNC,LEFT w801 36S [ POINTS wB01 442
CALL LAYOUT(SLPWLL,SLPWTL, YL T,MSWLP,CRPT,1,CTP) wB01 366 ¢ w801 443
IF (NOUT,EQ,1) WRITE (&6,715) ABYM, TLRNC,LEPT wB01 367 N8TARTSS w801 aay
IF INCRX ,EQ,0) GO YO &2 wB01 368 NaNPANLS w801 4as
CALL LAYOUT(SLPwLU,SLPWTU,ZUT,MSWUP,CRPTY,2,CTPV) w801 369 IF (NVRTX,NE,0) CALL VRTVEL(NBTART,N) w801 4a4e
IF (NOUT,EQ,1) WRITE (6,715) ABYM,TLRNC,LEPT wao1 370 c w801 4aqy
CALL LAYOUT(SLPWLD,SLPNTD,ZDY,M8WDP,CRPTY,3,CTPYV) wBO0j§ 371 WRITE(6,704) NCW,MSWR,MSWL ;MBWU,MEND w801 44p
1F (NOUT,EQ,1) WRITE (6,715) ABYM,TLRNC,LEFT wB0l 372 WRITE(6,70%1) (JyXCPTCJ),YCPT(J),ZCPT(J),80UCJ),BOVLJ),BOMCI), w801 4u9
c w801 373 IVVRTX(J) s WVRTX(J),Ju],NPANLS) w801 &S0
[ LAYsQUT BODY INTEAFERENCE PANELS wB01 374 IP(,NDY BODY) 60 YO 78 w801 49y
4 w801 3713 WRITE(6,72%) w801 432
62 IF(NBDCR,EG,0) GO TO 83 w8t 376 WRITE(6,708) (M, XCPT(K),YCPT(K),ZCPTI{K),KONPANLP ,NNAP) wB01 a%3
CALL LAYOUT(SLPWLE,SLPWTE,DUMMY,NBDCR,CRP,4,0,0) w§oy 377 78 CONTINUE . wB01 4S84
IF (NOUT EQ,1) WRITE (6,715) ASYM, T RNC,LEFT . w801 378 : [4 . w801 43S
S3 CONTINUE w801 379 c wBo01 4S6
[4 w80y 380 A T I N I eI Imm 4%y
¢ w801 381 ¢ : awB01 488
WRITE(6,701) SWLEP,SwTER,CTP,CRP,R2 wgo1 3582 [ SPECIAL PURPOSE CORE MEMORY ECONOWMY SECTION FOR BCS 0600 aWB0y 4S9
IF(NCRX,NE,0) WRITE(6,724) SMLEV,SWTEV,CTPV,CRPV,B2Y X w801 383 [ BEY CORF REGUIREMENT BASED ON LPL PLUS FVYN(NWBP,NWBP) ewHOl 4so
WRITE (6,702) FMACH,ALFAC,PHT,ALFA,BETAY w801 384 c “wB01 dey
WRITE(6,722) SPANR,SPANL,SPANU,SPAND w801 388 MELTOTRLFLNNBP *NWBP ] w01 462




80T

CALL REQFL(MFLTNT) w801
¢ ' awB0}
g.l.Q..t....tt.t-t...tltt......t..........l.-l.l.......-.l......-..I....NHOI
w30
E StT UP INFLUENCE COEFFICIENT MATRIX -uo{
w501
4 CALCULATE THE INFLUENCE OF €ACH PANFL ON EACN CONTRGL PUINT n40t
c 11 AND IF ARE THE LIMITS FOR SUMMATION OF TNE INFLUENCE FUNCTION w801
4 IN SURBROUTINE VELNOR wWeol
4 1F 11 ® IF, THE INFLUENCE OF A& SINGLE PANEL AT & POINT RESULTS wB01
[ AS IN THE COMPUTATION OF THE ARRAY FVYN, 1IF I1si AND IFeNPANLS, wao|
c THE INFLUENCES ARE SUMMED DVER ALL PAN[LS: AS IN THE COMPUTATION OWHOS
4 REBULTANT VELOCITIES BELOw,,,, WRO1
c w801
[4 vem [ I8 THE INOEX OF THE INFLUENCING PANEL w801t
c - wBot
c w01
JJs0 w801
NOCPTe weol
DD 4S0 lmi NNBP wpol
1l=1 L1133
1Fay LLLH
[ »80!
[ J 18 THE INDEX OF THE INFLUENCED PANEL w801}
c B0}
DO 425 Jsi,Nwgp wBO1
JORJeNPANLS w01}
CALL VELNDRIXCPT(J),YEPTIJ) ZLPTLI)) LI-1-3}
JJnJJet w01
1F(J,LENPANLS) GO TO 417 L1133
c w801
4 INPLUENCED PANEL 18 4 B1P, RESOLVE WINGeFRAME VELOCITIES INTO WBo1
c 81P FRAME weol
4 weol
CALL ROTWB (VCHK,WCHK,VV,W%,J8) w801
GO 1D a38- w80}
417 VVaRVCHK w80}
WWRWEHK w801
Q18 1F(J,GT, NHP AND,J,LE NPANLS) GO TO 426 weo1
FYN(JJ)ImwwW wgo1l
GO 10 42% . wWBo1
426 FYN(JIJ)mVY LI}
425 CONTINUE ) w801
IF (ABS(FYNIJI)) LT, 1,08e10) FYN{JJI)RO,0 WB01
450 CONTINUE L1131
4 i wBo1
[4 DEBUG OUKP OF THE PVYN ARRAY %801
4 weol
IF(NFVYNPR,EQ,0) GO TO 418 wBo1
WRITE (6070T) L1 1.
CALL OUT(FVN,NWEP) wB01
6)8 CONTINUE wB01
CALL LINEGS(NWEBP,FVN) N waol
4 wB01
[4 8T UP BINGLE COLUMN MATRIX RHS FOR RIGWT WAND 8IDE »g0}
[4 17 REPRESENTY THE EXTERNALLY INDUCED VELOCITIES AND ANGLE OF wgol
c ATTACK wgo1
c w801
c CASE FOR WING PANEL ALL AT SaAME ANGLE a3 BODY w80}
4 wB01
IF(DELTA) GO TD 627 W01
00 620 Is1,NWBP wioy
IF (1,LE NMP AND ABS{WYRTX(]}),GT,VRTMAX) GD TD 631 wB0}
WADVRTaWVRTX(I]) LL13Y
GO 10 632 weoi
631 IF (WVRTX(T),LT,0,0) WADVRTmeyRTMAX LI
IF (WVRTX(1),67,0,0) WADVRT® VRTMAX w801
GO TO 633 »301
632 IF (1,GT NHMP AND,J LE,NPANLS, AND ABSCVVRTX(])),GT,VRTHAX) GO rooln-aol
VAOVRYIVVRTI(I) 801
GO 10 433 usOl
634 IF (VVRTX(I),LT,0,0) VADVRTawVRTNAX . . B0
1F (VVRTX(1),67,0,0) VADVRYs VRTMAX wBO1
633 CONTINUE w80t
1F(1,LE,NNP) GO TD 602 wBo0}
IFCI,LE,NPANLS) GO TO 604 . L1139
RM8(1)%0,0 w80y

* v

'3
dou
469
Gbe
ue7
468
469
470
4Ty
ure
473
4r4
4rs
476
“rr
urs
4re
480
481
482
(1}
us4
485
486
87
(1.1
[1.14
490
491
42
493
49u
4es
49
497
49s
499
$00
501
S02
503
504
508
S06
soY
508
S0
510
S11

813
S14
518
S16
s517
518
S1¢9

521
S22
523
524
525
526
s27

529
530
53

533
534
538
536
537
538
539

60 10 620 wgoy

602 RHS(I)BehLFReBIN([JanaNYRT 80}

60 T0 820 "801

604 RHS(1)sBETARSBDV(])=VADYRY w801

620 CONTINUE weo§

60 T0 sde w801

[ wBot

C RIGHT MAND SIDE FUIR PANELS TILTED wlTH RESPECT TO BOOY w801

C #B01

627 CONTTNUE w801

DO 84S Xmy,NWBP wgo1

1F (K,LELNHP ,AND,ABS(WVRTX(K)),GT,VRTMAX) GO TO 649 LLLT

WADVRTRWVRTX(K) LL1 B}

60 10 651 LT3}

649 IF (WYRTX(X),LT,0,0) WADYRYmeYRTMAYX wBo01

1F {(WVRTX(K),GT,0,0) WADVRTs vATMAX {113}

GO TO 653 w80}

651 IF (K, GT NWP, ANO,X,LE,NPANLS, AND,ABB(VVRTX(K)) ,GT YRTMAX) GO TD  wBO)

X652 L1-13%

VADVRTBVYRTX(K) wgo1

G0 TO 653 L1121

652 IF (VYRTX(X},LT7,0,0) VADVRYTmeVRTIMAX wBo1

17 (YVYRTX(K), GT 0,0) YADVRYs VRTNAX L1.13}

653 CONTINUE w301

1F (M LE,NRP) GO TO 641} wBo1

IF!K.L!.NKP) GO TQ eu2 LT17]

1F(K,LE,N3P) GD TO 643 w801

IF{K,LE,NPANLS) GO TO b4 whoy

RMB(X)®0,0 waoy

G0 TO 64S wBO1

64) RAS({K)BwANGLReBDW(K)eWADVRY w801

GD TO 648 w801

642 RHI(K)BeANGLL®BDOW(K)ewADVRY w801

G0 To 6ds w80}

643 REBIK)NANGLUSBDY(K)eVADVRT w801

GO TO eas w801}

644 RMI(W)RANGLDwBOY(K)eVADYRY CCLAY

648 CONTINUE wao1

17 {NDUT, RO, OJ GO TOD 648 - w8014

646 CONTINUE w801

1F (NOUT,NE,0) WRITE (6,728) wBo1

WRITE(6,T29) (K,RHI(K),Kal,NNBP) wB01

648 CONTINUE w801

CALL SOLVE(RMB,FVN,NWEP) waol

17 (NOUT,NE,0) WRITE(6,731) w801

00 430 191,NwBP LL12)

DEMONPBRHS (1) 4LONST wB0§

DELTP(I)INDENMONP ) (1-13%

1F (ABS(DELTP(I)),LT,1,0E=10) BELTP(1)w0,0 wgo1

IF (NQUT,EQ,0) GO 10 &30 wao}

WRITECO,729) 1,0ELTPLI) weol

630 CONTINUVE LT3}

c...l..ll.ll...l.l.l....t.l.ttlll..tn.lt..l.l.ll'.l.l.l.ll.ll..l.l.llllllaol

[ REDUCE REGUIRED CORE ALLOCATION BACK TO LFL SIZE liugl

¢ - LLL12%

CALL REQFL(LFL) weol

. LLLT 2N

Cl'.ll.t...ll.tl.l.l..l.lt.'....tlt..l.l!l.ttll.l.l..lllllIl....lllllllllaol

[4 L1.12}

t wBo1

C CALCULATE LOADINGS ON THE WINGS OR FINS WITH LINEAR PRESSURE wao!

¢ LOADINGS LLLYY

c w801

1F (NPRESS,EQ,0) CALL LOADS w8o{

[4 L11}}

[4 . . weot

[4 NON LINEAR PRESSURE LDADING CALCULATION weol

[ SURFACES ) weo1

[4 NVRTPLBQ WEANS EXCLUDE VORTEX [NOUCED VELOCITIES PAR4LLEL 10 =ING IB:I

4 weo1

1F (NOLINP,EG,0)} GO TQ 200 LL1}}

NVYRTPL 8O ~ (112}

CALL SPECPR waol

[ . L1121

[4 wgol

c REPEAT INCLUDING VORTEX VELOCITIES PARALEEL TO WING SURFACES L1113}
4

L1123}

sS40
5S4}
S42
543
Sa4
545
Sue
S47
Sas
549
550
sS1
582
553
554

58S

556
557
588
559
560
561
S62
Se3
Seu
56%
566
567
S68
569
s70
ST
572

T
7S

ST7
580
578
s7¢
581
$82
s83
584
58
586
s87
588
s8¢
590

s92
593
S94
598
$%
97
Se8
899
800
(13}
602
603
604
608
606
608
007
609
610
[ 23]
612
613
614
61s
(31

19/.S 41 DMN




: 4 P AN (VSWLER(I1)®DTOR =802 s9
::n;:::l'-l°-°’ G0 710 999 ::g: ::; : :t;.?:: ;Autcs:vts(:;-nvuﬂ)) "802 60
"
CALL SPECPR uso1 el e Sorowe ' "0 of
200 CONTINUE w30
G0 10 999 w80y 621 g PANELS DN LEFT MAND WING -:o: ::
£ND o1 s22 41 SLPXLES TAN(eVSNLEL(I)DTOR) w802 o8
SLPWTE® TAN(eVSWTEL(1)*DTOR) ) w802 o6
GO 10 ua w802 o7
[ w802 o8
¢ PANELS ON UPPER WING w802 o0
¢ wB02 70
30 SLPWLESTAN(VSWLEUCI)*DTOR) : w802 14
BLPWYESTAN(VBNTEU(I)*DTOR) o2 12
60 10 4u w802 73
[ wBo2 T4
¢ PANELS ON LDWER WING w802 13
H : wB02 76
. " [] wio2 77
SUBROUTINE LAYOUT (SLPNLE,SLPWTE,Y,M8uP,CRP,IL,CTP) :23§ ; " :t::%::;::i.:::k:gi{§.3}3.§ w802 78
t . WB02 79
¢ THIS BUBROUTINE LAYS OUT ALL THE PANELS ON THE WING AND TWE BODY w802 3 g wB02 80
¢ INTERFERENCE PANELS aos 8 44 SLPDIFE SLPWLESLPRTE weoz 8y
me JeY(IM))aBLPOIF w802 82
DIMENSION Y(1),COIDEC20),DELTP(250), SNPPLE(250),SnPPTE(250),2LF (25802 & A S P S LA w02 83
10),ZRF (250),2LB(250),ZRB(250),XBAR(250),ZBAR(AS0),YCPT(250),PNLE(2WB02 7 0 15 o3 w802 8
250) 4 ZCPT(250), XCPT(250), XLF (250), XLB(250) ,XRF (250),XR8(250),YLC (25802 8 c WB02 8%
¢ 0evRccrso) ::g: ' c NONVARYING L,E, AND T,E, SWEEPS CONSTANT VALUES USED -sg: 8
¢ 1] 87
. LOGICAL LEFT ::g: :; 40 COIDE(I)SCRPu(Y(I)nY(1))edLPDIF . xs02 s
RPs (3} «JLPD
CUMMON/VWNOR/SWPPLE ) BWPPTE, ZLF , ZRF, ZLB, IRB,ASYM,DUN] (9) w802 13 a3 éEn#%iEI’ COIDECII® CRPeLYIIoV(II)ebLPOL wB02 &0
COMMON/PRESS/DEL TP, XRF, XRB, XLF ,XLE, YLE,YRC,DDM,NPANLS,0UN(295)  WBO02 14 ¢ w802 9y
CONHU~/TNRUOYICN'lBA:,l!AR;v:P:;DUN!(SOO)-PNLCINClnHlNH.NIiLrNI“U ::g: :: ¢ SWPPLE AND SWPPTE ARE PANEL L,E, AND T,E, SWEEPS wB02 92
1, WSWD,NPD{S),B2,B2Y,XCPT,ZC RNER POIN RDINAT wso2 3 O
COMMON/SWEEPS/VANLER(20) ,VSNTER(20),VBNLEL(20),vONTEL(RO)Y, w802 17 i E CALCULATE PANEL CORNER POINT COORDI e w02 o4
= 1 VSWLEU(20),v8RTEU(20),VBRLEDC20) ,VONTED(20),LVv8nP,LEFT,FAC,NCHE wBO02 18 IF (1,£6,2) 60 10 4s wgo2 8
o 2,ARPNL (PS0),wIDTH(250) w802 19 JLESCIn3) sNCHe ] w802 % U
O COMMON /TRANS/NBIP,RB,DX,wBIP,XPBIP(100),8NT(125),C8T(125), w802 20 IF (N8,GT.1) JLESJLE4NPD(NSet) weo2 o7
I SNT2(128),C812(12%) w802 24 . WLEXBXRF (JLE) w802 8 Un
COMMON/CRUX /NCRY weo2 22 18 (LEFT) WLEXSXLP(JLE) w802 0
c wB02 23 S CONTINUE . w802 100 O\
DATA DTOR /0,017u$33/ w802 24 DO 130 Key,NCW wB02 101 =
‘DATA PI/3,14159265358979/ ¥802 23 Je(1e2) ¢NCHIK w802 102
c w802 26 1PN, LE.1) 60 TO 131 w802 103
TWOP1e2,0¢P1 S0z 17 JRJINBD (NBe1) w802 104
PI28P1/2,0 w02 20 131 AKMEKay ' w802 108
1FCIL,E0,4) GO TO 200 w802 20 AKeK u802 106
LEFTeIL ,EQ,1,0R, JL,EQ,3 ne02 30 SWPPLE(J)OBLPNLE=AKHEBLPDIF/ANCH w802 107
NSSIL#1 w802 31 SWPPTE(J)NSLPNLESAKSBLADIF/ANCH w02 108
ANCWRNCW : w802 32 17 (LEFT) GO 10 S0 w02 100
BLPOIFe SLPWLE=SLPWTE "802 33 XLF (JYeAKMaCOTOE (IM) /ANCWewLEX w802 110
. ESIDE(1)m CRP :::: L XLB(JYEXLF CJ)+COIDE(IM) /ANCH , e -::: 11
: XRF (J)@AKMeCBIDE(T) /ANCH4 (Y (L) wY(IM))aLANLESNLEX n802 112
¢ VERTICAL WING TREATED IN THE BAME WAY A9 HORIZONTAL wING weoz 3o :nu:j;-xnr(5)120%3:(:)/A~cu ! w802 113
¢ Y AND 7 COORDINATES ARE INTERCHANGED FOR VERTICAL WING ws02 37 YLE(I)mY(IM) wB02 114
¢ WB02 38 YRE(I)aveD) w892 118
4 LEFT 8TANDS FOR EITHER LEFT MORIZONTAL WING OR FOR LOWER w802 3¢ 60 10 81 w802 116
¢ VERTICAL WING M4 o S0 CONTINUE ; w892 117
¢ o2 a2 XLP (JYWAKMACSTIDE (1) /ANCRe (Y (T)wY(IM)I4BLPWLE+NLEX w802 118
¢ w802 as XRP (JYwAKHCSTIDE (M) /ANCHawLEX w802 119
¢ "or ¢ XRB(J)® XRP(JI4CBIDE(IM) /ANCH w802 120
c INDEX 1 RUNS SPANWISE, K CHORDWISE ALONG wING . L XLB(J)w KLF(JI4CSIDELT)/ANCN w802 121
¢ CALCULATE LENGTHS OF OUTBOARD PANEL S8IOE,C8IOE :egz as YLE(J)eY(T) w802 122
¢ te o YRC () Ry (IM) w802 123
WLEXND,0 w802 S1 CONTINUE w802 124
DO 140 182,48WP 802 48 ILF ()0, 0 n802 128
IMeTey "a02 49 ZRP (J)u0,0 w802 126
IF(LVSWP,EQ,0) GO TO 40 "0z 50 ILB(J)w0,0 w802 {27
60 10 (42,u1,30,31),N8 :::: :; ’ ZRB(J)®0,0 w802 128
¢ ¢ w802 120
4 CASE FOR YAwED WING, STREAMMISE PLANE PASSING THROUGH RDOTCHORD  wB02 83 3 FIND YeCODRDINATE OF CONTROL POINT AND PANEL CENTROID w802 130
¢ LE INTERSECTS ®ING TE n802 54 ¢ wB02 133
4 TE SWEEPS MAY VARY A8 A CONSBEQUENCE . w802 55 ALaXRB(JIaXRF(J) w802 132
¢ nB02 %o AZUXLBCIYeNLF () . n802 133
3 PANELS ON RIGHT WAND WING w802 S7 HBY (oY (IM) w02 138
¢ =802 S8 YBARE(2,00410A2) 0K/ (3,00 (A1 0A2)) w802 138
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o0

OO0 OO0

L L LY T )

[]
129

o

121

130
140

20

o

I1F (LEFT) YBARBO(2,00A2¢A1)0M/(3,00(ATeA2))
YCPT(J)uY(IM)eYBAR
IF (LEFT) YCRT(JImY(IM)eYBAR

FIND XeCOORDINATE OF CONTROL POINT AND PANEL CENTROID

XPCLEmXLF (J)eYRAR *SWPPLE())

IP(LEFT) XPCLEaXRF(J)eYBARSBWPPLE (J)
XPCTEWKLA(JS)eYOARSSHPPTE(S)

1F (LEFT) XPCTERXRB(JI*YBARSBWPPTE (J)
PNLC(J)eXPCTEmXPCLE
XCPT(J)eXPCLESFAC *PNLC(J)
XBAR(J)B(XPCTE+XPCLEY /2,0

2CPT(J)m0,0 -

I1BAR(J)u0,0

IF (LEFT) GO 1O 60

G0 10 129
SWPPLE(J)ueBuPPLE (J)
SHPPTE(JImeSnPPTE(J)
IF(NS,LE,2) GO TO 128
LP(J)mYLC())
L8(J)mYLE(S)

YLE(J)eo,

IRF(JYBYRCL(J)
IRB(JIBYRC(J)

YRC(JIwo,

IBAR(JIWYCPT(J)
ICPT(JImYCPT(J)
YCPT(J)mo,

CONTINUE )

1F(J.6T ,NPD(2)) GO YO 120
60 10 11

ARPNL (JIW0 S (ZRF(JISZLP(JIIn (XLB(JI®XLF (JIXRB(J)mXRF(J))
wIDTH(JIWZRF (J)e2LF (J)

60 10 130

ARPNL(J)80,38 (YRC(JIeYLC(JI)In(XLB(J)XLF(I)eXRB(JInXRF(J))
WIDTH(JIGYRC(J)eYLL(J)
CONTINUE

CONTINUE

CTPeCSIDE(MSUP)

RETURN

LAY QUT BODY INTERFERENCE PANELS
DXECRP/NCWE

WERE x WAS ONE VALUE POR EACH RING OF BIPsl

FPOR EACH CIRCUMPRNTIAL RING, THE X PRONT POSITION, XPOIP(L)
18 A CONSTANT ow

XFOIMCL) I8 IN THE WING COORDINATE BYSTEM

KX80 :

D0 2850 KW1,NBIP,MaNP
X38KxaDX

KPaKoMSNPay

00 240 LeX,kP
APRIP(LIEXS

KXBKXe]

CONTINUE

CALCULATE YNE TRIG FUNCTIONS OF TME ANGLES ASSOCIATED WITH EACM

wB02
LITT
w802
wB02
wBo2
LLT T
wBo2
wgo2
wsge
wBo2
wBo2
w02
wB02
wao2
wBo2
wB02
w02
Weo2
wBo2
wgo2
wao2
w§o2
wao2
wBoR
wBd2
wao2
w802
w802
wBo2
wBo2
w802
w02
weo2
weo2
wao2
wBo2
wBo2
w02
w802
wBo2
w802
w02
wBo2
w802
wBo2
w802
wgo2
w92
wBo2
w02

WBO02

wB02
wao2
weo2
w02
weo2
w802
wBo2
w02
wBo2
wg0d
wao2
w02

BIP, THI® LOOP EXECUTES ONCE FOR £ACH DIFFERENT BIP ORIENTATION, wBOR

BETS TRE FUNCTIONS FOR ALL BIP*8 THAY ARE AT THE SAME ANGLE,

ANG 18 THE ANGLE OF ROTATION OF THE 81IP WITH RESPECT TO THE WING

COORDINATE 8YSTEM,

w802
wBo2
w802
wgoa

THT J18 THF POLAR ANGLE OF THE BIP wlTH RESPFCT TO THE WING YoAXI8,wB02
w02

OTHTRTWOP] /MBWP

W8IPE2, *RACSIN(DTHT/2,)
CPYmo ,SanBIP

DO 260 .Inl,M8wP
THTBI&DTHT
ANGOPI2eTHTSDTHT/2,
SNRSIN(THY)

wB02
wWBo02
LLLT 3
w803
w802
LLTH
wa8o2

OO0 0000

oo

ass
260

CSRCOS(THTY
SN28SINCANG)

C32=C0S (ANG)

DO 255 JwI,NBIP,MSWP
KaJeNPANLS

ANT(J)usN
SNTZ(J)n8N2
C8T(J)mcs
C872(J)nCs2

TRANBFORM THE BIP CONTROL POINY Y AND 2 COURDINATES INTO WING

COORDINATE SYSTEM
CALL TRBIPW(CPY,0,s YCPT(K),ZCPT(K),d)

(1174
w02
wB02
wB0¢2
wBo2
wBo2
w802
w02
LLTx4
w802
wgoe
w802
w02
wgo02
wWBo2

NOTE == THE FOLLOWING CORNER=sPOINT COORDINATES ARE COMPUTED IN THEWBOR

THE #+BIPe¢ SYSTEM,, THAT I8 WHY THEY ARE ALL THE SaAME,

xLF(X)u0,
XLB(K)aDX

XRF (K)u0,
XHB(X)m0X
YLC(K)mg,
YRC(K)awBIP
ILF(x)e0,
ILB(K)m0,
IRF(KIBO,
IRB(K)m0,
EWPPLE(K)®0,0
SWPPTE(K)=0,0

CONTROL POINT X COORDINATE SYBTEM IN WING BYSTEM
XCPT(K)mXFRIP(J)eFACDX
CONTINVE

RETURN
ND

SUBROUTINE LOADS

DIMENSION PX(250),8L0A0(20),FY(2%0),F2(2%0),DLTPG(2%0)
DIMENSION BFY(100),8F2(100)

LUGICAL OELTA,ANY,ANYMORE
LOGICAL ASYM

COMMON/SOWEEPS/VIWLER(20),VONTER(20),vaWLEL (20),VINTEL(20),

VBWLEU(20),YSWTEU{20),VIWNLED(20),VONTED(20),LVINP,LEFT,FAC,NCHE

2,ARPNL (250),WIDTH(250)

)
1
1
1
1

COMMON /PRESS/DELTP(2%0),XRF (250),XRB(250).XLF(250),0L.B(250),
1YLC(250),YRC(250),COBALP ,NPANLS)ARWING ,FMACH, ALFA,FN(250),8INALF

¢ DELTA
COMMON /THRUST/CN,XBAR(2%0),2BAR(250),YCPT(250),
VYNOR(250),CIRC(2%50),PNLC(2%0),

NCW,MSWR, MBU| , MO, uguD, NRP ,NHP ,N3P,B2,B3V,NCPT(250),2CPT(250)
COMMON /VWNOR/SWPPLE (250),8wPPTE(230),2LF (250),2RF(250),DUN(S00),

ASYM,UP,VP, WP,

11,1F,CONSY,BETAR,SINBET,CO8BEY

CUMMON/IPR/NPR, 1,J

COmMON /TRANS/NBIP,RB,DX,#wBIP,XFRIP(100),BNT(12%),C87(12%),
SNT2(125),C872(128)

COMMON /TILT/ANGLRANGLL s ANGLU, ANGLD,DFLR,DELL OELU,DELD

COWMON/REF /SREF ,REFL

COMMON/CRUX/NCRX

COMMON/BVEL /8DU(250),80v (250),80W(2%0)

COMMON/NONLIN/NWEP ,NOLINP, TOTLR,BODY,ALFR,NOUT,NPRESS, NOCPT ,NDRAG

wgo2
wgoe
wHo2
w02
weoe2
wao2
wB02
wpo2
wg02
w802
wBo2
wR02
wB02
wBo02
wg02
wB02
wBo2
weo02
W02
wBo2
wWBo02

L1137
L1-12]
w803
wB03
wB03l
w803
w80l
w803
w803
L1-12]
wB03
w803
wB03

-WB03

%803
wWeo3
w803
waos
wRO03
weos
LI12]
LT3
w803
w803
weold
wB03
wBo03
w803

a13

215
216
217
218
219
220
221
222
223%
224
228
226
227
228
229
230
23
232
233
234
23§
236
237
238
239
240
241
242
26y
264
248
2ub
247
208
249

Nre OO DA R E

T9/S 4l DMN




TI1T

o0

oo

Gl lalaXs

COMMON/SPCPRS/DLTP(250),0LTP2(280),DLTPS(250),DLTP](250)

wg0s
wBos
EQUIVALENCE (BFY(1),CIRC(1)),(8FZC1),CIRC(I01)), L.1-2 B
1 (OLTPGC1),2BAR(1)) w803
wBO0S
w803
701 FORMAT(INY,25%,21KWING FANEL PRUPERTIEB//2X,1HJ,3%, THYCPT(J),3X, wB03
1 1O0HCHORD THRU,4X,SHPANEL,3X,8HM]DCHORD,SX, wBo03
1 6HDELTAw,bX, wBo3
1THGAMMA/V s 3X o FHVNDOR/Y AT, 6X,2HFX, BX,2HPY,8X,2HF2,8X, 2HFN/ wgo
1 18X,8HCFNTROLD, ol,BKSPAN,!I,ON!“!EP,OEG.NBOJ
2 SX,2HMCP,16X,14HNPANEL CENTROID/Z) wgo3
702 FORMAT(//31X,21HSPANN]ISE DISTRIBUTION//) w803
703 FURMAT(30X,12,5X,P10,5,2%,F10,5,2%,F10,5) w803
708 FORMAT (8X,13,7X:F30,%,2X,F10,%,2X,510,%,2X,F10,S, 2x,7F10,5, "ol
12%,F10,8,2%,F10,5) wB03

T06 FORMAT (ll,ll:lln'lo So1XeP10,8,8%,F10,5,1X,F10,5,1%,P10,8,1X,r10, '!0!
1 5,1, Flo.s,:l:'lo.’-ll.FlO.!pll.Flo S,1X,710,9) 03

T07 PORMAT(1MH],20%, 31HBODY INFLUENCE PANEL PIQPElTIESIIZl,lNJ;Sl. IBO!
1 THYCPT(J) s 3%, 6HLENGTH  UX, SHWIDTH, GX ,BMTHETA (), TX,SHPY(J), X, wgo}
2 SHFZ(J), T SHFN(J),7X,8HDELTA®CP/) w803
716 FORMAT(IML, 28X, 3SHYELOCITIES AT PANEL CENTROID POINTS// wao3
1 10X, 1N, 11X, THXBARCI) ,SX, THYBAR(J), X, THZBAR(J), X, 1MU, 11X, w803
2 MV, 11X, 1NN, BX, 4HVNOR//) w80}
T17 FORMAT(1H], GOHTHRUST, LIFT, AND SIOF PORCE INPORMATION// w803
X 11X,14HHACH NUMBER & ,£12,%/ L 11} )
1 7X,18MANGLE OF ATTACK ® ,F8,3,1X,7HDEGREES/ wB03
27X, 18HSIDE SLIP ANGLE w ,F8,3,1X,THDEGREES/ weos
3 13X, 12HWWING AREA ® ,P8,3/ L1132 ]
4 8X,1THREFERENCE AREA ® ,F8, 4/ usox

S 6X,|OHREFERENCE LENGTH & .F! $//77) wB03
T8 FDRNAT(/!'!,!HYDYAL,lil,loNRIGHT WING, 9X,9MLEFT WING,B8X, |ONUPPER wwB03
1ING,8X, 1 0OHLOWER WING/ wWeo

1 6X,19HDEPL, ANGLE DEG, w ,12X,4(6X,P$2,5)/ weo3

2 20%,8HCN B ,E12,5,2(0X,£12,5)/ ngo3

4 20%,8HCY w 1E12,5,36%,2(6X,E12,5)/ 1113}

S 1SX,10HCTHRUST & ,E12,5,4(6X,E12,9)/ wao3

6 20X,5HCL = ,E12,5,4(6X,E12,5)/ w8o3

T 19X,6HCDI & ,E12,%5,4(6X,E12,8)/// wBo3

8 13X,12HCO1/CLo*2 & ,E12,%/ wB03

9 16X,9HCNADDY & ,E12,5/ wgo3

X 16X, 9HCYADDM & ,E12,5/ w803

1 1SX,10HCYeBIP E12,5/ wio)

2 15X,10HCNeBIP ® ,E12,5/// w803
315%, 1 OHROLMOMR & ,E12,5/ w803
315%, 1 0HROLMOML & ,E12,8/ w803
315X, | 0HROLMOMY & ,£12,9%/ weo3
318X, 1 OHROLMOHD & ,E12,%) wsol
719 FORMAT (///5%,23HROLLING MOMENT 8,F10,5/ [11})
15X, 22HBETA =,F10,5,2X,8M0EGREES, /) (113}
T21 FORMAT(/1%,20C1He), 410,21 (1Ha)) w803
723 FORMAT(LIX, §HToBXTHZ/(B/2),2%,10HCY4C/(248),2X,10HCTC/(248)) weos
724 FORMAT (11X, 1HT,BXoTHY/(B/2),2X, 1OHCN4C/ (248),2X, 10NCTC/(248)/) LL12]
725 FORMAT (//1X,28HU/VINF TYPE LOADING PRESSURE//} weo3
726 FORMAT (//1X,32HBERNOUILL] TYPE LOADING PRESSURE//) wBo3
727 BURMAT (//1X,36HFULL 2ND OROER TYPE LOADING PRESSUREZ/) w803
728 FORMAT (//1X,31HUBAR/VINF TYPE LOADING PREBSURE//) wBo3
729 FORMAT (//1X,31+181 DRDER TYPE LDADING PRESSURE//) w803
w803

wgo}

OATA ARW/JOMRIGHT WING/,ALN/10H LEFT WING/,AUW/10HUPPER WING/, w803

1 ADwW/10NLOWER WING/ waol

. (112}

wBo3

waol

CALCULATE wING AND BODY PANEL INDUCED VELOCITIES AT THE CENTROID wWBO3
POINTS w803

. wgo3

IF (NDRAG,F0,0} GO TO $i3 u803
NOCPTsy w803
11sg weo3
1FaNwEP L1123 )
NPREO w803

1F (NOUTEG, 1) WRITE (6,716) w803

DO 510 Jui,NPANLS wBo3
CALL VELNOR(XBAR(J),YCPT(J),2BAR(J)) g0}
UCTauP wBo03

o000 o000

L L L LY

oon

Soe
S12

902

140
160

vCTimyp

wCiswp

IP(J,GT,NHP) GO TO 509
VNOR(JYmwP

GO T0 S12

YNDR(J)mVP

CUNTINUE

IF (NOUT,NE,1) GO TO 510
wRITE (6:70!) JoXBAR(J),YCPT(J),ZBAR(JI,UCT,VCT, WL T, VNOR(J)
CONTINUE

CONTINUVE

RESENTER MERE FOR NONLINEAR PRESSURE LDADINGS
ENTRY SPECLOD
INITIALIZE VARIABLES

DTOR=0,0174533
ALPARY ALFARDTQOR
AREA®0,0

AL

CN®0,0

CNRag,

[4.19 1%

Cyueso,

cYbso,

Cyeso,

CNBND,

CTHRReO,

CTHRLEO,

CTHRUBO,

CTHRONO,
CNADOVRO, 0
CYADDHBO,0
ROLMREO, 0
ROLMLw0,0
ROLMUSO,0
ROLMDBO,0
ANYQASYM DR, NBIP,NE, 0,
ANYHORES® (NBIP,NE, O,
BETAYy BETAR/DTOR

DR NERX,GT,0
OR,NCRX,GT10) L AND, (,NOT,A8YM)

00 902 Imi,NPANLS

1F (NPREDS,£0,0) DLTPG(1)NDELTP(I)
IF (NPRESS,EQ,1) DLTPG(1)WOLTP(])
IF (NPRESS,EQ,4) OLTPG(1)POLTPY(]
IF (NPRESS,EQ,2) DLTPG(1)WOLYPR(]
IF (NPRESS,EQ,3) DLTPG(1)mDLTPI(]
CONTINVE

)
)
)

wBo3
wBo}
w803
w80}y
w803
(113
w803
803
w803
w803
wao}
L1132
w§03
w803
w803
w803
L1123 ]
wso}
w80}
(112}
(113}
(112 ]
w803
L1113}
LI13]
[113)
w803
w803
w§o03
weo}3
weol
w8o}d
wsol
wdo3
w80}
wso3
(113 ]
wBo3
wso3
wsol
113}
wso}
8§03
w803
L112]
(113
(113}
w803
[115]
w803
w8o3
(1]
ulOl

03
N CDNTR]BUYIDN OF B00Y INTERFERENCE PANELS,CNS AND CY CONTI!DUY!O'DO!

cy
'lIT! OUT B1P PANEL PROPERTIZS

IP(NBIP,EQ,0) GO TO 160

IF (NPREBS,NE,0) GO TO 160
AREAPPNBIPaDX

WRITE (#,707)
00 140 Kmy,NBIP

IaKeNPANL S
PRDELTP(I)#AREAP

FN(I)aP
CALL ROTBW(O,,F,BFY(K),BPI(K),K)
CNBBCNBEBFZ(K)
THYIBATAN2(SNT(R),COT(X))e57,2957798
E'(YKT].LT.O.) THTImTHT]e3b0,

wl
CYBeCYR+BFY(K)

WRITE(6,708) L,YCPT(L) DX, W8IP, THTT,BFY(K),BFZ(X),PN(L),DELTP{L)
CONTINUE

CALCULATE NORMAL FORCE, CN, AND 81DE FORCE, CY

wsol
weo3
[113]
wao3
[113)
11}
wiol
w0l
w803
L112)
(11})
w80l
waos
wdo)
w803
L1123 ]
LI12]
w803
weos
(L1}
LLT 3]
wgo3

T9.S 41 OMN
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onoOnNnoOoOOOONNOO

fono0

o000

RIGHT WAND WING PANELS
CN CONTRIRUTION OF RIGHT HORIZONTAL ®ING, CNR

CALCULATE CTHRST,CDI,AND «ADDITIONAL® TERMS OF CY AND CN
CUNTRIBUTED YO CN BY THE VERTICAL WING, AND TO CY BY THE
NOR[IONTAL WING, CNADDY AND CYADDM RESPECTIVELY

2o THRUST FORCE IN NEG, ueDIR, IN PLANE OF WING/QeARWING

FZees..UPWARDS FORCE IN 2eDIR, IN PLANE OF VERTICAL WING
RIGHT WING
IF (NDRAG,NE,0) WRITE (6,701}

00 300 J®1,NRP
AREABAREACARPNL (J)

=)
Fe ARPNL(J)®DLYPG(T)
FN(])aP

YCHX® YCPT(])#CUSBETeXBAR(I)#SINBEY

I1F (ANYMORE ') YCHKe®YCPT(])

ROLMRe »FN(1)eYCHK¢ROLMR

CNRaCNReP

1F (NDRAG,EQ,0) GD YO 300

CIRC(JIRO,5+0OLTPG(J)I®PNLC(J)

SLPMCEO,So(BWPPLE(J)+SWPPTE(J))

SWPMCRATANCSLPMC)287,2957798

FXtJ)m2, 'hIDYH(J)!C!lc(J)O(ANGLHOVNDﬁ(J)QIDN(J))

FYLJ)OFN(J) «SLPMC

CYADDHECYADOHOPY{J)eFX{J)4BETAR

1F (ANYMORE) CYADDHSCYADDHe¢FY(J)

CTNRROCTHRR4FX(J)wFY{J)eBETAR

I1F (ANYMORE) CTHRRECTHRReFX(J)

RRITE (6,706) JyYCPT(J),PNLCCJ),WIDTHLJ),SWPMC,DLTPGLI),CIRC(I),

1 YNORCJ),FXCI)4FYLS),F2C),PNCD)
300 CONTINUE .

IFCANY) GO YO 3018

CNL 3 CNR

RULMLBeROLHR

CTHRLACTHRR

CYADDHE(),0

AREABD2,0¢AREA

GO 10 311

301 CONTINUE

-

LEFY wING
CN CONTRIBUTION OF LEFT WORTIZONTAL WING, CNL

NRP{ONRP#1
DO 310 JuNRP{,NWP
1ug
Fu ARPNL (J)9DLTPG(T)
FN(I)eF
YCHKR YCPT(I1)*COBRETwXBAR(I)2SINBEY
1F C(ANYMORE ) YCHKmYCPT(!)
RULML® oFN(I)eYCHKeROLML
CNLBCNL ¢F
1F (NDRAG,EQ,0) GO YO 310
CIRC{J)mO,5eDLTYPG(J)ePNLLC(J)
SLPMCEO,Se(BWPPLE(J) ¢8wPPTE(J)}
SWPHCEATAN(SLPMC)e57,298779%
FX(J)2,«WIDTH(J)CIRC(J) w (ANGLL®YNOR(J)¢BDNWLJ))
FY(J)uFx(J)u8 PHC
CTHRLBCTHRLeFX(J)oFY(J)#BETAR
1F (ANYMORE) CTNRLECTHRL4FX(J)
CYADDHUCYADDMFY(J)ePX(J)eBETAR
1F (ANYMORE) CYADDHECYADOHeFY(J)
NRITE (6,706) J)YCPT(J),PNLC(J),HIDTH(J), 9WPMC,DLTPG(J),CIRC(JY,
1 YNDRCJ) ) FXCJ)FYLI),FILI),PNCY)
310 CONTINUE
3{1 CONTINUE
1F (NHP ,EQ,NPANLS) GO TO 330

UPPFR VERTICAL WING
CY CONTRIBUTION OF UPPER VERTICAL WING, (A1]

NHPlaNHP 4|
DO 320 JuNKP{,N3P

503
o3
weos
L1:13 ]
LT3
naos
w803
wgol
LL12]
%B03
w803

wBos

n803
wBO3
(11} ]
weo3
L1132
w803
LT:12)
wpol
LTT3)
w803
neold
wgo3
w803
w80l
L1112
wBo}3
wBo3
wWBo3
wBo3
L112}
uBO3
wB03
wBo3
wgo}
wBO03
wBo3
L1123 ]
w803
wBo3
w803
w803

w803’

w803
w803
w803
w803
w803
w803
"803
wBo3
wBol
w803
w803
weos
%803
wB03
wBO3
w803
wWBO3
n303
w803
w03
w803
%80}
L1132
wB03
L1123 ]
w803
L L1
(1123
303
L 112
wWBo3
LLT2)
B0}

coo0o0

ono0on

LA
fu ARPNL (J)oDLTPG(])
ENCI)uF

2CHRE 2CPT(1)eCUSALF¢XBARCI)eSINALF

IF (ANYHORE ) 2CHXalCPT(])
ROLMUReFN(])e2CHKeROLMY

CyusCyyeF

IF (NPRAG,EG,0) GO T0 320

SLPMCu0,Se(SWPPLE (J)eSwPPTE(J))
SWPMCuATAN(SLPMC)«87 2957798
CIRC(JI)m0,S«DLYPG(J)«PNLC(J)
FX(J)u2,enIDTH(J)I*CIRC(JI®{ANGLUSVNOR(J)eBDV(J))
PLLJ)oFX{JIeBLPMC
CNADDVBCNADDVOFZ(J)wFX{J)0ALFAR

IF (ANYMORE) CNADDVE CNADDVeFZ(J)
CTHRUBCTHRUSFX(J)¢F2(J) 0aLFAR

1F (ANYMORE) CTHRUSCTHRUGFX(J)

WRITE (6,706) J,YCPT(J),PNLE(J))WIDTH(J),BNPMC,DLTPG{J),CIRC(J),
1 VNORCJ)FPXCJ),FYLIY,F2LJ)PNLJ)

320 CUNTINUE

321

330
3so

IFtANY) GU TD 321
cyoeCyu
ROLMDueROLMU
CNADDVEO,0
CTYHRDuCTHRU

GO TO 380
CONTINUE

LOWER VERTICAL WING
CY CONTRIBUTION OF LOWER VERTICAL WING, CYD

N3IPiaN3Pey
DO 330 JuN3P1,NPANLS

o)

Fs ARPNL {J)«DLTPGLY)

FN(I)uF

ICHKE ZEPT(I)&COSALFeXBAR(I)aBINALF
IF (ANYMORE ) ZCHKsZCPT(I)
ROLMDuePN({1) «2CHK€ROLMD

CYDRCYD®F .

1F. (NDRAG,EC,0) GD 1D 330
CIRCCJIRO,S*DLTPG(J)ePNLCLJ)
BLPMCeo S (BNPPLE({J)+SWPPTE()))
SWPMCuATAN(BLPMC) «87,29%8779%
FX(J)w2,¢%IDTHIJ)«CIRCLJ) A {ANGLDwYNOR(J)eBDV(J))
FZUJ)aFxlJ)«8LPMC
CNADDVECNADDVOFZ2(J)oFX(J)eALFAR

IF C(ANYMORE) CNADDVe CNADDVeRZ(J)
CTHRDQCTHRDFX(JI¢FZ(J)oaLFAR

1P (ANYMORE) CTHROSCTHRD#FX(J)
WRITE (6,706) J)YCPT(J)4PNLLI{J),WIDTHCI),8WPME,DLTPG(J),CIRC(J),
1 YNOR(J),,FXCI),FYLJ),F2CI),FNLJ)
CONTINUE

CONTINUE

CNRECNR/SREF
CNLBCNL/SREF
CYUsCYu/SREF
CYOuCYD/SREF
CNBOCNB/SREF
CYBeCYB/SREF
ROLMReROLMR/(REFL*BREF)
ROL M, pROLML /(REFLeSREF)
ROLMUGROLMYU/ (REFL*3REF)
ROLMDEROLMD/(REFL*BREF)

CALCULATE CDI FOR EACH WING AND TOTAL CDI, CTHRST, CN, CY

I1F (NDRAG,EG,0) GO TO 20t

CDIRBCNR®ANGLReC THRR/SREF

COILECNLO®ANGLLeCTHRL /SREF

COID@aCYD®ANGLD®C THRD/SREF
COlUmaCYUCRANGLUSCTHRU/SREF
CDIsCDIReCDIL+CDIUCDID

w803
wgo3
L1}
"B03
wB03
wB03
wB03
wn8o3
w803
wHos
L1131
wBo}3
%803
w803
wgos
wBO03
w803
wBo3
w803
wBo3
wB03
ngos
w803
wBo3
w803
weo3
w403
LLID )
w03
w03
w803

wBo3.

w803
wao3
LT 2]
w803
wao3
w803
w8o3
LLTD )
wgos
w803
w803
LLT3)
w803
[T12}
[T1h]
w803
wGo3
w803
w803
w803
w803
w803
wBo3
w803
w803
w803
w803
LT
w803
w803
w803
o3
w803
wao3
w803
#nB03
weos
L1} }
gos
L1-1} ]
wao3
waos
weos
wBo3
LLT T
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LY,

201

S4o

S4y
542

543

CTHRSTE(CTHRROCTHRL¢CTHRUSCTHRD) /SREF
CNADDYSCNADDV/SREF
CYADDH®CYADDH/SREF

CALCUATE LIFT COEFFICIENT, CL FOR EACH WING

CLRECNR¢CTHRREANGLR/SREF
CLLBCNL ¢CTHRL*ANGLL /8REF
CLUSCTHRURANGLU/SREF
CLOBCTHRO®ANGLD/SREF
CLECLROCLL*CLUCCLD
COCLSsCDI/(CL2CL)
CONTINUE
CYRCYUSCYDSCYADDM
CNBCNRSENL 6CNADDY

WRITE{G6)717) FMACH ALFA,BETAY,AREA,SREF,REFL

IF (NPRESS,EQ,0) WRITE (6,72%)

IF (NPRESS . EGQ,1) wRITE (6,726)

IF (NPRESS.EQ,4) WRITE (6,729)

IF (NPRESS,EQ,2) wRITE (6,727)

IF (NPRESS,EQ,3) wWRITE (6,728)

CTMRReCTHRR/SREF

CTYHRLWC THRL /8REF

CTHRUWC THRU/SREF

CTMRDBCTHRD/BREF

WRITE (6,718) DELR,DELL,DELU,DELD,

1 CNJCNR,CNL,CY,CYU,CYD,CTHRBT,

1 CTHRR,CTHRL,CTHRU,CTHRD,CL,CLR,CLL,CLU,CLO.CDI,CDIM,CDIL,
2 COIUICDIOD,CDCLY, CRADDY,CYADDHICYB,ENGROLMR,ROLML , ROL MU, ROLMD
MBHRPEMBWR e

MBWLPEMANL S

CFCe1,0/(4,0082)

IF(ASYH) GO T0 524

CALCULATE SPANWISE LOAD DISTRIBUTIONS
FOR UBKEWED PANEL CASES ONLY

THIS LOOP TD S42 I8 UBED FOR LEFT AND RIGHT HORIJONTAL wINGS

Btwet, /82

WRITE(6,702)
WRITE(&,721) ARwW
WRITEL 6, 724)

Jui

1Leo

KULBMEWRP

CONTINUE

180

00 S42 x=me,KkUL

Inled

BECFKXN(,0

sumMimg,0

YCHKBYCRT(J)*COSBE TaXBAR(J) «8INBET
YL LOCeYCHK*BTN

00 S41 Lwi,NCw

SUMIBBUNTOFN{J)

niDlm1./WIDTH{)

IF (NDRAG,EG,0) GO TO Sdi
SECFXXSSECHXX¢CPCanIDTo(FX(JI*COSBETnFY(JI*SINBET)
JeJey

SLOAD(I)eSUMIeWIDI*RTWN0,25
WRITECS,703) I,YLUC,8L04D(1),3ECFXX
1F (MBwl EQ,0) GO TO S49
IFCIL,NE,0) GU TO $43

RE-ENTER ABOVE LOOP FOR LEFT HORIZONTAL WING

1Le

KULaMSw P

WRITE(6,721) ALW
WRITEC6,T24)

GU 10 Sao

IF(MSnU EG,0) GO T0 549

THIS LOOP Y0 S46 USED FOR UPPER AND LOWER WINGS, IF PRESENT

NBO3
wWBO03
wpo03
=80}
wgo3
wB0s
wg03
wWg03
w803
wBo3
wBo3
L1123 )
whos
w803
w803
wB03
803
wBo3
w803
w803
wB03
wBo3
weo3
wB03
wWBo3
wBO3
wso3
wso3
L1:13 ]
w03
wBo3
w803
803
w803
w803
wBo3
w03
wso3
wBo3
w803
w803
w803
w803
w803
waos
weos
L1123 )
w803
112
wBo3
wBo3
w803
»Bo

wao

WBo3
w03
wgos3
w803
%803
WBo3
wBo3
LL12)
#B03
wBo3
wao03
w803
weo3l
weo3
w803
L1193 }
wB03
w803
w303
wB03
w803
wgo3
waos

ocon

o000

0o ocoonnno

Suu

810
Biy
$us

Sue

549

524

1
1

1
1

KuaMSwUe !

NRITE(6,721) Auw

WRITE(6,723)

ILao

CONTINUE

10

DO Sub Ke2,KU

lalet

SECFxXx80,0

8uMim0,0
ICHKRZCPT(J)«COSALFmXBARCJI) ¢BINALF
IF (ANYMORE) ZCHK=ZCPT(J)
ILOCBZCHK*RTw

DO 545 Lwi,NCw

BUMimSUMIeFN(])

WiDImi /WIDTHJ)

1F {NDRAG,EQ,0) GO TO SuS

1F (ANYMORE) GO TO 810

BECFXXEBECK XXSCFCanIDIa(PX(JIaCOSALFeFT(J)eBINALE)
60 10 811

BECFxX® SECFXXeCFCeWIDI®*FX(J)
CONTINUE

JoJet

BLOAD(I)aBUMiawID]*BTNe0,28
WRITE(6,70%) I,ILOC,BLOADCI),SECFXX
IFCIL,NEL0) GO TO S49

RE=ENTER ABOVE LOOP FOR LOWER WwING

ILet

KUsMBKD#{
NRITE(H,721) ADW
WRITE(G6,723)

GO 10 Sad
LONTINUE

CLLysaa o ROLLING MOMENT,POBITIVE RIGHT WING DOWN
REFERENCED YO BREF,REPL

CONTINUE
ROLMOMEROLMR ¢ ROL ML ¢ROL MU+ RO MD
WRITE (6,719) ROLMOM,BETAY

RETURN
END

SUBROUTINE VELNOR(XX,YY,12)

THIS SUBROUTINE CALCULATES PERTURBATION VELOCITIES INDUCED BY
THE wING AND BODY INTERFERENCE PANELS

SUPERPOBITION OF 4 CORNER SOLUTIONS 18 UBED

VELNOR RETLRNS VELOCITIES UP,vP,wP IN WING REFERENCE FRAME, ,,

LOGICAL ABYM,ASYMI,DELTA

COMMON /IPR/NPR,MI,MJ

COMMON /VELARG/Xy Y 2,0,V WsA EM,BETA, SLOPE, TLRNC, TIPY

COMMON /PR!ss/oELYP(ISO):llF(!SO).lRl(!!O)nlLF(!!O),XLB(!SO):

YLC(250) ¢ YRC(250) COSALF )NPANL S, ARWING,FMACH, ALFA,FN(280),BINALF
v DELTA

COMMON /VWNOR/SWPPLE(250), SWPPTE(250),ZLF (250),ZRF(250),2LB(250),

IRB(250),ASYMI,UP, VP, WP, 11,1F,CONST,BETAR, SINBET,COBRET

COMMON/THRUST/CN,DUM{S00),YCPT(2%0),0UM] (756 ), NHP,DUMR(25)),

ICPT(2%0)

COMMON /TRANS/NBIP,CRD(3), XPBIP(100),GAG(S00)

w803
wao3
waol
wsoy
L1121
(112}
w803
waol
n803
w803
w803
L1121
wB03
L112]
w803
L1123}
L1123 )
w803
weol
w803
w803
w803
w803
(1131
w8o3
weo}y
L113)
w803
w803
LLT3)
w803
w80l
L1132 ]
L112]
w803
w803
w803
L[1'3]
(1131
weos3
LT3}
L114)
w803
wB03
L1123 )

12

WBD3
L1123

LI
L1
weou
LL1x
wB04
w804
weod
waou
weou
w8 04a
wB04
LLI
w804
"o oy
wB o4
w804
weo4
wBo4
wBo04
w804

(37 ]
i
416
417
418
419
420
421
a2
423
[T 1]
s
426
arr
428
429
430
(3 31
432
433
434
438
436
4y
438
439
4ao
a4
(1T}
6y
4aq
4as
aae
aar
uas
4a9
aso
usy

(1}]
4Sa
4ss
4%
(134
ase
439
460
4oy
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COMHON/CRUX/NCRX

w804

COMMON/NONL IN/NRBP NOLINP, TOTLR,BUDY ALFR /NOUT,NPRESS,NUCPT,NDRAG wBOG

3 FORMAT(SX,SHPANEL,14,6X,6HCORNER, 12,
!

O6X 4nC,P, o 15,3X UMK B ,E12,5,3X,4HY 8 ,E12,5wB0¢
1 oIX,UNZ & E12,5/6X,4HU 8 ,EL12,5,6X,40v & (E12, !.6l,auu ® El2, S/ x804

wB0d
wB0y

2 S5X,5HTU 8 LE12,5,5%,5HTV & ,!11.5 SX,S5MTN ® :Elz s) WB0u
2 FURMAT(IX, THASYM & ,(3) w804
w§0¢

A§YMe ABYMI OR,NBIP,NE,0,0R ,NCRX,GT, 0 w80y
w804

ureg, w804
VPRO, wB04
*PRo, w804
w804

1 I8 INDEX OF INPLUENCING PANEL wB04
LLI- T

DO 100 IsIl,1F LTT 1]
Mlsl WBou
Tueo, wB0y
Tveo, w804
Tweo, w04
IF({1.LE,NPANLS) GO T0 2019 L1 LT
w804

INFLUENCER 18 4 BIP, TRANSPORM C,P, CODRDINATES INTO 1TS REF, FRAWBOU
wB0d

I1BaleNPANLS w804
CALL TRWBIPCYY,2Z,YI,2Z1,1B)} w804
XlaXxaXFBIP{1B) L2 1)
GO 1D 202 w804y
201 XJsxx w804
Yiayy »804
11822 L11.0)
202 CONTINUE LI
Ex{mSwPPLE(]) wBOU
EMRSWPPTE (1) w804
wB04y

annnkankananntanantn CORNER | wernnasenntndansstnnatnanennnnnnnnnnnttaw8l0y
w80u

wBo4

NOTES YCPT AND 2CPT ARE USED TO CHARACTERIZE THE BODY INPL, PANELSWBO4
T0 SEPARATE THEM LEFTY AND RIGWTY w804
wBo04

SHOULD NOY UBE MORE THMAN NPANLS PIELD POINTS WHEN CALCULATING L1171
FLOWFIELD wB0ud
wB04

IF (NOCPT . EQ,1,4ND,I,LE NPANLS) GO TO 60 weou
17 (Emy, LT 0,0,0R, (VC’V(I) L7,0, O.AND lCPV(I) GT,0,0),0R, w804
l(YCPYtl) GV 0,0.AND ICPT{I),LTY,0,0)) GO YO 1S LLIT)
60 1F (EMy, LT 0,0) 6O TO 1% n804
!LUPE-E~1 w804
EMBEMm) wBdu
XeXlexLF (1) wB0d
ysYlevLC(1Y wB04y
2ulle2LF (1) wB04
CALL VELOD wB0u
TusTueu wBO4
TvaTvey w804
TusTWew w8y
1CNRu Y wB0y
KNJaMJ nBOY
IP(NPRONE,0) WRITELS,1) MIoICNRoMNI, X, Y92, U,V W, TUTV,TW LLLE)
IF(NPR,NE.O) WRITE(6,2) ASYM w804
TF(48YM) GO YO 10 wB04
IP(1.GT NHP AND,I,LE,NPANLS) GO TO 31 wWB04
Yew(YIevLC(I) ) wB04
CaLL VELO nBo4
TusTUeu w04
TVETVey wBoG
TweTWew wags
G0 YO 32 wB04
31 Zee(Z1eZLF(I)) w04
CALL VELO wBly
TusTusu wB0du
TvaTvev wB04
TWeThew #B04
32 CONTINUE w804

coo

o0

15

s

-

H

~

10

PNJueMJ *BO&
IF(NPRONE,0) WRITE(H;1) MIpICNR MNI XY, 2, UsV meTU TV, Tw (111
G0 1D 10 L1110
wWBO0u

CORNER § FOR M ,LT,0,0 wioe
wB0d

CONTINUE weose
SLOPEssEML LI
EMawEN] w804
XaXIexLF({I) waou
YayYLC(1)eY] waoa
IeZls7(F (1) waou
IF(1.GT NHP AND,1,LE, NPANLSY GO TO 81 n804
CALL VvELD waod
TuaTusuy LLIZ]
TVeTvVev whod
TWETwew wWaoe
GD YO 82 LLLT
Yaylev(C(1) waou
1Y wROu
CALL VELD wBo04
TusTuUey waoe
TVRTVev LLIZ]
TWETHew waou
CONTINUE LI 1]
JCNRE) wB0u
MNJaMg wB0u
IP(NPR NE,0) WRITEC®,1) MISICNR MNJ, X, Y, Z,U VN, TU,TV,Tn w804
1P (a8Y™) GD Y0 17 wlou
YeYLC(1)eY] wB0u
CaLL VELD w804
TURTVay WBOu
TVETVay wgoe
THETHew nB0¢
MNJRaM] w804
IF{NPR,NE,0) WRITEC(O,1) MI ICNR MNJ, X, Y, 2,U,V, W, TU,TV,TW wBoy
GO 10 17 weoe
CONTINUE waoe
wBou

Cormannnnnannnennnaen CORNER 2 ARARNRANNNRANANARAAR ARG RAARRRA AR aWBOG
w804

XnXlaxaP(]) LI
YaYlevyRC(]) wBo¢
IsIleIRF(L) wioe
CaLL vELD weou
TuaTueu LI-T1)
TVeTvev w804
TwgThaw waou
1CNRe2 wBO0u
LLRLLN] waoe
TF(NPR NE ,0) WRITECH,8) MI TENR MNI, X Y, 2,U VW, TU,TV,Tw waou
IF(A8Ym) GO 10 20 . LI 11
IPLT . GT,NHP AND, I, LE,NPANLS) GD TO 33 LLT
Yes(YIeYRC(I)) LT:1-1')
CaLl VELO wWeoe
TUsTUsU wBO04d
TVeTvev weou
TWBThoW LT
G0 70 34 wBOu
Iam(2]eIRF(])) waou
CaLL VELD wpou
TusTU=U wBo4
TVvaTveyv weos
TwsTuen wB0&
CONTINUE wgoe
MNJEeMJ wWBou
IF(NPR, NE Q) WRITECH 1) MI TCNRIMNI X Y 2, U Ve TU, TV, T LLLL]
GO T0 20 weoe
waoe

CORNER 2 FOR M LT, O n8oé
wgoe

CONTINVE waou
XsX{wXRF () ngos
YSYRC(])eY] wgle
IslleZRF(]) waoe
IF(I,GT NHP AND I LE,NPANLS) GD TO S3 wgoe
CALL VvELO wBou

T9LS d1 DMN
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TusTueu WBOY4 175 caLL VELD w804 293
TveTvay wBO0U 176 TURTULU W04 292
THsTuew w804 177 TVETvey : "gou 283
GO 10 S« WBOU {78 TWnsTwan w804 2%4
53 YeYIeYRC(]) wBO04 179 S6 CONTINUE w804 258
Isel wB0& 180 ICNRR3 w804 2%6
CaLL VELO w804 18y MNJmM] wBo4 2%7
TUsTUU wB04 182 IF{NPR,NE,0) WRITE(b,1) "I ICNROMNS X, YL UsVol, TU TV, Tw w804 258
TVETVeY wBO4 183 IFtasYR) GO 10 24 w804 2%9
TasTwel WHOU 184 . ¥YsYLC(I)eY] "B04 260
S4 CONTINUE LT TEEY 13 CALL VELO w804 261
1CNRe2 w804 {86 TUSTUSU nEO4 262
MNJsMJ wB04 187 TVeTvey . wB04 263
IF(NPR,NE,O) lFIYE(b 1) MILICNRIMNI X, Yo 2 U,V W, TU, Ty, Tw w306 188 TueTuen nB0u 264
IFCABYM) co 10 WBO4 189 MNJReM] wgo0u 268
; YeYRC(I)eY? ®BO4 190 IV (NPR,NEq0) WRITE(6,1) MI,ICNR)MNJI, X YpZyUsVoW,TUsTV,TH ngou 266
3 CALL VELO wBOU 19} GO to 21 ®BO4 267
4 TUSTUSY nBOU 192 30 CONTINUE "BOU 268
TVETVey wB04 193 c wB04 269
THSTHeNx wB04 194 Coatnanenstnsantnatsts CORNER U  setetdtsqetetantadtassannetasnnecntetanwd0y 270
3 MNJsoM] wBO04 19% 4 NBO4 271
TF(NPR NE,0) WRITE(6,1) MI,JCNR,MNJ, X, Y, 2,U,V, W, TU,TV,TH w804 194 XsXIexRA(I) nBou 272
: | 20 CONTINUE nBO4 197 YaYlevRC(]) wB0u 273
. w804 198 IsllelRB(]) WBOW 274
Cetesenanneeesnnnnass CORNER 3 n-.nnnnnnn--nA--nnnn-nn--lGOM 19¢ CalL VvELD w0y 2718
wB04 200 TusTUeu wB04 276
IF (NOCPT,EQ,1,AND,I,LE,NPANLS) GO TO &} w804 201 TVaTVev wBo4 277
1F (EM2,LT7,0,0,0R, (YCPY{I),LY,0,0,AND,2CPT(]),6T,0,0),0R, wB0u 202 Tunthow wBOu 27s
1{YCPT(1),6Y,0.0,AND,2CPT(]),LT,0,0)) GO TU 19 wB04 203 ICNReyY wBo4 279
61 IF (E™2,L7,0,0) GO YO 19 wBO4 204 MNJaM] wWBO4 280
EMaEmD w804 20% IF(NPR NE,0) "R”E(b:l) MIPICNRMNI K Y aZoUs Vo, TU TV, TH ngla 281
8LOPEREM2 w804 206 : IF(A!VN) 60 Y0 wo wgo4 282
XsXTwXLB(I) wB04 207 IF(I.GT NHP AND,1,LE NPANLS) GO TO 37 wgou 283 %
YsYleYLC(]) weo4 208 YRe(YIeYRC(I)) WBOU 284
TalleZlB(]) w804 209 CALL VELO wB04 208 a
= CALL VELD wWB04 210 TusTuesu WBO4 286
= TUSTURU wB04 211 TVetVay waou 287 M
L TVRTVaY ) w804 212 TWETWeW weoa 288 U
THaTweb WB04 213 GO t0 38 X wWaou 286
1CNRRY nB0u 214 37 Ine(21¢2IRB(I)) LLT T L 1] w
MNJRM] nBOU 21% CALL VELOD wBO0U 291 ~l
TF(NPR NE,O) ®RITE(6,1) MI,TCNR MNI, X Y2, U,V WaTU, TV, T wBO4 218 TUsTUeU wsou 292 O
IFCASYM) GO TO 30 wB04 217 TVatvey ugou 20y H
IF(1,GT,NHP  AND 1 ,LE,NPANLS) GO TO 39 wBo4 218 Tuntwak wBOU 204
yee{YIevLC(])) w04 219 38 CONTINUE . wWao4 298
CALL VELD wB04 220 MNJweM] WB04 206
TUsTUsU wiou 221 IV INPR,NE,0) WRITECOs1) MI ICNA,MNI, X Y, 2,U Ve, TU TV, Th weo4 297
TVRTVeV w804 222 GO Yo 4o wB04 298
THeTWak WBo4 223 [ wBO4 299
60 TO 3¢ wBdd 284 c CORNER & FOR M, (7,0 n80& 390
35 Zse(21e208(1)) WB04 22% ¢ wg04 301
CALL - VELO WB04 224 21 CONTINUE wg04 302
TUsTUel ) wB04 227 XsX1axRB(1) w804 303
TVeTveV wWB0U4 228 YSYRC({I)eY] wyoa 304
THmThew wWB04 22¢ Iulle2RB(I) wBo4 309
36 CONTINUE - wBo04 230 IF(1,GT, NHP, AND 1.LE,NPANLS) GD TO 97 wBod 308
MNJmoMJ wWBod 231 CALL V!L w804 307
IF(NPRONE,0) WRITE(6s1) MISICNR MNI, KoY Z,U, ¥, %, TU,TV,Tw wB04 232 TUsYUeU w804 308
60 TO 30 %BOU 233 TVETVey ’ wgou 309
4 wB04 234 THB TWai w804 310
[ CORNER 3 FOR ™ LY, 0 weou 23% GO0 Y0 %8 w804 311t
4 wBOU 23¢ S7 vavleyRC(I) w8o4 312
19 CONTINUE w804 237 Inel WBOu 313
SLOPEswEM2 w804 238 CaLl VELO wgod 314
EMBEMD wWBo4 239 TURTU=U WB04 318
XeXJwXLB(I) wBou4 240 TVETVev w804 316
YeYLC(I)mY] wBOU 24y TemTuwew weo4 317
IsZ1eZLB(I) nBOU 242 %8 CONTINUE w804 318
IF{IGT NHP,AND 1 ,LE NPANLB) GO T0 8% wHoU 243 - ICNRuy wgo0d 319
CALL VELO wBO4 2uu MNJRM] w804 320
TUsTU+U WBO04 2u% IF(NPR NE,0} WRITE(6s1) MI,ICNR/MNI, X, ¥ 2, U Vi, TU TV, Tk wBoa 323
TVeTvey wBou 246 IF'A!VN) GCI 10 4o wB0u 322
TwusTwen - WBOU4 247 YeYI4YRCLD) w804 323
GO 10 S wB04 248 CaALL vELO w804 324
S5 YsYJev(LC{]) B4 249 TusSYUsY ' wB04 328
lae? w804 280 TVETyev w804 326
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OoNnoooon

ano

TuaTwew

MNJEaM)

TFINPR,NE,Q0) WRITE(6,1) MIPTCNRyMNI, X, ¥, Z,Us¥, W, TUty,Tw
40 CONTINVE

IF(I.LE,NPANLS) GO 10 203

INFLUENCER 18 4 BIP, RESOLVE 178 VELOCITIES INTO WING REFERENCE
FRAME BEFORE ADDING THEM IN,

visty
wintw
CALL ROTEW(YT,wT,TV,Tw,[8)

203 CONTINUE

IF(I1,EQ,1F AND NOCPT,EQ,0) 60 1O 101
UPBUP+TUSDELTP(])
VPSVPeTVADELTP(I)
wPERPaTWaDELTP(1)

100 CONTINUE

UPWUP/CONSTY
VPEYP /CONSY
wPuWwP/CONSTY
RETURN

101 uPsTy

vPaTY
wPatw
RETURN
END

SUBROUTINE YELOD

THIS SUBROUTINE CALCULATES THME INFLUENCE OF TWE BASIC
SEMIeINFINITE TRIANGLES wNICW ARE UNDER CONSTANT LDaDING
MORE CORRECTLY, THEY ARE UNDER CONSTANT U DIFFERENCE

CUMMON /1PR/NPR, M1, MJ

COMMON /THRUST/DUM(1507),N P, DM{%03)

COMMON /VELARG/X,Y8,28,U,V.w,A,EM,BETA,SLOPE, TLRNC, TIPY
COMMON /PRESS/0GQ(1751),NPANLS,RRR(255) -

NAMELIBT /DEBUG/X,Y,I,F1,F2,
1, T0P,BOT,ARGY, TLRNC, YEDSE

Fu,rs, FT1,4RG, EML,BETA,U,V,N

DATA P1/3,131%926535/

STATEMENT FUNCTIONS we US,V3,W3 ON PAGE 26 OF BOEING REPORT
NOTE ee THFSE FUNCTIONS WAVE BEEN RECAST IN TERMS OF
EML 8y /M
PLANAR FORMULATION

F1T(X,Y,1) m ZeSQRT{X30eBTSQe(YSG¢280))

FIBIX,Y,Z) @ Ya(EMLaYux)oEM_ o730

FFA(X, Y, 1) m EML4LOG((X*EM_ wBTSCuy

1 ¢ SORY((X®EML_@aBTSGAY)a(XAEML=BTEGaY)
@ = BIBO*((YeEMLwx)e(YeEMLwX)e EM_ 80¢Z80wRTSReZ30)))

4 /(BETASSQRY((YeEMLoX)s[YsFMLuX) ¢ EM S0¢ZSGeBTSOnZ8G)))
6 / BNRT(ABS(ENL90eBTSQ))

FFU(X,Y,1) ® (Y/(YSQe290))*80RT{XS0uBTSU(YSQeZS0))
FFS(X,Yy1) m ALOG((X¢3QRT(XSQeBTSON(YSC¢28Q)))

I Z(BFTA«SQRT(YSGeZSGY))

FFT(x,Y,2) m (Z/(Y8Q¢28Q))*80QRT(XS0eBTSOa(YSR¢28G))
FFSON(X,Y,2Z) 8 (SORT(XSQwBTSQ#(YSQeZS0)))/{XBETALY)
FSSIX,Y,Z) m EMLeATAND(SORT((BT8CeFHL30) ¢ (X30eBTS0%(Y80+286))),
1 XefM_ oBT804Y) / SQRT(ABS(EMLSQeBTSA)})

M1 18 INDEX OF INFLUFNCING PANEL

weod
wB0d
L1-17)
wBod
w04
804
wBoy
wBO04
wBod
wBou
we oy
wBGu
waod
wBou
wBoy
waou
weou
w804
wB0u
wBou
wBod
wiou
wBOu
LELTY
w8ou
LT 12
wBOd

waos
waos
wB0S
~aos
(1111
waos
nBos
wB0S
BOS
wgos
waos
w80S
waos
w808
w80
wBoS
w805
w805
waos
LIT R
wB0S
w8os
L1111
wB80S
wags
nBOS
wBoSs
wB0S
B80S
*80%
wBoS
w80%
"gos
wB0S
wlos
w305
wB0S
®B0S
wB0sS

327
328
329
330
35t

133
3%
338
336
b2}

139
340
3uy
Ja2
3a3
Juy
3as
LT
LTS
3up
Jue
380

182
353

OBAT AE AN C OB AT RE o>

oco0a

o

oo

120

oo

12

2

acoo0o0 oo
=4

2

coon

70

7
T4

ocoo

FOR TMF VERTICAL wING PANELS,THE TRANSFURMATION ROTATES TRIANGLE
90 DEG, IN COUNTER CLOCRWISE DIRECTION
NOTE) PRESSURE THEN aCTS FROM RIGWHT TG LEFT

IECMI GT NNP AND M1 LE,NPANLS) GO TN S
Yavy§

142 4]

GU 0 &

Ya2s

luwY$

CONTINUE

toPmg, 0

BOT®0,0

EMLaEH

X5Q0uxax

Y8Qayey

180877

BTSQBETA®BETA

EMLSOREM| 2ENM|
ARGURABS(X+XeBTSO®(YeYeZe2))

CHECK FOR SUBSONICL,8ONIC DR SUPERBONIC LEADING EDGE

IF (X, LY,TLRNC) GO Y0 SO
1F(ABBCLEMLY,LT,TLANC) GO TO 120
YEDGEWX/EML

6D 10 124

YEDGEmTIPY

60 TQ 20

CHECK FOR SUBSONIC,SONIC, OR SUPERSONIC LEADING EDGE

ARGWBTSG4(1,/EML8G)
IF (AB8(ARGe1,0),LT,TLRNC) GO TO 28
1F(ARG,LT,1,0) 6O T0 10
RBTSSQRT{YBR¢230)¢BETA

IF(X,GT,RBT) GO TO &}

GO TO 2%

usg,

vso,

wao,

RETURN

SUPERSONIC LEADING EDGE CASE we
CONTINUVE

CHECK 1F POINT (x,¥,2) LIES INBIDE, ON, OR QUTBIDE MACH CONE
FRO™ ORIGIN

RBTRBQRT(Y8Q4280)«BETA
IF(X,GT,RRY) GC TO 24
IFLYLT,0,0,0R,Y,GE,YEDGE) GO 1O 80

POINT LIES OUTSIOE MACH CONE FROM ORIGIN BUY TWE POINT LIES
INSIDE MACH CONE FR0M LEADING EDGE AT SAME Y AB P(X,Y,2)

XLEsY«S_ OPE

XTRANSFexeXLE

R$TBaABA(2)+BETA
TF(ABS(RSTBI,LT,TLRNC ,AND, X, LE XLE) GO TO S0
IF(XTRANSF ,LE,RSTB) GO TO S0

1P (ABSI(2) LT TLRNC OR, (1)
GO 10 71

FiasP}

GO T0 T4

Flsep?
Fame(EML*PT)/SORT(ARS(BTSQeEML8G))
IF(ABS(EML) LY, TLRNC) F2msBETAWP]
Fus 0,0

FSs0,

F780,0

GO T0 47

,67,0,3 6O 10 70

POINT LIES INSIDE MACH CONE FROM QRIGIN

805
wBos
we0$
n805
wBoS
wBo0s
L111]
wB0S

wB0S
wB 0§
w30%
wpgos
weos
ngos
L1
wBos
wB oS
wEgs
L1121
wBos
wBos
w80s
w80s
weos
wgos
w8os
w8 oS
wB0S
wdos
wBos
wB0S
wBos
B80S
whos
nBos
L1117
waos
wB0S
wBos
wB0s
wBos
w808
wgos
wgos
L1112
wgos

wBos

wB0S
wBos
wsis
"gos
wB0S
w8os
w805
®B0s%
wB0S
wBos
wBos
wB0s
wBos
wgos
wB0S
wB0%
waos
w808
»30%
808
weos

w808
L1131
L1111
w808
w8os
wBos

T9/.G 41 DMN




0 ¢ - L] A L
20 CONTINUE “BOS 116 102 Comrimor w805 193
F2muBETA2ATAN2(SQRT(XaxXeBTSQu(YSAeZS0))seBETARY) wB0S 117 ¢ : wB0S 194
F2ne *Ple L] ]
IF(2,61,0.0) F2ne2,0epenETA o F2 T ¢ TRANBHORM VELUCITIES BACK INTD WORIZONTAL wING SYSTEW I
63 FamaFSS(X,Y,2) N805 120 c THAT 18, THE MAIN WING CUURDINATE SySTEM w805 197
F(F2,67,0,0) F2me2,04P|¢EM_ /SQRT (ABS(EMLSU=BTSY) ) eF2 wgos =805 198
RS IHE . nOsPLeEnL ¢ ! "80% 122 Tewpay-to P ORINTLGT NRANLS) GO TO 03 808 199
c wB0S 123 VEew wB0S 200
4 SONTC LEADING EDGE CASEww w805 124 wnTEMP wB0S 201
¢ N w805 125 103 conTinyg 808 202
25 CUNTINUE w805 (26 IF (NPR,EQ,0) R N #B0S 203
¢ ’ w805 127 wRITE(LoDERUG n80% 204
[ CHECK [F POINT(X,Y,2) LIES ON DR CUTSIDE MACH CONE FROM ORIGIN w805 128 ¢ ' wB0S 208
c IF TRUE SET PERTURBATION VELOCITIES EQUAL TO ZERO w805 129 RETURN wB0S 206
¢ wB0S 130 END B0S 207
RBTEBQRT(YSQeI8G)eBETA ®B0S5 134 »B0S 208
IF (x,LE,RBT) GO 10 S0 #3808 132
F2uFF30ON(X,Y,2) =805 133
GO 10 22 wB0S 134
[ wBo0s 135
[ SUBSBONIC LEADING EDGE CASEwe wB0S {3e
c w805 137
10 CONTINUE wB0S 138
4 wB0S 1319
c CHECK TF POINT (X,Y,Z) LIE3 ON OR OUTSIDE MACH CONE wB0S 140
c IF TRUE SET PERTURBATION VELDCITIES TO ZERO wB0S 141
c wB05 142 \
RBTESQRT(YSASZ8Q) «BETA wB0% 143
IF(X,LE,RBT) GO TO S50 wa0S 144 SUBROUTINE TRBIPW(YL,Z1,Y0,20,1) T Y TS
F2FER N, Y, 1) . wB0S juy ¢ waos 2
22 CONTINUE wBO0S 14s c THIS SUBROUTINE TRANSFURMS COORDINATES AND VELOCITIES wd0b 3
IFCABS(Y) LT, TLRNC,AND,ABS(Z) +LT,TLRNC) GO 10 91 wB0S 147 c w806 & gé
ARGYwYeYEDGF wBOS 148 COMMON /TRANB/NBIP,RB,OX,wBTIP,XFAIP(100),INT(125),C8T(125), wB06 § a
IF(ARSC(ARGY) LT, TLRNC ,AND,ABS(2) JLT,TLRNC} 6D TO 83 wB0S 149 1 8NT2(12%5),C8T2(128) wB0s o
60 T0 84 wB0S 180 4 w806 7 -
= 91 F1eP1/2,0 _ wB0S 181 4 TRANSFORM FROM BIP TO WING COORDINATES waoe 8 g
= Pus0,0 ¥B0S 152 c w808 o
~ FS80,0 . w30s 183 YORYIeCOT201) ¢ ZTe8NTCI) ¢ RBeCST(]) w806 10 ut
Fs 0,0 w808 {84 ZORZ1eCBT2(1) @ YISSNT2(I) ¢ RBeSNT(]) w806 1
GO T0 47 wB0S 138 RETURN wB0e 12 E;
83 F1aP1/2,0 wB0S 186 c w806 13 _
IF(ARGU,LT,TLRNC) GO TO &8 w805 137 c TRANSFORM FROM WING TO BIP CODRDINATES wB06 14
FumFFuU(X,Y,2) ®B0S 138 c wB06 18
60 TO 69 w05 139 ENTRY TReB1P nB06 16
68 Fuw0,0 . wB0S {60 ICOZIeRB#BNT(]) w806 17
69 CONTINUE wB0S 161 YCuYleRB4CST(]) w806 {8
G0 TO 4@ wB0S (62 (0 YOsYCCBT2{]) o ICeBNT2(]) w806 19
84 CONYINUE wB0S 163 I0sZCeCST201) o YCeBNT2(1) w806 20
TOPRFIT(X,Y,1) - w8o0s 164 RETURN w806 21
BOTEFIB(X,Y,2) wB0S 168 c w806 22
IF(ABS(TOP) ,GE,TLANC) GO TO 43 wB0S 166 4 VELOCITY TRANSFORM we BIP TO wING w80s 23
IF (Y,61,0,0,AND,Y,LT,YEDGE,4ND,488(2) ,LT,TLRNC) GO TO a8 wpos o7 4 wR06 24
GO TO 44 wB0S 168 ENTRY ROTBN w806 2%
48 FisPl »B0S 169 YOBY1eCST2(1) o I1eNT2(]) w806 26
GO 10 ae w805 170 I0971eCOTR(I) » YIegNT(]} wB0e 27
43 FLEATANZ(TOP,BOT) wB0S 171 RETURN waoe 28
IF(ABS(F1), LT TLRNC) Fim 0, - w805 172 ¢ w806 20
G0 10 ae wBos 173 ¢ WING TO 81P VELUCITY TRANSFORM wBos 30
44 F1m0,0 wBO0S 174 c w806 33
46 CONTINUE wB0S |78 ENTRY ROTWB w80e 32
1F(ARGU,LT,TLANC) GD TO &6 wB0S 17e ICslr1 wBos 33
Fas FFUCX,Y,2) w805 177 Yemvl w806 34
GO 10 67 wB0S {78 €0 10 10 wB0s 3%
66 Fum0,0 wB05 179 END we0s 3¢
67 CONTINUE w805 180
49 FSBFFS(X,Y,2) wB0S 181
FIRFFTIX,Y,2) w803 182
c wB0S 18}
4 CALCULATE PERTURBATION VELOCITIES U/V,v/V,h/V WB0S 184
c wB0S 18%
47 umFy wH80S 186
IF{ABS(EMLY, LY. TLANC) 6O TO 101 . wB0S 187
VesEHLsF 1oP T w80S 188 5
" (EMLE(ABS (1,00BT8Q/EM 3Q)ep2oFS)oFy) w805 189 '
60 10 102 wB0S 190
101 CONTINUE wB0S. 191

ve F7 wWB0S 192
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BUBROUTINE LINEGS(N,A)

THI8 SUARULUTINE TRIANGULATES MATRIX A(N,N)
1P(300) REMEMBERS wHAT »AS DONE TO TRIANGULATE MATRIX &
1T 13 USED IN SOLYF 10 DO SAME TWING 10 B

DIMENSION A(N,NY, IP(300)
CUMMON /LINSOL/IP
1P(N}mt

DO & KB{,N
IF(K,EQNIGO T0 S
KPlOK+1{

LT L

DD | TekPi,N

CONTINUE

IP(K)aM

IF(M NE,K)IIP(N)ReIP(N)
Ted(M,K)

A(MyK)IBA(K,K)

A(K,K)mT

1F(T,60,0,)60 T0 8

D0 2 IskPI,N

ALY, K med(1,K)/Y

00 4 JekPi,N

Tuh(m,J)

A(M,J)mA (K, )

MK, J)eT

1F(T,EG,0,0G0 TO &

0O 3 IwKkPi,N
A(T,JImAl], JY®A(],K)eT
CONTINUE

IFCACK,K) EQ,0,)IP(N)SO
CONTINUE

RETURN

END

SUBROUTINE SOLVE (8,4,N)

THIS SUBROUTINE TAKES IN THE TRIANGULATED MATRIX A, RIGHT MaAND
8IDE VECTOR B, IT 18 DPERATED ON BY IP(300)
SULUTION TWEN PROCEEDS, ANSWER I8 IN VECTOR B AGAIN

DIMENSION B(1)
DIMENSION A(N,N)

COMMON /L INSOL/IP(300)

COMMON/NONL IN/NWBP, NOLINP, TOTLR,BODY,ALFR,NOUT,NPRESS,NOCPT,NDRAG

FORMAT (3X,13,%5%,E12,5)

FORMAT (IMi, 4K, 1H],8X,29M8(1) AFTER DO LOOP 7 I~ SOLVE//)

IF(N,EQ,1)GU 1D ¢
NMgNel

D0 7 kel NMy
KPisKe |

MelP(K)

TaB (M)

B(™)eBK)

B )mT

DO 7 IexP{,N
B{I)eB(I)+AL]I,K)eT

IF (NDUT NE,0) wRITE (6,2}
DU 20 Iwi,N

IF (NDUT,EG,0) GO TO 19
WRITE (6,1) I,B(1)

w807y
w307
L1-1h)
wBo7Y
wBO07
wB07
wBo?
w807
wao?
wgo7?
wao?
LR
wao?
wBo7
we0?
weo07
LT1h)
L1143
®BO7
wB07
w807
waoy
wao?
wBo?

wBOTY

w807
wBO7Y
w807
NBOT?
wBo?
nNBOT7
waoy
wBO0?
NBOT7
wBort

wB08
we08
nNB08
L1141 ]
L1171
wBos
wBO08
L1171
waos
LT-12 )
wH08
waos
w808
w808
w808
w808
wB08
w808
wBo08
weoe
w808
wd 08
w08
wB08
wB08
wBo8
L1113
wBO08
nBO0B
wBos

OB AN —

OB AT AL VN~ O DDA N A

oo O000n

0o o o o

o

19 IF (ABS(B(I)),LE,$,0E=10) B(I)e0,0 308
20 CONTINUE w308
wgos

D0 8 xHE{,NM] LI ]
KHM1BNaKS wyos
KakMy4y 308
B(x1mp(KI/A({K,K) (111
TeeR{K) wgos

00 8 lmy,KMy wh08

8 BUIDWB(I)IeA(I, k)T w8o8
9 Bl1)uR(1)/4(1,1) wBo8
RETURN wags
END wB08
SUBRDUTINE BDYGENLAC,B) w809
waoe

SUBROUTINE 1O CALCULATE SUPERSONIC LINF SOURCES AND DOUBLETS 70 GIVE awB09
REQUIRED BODY 8MAPE AND ANGLE OF ATTACK, METWOD I8 THAT OF wUOOWARD w809

AND LARSEN (BUEING REPT, D6e1074) WITHOUY MUDIFICATION, ORIGINAL wBo09
PROGRAM waAS WRITTEN BY RALPH CARMICHAEL (AMES RESEARCH CENTER), wB0¢
HWUDIFICATIONS BY M, MEMSCH eNIELBEN ENGINEERING AND REBEARCM, INC, w809
S10 CLYDE avE LLTL]

MOUNTAIN VIEwW, Ca 94306 wB09

MAY t974 nBO9

COMMDON /WRBTR/XWLE waoe
COMMON /TRANS/DMD,RB,QKC(602) w09
CUMMDN /PRESS/GNP(1783),FMACH,CRD(25)) wB09
COMMON/BDYBLK/RNDSE ,RADIUS,LNUSE,LBODY,BCODE,NXBQDY, wg0e

X xBODY(101),RBODY(101),RPBODY(101),D0RDX(100) wBae
COWMON/BRCE/XFIELD,RFIELD,B8G,X2, UeVavT w809
COMMON/VEL /MACH, MACHBQ,BETASG,BETA w809
COMMON/CPIN/URB(101),VvB8(101),UBD(101),VvBDL101),VTBDLI01),COEFP(S)wBOY
COMMON/BSINGS/T(100),TC(100),T2(101) w809
COMMON/BRSANG/SINALL COSALL,SINPHI,COBPHI wgoe
COMMON/NONL IN/NWBP ) NOLINP, TOTLR, DUMALFR,NOUT,NPRESS,NOCPT,NDRAG W09
wB 09

REAL MACHMACHMSQ, NOSE,L8Q0Y [T}
wB09o

INTEGER PCODE,BCODE wB09
waoo

DIMENSION CPT( S}, A(100),XF(100),RF(L00) wB0¢e
wgo9

NAMEL 181/80DY/NXBODY,  NOSE,LBODY, RNOSE, w809

2 XNDS§E,BCODE,PCODE, XnLE w309
wgo9

DATA xNOSE/O,/,RNOSE/O,/ w809
wgoe

LT:1'Ld

6 FORMAT(IW,F9,4,10G18,4) w809

227 FORMAT(1HO,62HMVELOCITIES INDUCED ON BODY BY BODY LINE SINGULARITIEwWBO9
18 AT MACHE,F7 ,u,SXx ) 6WHALFACS,FTY 4//20X,12HB0DY SOURCES,25X,13HBODY wB09
2D0UBLETS, /79X, {HX, 7X, 1MU, 10X, IMY, [1X ) QMYN, O, LHU, 10X, JHY, 9X,2HVT, wBO9
39X,2HVYN) w09

301 FORMAT(1W0,SuMPRESSURE COEFSICIENT ON BODY USING SLENDER BODY THEOWBOY
IRY, 708X, IHX,SX, THTHETANO0,6X , U4MPL /4, TX,4MP]/2,5XwB09
2ebMISPL/U,9%,2:P1,//) wBoe

302 FORMAT({W0,S0WPRESSURE COEFFICIENTS On BODY USING LINEAR FORMULA,/wBO9
$70BX, LMK, SX, THTHETARD, 06X, 4HPT /U, T, UHPT/2,5X,6H38P1/4,0X,2HPT,//) WBO9

308 FORMAT(4HO0,S4HPREISURE COEFFICIENTS ON B0ODY USING 2ND ORDER FQORMU=BO09
XLhp/7 80X IHX, 5K, THTHETABO ,0X , UHPTI /U, TX, UMPT/2,5X,6M3¢PL/4,9x,2HPL,wB09

x/7) wB o9
306 PURMAT (//1X,42HSAME AS ABOVE CALCULATED AT CONTROL POINTS/) w80e
331 FORMAYTEIW ,14,F9,4,5G11,u) *B09
799 FORMAT(eIPHYSICAL 01~e~510~l OF BODY AND LINE BINGULARITY stn[uctnusoo

18 REPRESENTING THE BODY AT ™ACHE®,F7,4/ 809

2 9N, EMX, 12X IMR, 11X, SHDR/DX, 12X 2MTX, 10X, 4HT(I), 10X,81TC(L)) NBOQ

VEWMNCOOB N AE WA -

- an v -
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61T

ooo oo

o

o000 o

ocnooo ooo oo [2Y: X321

o000

801 PURMATIIN,F9,4, 6615,5) nROQ
802 FORMAT (1H],4BHBODY RADIUS TOD LARGE IN RELATION TO AQOY LENGTH//)INBO9
’ wB09

w809

MACHSEMACH wB09
RADIUSERE . wB09
wao9

READ NAMELIST 80DY w809

: w809
READ(S,R0ODY) 809

’ wg09
wRITE (6,B00Y) ) NBO9
waoe

IF (NXBODY,LE,0,0R NXBODY,GT,101)NXBODY&S] NBO9
wB09

waoe

INITIALIZE DOUBLET STRENGHTS wRO9
w809

00 103 Imwi,NXBODY »B09

103 TC(I)=0,0 w809
®Bo9

CALCULATION OF AERODYNAMIC DATA wBo9
LT11]

MACHBOBMACH®MACH B waoe
BETABRGS], wMACHEO w809
BETAm SQRT( ABS(BETASQ)) w809
ALPHABASIN{SINALC) weo9
NBNXRODYS] wgoo9
XBOOY(1)mXNOSE ®B09
XBODY (NXBODY)SXNDSE+LBODY w809
wB09

IF (BETASRADIUS,GE,LBODY) GO TO 200 wBo9

60 10 204 WB09

200 wRITE (6,802) waoe
sTOP %809

204 CONTINUE wBO9
. waoe

SETUP 0OF POINTS ON BODY AXIS BY DIVIOING BODY LENGTH INTO N EQUAL SEGWBO9
w809

DELSLAODY/N wBo9

DO 3% Is2,N ®B09

33 xBODY(I)®XBODY(Iw})eDEL wBoo9
wBoe

CALCULATION OF RADII AND RPBODY TO GO wITH THE AXIS POINTS wpoeo
wB09

DO 35 1w1,NXBUDY wB09

35 CALL BODYR(XBODY(1)eXNOSE,RBODY(I),RPBODY(1)) wBo9
wB09

CALCULATION OF DRDX AT MIDPDINTS BETWEEN SETPOINTS WB09
w809

DO 36 Imi,N w809
XFCI)a, 54 (XRODY(1¢1)#XBOOY(]1))=XNOSE %809
CALL BODYR(XF(I),RF{I),DRDX(I)) %809

36 XF(I)aXF(I)¢XNDSE wBo9
WBO9

TH1S LOUP DETERMINES THME LDCATIONS OF TWE NDRIGINB OF THE CONICAL LINE w809
SOURCES AND DUUBLETS, THE URIGINS ARE LOCATED AT THE Tx(1), wBo9
wBo9

00 10 Is1,NXBODY w809

10 TXCI)sXBODY(I)eRETASRBODY(I) w809
wBoe

ROUTINE FNR DROPPING CONTROL POINTS IF THEY ARE OUTSIDE THE MACH wBo9
CONE OF THE NOSE, wB09
wB09

100 IF(BETASRF(1),LT, (XF{])eXNOSE))IGO TO 199 wBo9
NaNe} nNBO9
NXBODYSNXBODY=1 . wBoe9

DO 101 Is2,NXBODY wBo9
X8ODYCI)YOXRIDY(Ie¢1) w809
RBODY (I)SRBODY(I¢1) wB09
RPRNDY(I)WRPBUDY(I+1) w809

101 Tx{DIsTx(lel) wB09
00 102 Im2,N wdoe
XF(I)sxF{lel) w809
RE{I)RRF(I¢1) wRO9

102 CRDX(I)mORDX(I¢]) wB09
XF(1)a,5%(XRO0Y(2)+XBUDY(])) wB09

nfOoo00on

(2 X2 XsX3)

oconooo

ocooo

ocoo

CALL RODYR({XF(]1)®»XNDSE,RF{1),DROX(1))
GN 7o 100
199 CONTINUF

w809
w809
wg09
waoe

Dt TERMINATIUN OF SOURCE STRENGTHS AT CONTROL POINTS MIDWAY BETWEENWBO9

#0DY DEFINITION POINTS,
CALCULATION OF THE FIRST SNDURCE STRENGTM,

XFIELD®XF (1)
REIELDWRF (1)
SLOPEwDRDX (1)
B3GWBETASUARFIELD#RFIELD
X2sXFIFLD=LBODY

CALL SOURCE(1)
A{1)sveSLOPEsU
TC1)WDRDX (1) /A(Y)

CALCULATION OF TWE REST OF SOURCE BTRENGTHS USING EQUATION (Bs) IN
WOODKARD AND LARSEN,

DO 210 182,N
XFIELORmXF(])
RFIELDSRF (1)
SLOPESDRDX (1)
B3QWBETASU*RFIELD*RFIFLD
X2uXF1ELDeLBODY
D0 20% Jui,!
CALL SOURCEC(J)
205 A(J)sveSLOPEsU
suxeo,
IMje]ay
DO 201 Jsi, 1M}
1 SUMBT(J)«A({ J)sSUM
210 T(I)a(DROX(])=SUM)/A(])
T(NXBODY)®n0,0

DETERMINATION OF DOUBLET STRENGTHS AT CONTROL PUINTS MIDWAY
BETWEEN BODY DEFINITION PDINYS

CALCULATION OF TWE FIRBY DOUBLET STRENGYM,

IF (ABS(ALPHA) ,LT,1,0Ee10) GO TO 798
xFIELDWXF ()

RFIELOWRF (1)

SLOPERDROX( 1)
BSORBFTASGARFIELDeRF IELD
X3BXF1ELDeLBODY

CALL DOUBLT(1)

A{1)eSLOPEsUaY

TC(1)mALPRHAZA(Y)

CALCULATION OF THE REST OF THE DOUBLET STRENGTHS USING EGUATION (90)
IN mOODWARD AND LARSEN,

D0 215 le2,N
XFIELDaXF (1)
RFIELORRF(I)
SLOPEmDRDX (1)
BSQEBETASO#RFIELD*RFIELD
X28XFIELO=LBNDY
00 212 J=1,1!
CALL DOUBLT(J)

212 A(  J)SSLOPEsUeY
Summo,
IMte]ley
DD 203 Jmi,ImM]

203 SUMRTCCJI®AC  J)eSUM

215 TC(IDmCALPHASSUM)/A(])
TC(NXBODY)=0,0

798 CONTINUE

PRINT QUT OF BODY CHARACTERISTICH
WRITE (6,799)%ACH

DO 800 1s1t,NXBODY
800 WRITE(6,801) 1,XRODY(1),RBCDY(1),RPBODY(T),TX(LI),T(1),TC(1)

wB 09
w809
wyoe
w809
w809
wgoe
111
w809
w3 g9
wB 09
wpoe9
wgo9
wBo09
w809
wg09
waoe
w809
wBoe9
w809
w809
wBo9
waoo
w8 o9
wdoe
w809
wBo9
wB09
wB09
w809
wB09
wB09
waoe
w809
waoo9
w809
LLT-L)
wBo9
wigoe
wB09
wB09
w09
wBo9
wBo9
w809
w809
wgo9
w809
wB09
wB09.
wRo9
wBo9
wB09
w809
wBo9
wgo9
wa o9
wao9
wBoe
wBo9
wBo9
wgoe9
w809
w809
w809
w809
wg09
w809
w809
%809
w809
wB09
wB09

130
131
132

134
138
13s
137
138
139
140
141
142
143
144
148
146
147
148
149
150
181
1%2
153
184
188
1%
187
158
159
160
161
162
163
164
168
166
167
168
169
170
174
172
173
174
178
176
117
178
179
180
181
182
183
184
188
188
187
188
189
190
194
192
193
194
195
198
197
198
199
200
201
202
203

208
208
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071

C
C COMPUTATION OF VELUCITIES INDUCED ON HODY RY BODY SOURCES AND

C QUUBLETS 4T BUDY DEFINITION POINTS,
<

c
[4
c
c

cono

aoaan

IF T FIELD POINT IS ON THE 4AX{S,

ALFACRALPHASST?, 2957795
wRITE (6,227)MACH, ALFAC
o0 225 fmi,NXBODY

COSTHRSORT(1,/(RPRODY(I)ex2eq,))

BINTHEBQRT(§,aCOSTHaCOST
XFIELDeXBOOY(T)
RFIELDBRRUDY(])

IF{RFIELD,6T,0, GO 70

H}

214

THEN wE SWIFT OUT TO AVO{D THE

SINGULARITY IN THE VELOCITY FUNCTION ON THE Axls,

221
214

218

220

IF(I1,EQ,NXBNDY)GOD TO 221
REIELDRRBODY(Ie{) /40,

XFIELOSXFIELD¢ (XBODY(T¢3)exBODY{I)}/10,

60 T0 214
RFIELDERBUDY(Ie1)/%0,

XFIELDeXFIELDa(XBODY(])ax80DY(1®1)) /10,

BIOMRETASURFIELD*RFIFLD
x2sXP TELD=LBRODY
usso,

viso,

ubso,

vomo,

viDen,

on 218 Jmi,1I
CALL SOURCE(Y)
USEUBeT (J)sU
VIRVSeT )y,
CalL poOUBLT(J)
uDsLiDeUSTC ()
VDBYDevVaTC(J)
VIDEVTNeVTITC(J}

IF (RPRODY(1),L1,0,)60 T0 220

YNSBYSaCO8THa (T ,¢USIa8IN

VNDB(vD¢ALPHA) aCOSTHaUDRSINTH

6N TO 222
VNSEYSSCOSTHe (|, +US)#SIN

VNDB(VD¢ALPHAICOSTHeUS*SINTH

uBsS(l)eus
IS SLAT]
ueD(I)suUD
vBD(I)mvD
RCUIERITALY

™

™

225 wRITE(b6,6) 1,XBODY(I),US,VS,VNB,UD,vD,vTD,VND

CALCULATION AND PRINTOUT UF THE PRESSURE COEFFICIENT FOR BODY
DEFINITION POINTS,

299
soo0

3ou
303

320
330

IF (PCODE.EG,0) RETURN
GO TD (300,299,304)PCODE
WRITE(6,301)

60 To 303

wRITE(6,302)

G0 T0 303

“RITE(b,30%)

80281 ,/3GRT(2,)
COEFF(1)s1,
COEFF(2)mSR2
COLFF(1)mO,

COEFF {u)me862

COEFF (S)may,

D0 350 Isy,NXBODY

DO 320 Jsi,5
CPT(J)=mCP(PCODE,1,J)

WRITE(8,331)1,XBODY(1),(CPT(J),Jut,s)

“RITF(&,306)

809
w809

nBO9 ¢

»B09
WBO9
®B09
w809
L1104
809
wa09
wB09
wBo09
wWB09
waoe
LT
L1
wBO09
wBo9
w809
w09
w809
wBo9
wWBo9
wpoe
w809
LI
wBo9
w09
w809
wB09
wB09
wBo9
%809
wBo9e
wBO9
wB09
wB09
w809
Waoe
n@goe
wWB09
w809
B0
»B809
ng09
nBo9
wB09
w809
LET L
wWBo9
wBo9
w809
wWB09
wB09
nB09
H8o9
wao9
nBO9
wgo9
w309
809
wBO09
wBo9
w809
wBO9
wB09
wB09
w809
w809
w809
nRO09
w809

COMPUTATINN OF VELOCITIES INDUCEN NN BODY RY RODY SOURCES AND DOUBLETSWHEO9
AT CONTROL POINTS AND PRINTOUT OF PRESSURES,

NO 450 Imi,N
XFIELPEXF(T)
RFIELDERF (1}

LT
LI
w09
wB09
we09

0o aonoan

o

fnfooo

410

3u0
380

SUBRQUTINE TO CALCULATE THE VELOCITIES FOR THE FIELD POINTS X,v,I OUE

RSUSRETASGARFIELO#RFJFLD
X2sXFIELDeLRODY
u8mo,

v3so0,

LD=mO,

vD=oO,

V100,

DO w10 Jsy,!
CALL SOURCE(J)
USsUSeT(J) U
VSBVSeT(J)ay
CALL DOUBLT(J}
UDBUDeTC L) *y
VDeavOeTC(JS) ey
VIDBVTD¢TC(J)avT
UBS(1)sU8
YB8(I)mvS
UBD(])sUD
VBD(I)svD
VIRD(I)mvTD

00 380 Tal,N.
XBOOY(I)mx¥F (1)
00 340 Jmy,S
CPY(J)sCP(PCODE,I,d)

WRITE(S,331)1,XxBODY(]),(CPT(J), =1,S)

RETURN
END

BUBROUTINE VELCAL(NDIM,ALPHA,BETA,NSTART)

TO TWE BDDY SINGULARITIES,

$0

S1
52

DIMENSION X(250)

COMMON/SRCE/XFIELD,RFIELD,BSQ, X2,

Upv,vT

COMMON/BSINGS/T(100),TC(100),TX(101)

COMMON/BDYBLK/RNDSE ,RADIUS, X4
COMMON/VEL /XByXC,BETASD, XD

+LBCOY,BCODE,NXBODY,

COMMON /BVEL/U1(250),v1(250),n1(250)
COMMON /THRUBT/DMY(S01),Y(2%50),0MM(760),xx(2%0),2(2%50)

COMMON /WBTR/XWLE
EQUIVALENCE (X(1),22¢1))
REAL LBODY

TRANBFORM xeCOORDINATES INTO THE S0DY SYSTEM

DD S0 KaNSTART,NDIM
X(K)mxX (K)o XNWLE
NBNXBODYw{

CALCULATINN DF COURDINATE ROTATION ANGLE,

IF (ABB(ALPHA) LT, 1,0E=04) GO TO SY

PHIBATAN(BETA/ZALPHA)Y
G0 t0 52
PHls0,0
CONTINUE

CALCULATINN OF VELOCITIES,

DD 100 ISNSTART,NDIM

12(u03y

nB 09
w809
»B809
~B809
w809
w809
weo9
wBg 09
*@809
»B09
~B09
wgo9
w809
wg09
wao9
nH09
w809
ngo09
809
nBo9
w809
w809
wgo09
w809
wBo9
wgo9
w809

w810
w810
[1-3%)
w810
w810
L3Y ]
wBi0
wB10
wBio
wB10
w810
wdlo
wilo
wB10
w810
*810
wglo
w8io0
w810
w810

‘wB10

w810
wB10
L1314
wBlo0
wB10
[1:31]
wB10
"Bi0
w810
wdio
"B10
w810
waio
"Bi0
LAY
w810
wBio0
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> - “ 4 * *
[ wBl0 39 SUBROUTINE DOUBLT(J) ®B12
€ THANSFORMATION OF FIELD POINTS INTO THE NUSSTDESLIP COURDINATE SYSTEM w10 40 4 wH12 2
c w810 o € SURROUTINE 1O CALCULATE TWE VELOCITIES DUE TO 4 LINEAR LINE DOUBLET DFwB{e 3
XFIELOBX(]Y w810 42 C UNIT SLOPE WITW ORIGIN AT Tx(J), nBl2 [}
RFIELDABORT(Y(I)we2e7(1)042) w810 o3 € SOLUTIONS GIVEN Ky =NDDWARD AND { ARSEN (BOING REPT, Dew10741),EQUATION®BI2 &
THETASATAN2(Y(1),2(1)) wB10 4u C (56) UR ANTONIO FERRI, XELFMENTS OF AERODYNAMICS OF SUPERSONIC FLOWS,XNB12 &
THPLPHOTHETA#PKHT WB1Q 4S C EQUATION (uou), “H12 7
BSCEPETASU+RFIELD*RFIELD %810 4ae c : wele 8
X28XFIELDw=LBODY weio a7 COMMON/BDYBLK/RANOSE ,RADTUS, XA, X8, YCODE,NXBODY, 2I1(403) w812 9
c w810 ua CUMMON/BSINGS/TC100),TC(100),TX(101) =812 10
C CALCULATION OF AXTAL, RADIAL AND TANGENTIAL PFRIURBATION VELOCITIES ONWBIO 4% CUMMON/SRCE/XFTIELDIRFIELD,B8O,X2, UpV,ve 812 1}
C LEEWARD LINE OF SYMMETRY, wBi0 S0 COMMON/VEL #XC, XD, HBETASG,RETA w1 12
[ w810 S1 [ n8t2 13
usso, wB10 ~S2 [ wBl2 1a
vasb, w810 S3 100 FORMAT(1HO,S9HFIFLD POINT 18 wITHIN TAIL MACM CONE, U AND v SET TwBi12 1§
ubmo, w810 54 10 ZER0,) . w812 18
VD=0, wB10 5% c wg12 7
vibsd, wB10 - S5& [ "812 18
DO 110 Jsi,N w810 57 XI8XFIELDeTX(J) wB12 19
CaLL BOURCECJ) w810 5B 8REBETA«RFIELD wei2 20
USEUBeTCI)rU wBi0 S8 IF(X1,LE,BR )60 10 10 wB12 21
; VBRVEeT(J) ey w810 &0 IF(x2,LF,BR J60 10 21 ng12 22
i CALL DOUBLTY(J) we10 o1 RRITE(&,100) we12 23
: uD=UDeULTC(J) w810 62 60 TN 10 w8i2 24
2 vDmvDaveTL () wWB10 63 21 XBRmX{/BR we12 2s
. 110 vVIDEVTDsVTeTC(J) %810 &4 XX8SGHT (XBReXBRe] ) w812 26
c w810 % UBBETAWXX w812 27
€ TRANSFORMATION OF VYELOCITIES INTO ORIGINAL COORDINATE SYSTEM,  ,1,E,s.4"B10 b8 ACOSHBALDG(XBReXX) w812 28
C UsvoW, RATHER THAN U,VR,VTHETA, w810 &7 XXEXBREXX wBi2 29
c w810 &8 va SeBETASGw(ACDBMeXX) wBi2 30
COSTHECOB(THPLPH) w810 &9 Viaw S4BETASQ+ (ACOSHeXY) wst2 3y
Ul (1)aU¢UDeCOBTH wWB10 70 RETURN w812 32
VREYDaCOSTHevS w810 71 4 i w812 33
VIDEVTDaSIN(THPLPH) wBio 72 C FIELD POINT 18 AWEAD OF MACH CONE FROM DOUBLET ORIGIN, wBl2 34
SINTHaBIN(THETA) w810 73 (4 . wBi2 38
COSTHECOS(THETA) wsi0 T4 10 uso, wei2 3o
VECI)RYReSINTHOVIDRCOSTH wBi0 7% veo, wBi2 37 ié
Wi(1)mYReCOBTHeVTDEBINTH w810 76 Viao, w8l 38 a
CIF (ABS{UI(LIY LT, 1,0E=08) UILY)N0,0 wg1o 17 RETURN wet2 39
[ IF (ABS(VI(I)).LT.1,0Ew08) VI(1)m0,0 ®B10 78 END w812 a0 5
N IF (ABS(WI(I)),LT,1,0Ee08) Wi(I)m0,0 wB10 79 : g
= 100 CONTINUE w810 80
RETURN ! w8io0 81 w
END wBl0 82 g
(o)}
'._I
UN N CP(M wWatiy 1
¢ FUNCTION CPEMe1ed) wBly 2 BUBROUTINE BODYR(X,R,RPRIME) w813
COMMON/VEL /MACH, MACHSG,RETASG,BETA w811 3 w13y 2
COMMON/CPFN/UBS(101),vB8(101),UBD(101),VRD(101),VvT80(101),COEFF(5)wB11 [ € SUBROUTINE FOR TWE CALCULATION DF BODY RADI] AND SLOPE, THE INTEGER w813 %
[4 wBi1 5 C VARJABLE RCODE CONTROLS THE TYPE OF NOSE DEFINITION . w81} ]
REAL MACH,MACHSQ waty [} [ BCODEmO PARABOLIC BODY 81} s
60 T0 (1,2,3)M Wil 7 [ BCODEm]  BEARBeMAACKwADAMY BODY w813 &
c LL3RY e C BCODEw2 TANGENY OGIVE wB13 14
€ LINEAR THEDRY TO FIRST ORDER, [T ] ¢ 8CODEs3  ELLIPSDIDAL BODY wg1} 8
c w811 10 [ 8CODEsd CONICAL 80ODY . L1138} 9
| CPua2, e (UBSC(I)+UBD(I)eCOEFF(J)) wB1y 11 € CODE DEVELOPED BY RALPHM CARMICHAEL o AMES RESEARCH CENTER, MODIFIED w813 {0
RETURN wBi1 12 € BY MICHAEL WEMSCH » NEAR, INC, ® MAY 1, 1974 w813 1y
¢ . w11 1} 3 w813 12
C BLENDER RNDY THEQRY TQ FIRSY ORDER, w811 l: c COMHMON/BDYBLK /RNDSE,RADIUS, LNOSE,LBODY,BCODE,NXBODY, Z2(403) -g:i 13
c weiy [T 14
2 CPmw2, #(UBS(I)¢UBD(I)*COEFF(J)IovES(I)0n2 "Bl 1e REAL LNOSE,LBODY w813 1§
RETURN wB1l 17 INTEGFR BCODE wB13 s
¢ wBly 18 ¢ w813 17
C LINFAR TWEMRY TO SECOND ORDER, wBl1 19 IF(X.LE,LNOSE) GO TO 20 "B} 18
c wB11 20 [ wail 19
3 UmUBSCI)*UBD(T)«COEFF(J) wBi1 2t C CYLINDRICAL SFCTION OF BODV . w813} 20
VREVEG(I)4VBOCT)eCOEFF () wgil - 22 - < - w1} 29
VIHSQEVYRD(T)*a2e( 1 oCOEFF(J)ee2) wB11 23 RERADIUS w813 22
CPue2, *UBETASGaUSLUSVReYROVTHSR w811 2 RPRIMERQ, w813 23
RETURN w811 25 RETURN w813 24
END wBl1 26 c »B13 2%




(44

C NOSE SECTION wgll
¢

wA1S
20 xXs(LNOSEeX)/LNUSE wail
RRERADIUSWRNQSE - wi13
1F(RCODE,GT,0)60 TO 22 wB1S
¢ : “813
C PARABOLIC NSt LT3R}
¢ w813
RORNDSE#RR* (1 ,mXX#XX) w813
RPRIMESRR/LNOSES2,#xX ' . w813
RETURN : wals
22 GO t0(23,24,25,26),8C0DE w83
4 w813
C SEAKSsHAACKeADAMS FUREBODY wB1%
¢ wit3
23 IF(XX,67,9,999E«1) GO 70 223 wg1}
XYBY @ XABXX : wBi3
PHIaXyus 75 wBi3
RERNOSE+RR&PH] wB13
RPRIMERRR/LNOSE ] ,SaxXX+PKI/XY wgil
RE TURN weil
223 RSRNDSE (1%}
RPRIMNEn] EQ %81}
RETURN wBt3
¢ wB13
C TANGENT OGIVE NUSE wB1i3
¢ ' wa13
24 RLERR/LNOSE wBi3
RDL®,S%(1,+RLsRL)/RL wBi}
XY®E3QRT(RDL2#RDLeXX&XX]) wBi3
RERADIUSSLNOSE« (RDLeXY) wBi3
RPRIMEEXX/XY L1-3% ]
RETURN 31}
c nB1}
C ELLIPSCIO FOREAQDY - nB13
4 . wB13
25 IH(XX,GT,9,999E=1) GO YD 22% w813
PHIEBAQRT (], sXXeXX) wWBi3
RERNOSE¢RN*PH] wB13
RPRIMERRR/|NDSE#XX/PHT wB13
RE TURN [T18]
4 w3t}
C CONE FOREBDDY watl
c wB13
26 RERNOSE«RR* (] ,8XX) wBi}d
RPRIMFSRR/LNDSE WB13
* RETURN w813
ENnD w13
SUBROUTINE SOURCE(J) wBlé
[+ LT 3Y)
C SURROUTINE T0O CALCULATE THE VELOCITIES DUE YO & LINEAR LINE SOURCE QF wBid
C UNIT SLOPE =JTH DRIGIN AT TX(JI, wBid
C SULUTIONS GIVEN BY WOUDWARD AND LARSEN (BUGING REPT, De={07ul),EGQUATIONWBIL
€ (53) OR ANTONLIQ PERRI, XELEMENTS OF AERODDYNAMICS UF SUPERSCNIC FLOwS,xwB14
C EQUATION (3Y8), wWBl4
c wBi4
CUMMON /BDYBL K /RNOSE ,RADTUS, X4, X8, BCODE,NXBODY, ZZ(403) wBld
COMMON/BSINGS/T(100),TCC100),TX(10Y) wBl4
COMMON/BRCE /XFIELD,RFIELD,BS0, X2, . UsV,VvT? . wB1y
COMON/VEL /XC, XD, BETASD,BETA wBid
c : ngid
¢ wpida
100 FORMAT(1MO,SOHFIELD POINT 13 WITHIN TAIL MACH CONE, U AND v SEY TwBi4
10 2ERN,} wBldy
4 . L1300
. L4

COTNC AL WN-

c
4
c

a aoooaan

an

X1®XFTELDeTX(]) wBilu
BREBETA*RFIELD nBiy
1F{X1,LE,RR) GO TO 10 wBly
1F X2, LE,BRIGD TO 11 wBid
wWRITE(6,100) ngid
GL TO 1o waie
11 XL=X1/RR wBld
D23m SORT(XLtXLw!,) LTI
UR=sALUGIXL+D23) wBio
© VSBETa#D23 waie
RETURN wBilda
. wg1d
FIELD POINT I8 AMEAD UF MACH CONE FROM SOURCE ORIGIN, wiia
wBid
10 veo, . wgld
veo, i wald
RE TURN g wlld
END wBiu
SUBROUTINE SPECPR wB1S

L]
THIS SUBRUUTINE COMPYTES EXACT,S$ECUND ORDER ,FIAST QRDER AND .3}:
EXTENDED LINEAR PRESSURES AT CONTROL POINTS ON THE WING SURFACES wais
EXACT MEANS BERNOULL! L1318
wyis
L1-3%
DIMENSION PRESSU(250), L1383
I1PRESSN(250),PRESSR(250),PRESSL (250),PRESY2(2%0),PRESD2(2%0), wg1s
2PRESR2(250),PRESL2(250),PRESU3(250),PRESDI(2%0),PRESR3(250), wBiS
1PRESLI(2%0),PRESUL(250),PRESDL(2%0),PRESR1{2%0),PRESBL(250) w31s
wgiSs
LoGIcaL eoDY wBiS
. wB1S
COMMON/NONL IN/NWBP,NOLINP, TOTLR,BODY, ALFR,NOUT ,NPRESS,NOCPY,NDRAG wB1S
CDMMON/BVEL /8DL(250),BDV(250),BDW(2%0) wB1S
COMMON/YWNOR/DUMYL (1501) ) UCHK , VCHK ,WCHK, 11, 1F,CONST,BETAR,DUM2(2) wBIS
COMMON/TPR/NPR, 1,K w8l
COMMON/PRESS/DELTP(250),DUM3(1500),COSALF ,NPANLS, ARWING,FHACH, wB1s
10UMG(2S1),SINALF,DELTA wets
COMMON/THRUST/CN,DUHS(S00), YCPT(250),0UX6(TS6 J,NHP,DUNT(3], wBts
I1XCPT(250),2CPT(2%0) wais
COMMON/VELARG/DUMB(8),BETA,DUN9(S) wB1S
COMMON/CRUX/NCRX w81S
COMMON/SPCPRS/DLTP(250),DLTP2(250),DLTP3(2%0),DLTPI{250) wa1s
COMMON/SPBANG/SINALC,CO84LC, SINPH],COSPH] wB1s
COMMON/VRTXV/VVRTX(2%50),WVRTX(250) ,NVRTPL ,NVYRTX w81S
wBiS
EQUIVALENCE (PRESLI(1),DUMEC2)),(PRESL2(1),DUMS(201)), (PRESLI(1), wBIS
1DUME(201)) wBits
w81
wBis
TR0 FORMAT (1X,I3,10{2X,E18,4)) w81S
732 FORMAY (////18%,84HVELOCITIES AND PRESSURES AT CONTROL POINTS IMMEwWBYS
IDIATELY ABOVE MURIZONTAL wING SURFACE// ng1s
1 2% IR TX N (J) ,BX, UMY (J) ,8X,4HTEIY, 10X, 4HUTOT,8X,aHVTOY,8X, weis
24HWTOT,8X,){UNCP, UPPER EXACT,2%,10MCP 2NDORD,, 3%, THCP,UBAR,6X, wWB1S
310HCP, 1STORD, /) wa1s
733 FORMAT (/////7/+15X,84=VELOCITIES AND PRESSURES AT CONTROL POINTS IngiS
IMMEDTATELY BELOw HORIZONTAL wING SURFACE// w81s
12X THI P TN, UNX () BX, UHY (), 8X,4H2C¢J), 10X, 4HUTDT,8X,aHVTOTY,8X, WB1s
24MnTOT,5X, JUNCP,LOWER EXACT,2x,10HCP 2NDORD,, 3%, THCP,UBAR, 6%, wBiS
310MCP,§8TURD, /) LLIL]
T34 FORMAT (////15%,88HVELOCITIES AND PRESSURES AT CONTROL POINTS IMMEWBIS
IDIATELY TO RIGHT MF VERTICAL wING SURFACE// LLR
12X INT TX UML) B, UMY () BX,4HZ ()Y, 10X, 4MUTOT,BX,4HVTOT,8X, w315
2UHWTOT,SX, 1UNCP,RIGHT EXACT,2X,10HCP 2NDORD,,3X, THCP, UBAR, X, w818
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1 XA

on

on0o00O0000 000

310MCP, 18TORD, /) (131 1
T35 FORMAT (//////,1SX,8THVELOCTITIFS AND PRESSURES 4T CUNTRUL POINTS wHiS
IMMEOTATELY TN LEFY OF VERTICAL ~ING SURFACE// w815
2N, IHI, T AHX(IY, B UHY(J) , BX, R (J), 10X, 4HUTOT, BX, uHYTOT,8X, LL3L]
2UHWTOT,SY, 14HCP,LEFT  FXACT,2X,10HCP 2NDORD, 3%, THCP UBAR,8Y, TILY
310MCP,18TNRD, /) wdls
736 FORMAT (////l!upnsssuﬂE LOADINGS 4T CONTROL POINTS// w815
1 2%, 3RS, TR UMXCd) ,BX, 0HY{J) (AX, UHT(]), SX, 1 OHDELTP,LIN,,5X, =313
110MDEL TP UBAR,3IX, 13HDELTP,18T0RD,,1X, 178
213HCELTP 2NDORD, 41X, 11HDELTP,EXACT/) wB1S

T3? FURMAT (ir], TTHPRESSURE LOADINGS EXCLUDE VORTEX INDUCED CUNPUNENTs-Bls
§ PARALLEL TO WING SURFACES//) 815
738 FORMATY [{H],TTHPRESSURF LOADINGS INCLUDE VORTEX INDUCED co~v0~£~13~sls

1 PARALLEL TO WING SURFACES//) w815
' w815
w81

NOCPTRY [T311
NHP 1 ENMP ¢} L1381
NPNLSIBNPANLB®Y [T-31
16 (NVRTX NE O, AND NVRTPL ,EQ,0) WRITE (6,717) wei1y
IF (NVRTX,NE,0,AND NVRTPLEQ,1) WRITE (6,738) w815
wa1s

TREAT POINTS IMMEOIATELY ABOVE HORIZONTAL WING SURFACE w1s
we1s

IF (NODUT,NE,0) wWRITE (&,732) wB1S
nets

BODY SOURCE AND SINK CONTRIRUTIUN ALREAOY CALCULATED AT WING weis
SURFACE CONTROL POINTS IN PROGRAM CRFWAD wB1S
VORTEX VELOCITIES ALSO ALREADY CALCULATED IN PROGRAM CRFWAD wBis
we1s

o wB1S

®mING SURFACES AND BODY INTRFERENCE PANELS CONTRIBUTION wei1s
wa1s

BETASQUBETASBETA wBi1s
FACTRIN], 428571429/ (FMACHRFMACH) we1s
FACTR2m0 ,2¢FMACHOFMACH w815
w815

DO 807 Kkai,NWP wgis
VADVRTmYVRTX(K) w3is
IF (NVRTX,NE, 0, AND,NVRTPL ,EQ,0) VADVRT=O0,0 [T3%]
I1aKx wails
1F =K ) L1-3% ]
CALL V!LNOR(ICPV(K),VCPT(K),ZCPT(K)) [1.3% ]
UTDTaUCHK*BOU(K) w815
VTOTaVCHK¢BOV{K)¢VADVYRT wB1s
wT0ts BDW(K)eWVRTX(K) wB1S
11ay 15
TFaNHP NS
CALL VELNORCXCPT(K),YCPT(K),ZCPT(K)) wais
WIOTeNTOT ¢WCHK 138 ]
TF (NNP,EG,NWBP) GO TO 803 L1.3% ]
I1eNKPY nais
IFaNwRP L1381
CALL VELNOR(XCPT(K),YCPT(K),ZCPT(K)) w815
UTOTeUTOTeUCHK we1s
VIOTavTOTevCHK wBis
© WTOTaWTOTeWCHK wBis
801 CONTINUE wBiS
BDUSGaUTOTeUTOT wB1s
BDVSQevVTOQTevTOY wais
BDWBQaWTOTawTOT L1233
UBARBUTOT #COBALCeYTOT 4#SINALCOSINPMIOWTOT #SINALCHCOSPHI wg1s
VBARBVTINT «COBPNIewTOT #SINPH] . WB1S
wBARBOUTOY oSINALCeVTOT #COBALCOSINPHIOWTDT #CDSALC*COIPN] L1:3% 1
ARGE1 ,0sFACTR22(2,00UBARCBDUBG¢BDVYSQA+BDWER) wB15
1F (ARG,LT,1,06°05) GO T0 900 L1-3%)
60 10 901 L1-3% ]
900 PRESSU(K)meFACTRY wB1s
GO TO 902 wW81s
901 PRESSU(K)FFACTRis (ARGe#3 Se],8) - w81S
902 BDUSGaUBAR®UBAR L1341
BDVSAEVBARSVBAR w81s
BDWSORWAARE WA AR 3%
PRESUI(K)Be2,04UBARCBDVSOeBDOWSQ nd15
PRESU2(K)we2 0e«UBARBETASG+ROUSOeBOVEQeBDWSQ L1 3%
PRESU3 (K)uw2, 02UBAR wg1s
IF (NOUT,EQ,0) GO TO 807 w815

ono

[aXa}

oo

on

807

802

%o

911
912

WRITE (6,720) K, XCPT(R),YCPT(R),ZCPY M), UTCT, ¥ 0T, nT00T,
1PRESSU(KY,PRFSL2(K),PRESUS(X)},PRESU](K)
CONTINUE

TREAT POINTS IMMEDIATELY AELOw HORIZONTAL wING SURFACE

IF (NOUT,NE,0) WRITE (6,733

DO B1o Ks1,NHP

VADVRTSYVRTX (K)

IF (NVRTX NE,O0,AND,NVRTPL ,EQG,0) VADVYRTSO0,0
1lax

178K

CALL VELNOR(XCPT(K),YCPT(K)},2CPTI{K))
UTDTasUCKKeADU(K)

VIUTEmVCHK¢BOVIK) ¢ VADVRY

wT0Ta BOW(K)eWVYRTX(K)

11say

1P aNMP

CALL VELNOR(XCPT({K),YCPT(K),ZCPT(K))
WTDTeWTOTeWCHK

IF (NWP,EQ,NwBP) GO TO 802

11aNKP]

IFaNwRP

CALL VELNOR(XCPT(K),YCPT(K),2CPT(K))
UTOTRUTOTeUCHK

VIDTeVTOTeVCHK

wTOTawTOTeNCHK

CONTINUE

BDUSQsUTOTAUTOT

BDV8QaVTOTevTOY

BDWSGARNTOTeNTOY

UBARSUTOT eCOSALCeVTOT «BINALCESINPMIewTOT #SINALC#COBPH]
VEAREVTOY WwCOSPHISWTOT «SINPHI

WBARZeUTOT &SINALCwVTOT 4CNSALCSINPHIenTOT «CO8ALC*COSPHI
ARGE] ,00FACTR24(2,08UBARCBOUBR+*BNVIGeBDONSQ)
IF (ARG,LT,1,0E=0%) GO TO 910

GO YO 911

PRESSD(K)asFACTRY

GO 10 912

PRESSD(K)INFACTRIw{ARG#e),501,0)
BOUBQEUBARSUBAR

BOVIQaVBARSYBAR

B0WSQuWBARWBAR
PRESDI(K)®w2,04UBARSBDVIQeBDNSD
PRESD2(K)aw2,04UBARCBETABG+BDUIQeBDVIOeBONE0
PREBDI(K)INe2,04UBAR

IF (NQUT,.EQ,0) GO 1O atg

WRITE (6,720) K,XCPT(K),YCPT(K),ZCPT(K),uT0T,vTOT,w10T,
IPRESSD(K),PRESD2(K) ,PREBDI(K),PREBD] (K)
CONTINUE

TREAT POINTS IMMEDIATELY TO THE RIGNHT OF VERTICAL WING SURFACE

I1F (NCRX,EQ,0) GO 1O 84i
IF (NDUT,NF,0) WRITE (6,734)

DO 813 KONHP],NPANLS

WADVRYAWVRTX (K}

;; (NVRTY.NE. 0 JAND,NVRTPL ,£Q,0) WADVRT=0.0
L]

1FeK

CALL VELNOR(XCPT(K),YCPT(K),ZCPT(K))

UTOT=eUCKKeBDUCK)

vi0Ts ROVIK)eVVRTX(K)

WTOTBaNCHK¢BDW (K ) ¢WADVRY

11sNKPy

1FeNPANLS

CALL VELNOR(XCPT{K),YCPT(K),ZCPT(X)}

VIOTevTOTeVCHK

IF (NPANLS FQ,NWBP) GO T0 803

TISNPNLBY

IFuNwBP

CALL VELNDOR(XCPT(K), vcav(x),chr(x))

UTOTauTOTeUCHK

w31ls
mB1Y
wH1%
»81S
wdis
(1-3%)
wdis
wBiY
wB1S
w815
n81S
wB1S
wBiS
wBlSs
wB1s
n81S
wB81S
wB1S
wB1S
wB}S
wB1S
wB1S
wB1S
wBiS
w8is
wB1S
w8is
wBisS
wB1S
wels
wBis
w1
n81S
wBiS
L1-3%)
wB1s
wB1S
n81s
(11%}
ne1s
w81S
w81s
wB1S
weis

wB1S
w815
w819
w81s
L1238 ]
wB1S
wB1S
w81y
wB1S
w1
wBls
wels
we1s
we1s
w1y
wéis
LLEE ]
wB1s
wB1%
w81
wB1S
L1 3% ]
u81s
wg1s
w815
w8is
w1
wals
LI 3% ]
uB1s
wils
wa1s

12%

127
128
129
130

132
133
134
138
136
137
138
139
140
141
142
143
144
148
14e
147
1648
149
150
181

153
184
15%
156
157
158
159
160
164
162
163
164
168
166
167
168
169
170
171
172
17y
174
178
176
177
178
179
180
181
182

184
1858
186
187
188
189
190
191
192
193
194
19%
196
197
192
199
200

201
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VIOTRYTNT ey LMK wR1S 202 <

CALCULATE PWRFSSURE UIFFEWESNCES AT CONTRUL PGINTS wHils 279
WTOTEWNTOT ¢ Wl HK »R19 203 c wglS 2890
803 CONYINUE w815 204 wRITE {6,7%36) nBlS 28y
BPUSRBUTOTaUTOT whis 205 DU 821 Kmi,NPANLS wB1S 282
ADVSGEVINT«VTOT wElh 208 1F (K, LE,N#P) GU TO 822 »i18 283
BDPWSPawTNT#w107 w§15 207 G0 TD 823 wd15 284
UBAREUTOT  #CUSALLSVTOT  #SINALC*STNPHI#WTOT  «SINALC#COSPHI w815 208 822 DLTYP(x)sPRESSD () wPRESSU(K) wB15 28%
VBARGVTNT  «CUSPRI€wTOT  #8INPH] wB{S 209 DLTIPL(X)BPRESD (K)wPRESUL(N) w815 286
wAAREwUTOY  #SINALCeVTOT  aCOSALC*IINPHI#aTGT  #COSALCACOSPHI wyi15 210 DLTP2(x)uPRESD2 (X ) wPRESU2(X) wilh 287
ARG ,0eFACTR2%(2 ,0%UBRARBDUBQBDYSOeHEDNID) w315 211 PLTPI(K)SPRESDI X )wPRESUT LX) wBlS 288
IF (ARG,LT,1,0E=05) GO TO 920 w15 212 6N 10 824 nB1S 289
60 TN 921 =815 213 823 OLTP(K)aPRESSR(K)wPRESSL (W) wB1S 290
920 PRFSSR(K)ImaFACTRY wB1S 214 DLTPL(x)BPRESR| (K)wPRESLL{N) w81 291
6U TG 922 #3155 215 OLTPA(KISFRESRZ(K}mPRESL2(K) wBlS 292 i
921 PRESSR(K)EFACTR]I#(ARGe*3, 5w 0) wH15 218 DLTP3(X)BPRESRI(X)wPRESL (K} ngis 293 ¢
922 BDUSQaLBARSUBAR wB1S 217 824 CONTINUE w815 294 ;
BNDVSQeYBAR®VBAR wg1s 218 B21 «RITE (6,720) K, XCPT{X)},YCPT(K),ZCPT(K),DELTP(K},DLTIPI(K), w815 298 ¢
RDwSOmwRAREWB AR #6{8 219 1OLTRY (XY, OLTP2{K),OLTP(X) wB(S 29& i
PRESR{(K)Rw2 00 lRAR=BDVSQ=BDONSN wB1S 220 (4 w813 297
PRESR2IK) %02 04UBARBETASU*BOUSAeBDYSCeBDNSN wB1S5 221 4 CALCULATE wING LOADINGS DUE TO THE EXACT LCADING PRESSURES wWB1S 298
PRESRI(X)Re2,08UBAR wB1S 222 [ wBlS 299 1
1F (NDUT,EQ,0) GO TO 813 wy1y 223 NPRESS® w815 300
wRITE (647200 K, XCPT(X),YCPT (K}, ZCPT(K),UTOT,VTUT,wTOT, w815 224 CALL SPECLD wiis 301
{PRESSRI{X),PRESR2(K),PRESRI(K),PREIR] (K) wB1S 22% ¢ wBlS 302
B33 CONTINUE wBiS 226 [ wBis 303
[ w815 227 RETURN . wsly 804
[4 TREAT PUINTS IMMEDIATELY T0 TME LEFT OF VYERTICAL wING BURFACE wWalS 228 END wg1s 308
c WB1S 229
18 (NDUT,NE,0) WRITE (8,73%) ) w815 230
t w818 231
¢ wB15 232
DO B1e KENHPL,NPANLS ®B1Y% 233
WADYRTEWYRTIX(K]) WBiS 234
I1F (NVRYX NE, 0, AND NVRTP_ EQ,0) wADVRT0,0 wgi15 235
I11ex wB1S 236
1Fax wgis 237 k-
CALL VELNOR(XCPT(K),YCPT(K),ZCPT(K)) »315 238 : : !
UTOTSUCKK+BDU LK) wA15 239 ’
vi0Ts BDV(K)eVVRTX(K) w15 240 )
WTQTeWCHKBDW (X ) enADVRY WBLS 241 SUBROUTINE VRTVEL(NSTART,N) LL3Y Y i §§
1FaNPANLS '8:; §Z§ ¢ “sle 2 O
11aNHPY "B " R NE READS IN UP 10 10 VORTEX STRENGHTS AND TWEIR w8is . 3
F: CALL VELNOR(XCPTIKI,YCPT(K),2CRT(K)) "81s 244 g [néiv:gESOUI: 5,;‘c203§,L3. IEA:E f s wsie ¢ 3 ‘
o~ v1OTevIDTeveuK =81% 248 c v 18 10 THE RIGHT WHEN VIEWING FORWARDS, 2 I8 UP wele 3 g !
IF (NPANLS,EQ,NWBP) GO TO 804 neis 24 ¢ VORTEX INDUCED YELOCITIES ARE NAMED VVRTX,NVRTX wBle & 1
11anPNLSY '::2 ::; ¢ ' w¥8ie 1 n
1FanwBP " M LL]
CALL VELNORCXCPTEK),YCPT(K),2CPT (KT} WB15 249 c DIMENSION GAMMA(10),YVRTX(10),ZVRTX(}0) -a:: : E;
UTOTauTOT euLCHK nB15 250 COMMON/NONLIN/DUMLS) ,NOUT ,DUML (3) “Ble 10 | !
VICTaVIOTevCHK "e1s 251 CORMON/THRUST/DUM2(S01), YCPT (230} ,DUMS(T780) ,NCw,DUMSLS), wsie |
WIGTenTOTenCM> wgis 2s2 LXCPT(260),2CPT(250) wBie 12
BO4 CONTINUE 815 233 COMMON/PRESS/DUMG (178102 NPANLS, DUNS (255) , wiise 13
BDLSQAUTOTaUTOT ¥815 254 CUMHON/TRANS/DUM6,R8,DUMT(608) wBle 14
BDVARaVTOT#vVTOT . "8ls 255 COMMON/VRTXYV/VVRTX(250) , wVRTH(250) ,NVRTPL  NVRTX w816 1S
ADNSQRATOT4w 10T w15 256 ¢ wiile 16
UBARBUTOT  #CDSALEWVTIOT  #SINALC#SINPHI#WIDT #SINALC*CDSPN] w8is 25%7 { FORMAT (8F10,5) wBle {7
VBARSVIOT = «CUSPRI+wTUT  «SINPM] *615 258 FORMAT (1M1,10%,73KLINE VORTEX NONsDIMENSIONAL BTRENGHTS AND SOURDWBLe 18
WBARWeUTOT #SINALCeVTOT 4COSALC*SINPHI«wTOT #COSALCCOSENI] *B1S 259 2112.75; ii é;égs’;:OthLAnillfii,l"!?}oi‘ONGANtA/,ZlI?ZNV/y1711 . wBls :o
ARGE1,08FACTR24(2,04UBARCRDUEN+BDVSQ+eBDnSN) wB1S 260 22T/, /24X, 23R (2,04P1480DY RAD,#VINEY,Sx, 1{N(BODY RAD,),8X, wWBib 20
IF (4RG,L7,1,0E=08) GO 10 93¢ "51: ::; 311N(BODY RAC,)//) wgfe 21
GO TO 934 " M
930 SRESSL(K)meFACTR] wais 263 ¢ 3 FORMAT (45K, 12,8%,F10,%,17X,F10,%,9%,F{0,5) ::i: ;;
60 TN 932 WB1S 264 N RENGH AMMARGAMMA " ¢
931 PRESSL(K) ARACTR s (ARGUS3, 5ul,0) ¥B1S 263 g :::le:u;estgngfé?N:glZED VORTEX STRENGHTS,GaMMARG / .::: ;‘
: 932 BDUSGSUBARWUBAR "815 266 ¢ AND NONeDIWENSIONALIZE® LOCATIANS,YVRTX/BODY RADIUS, wBis 26
ADVSQEVBAR®VBAR "B1S 247 c ZVRTX/BODY RADIUS wdle 27
BOWSQawBARawBAR wBi3 268 ¢ wBie 28
PRESL1(K)=e2,04UBAR=8DVIQeBONSQ wB15 269 ! WRITE (6,2) ‘ wWBle 29
PRESL 2{K)uw2,04UBARBETASQeBDUSG=ANYSGeBNWSIA wBlS 270 DO 100 I181,NVRTX wBio 30
;:‘fté;:’:;';?'gg‘:o ate e :;; READ (5,1) GAMMA(I),YVRTX(1),2VRTX(1) w816 31
EG,
“RITE (6,720) K, XEPT(K), YCRT(K),ZCPT{KI,UTOT,VIOT,wT0T, 815 273 100 onTinge’ ) TAGARRALDY VAT ZVRTX (1) e 32
1PRESSL (K], PRESL2(X),PRESLI{K) PRESL (K) wB1S 274 ¢ wel6 34
816 CONTINUE n813 215 ¢ COMPUTE VORTEX INDUCED PERTURBATION VELOCITIES AT CONTROL POINTS wBie. 3§
8ut CONTINUE 815 27¢ ¢ OF aLL WING SURFACES "Bi6 38
¢ n81s 217 ¢ CUNTRIBUTION DUE 70 EXTERNAL VORTEX,,,,VVRTXE,wVRTXE wale 37
¢ w915 278 ¢ CONTRIBUTION DUE TD TMAGE VORTEX,,,,VVRTXT,WYRTX] wBis 38
] € . - - ..




SCT

0o 0oaon

cooon

102
101

103

~ -

100

CONTRIAUTION DUE TO CENTER  VORTEX,,,,VVRTXC,avRTXC
ENTER WERE IF VURTICES WavE REEN READ IN ALREADY

ENTRY VORTEX

DN 101 ICEMITART,N,NCw

YeYCPTLIC)/RB

YSavYey

IsICPT(IC)/RB

18821

DENUMBYS+ZS

VYYRTY(1C)80,0

WYRTX(1C)®0,0

00 102 JV®1,NVRTX
IVSYVIRZVRTX(JV)eZVRTX(JVIYVRIX(JIV)IYVRTX(JIV)
DELTYaYaYVRTX(JV)

DELTY8aDEL TYSDELTY

DELTZ0leZVRTX(JV)

DELTYSSDELTZ#DELTZ

DENOM]SDELTYB4DELTIS

YYRTXERaGAMMA (JY)${DFLTZ/DENDML)

WVYRTXEN GAMMA(JV)«(DELTY/DENONY)
DENCM2a(YeYVRTX(JIV)/ZVIYVS)#e24(ZoZVRTX(JIV)/IVEYVE)Ra2
VVRTXINGAMMA(JV)e(Zo2VRTX(JIV)/2VBYVS) /DENDM2
WYRTXImwGAMMA(JYI#(YRYVRTX(JV)I/TVSYVS)/DENOM2
VVRTXCE0,0

wVRTXCe0,0
YVRTX(IC)BVVRTX(JC)eVVRTIXECVVRTXISVVRTXC
MVRTX(IC)SWYRTX(ICIeNYRTXE4WYRTXI4WYRT XC
CONTINUE

CONTINUE

FILL UP THE ARRAY
NDTEy VELOCITIES ARE THE SAME FUR EACH CHORDNWISE ROw

NCWHiaNCWe

DO 103 ICWNBTART,N,NCW
DU 103 KN ,NChN]
ICRmICeK
VYRTX(ICR)mVVYRTX(IC)
WYRTXCICR)BWYRTX(ICY
CONTINUE

RETURN
END

SUBROUTINE GUT(A,N)
DIMENSION A(N,N}
FORMAT(30C1X,E11,4))
FORMAT (1M )

0O 100 1wy, N

WRITE (641) (ACI,J),0m1,N)
WRITE(6,2)

RETURN

END

LYY
L3
wBle
wHle
L1 30Y
wBle
wB1s
wWBle
wB1s
KBlo
wBte
wWBte
wBle
waile
L13Y)
wBle
wBie
wBie
L13Y )
wBie
wBls
wBle
wBls
wBie
ngis
L1310
wBle
LI 3T
wile
wBies
wBle
WBis
waie
wWB1e
wile
WBie
L1-3Y
L1 3T
(130
wais
L1 3Y )
L13Y)
LLRY
wBie
L1 3Y

wB17Y
wB17
wB17
wei?
w1y
wai?
Wiy
w1y
L1234

OO WE -

T9/S dI DMN




NWC TP 5761

REFERENCES

Nielsen Engineering & Research, Inc. Supersonic Lifting-Surface
Computer Program for Cruciform Wing-Body Combinations in Combined
Pitch and Sideslip, by M. F. E. Dillenius and J. N, Nielsen.
Mountain View, Calif., NEAR, September 1974. (NEAR TR 74.)

——. The Induced Rolling Moments of Canard-Cruciform Missiles
as Influenced by Canard and Body Vortices, by J. N. Nielsen, M. J.
Hemsch, and M. F. E, Dillenius. Mountain View, Calif., NEAR,
January 1975, (NEAR TR 79.)

Nielsen, J. N. Missile Aerodynamics. New York, N. Y., McGraw-Hill
Book Co., 1960. p. 5.

Naval Weapons Center. AIM-9L Wind Tunnel Test Report, by E. M. Piper

and A. E. Brown. China Lake, Calif,, NWC, October 1972.
(NWC TN 4063-233.) '

126




LeT

Item No.
(1 card)

1: Format (20A4), any alphabetic or numeric information.

Column Number

Program Variable

Item No.

Data

2: Namelist INPUT, start

Column Number

Program Variable

Data

Column Number

Program Variable

Data

Column Number

Program Variable

FIG. A-l(a).

Data

1-80

HEAD

-

1)
2 10 20
L

$INPUT ‘
(2)
2 10 20 30| 40
CRP SWLEP
CRP=X.X, | SWLEP=XX.kxX, etc.
(3)
2 10 20 {
p— N

Input Formats for Cruciform Wing-Body Computer Program.

in column 2 with any variable and its value in appropriate'format.

T9/.G 41 DMN
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Item No. 3 (option): Format (3F10.5)

(MSWRP cards)

Column Number
Program Variable

Data

Column Number
Program Variable

Data

Item No. 4 (option):

(MSWRP cards)
Column Number

Program Variable

Data

Column Number
Program Variable

Data

(L)

10 20 3ol 40 50 i
YR(1) VSWLER (1) VSWTER (1) g

0.0 0.0 0.0 \

MSWRP)

10‘ 20 3& 40 50 {

VSWLER | VSWTER

YR(MSWRP)| " yswrp) | (MSWRP) W’

(1)

Format (3Fl10.5), decimal point required.

10 20 30 40 50 f
YRT(1) [VSWLER(1) | VSWTER(1) {
0.0 0.0 \
(MSWRP)
10 20 30 40 50 {
VSWLER |[VSWTER
YRT (MSWRP) " vewrp) | (mswrp) \‘
FIG, A-1(b). Continued.
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Item No. 5 (option): Format (3F10.5)

(MSWLP cards) 1)
Column Number 10 20 30 40 50 /
Program Variable | yLT (1) VSWLP(H{) VSWTP(HI)
Data 0.0 0.0 \
, (MSWLP)
Column Number ) 10 20 30 40 50
: YLT VSWLEL VSWTEL
Program Variable (MSWLP) (MSWL P) (MSWLP)
Data : \\

(@}
5 Item No. 6 (option): Format (3F10.5), decimal point required. 3
© (MSWUP cards) 1 H
(¥,
Column Number 10 20 30 40 50 i §
Program Variable | zuT(1l) |VSWLEU(1)|VSWTEU (1) j
Data 0.0 0.0 \
- MSWUP)
Column Number 10 20 30 40 50 /
‘ , ZUT VSWLEU | VSWTEU
Program Variable (MSWUP) (MSWUP) (MSWUP)
Data 2

FIG. A-1(c). Continued.




0€T

Item No. 7 (option):

(MSWDP cards)
Column Number

Program Variable

Data

Column Number
Program Variable

Data

Format (3F10.5)

(1)
10 20 30 40 50 (
zpT (1) |vswieD (1) |vswrep (1| {
0.0 0.0 \
(MSWDP)
10 20" 30| 40 50 g
ZDT VSWLED VSWTED
(MswDP) | (Mswpp) | (Mswpp)
FIG. A-1(d). Continued.
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Item No. 8 (option):

Column Number
Program Variable

Data

Column Number
Program Variable

Data

Column Number

Program Variable

Data

Namelist BODY, start in column 2 with any variable
and its variable in appropriate format.

L)
2 10 20 (
$INPUT ‘
(2)
2 10 20° 30 40

NXBODY=xx, LNOSE=XX.XX 6 etc.

(3)
2 10 20 <
$END

FIG., A-1(e).

Continued.
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(A

Item No. 9 (option):

(NVRTX cards)
Column Number
Program Variable

Data

Column Number

Program Variable

Data

(1)

Format (8F 10.5)

L

10 20 30 40 50
GAMMA (1) | YVRTX(1)]| zZVRTX (1)
(NVRTX)
10 20 30 40 50
GAMMA YVRTX ZVRTX
(NVRTX) | (ovRTX) | (nvRTX)

'\.4-4’“L4*"

FIG. A-1(f). cContinued.
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Item No.
(1 cards)

10: Format (20Aa4)

Column No.

Program Variable

Data

1)

10 20 30

40

50

2227

AL

FIG. A-1(g). Concluded.
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et

FIG. A-2. Body and Wing Coordinate Systems for a
Cruciform Canard-Body Combination.
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NWC TP 5761

BODY-INTERFERENCE
PANEL

WING-PANEL

CONTROL POINTS

FIG. A-3. Panel Layout on Body Cruciform Wing Combination.
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9¢T

ALL DIMENSIONS IN INCHES

.824

APPROXIMATE NOSE SHAPE,
ASSUMED ELLIPSOIDAL

1.268 >

}
—
1

1.499
NOSE LENGTH

1.525 —> -

.O
.
s (W gt g
w ~J
%]

CYLINDRICAL BODY

FIG. A-4. AIM-9L Static-Force Model for Sample Calculation Case.
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NWC TP 5761

A{M-OL STATIC FORCE MODEL,CRUCIFORM CANARD/ELLIPSOIDAL NOSE,CYLINDRICAL BODY
$INPUTY

CRPE1,268,8281,28,LVEWPS|,NCRXs1,

CRPvV=1,268,R2Vsy,28,

RB%0,375,NCcWBBU,NBDCRRY 2,

NCWed,MSWREO,MSuWLE9,MSWUE9,MEWDEY,

ALFACE20,0,FMACKHRY 7S,

ODELUs20,0,DELDS20,0,
NOLINPs},
NDRAG=O,
SREF=0 ,4418,REF 0,75,
SEND
0.,75 a7|‘a1 000001
0,517 47,148 0,0001
- 0,659 47,1401 04,0001
0,801 47,141 0,0001
0,943 4r,141 0,0001
1,08% 47,141 0,0001
14199 47,141 0,0001
1,341 33,69 04,0001
1,483 33,69 0,0001
1.655 33,69 0,0001
-0!315 147.141 0.0001
©0,517 47,141 0,0004
“0,659  w47,141 0.,0001
=0,801 47,141 0,0001
-0.903 .a7|lal 0.0001
*1,08% 47,141 0,0001
=1,199 ol?,141 0,0001
1,341 33,69 040001
e, 483 33,69 0,0001
-lQGSS -33.&9 0.000!
0,375 47,149 0,0001
0,517 47,141 0,0001
0,699 47,141 0,0001
0,801 aT,141 0,0001
0,943 47,141 04,0001
1.088 4r.141 0,0001
1,199 4y.144 0,0001
1,341 38,69 0,000!
1,483 33,69 0,0001
1,685 313,69 0,0001
*0,375 wd7,141 0,0001
00,517  wd?,141 0,0001
20,659 47,141 0,0001
“0,801 wu?,14} 0,0001
®0,903 47,141 . 0,0001
®]1,199 »y7,141 ° 0,0001
1,34} »33,69 0,0001
w] 483 v33,69 0,0001
'1.655 .jlgbq 0.0001
$800Y

NXBODYs22,BCODEn3,PCODERQ,
LBODYe2,8,LNOSER],525,RNOSERO, 0, XNOSESO, 0,
XWLEmy, 499,

SEND

1221222

FIG. A-5. CRFWBD Input for Sample Case.
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AlMeSL STATIC FORCE MODEL,CRUCIFORM CANARD/ELLIPSOIDAL NOBE,CYLINDRICAL

$INPUT
CRP
SWLEP
SWTEP
NCHW

MS KR
MSWL
ALFAC
Pul

B2
FMACH
LVSwP
FaCl

NF VNPR
TOLFAC
MSWU
MWD
SwiLEV
SWTEY
CRPY

Del268E¢01,
0.0'

040,

0,128E+01,
0.175E+01,
1,

0,95E¢00, -

0,

0, 1E+01,

9

0,1268E401,

FIG. A-6(a). CRFWBRD

-82v L
NCRX s
RB .
NBDCR s
DELR =
DELL s
DELU =
DELD s
SREF [
REFL ]
NOLINP =
NOUT s
NPR s
NDRAG ]
NVRTX -‘
NPRESS =
VRTMAX =
NCwB s
SEND

Output for Sample Case.

0,128E+01,
1
0.375€¢00,
12,

0400

0.0,
0,2E402,
0,2E402,
0,4U1BFe00,

0.7550000
1

0,

0,
O.SSEOOOO

4,

T9.S dl DMN




WING GEUMETRY

LEADING FOGE SWEEP @ .00000 DEGREES
TRAILING EPGE SWEEP = . L,00000 DEGREES
TIP CHORD ® (07599

ROOT CHORD = 1,26800

WING SEMISPAN = 1,28000

VERTICAL WING GEDMETRY

LEADING EDGE SwEEP 3 +00000 DEGREES
TRAILING EDGE SWEEP a 00000 ODEGREES
TIP CHORD = 207599

6€T

ROOT CWORD = 1,26800

WING SEMISPAN = 1,28000

T9/.S 41 DMN

FLOW CONDITIONS

MACH & 1.75000 ALPHACS 20.00600 PHI = 100000 AFA = 20,00000 RETA = 100000

RIGHT WING PART 8PAN = 1,65500
LEFT WING PART SPAN 8 e],65500
UPPER WING PART SPAN s 1.,65500
LOWER WING PART SPAN s ®1,65500

CRPT & 1,26800
CRPTV = 1,26800

FIG. A-6(b). Continued.




o%T

$80DY

NX80DY s 22,

LNOSE & n,1525£401,
LBOOY = 0, 28Ee01,
RNOSE 0,0,

XNOSE " 0,0,

BCODE = 3,

PCODE = o,

XWLE = 0.1499E+01,
SEND

" PHYSICAL DIMENS]IONS OF BODY AND LINE SINGULARITY STRENGTHS REPRESENTING THE BODY AT MACHE 1,7500
X R DR/DX TX T(1) TC(1)

1 10000 ' 0 «10000E¢10 W0 o 34542 30222

2 28000 32991 13288 32620 -, 87778 *,81328

3 +9333 34563 10351 43697 50448 «51018

4 1,0667 235768 «77487E°01 255301 =, 60276Fe01 ®,65569E=01

S 1,2000 36639 +S3637E=01 67382 2 27853£=0y 232208E01

6 1,3333 37203 «31153Ee0 «7990S © 2 34306Ee03 ®,57586E=03

7 1,4667 37473 194130E=02 92851 2+ 43905E=02 2215028002

8 1,6000 «37500 W0 1,0614 1 29286E=01 #14978¢ 02

9 1,7333 37500 W0 1.1948 «52316F%02 1 385U3Fe02
10 1,80667 +37300 0 1,328 «58400F=02 2 36361Fe02
11 2,0000 378500 o0 1.4614 «34386E=02 1 362U0Fe02
12 2,1333 237500 o0 1,9948 +25933E=02 233788Ew02
13 2,26067 237500 o0 1,7281 . 218913E=02 2»308UTEe02
14 2,4000 37500 0 1,8614 2 14370E=02 W27490Fe02
15 2,5333 237500 o0 1,9948 11053802 124032E=02
16 2,60687 «37500 ' 0 241281 1B6365E«03 20629€002
17 2,8000 37800 a0 2,2614 o0 W0
VELOCITIES INDUCED ON BODY BY BODY LINE SINGULARITIES AT MaCME 1,7500 ALFACE20,0000

80DY SOURCES BODY DOUBLETS
X Ry v ¥N u v vY VN

i 20000 ,385¢ 6749 ., 6149 15908 =1,063 ,3685 ®,5908

2 18000 »,385¢ 16769 25880 5908 1,063 ,3488% *,78%9

3 29333 L1460 ®,9798Ee01 =,2155 =,1315 o, 4825E=0] »,3730 13128

4 1,0667 = 5805602 ,1077 «JOS2Ee01 ,967ufe0) =, 3894 =, 3704 ®,4768E=01

L] 1,2000 ,3192Ee0) ,U433fe0) «,1100Ew08 ,4314Ee0! «,3283 -, 3757 a1839Ee0¢

6 1,3333  ,3359Ee01 ,3262fe01 4197603 ,4625Ee0y «,3u88 -, 3828 ®,11876=02

7 1,4667 Lu336Ee0] ,B953Ee02 o, B596Ee0Y ,IJUTEeOY o, 3475 *, 3915 01230E=02

8 1,6000 ,5047Ee0) ©,1070600) =, 1070F=0f ,2219E=01 «,3488 ®,4010 W2019€«03

9 1,7333 ,3812E«0) =,1083Ee02 =,1083E202 ,1121E=01 ,347% 4070 11994t e02
19 1,8667 ,3392Ee0) *,1784Ee02 =,)784E"02 ,3469E=02 *,3475 -, 4098 W1437€Ee02
11 2,0000 ,2940Ee0] =, 9673Ee03 «,9673Ee03 «,2523E=02 =,3476 e,4102 W1461Ee0?
12 2,1333  ,2589Ee0] ©,7066Ee03 o, TUbOE=03 o,6843Ee02 =,3477 -, 4086 o1363L=02
13 2,2667 ' ,2289Ee01 =,5387Ew03 «,5387Ee0} = ,9834Ee02 «, 3478 " 4060 «1249Ee02
14 2,4000 ,2035E«01 @, 4093Ee0} «,4093E003 o,{174Ew0] ©,3479 e, 0024 «1116E=02
18 2,5333 . ,10817Een1 ®,3140Fw03 «,3140Ew0Y =,1278E01 =, 3481 -, 3982 19780E003
16 2,6667 ,1629Ew0t ®,2450Ee03 ©,2450E=03 o,1315E00]1 =, 3482 »,3938 sH415Ee0}

17 2,8000 ,1467Ee0) =,1934ke03 «,1934Ew0Y o, 1302Ew0] =,3480 =, 3893 a7113Ee03

FIG. A-6{(c), Continued,
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< 3 @ & & L 4
CONTRUL PDINT CUNRNINATES FOR 4 CHORCWISE HBY O SPANWISE PANELS UM RIGHT wING PART, 9 SPANWISE ON LEFT WING PARY
AND 9 SPANWISE PANELS ON UPPER WING PART, 9 SPANWISE UN LMWER wING PART
J X(J) Y(J) Z(J) BU(J) RV (J) Bw(J) vv(J) wv(J)
1 35824 LYY 200000 1330028 %01 ®»,U0103E=02 «299BREY00 ' 0 o0
2 65652 Lauuus 200000 2U9T0Een =, 29259E=02 1 2990SE0N o0 o0
3 95481 L4uuun ,00000 019325F =01 ., 22038Ew02 1 2926RL %00 W0 o0
4 1,25309 4uuuB 200000 115251801 ©,17076E®02 .9 2BURIE0D 0 0
5 W4T4T4 58626 200000 +30898E%01 w,10286E=01 - ,18317E+00 o0 o0
[ . 73483 58626 200000 20163Ew01 ., 75025E%02 o 18211E+00 W0 0
7 ,99u9y 58626 000000 - ,19217Ee=01 = =,S55713E=02. «17789E+00 .0 : o0
] 1,25500 58626 100000 115581E%01 ®,42217E002 W 17233E+00 00 o
9 59118 72795 400000 2 3377UEw01 ., 20255E=01 s 12579E+00 o0 o0
10 ,81309 72795 200000 1 2407SEw01 e 11146Fe0] 1125306400 ] W0
11 1,03500 72795 000000 219670Ew0 e ,85733Ew02 2+ 12270E+00 o0 o0
12 1,25691 272798 200000 116520E%01 . »,70294E=02 «11907E+00 0 . o0
13 270752 86953 200000 1 26675Ew01 v, 14135Fm0} ¢92908E=0} o0 o0
14 89128 .86953 200000 1 24360Ew01 v, 14218Ew01 2 92986Ew01 W0 o0
15 1,0750% 286953 . «00000 12135001 w,12630E=01 0¢91622E=01 o0 o0
16 1,25881 «869S3 «00000 ‘ol TUSTE=O] =,93673Ew02 «89423E=01 o0 o0
17 82367 1,01087 200000 1200622E90 1 ®,86321Ew02 o T2065E=01 o0 o0
18 296938 1,01087 200000 1 26769E00 ", 19522Ew0) 2 TRUSGEOY o0 W0
19 1,11503 1,01087 200000 0122004Ew0] w,14741Ew0 - o T2022E=01 o0 o0
20 1,26072 1,01087 200000 019672E=01 ®,13095E«01 «1092SEe0y ' 0 o0
21 92924 1,13936 200000 015181Ew0} »,32170E°02 «58912Ew0 Y o0 ' 0
a2 1,00031 1,13936 000000 220731E=01 o, 1236UE=01 ¢« 5940SE=0} o0 ’ o0
23 1,15138 1,13936 200000 224B881Ee0 ®, 19565601 +59UT3Ew0] o0 "0
24 1,26245% 1,13936 000000 21172E001 =, 15579E=01 +59148E=0Y o0 20 §§
25 1,01263 1,26663 200000 2106G6Ee0] 2 14073Ee02 1 49170Ew0Y o0 o0 O
= 26 1,09636 1,26663 200000 013421Ee0 o, 31194Ee0? 49623E=01 o0 o0 1
= 27 1,18009 1,26663 . 200000 017399Ew01 ", 94836E=02 1 49946Ew01 o0 o0 (%]
= a8 T 1,26382 1,26663 200000 «20887EL01 e, 15263E8=01 +50083E°01 o0 o0
29 1,08414 1,40729 200000 v,28142Ee02 2 18914E=0Y +40937Ew01 o0 o0 U
30 1,14402 1,40729 «00000 163094ER02 2+ 5665UEw02 s41427E=01 o0 o0 ~
31 1,20470 1,00729 © 400000 - #10084Ew0! ®,4718Uke04 1 81586Ew0Y 30 ) o0 ﬁﬂ
32 1,26499 1,40729 «00000 011128E001 0,18556E002 = ,41823Ew01 0 o0
33 1,16007 1,55667 200000 2 UB618Ee0] ®,56423Ew01 2 353S7E=01 o0 0
34 1,19546 1,55667 200000 2 12688E01 »,9295UE=02 2 34201Ew01 ] ]
35 1,23085 1,55667 200000 *,135%9E=02 o 14778E=01 e 34204Ew01 00 o0
36 1,26623 1,55667 200000 ®,63697Ew02 0 21981E=01 ¢ 34SS0Ew0 Y o0 o0
37 35824 e, 444948 200000 +33002€e01 s40103E=02 «29988E+00 .0 . o0
38 65652 LYY ] 400000 2 24970E=01 +29259E902 +29905E+00 s 0 W0
39 95481 e, 44qus - 200000 2 19325E=01 1 22038Ew02 1 29268E+00 0 40
40 1,25309 w,dyuus 000000 2152S81Ew0} o17076Ee02 1 @8429E+00 s 0 ’ o0
41 47474 .,58626 200000 +30898£w01 010286Ew01 21831700 o0 00
42 «73u8% T wga58626 100000 1 20163E901 «75025E=02 «18211E%00 o0 o0
43 299491 *,58626 100000 21921 7E=01 1 55713Ew02 o17789E+00 o0 . o0
(1] 1,25500 *,58626 200000 215531Em01 W42217Ew02 «1T233E+00 o0 o0
qs 59118 ®,72795 200000 «33774E=0 ) 0 2025SEw01 «12579E¢00 o0 o0
(1] 81309 ., 72795 «00000 21 2407SEw01 o 11146E=01 +12530E+00 s 0 o0
47 1,03500 ., 72795 200000 - ,19670Ee01 185733Ew02 20 12270E+00 W0 W0
(1} 1,25690 e, 72795 «00000 116520E%01 2 T0294Ew02 o 11907E%00 ' 0 o0
49 .70752 w,869%3 200000 126675Ew0} 014133Ew01 092908E=01 o0 00
S0 289128 v,86953 100000 21 24360Ee01 W16218E=01 092986E%01 W0 . o0
51 1,07508 ®,86953 900000 021350E«0] 0 12630Em01 2 91622Ew01 o0 .0
s2 1,25881 »,86953 ,00000 217497E01 «93674E=02 «89423Ew01 o0 o0
53 ,82366 «1,01087 200000 20622E%01 ° ,86321E~02 2 T2065Ew0 1 o0 o0
FIG., A-6(d). Continued,




[4/an

108
106

111

,96935
1,14503
1,26071
92924
1,0u031
1,15138
1,26248
1,01263
1,09636
1,18009
1,26381
1,08413
1,14442
1,20470
1,26498
1.,16007
1,19546
1,23084
1,26623

,35824

65652
,95481
1,25309
L47474
LT3483

,99491
1,25500
.59118
,81309
1,03500
1,25691
.T0752

L,89128
1,0750%
1,2%681

L82367

96938
1,1150%
1,26072

92924
1,04031
1.,15138
1,26245
1,01263
1,09636
1,18009
1,26382
1,08414
1,1a4642
1,20470
1,26499
1,16007
1.19546
1,23085
1,26623

.35824

. 65652

95481

-y 01087
=1,01087
=1,01087
et ,13934
~1,139%6
.1,13936
*1,13936
“1,26663
®],2666%
°1,26663
*],26663
«1,40729

®1,40729.

®],40729
®],40729
1,556867
1 ,55667
w] 55667
*1,55667

00000

00000 -

,00000
00000
,00000
.00000
,00000
00000
,00000
,00000
00000
400000
400000
,00000
00000
00000
00000
00000
00000
,00000
.00000
,00000
+00000
00000
00000
00000
,00000
,00000
00000
200000
,00000
,00000
.00000
00000
400000
,00000
,00000
400000
.00000

200000 126769E201 . 19522E201
00009 $22004E =01 J14Tu1ERDY
200000 2 19672E01 W 13095E~01
400000 «15184E=01 W 32169E=02
400000 «20781E%01 «12363E~01
200000 - ,24BH1E=DY +19565E=01
£00000 W21172E01 +15ST9Ew01
+00000 210646 e w,140T3IE~02
4000060 (13421Ew01 +31193Em02
(00000 ,17399E=01  ,9QA35E=02
200000 2120887E01 «15263Em01
00000 «,28104Ee02 ®,1B91SE~0]
00000 1630926202 v ,56657E=02
00000 +100BUEeD]-  ,UT3UbEwdY
100000 s11128E=01 4 18550F w02
400000 14B861TE=01 56422E001
100000 1126B9Ee0i ~ ,52970E~02

100000 *,13550Ee(2 w 14777€=01
200000 w,63894Ew02 ®,21981E=01

L4448 +385185e01 .0
NPT JI875TE=01 L0
Luuaus JT6T11Ee02 ' 0
T 221911E02 .0
58626  ,34104EeD] 20
,58624 21759901 '0

258626 2 7B6U0Ee02 00
+58626 2 26656Ee02 W0

,72795 37039901 '0
72195 ,18487Ew01 .0
LT2795 \91980E w02 o0

72795 +33919E=02 0
86953 W31129E=01 .0
,86953 120821Ew01 .0
86953 12113E01 .0
, 86983 199535Ew02 .0

1,01087 126392E-01 o0
1,01087 126573E01 e 0
1,01087 ¢1620TEe01 0 0

1,01087 110183€=01 o0
1,1393¢6 122481Ee0) W0
1,13936 123471E=01 20

1,1393¢ 23553Ew01 N
1,139%8 2 15940Ee01 W0
1,26663 0 17024Ew0Y .0
1,26663 119720E=01 o0
1,26663 2088TEwD o0
1,26683 W 21114Ee01 ' 0
1,40729 1496280} W0
1,00729 +13202E901 W0
1,40729 114273Ew01 0 0
1,40729 1 16821E01 ' 0
1,55667 »,20140E=01 o0

1455667 »,81900Ew0S$ o0
1,55667 B39b8Ee02 .0
1,55667 ,13234Ew01 0

., 844GB 42TUBOE=O .0

-, 44uys +31183E=01 20

w 44U 130978E=0! * ", 0
FIG. A-6(e). Continued.

o T2USHE=0Y
« 12022E%01
L 7092501
+98912£=01
1 S9U0S5E=01
$39UT3E=01
«5914BEwDY
1491 70E=01
W49623Em01
49946E=Y
«90053E=01
J40937Ew01
W41H42TE=DY
W41586E=01
41822E=01
2«35357Ee01
e 34201te0y
WJ4204E=01
2 345S0Ew0Y
»,25078E¢00
®, 24bUUEC00
®,24423E+00
®,24351E+00
w,15125E¢00
w,144{TTEF00
®,13680E¢00
e, 1347TE¢00
®,11312E¢00
", 95746Ew01
»,88702E%01
v, B4S6uEe0]
w,82280E=01
»,73787E%01
w,65830Ew01
®,60276E=01
e, 62616E°01
®,66864E®0 1
®,55U06E®0
»,4933T7E0
®,89664Fw0}
®,534B89Ew0
®,55954E901
o, 47136E%01
®,36611E%01
", U1900Ew01
» UGT730EwDY
®,4bTTUEROY
=,29572E%0
®,27819E°01
=, 3010SE=0¢
®,34S59Ee0
12340SE=0y
w, 04222802
®,17934Ewn}
®,25230Em01
®,2U2T6E*00
®,24059E¢00
»,23982€+00
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eVt

129

130
131
132
133
134
135
136
137
138
139
140
141
162
143
144

1,25309
87474
,73483
,99491

1,25500

,59118

.81309
1,03500
1,25690

70752

.89128
1,07508
1,25881

,B2366

,96935
1,1150%
1,26071

92924
1,06031
1,15138
1,26248
1,01263
1,09636
1,18009
1,26381
1,08413
1,14442
1,20470
1,26498
1,16007
1,19546
1,23084
1,26623

00000
00000
00000
s N000N
Q0000
00000
00000
,00000
100000
«00000

- 400000

,00000
,00000
.00000
.00000
200000
,00000
,00000
,00000
,00000
,00000
,00000
,00000
,00000
,00000
400000
,00000
200000
,00000
.00000
,00000
,00000
,00000

., 40448
~,588626
=, 58626
», 58626
58626
., 72795
v, 72795
~, 72795
-, 72795
=, RH951
v, 86953
-, 86953
-, 86953

et ,Nn1087
=1 ,01087

~1,01087
»1,01087
®1,13936
®],1393¢6
®1,13936
o1,13936
.y ,26663
w] 20663
®1,26663

w1,26663

®],00729
vt 40729
w],40729
wy, 40729
wl,55667
®1,55667
»{,55667
«],55667

1 28312Ew01
2 27692E=01
«30727Ew01
«30570Ew01
228397¢ =0
2 30508E=01
2290063E=01
+30143Ee01
129649 =01
12222101
«270899Ew01
+JOSBTEwOL
129041E°01
2 148S1Ee01
«26964Em01
«27802E=01
1 29162Ew01
17881 7EwQ2
+18092Em=0Q1
+26209Ew01
1 26403E=0
+U268UE02
WT1221Ew02
e1U112Ew01}
«20661E901
®,20591E001
*,58368E=03
058952E~02
o« SUIUFELDR
«11737E+00
+26198E%01
o, {1107E=0}
®, 25973E001

FIG. A-6(f),

Continued.

~, 24009E+00
=,13068E+00
e, 12677E¢00
*,12565E+400
v, 12653E¢00
», T2609EwQy
®,73455E%01
®, T1556Ew0
®, 70505k =01
»,54013Ew0}y
» A5352E~01
®,40569Ew0)
®, d1541Ew0
»,45352E=01
v, 27820Ew01
®,25924E"01
" 23147k=0}
® A3230Ew0Y
®,28762Ew01
w,16820E=0
v, 15978Ew0y
=, 39425E»0]
e 35662E%01
", 25763Ew=0
®,16248Ew0Y
®,6T401EmO
v, 39151Ew01
*,30010E%01
®,30848E%01

+13625E+00

W61726E=02
»,U74BBERODY
v, 69190E=01
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791

145
186
147
148
149
150
184
152
153
154
155
1%e
187
158
189
160
161
162
163
164
165
166
167
168
169
170
174
172
173
174
178
176
177
178
179
180
184
182
183
184
188
18e
187
188
189
190
199
192

X(J)

30115
L 30115
L, 30115
30118
50115
,30115
30118
30115
,30115
.30118
30118
30115
61815
61818
,61818
,61815
,61815
,61818
61818
,61818
,61815
61818
161818
61818
93518
93515
,93518
93515
, 93515
,93515
,93515
,93515
93515
93518
93515
W 93518%
1,2521%
1,25215
1,2%215
1.25215
1,25215
1.25215
1.25215
1,25215
1,25215
1,25215
1,2%218%
1,25215

Y

34988
125613
09375
»,09378
*,25613
v, 34988
»,34988
., 25613
e, 09375
09375
25613
«34988
. 34988
25613
, 09378
», 09375
=, 25613
»,34988
*, 34988
e, 25613
v, 09375
09378
25613
34988
34988
125613
09378
»,0937%
., 25613
», 34988
», 34988
., 25613
»,09378
009375
25613
34988
3498A
:25613
109375
®, 09378
», 25613
. 34988
»,34988
», 25613
», 09375
09375
25613
34988

CONTRDL POINT CONRDINATES FIOR RIP#S (WING FRAME)

Ztd)

09375
29613
,34988
+ 34988
25613
V09375
., 09375
'.25613
w, 34988
w,34088
-, 25613
-, 093758
209375
25613
34988
34988
+25613
:09378
., 09375
«,25613
»,34988
-,34988
-, 25613
», 09378
09378
25613
. 34988
. 34988
25613
09378
., 05375
®,25613
w, 34988
v,34988
-, 25613
-, 09378
09375
.Zsbll
034988
34988
25613
09378
-, 09375
», 25613
» 34088
-, 34988
e, 25613
®,09375

FIG. A-6(g), Continued.
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BUDY INFLUENCE PANEL PROPERTIES

J YCPT(J)  LENGTH wWIDTH THETA(J) FY(J) FZ2(J} FNET) DELTA=CP

145 34988 31700 19411 30,00000 01111 000298 201150 s 18695

fu6 125613 «31700 19411 60,00000 400077 $00077 000108 401758

147 « 09375 31700 19411 90,00000 », 00152 e, 00368 *,00588 *«,09561

148 *, 09378 «31700 19411 120,00000 »=,00182 000678 200702 s11408

149 -, 25613 «31700 19411 150,00000 », 00261 $00261 200369 205989

150 =,34988 031700 194011 180,00000 ., 01171 000314 01212 019703

151 *,34988 31700 19411 216,00000 L0111 100298 *,01150 *,18695

152 »,25613 «31700 19411 240,00000 W00077 000077 ®,00108 »,01758

153 *, 09375 031700 19411 270,00000 », 00152 ®,00568 200588 , 09561

154 109375 +31700 19411 300,00000 .,00182 00678 ®,00702- ., 11408

158 «25613 +31700 19411 330,00000 ®,00261 000261 ®, 00369 «, 05989

156 34988 231700 194611 400000 ", 01171 400314 01212 »,19703

157 «34988 «31700 W19411  30,00000 $02382 200638 102466 240080

158 25613 W31700 19411 60,00000 ,00227 000227 200321 205219

159 009375 «31700 19411 90,00000 ®,00293 *,01093 , 01131 -,18382

160 °, 09375 031700 W19411 120,00000 »,00540 W02014 002085 033882

161 »,2%613 31700 19411 150,00000 ., 00846 200846 001197 019452

162 *. 34988 31700 19411 180,00000 »,02896 000776 002998 WUBT26

163 »,34988 031700 19411 210,00000 s 02382 100658 ®, 02466 ®,40080

164 =,25613 +31700 19411 240,00000 000227 200227 v, 00321 ®,05219

1e% *, 09375 131700 19411 270,00000 «,00293 «, 01093 201134 18382 §§

166 109375 W 31700 - 19411 300,00000 ®,00540 002014 =, 02085 ®,33882 o
- 167 «25613 31700 +19411 330,00000 », 00846 200846 ", 01197 ., 19452 H
~ 168 34988 « 31700 19411 200000 *,02896 000776 °,02998 ., 48726 *U
Ut 169 - 34988 031700 19411 30,00000 002105 200564 002179 435413 v

170 25613 «31700 19411 60,00000 200551 000551 000779 12662 ~

171 09375 31700 19411 90,00000 *,00309 *,01155% 01195 v, 19426 2

112 -, 09375 231700 19411 120,00000 »,00519 .01938 202006 232598

173 *,2%5613 31700 19411 150,00000 ®,02200 202200 203111 050561

174 =, 34988 131700 019411 180,00000 ®,02638 100706 202729 44354

1715 »,3u988 131700 019441 210,00000 002108 000564 v, 02179 .,35413

176 *, 25613 231700 19411 200,00000 200551 100551 *, 00779 o, 12662

1r? *,09375% 31700 19411 270,00000 ., 00309 ®,0115% 201195 ,19426

178 009378 31700 19411 300,00000 - «,00519 201938 ®, 02006 ®,32598

179 125613 «31700 19411 330,00000 «,02200 002200 =, 03114 ®,50561

180 « 34988 «31700 19411 000000 ®,02636 200706 =,02729 ., 44354

181 34988 «31700 19411 30,00000 W01171 000314 001213 $19708

182 125613 +31700 19411 60,00000 200345 000345 00487 07921

183 009375 31700 19411 90,00000 ., 00044 v, 00166 ®, 00172 .,02789%

184 *, 09378 «31700 19411 120,00000 °, 00701 02616 202708 W44007

185 *,2%61% + 31700 W194081  150,00000 ©, 01948 201945 $ 02750 U498

186 =,34988 231700 19411 180,00000 ®,02666 007G Q2760 44859

187 34988 - ,31700 19411 210,00000 01171 000314 *, 01213 =,19708

188 », 25613 231700 19411 240,00000 $00345 000345 , 00487 »,07921

189 », 09375 31700 19411 270,00000 °, 00004 *, 00166 W00172 002789

190 109375 « 31700 019411 300,00000 ., 00701 02616 =, 02708 ®, 44007

191 25613 031700 19411 330,00000 ®, 01945 201945 ®, 02750 ., 40698

192 34988 31700 019411 200000 ., 02666 000714 v, 02760 ®,44859

FIG. A-6(h). Continued.
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THRUST, LIFT, AND SIDE FORCE INFORMATION

MACH NUMBER
ANGLE OF ATTACK
S1DE SLIP ANGLE

«17500E+01
20,000 DFGREES
2000 DEGREES

WING AREA 783
REFERENCE AREA 84180
REFERENCE LENGTH 475000
U/VINF TYPE LOADING PRESSURE
TOTAL RIGHT WING LEFT WING UPPER wWING LOWER wING
DEFL, ANGLE DEG, s 200000 ’ 200000 20,00000 20,00000
CN s JUURB9E 401 22144Ee01 R21U4E+01 . N
Cy s «,30851E+01 ", 13425E+01 ®,15425€6+01
CTHRYSTY = 11111 .0 o0 o 0 o0
CL s 11111 128841 11111 1SS R B¢ 11111
col = 11111 11111 1111t 11111 11111
COI/CLe*2 = 1111t
CNADDY 8 ' 0
CYADDH = o0
CYeBIP =® o, ,u2521E400
CNeBIP = 1680836400
ROLMOMR 8  @,25504E+01
ROLMDML = «25503€+01
ROLMOMU ®  o,18136E+0}
ROLMOMD = «18136E401
SPANW]IBE DISTRIBUTION
SegesecenconcnrmveneRIGHT WINGeoseoncsnwsnosnanegons
1 Y7(B/2) CN«C/(2sB) CTwC/(20B)
H 234728 21573 00000
2 45801 121464 400000
3 56871 220406 00000
4 67932 Sa 188l 200000
S 78975 16564 200000
6 89012 e142%1 400000
7 « 98956 112260 200000
8. 1,09943 08088 00000
9 1.21618 103262 200000

FIG. A-6(i), Continued.
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< Ll
resswcancesnscencnse (EF] WiNGeermowswresncmessnqeny
1 Y/1B/2) CNC/(2%B) CleC/(2#B)
1 ., 34725 21573 ,00000
2 *,45801 21464 .00000
3 =, 56871 20406 .00000
u », 67932 18811 .00000
5 ., 78975 116564 .00000
s -, 89012 . 18251 .00000
7 *,98956 12206 .00000
) *1,09945 ,08088 400000
9 ol 218615 03262 .00000
---,---.--.....------IIPPER hl]NG-----------.----..---
! 2/7(8/2) CvYwC/(2%R) CTeC/(248)
| . 34725 213420 .00000
F ,48803 110092 .00000
3 56871 14108 .00000
4 (67932 113563 .00000
5 78975 12336 .00000
I 89012 10690 200000
7 . .98956 08689 100000
8 1,09948 105506 00000
9 A,21618 02862 .00000.
Sovenannsmcaonsnaven| JNfR WINGrevewroaosvannoesannay
¢ 2/(8/2) CYXC/(24B) CTeC/(248)
1 ., 34725 213420 .00000
2 ®, 45801 214092 L0000
3 ®, 568714 14108 .00000
' 67932 +13563 ,00000
L] °, 78975 .12338 .00000
6 .. 89012 10694 .00000
5: 7 ®,98956 108659 .00000
U 8 ®],09948 « 08506 .00000
9 ®1,21615 02862 ,00000
ROLLING MOMENT *,00003

BETA . ]

00000 DEGREES,

PRESSURE LOADINGS AT CONTROL POINTS

DELTP UBAR

J x(J) Y Zd DELTP,LIN,
1 +3582E¢00 H64S5E000 0 0 J1231E+01 11736401
2 21 6568E00 JUUGSE+00 W0 «9TES00 +9200E400
3 2 9508Fe¢00 +UGUSESQO 0 0 80328400 « 7547800
4 o 1253B¢01 LJUGUSE0D W0 «6TS3E+00 W6JU6E00
5 28TUTES OO «5863F%00 0 0 1525€+01 e 1433E¢0)
[ o T348E«00 .5863E+00 W0 «1088E+0} «1023E401
7 +99USE 00 «5863E400 o0 «8650E+00. «8128E¢00
8 o 125SE401 «S863E+00 N JTSUBESDD «7093E400
9 «5912£+00 «T280E+00 N «1676€40) 15756401
10 28131E+00 «T2808+00 o0 12038401 W 1130F¢01
FIG, A-6(j). Continued.

DELTP,18TORD, DELTP ZNbORD. DELTP,EXALCT

W1320E+01 «1540E401 (1049E901
«1031E401 J1216E401 «9524E+00
«8306E400 +1038E+01 «8602E400
«094SE+00 W9356E¢00 o T9LUESQ0
W16204E+01 J1893E401 +1156E401
W1143E+01 «1363E401 W1045E 0L
«9138E400 +1086E401 18937E400
LT795E400 +1009F 401 «BUIBES00
C1BOUESQ] W2091E401 +1195E401
W1278E401 +1506F¢01 +1126E401

19/G6 41l DMN




Y1

1035E401
12576401
+T07SE¢00
.B913Ee00
«1C75E401
212598 401
B237E¢00
2 I593E¢00
s1115€+01
W1261F 401
92928400
21040801
J1151Ee0t
112626401
110138401
2 1096E401
o1180E+01
1264UE401
L108UE¢D1
WJ1144Ee0Y
212056401
s 1265E+01
+1160E¢01
1195E4+01
a1231E¢01
J1266E401
235826400
16565£¢00
2 954BEC00
4 1253E¢01
WUTQTECO0
2 7348E 400
J99UIESD0
2 1255E¢01
»5912E¢00
W8131£¢00
W 1035F¢0!
W1287E¢01
«TOTSE¢OO
+8913k¢00
W1075E401
2 1259E¢01
18237E¢00
2 9693E400
1115801
+1261E¢D1
W9292E¢00

L 1000E+D!

1151Ee01
0 1262E401
W1013E+01
«1096£401
JJ1B0E+0!
2« 1264E+01
s 1084E+01
J114UEe0]
«1205E+01
12658401

L, 7280400
+T280F400
JB6ISE+00
.8695£400
+8695£400
,B695€+00
101 1E40Y
JJ011E+01
«1011E+01
JI011E+01
L1139 ¢01
«1139F¢01
11398401
L1139E¢01
w126TE+0)
J126TE¢0Y
«126TE¢01
JAR6TEC0Y
JJU0TESD!
J140TEOY
JG0TESO
140TE401
21557E¢01
J18STE«0
J155TE+01
+1557E¢0}
w, UUUSE+00
w 4445E¢00
», 4UG5E00
- U4USEC0O
®, 5863F¢00
., 5863E¢00
v, S863E400
.,5863£+00
., 7280E¢00
w,7280E¢00
., 72808400
w,T280E400
v, B695SE+00
.,8695E+00
w,8695£+00
., 8695€+400
“,1011E¢0!
v, 1011E+04
e, 1011E¢0!
®,1011E40]
®,1139E¢01
o, 1139E¢01
“ J1139E¢01
v, 1139E401
., 1267E401
o, 1267E+01
., 126TE+01
., 12675401
®,1407E¢01
. LU40TE*OY
v, 140TE+O]
=, 1407E¢01

FIG.

L 10058401
«B8356E¢00
JATUTES O
.1393E¢01
J1142Ee01
J9TBLE+00
L1T5TEOY
.1598E¢0
L1326E¢01
«1175E¢01
W 1735E401
W1T2UE$0)
L1653E¢0¢
«1499E¢01
W1792E401
W 1948Ee0 Y
J1953E+01
. 1858E¢01
D16TTE4OY
21T03E4+01
JITSTESOY
L1823E401
L 1209E+01
.1215€¢01
s 1265E+01
J1322E401
«1251E¢01
W9791E400
.8032€+00
W 6TS3E+00
W 1525E401
L108BE+01
LB680E¢00
s TSUBE+DO
W1676E¢01
+1203E¢01
.1005E¢01
. 8356E400
J1TUTESOL
J1393E+01)
JI142E¢0Y
J9TB1E400
W1757E¢01
J1898E¢01
W 1326£401
J1175E+01
L 1735E401
o 1724E¢01
1 1653E401
J1U99E¢01
J1792E¢01
2 194BE+O
19536401
(1858E+01
JIGTTESDY
J1703E¢01
J17STE#D1
. 1823E401

e F4UBE+OO
178528400
W 16U41E¢0}
«1309E+01
«10T3E+0!
W9191E+00
2 1651F+01
«1501E+01
«1246E+0])
W1104E+O]
JI630F«01
«1620E¢01
1554Ee01
«1409E+01
W 1684E+01
W1831E¢0}
1 1835€+01
«1TUBE+OY
2 1ST6E«0
«1600E+01

" e1651E401

d1743E401
W 1136E401
e1142E+01
«1188E¢01
W 12U2F+01
WI11TSEe0]
«9200E400
wT1547E400
«8346E00
W1U433E+01
21023E+01
W812BE+00
JT093E400
«1575E+01
«1130E+0}
W FUUSEL 00
«7882E¢00
Wd6U1Ee01
«1309E+01
W1073E401
W9192E4+00
«1651F¢01
1501640}
J124bE+ 01
«1104E401
«1630E¢0]
01620401
«15S4E+01
WIUO9E+O!
16BUE+0Y
«1831F+01
2 1835€401¢
W1746Ee0Y
1ST6E¢01
+1600E¢01
W1651E+01
WV1T13E601

A-6{k). Continued.

«1060E401
1B6BSE+O0
1 1869E 401
«1483E+01
W 1205E¢0¢8
«1031E401
1869 +01
« 17098401
W1407Ee01
21239E¢01
«183UE+0!
«183SE¢01
e1T60E¢0!
«1586E¢01
19138401
120T1E+01
+2066E+01
1 1952E+01
w181UEe0d
+18UBE+0)
,1899E¢01
o 195B8E+01
o 1324E+01
o 12BUEDY
o1324E«0
+1385E¢01
«1327E¢01
+1039€+01
186U46E+00
e 7293E+00
»1629E¢01
s1166E¢01
1 9150E¢00
«8129E¢00
21809t¢01
1281E401
o 1068E+0!
«8959E+¢00
0 1869E+01
W 148TE+O1L
1 1219E+01
J1036E¢01
«1869E¢01
W1T12E+01
W1410E¢0!
W124sEeD!
«1834E+01
+1835E¢01

W1762E401

W 1588E+01
4 185BE+01
1 2060E+01
$2062E401
W 1976E+D1
11671E¢01
s172BE¢01
21800k ¢01
W 1882E¢01

11265E¢01
21091E¢0}
+21689E¢01
W17UTEC0Y
01439E+014
e1234E¢01
«2209E¢01
«2003E¢01
1 1664E¢01
s 1482E¢01
2187E+01
1 2169E¢01
W 2070E¢0L
1878E¢01
1 2675E¢01
02890E¢0!
228T1E¢0]
12707E401
W1853F¢01
1 1860E401
W [899E+01L
1 1955E¢01
01497801
W 153TE+0 L
e 1620F¢01
0 1706F+01
15008401
p1218E¢04
1 9722E400
1 7632E400
11893E¢01
21353E401
W 10B2E+01
«BI01ECOD
W2091E¢0Y
«1504E+01
W1257E¢01L
«1009E+04
«2189E¢01
11TUSE¢D]
s 1425E¢01
0 1223E¢01
1 2209E¢01
12002E¢01
W 1661E401L
W 1463E£¢01
2187E404
i2169E+01
20686401
W18T4Ev01
185701
12028E¢01
2036E¢01
s 1939E+01
24256401
1 2465E¢01]
1 2549E¢ 01
1« 2655E¢01

e1023E¢01
«9149E¢00
W 1206E¢01
2 124SE+0)
odtagtet
W 1021E¢04
21208E¢01
2 13d7ECO1
o1281E¢01

© 91201E¢01

W1207E¢0Y
o 1398E+01
1498E+0Y
s 1463E+01
21793L¢01
e195uE+01
R021E401
21981E¢01
s 1250E¢01
W 1314E¢01
1383E401
+144BE+OY
c1146L¢01
11212E¢01
112928401
0 1369€¢01
«10S0E¢01
1 I5UBE+00
« 7950t ¢00
1 515t1E00
«1157E¢01
s 1038E+01
+BBORE+OO
W T291E¢00
«1195E¢0¢
1 112SE¢01
Wl016E40L
8323E¢00
112068401
s 124SE+0Y
s1129E¢01
1 1010E¢0}
1 1208E¢01
o 134TE¢0Y
W1279E40¢
W 115uEe0Y
012078 ¢01
o 139BE+01
«1497E0
W 14D9F¢01
W118uEe0]
«1350E¢01
W 143UE0L
21423E¢01
o 1%828¢01
17078401
21823E¢01
1 1928E+04
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'_l
~
O

«1160E+01Y
11195601
«1231E¢01
s 12666401
+3582E+00
16565E400
2 954BES00
«1283E¢01
+UTUTESDD
734B8E+00
«9949E+00
«1255E401
«5912E¢00
8131E400
21035E¢01)
2 12357E+01
«TOTSE«00
18913E400
«1075€401
«1259€401
«8237E¢00
W9693E400
«111SE401
$1261E401
29292E¢00
«1040Ee01
1181E¢08
0 1262E401
21013E401
21 1096E401
+1180E¢01
21 1264E401
«1084E0Y
JI1UUESOL
2 1205E401
«1265E401)
01160E¢01
«1195E401
W1231Ee01
1 1266E401
+3582£400
«6565E400
2 954B8E+00
«1253E401
4TUTEC0O
o T3UBE00
«99U9EC DD
«1255E401
+5912E400
18131E¢00
o 1035E401
2 125TE40Y
«TJOTSE400
28913800
«1075E401
«1259E401
«8237E+00
0 9693E+00

=, 1557E+01
*,155TE+01
*,155TE+01
*,155TE+01

20

lo

W0

JUUUSESQD
JUUUSEO0
JUudSEe00
J4uaSFe00
S863E900
V5863E+00
«5863E+00
«5863E¢00
. T2B0E00
.T280E%00
«T2B0E+00
«T280E+00

+B695E00

2 8695E+00
+8695E+00
28695%E¢00
«1011E%0Y
e1011E¢0Y
W1011E0Y
«1014E¢0Y
o1 139E401
«1139E401
«1139E%01
s 1139E+01
«1267E¢01Y
«126TE+01
J1267E401
126TE+01
J1U0TE®QY
2 140TEOY
«140TEOL
J140TEOY
. 1557E+01
«15STE+ 01
W 15STEOY
«1557E¢01Y
® U4USE+00
® U4uSE«00
. 4UuSE00
®,44uSE+00
2,5863E400
»,5863E+00
» 3803E200
., 58636400
©,72808400
»,7280E+00
=, T280E+00
®,7280E400
®,8695E+00
®,8695E400
", B8695E¢00
8 ,8695E+00
*,1011E+01
s, 1011€+01

21209E¢01
1215k401
«126SE+01
1322E+01
«6829E400
«5921E+00
«5382E+00
LU493UEC00
J93BIES0D
.6988E+00
.5933E+00
25490E+00
«1130E901
«8161E+00
«T7014E+00
«6156E+00
«12T4E¢ 01
1 9857E+00
«8188E+00
fTL4UEC OO
«1373E¢08
«1180E¢01
«9682E+00
«8395E+00
+1U26E+01
J1313E¢01
W11T1ECOL
L1052E+01
.1204E¢01
J1402E¢0)
«1415E0!
«1340E+01
L1110E401
«1130E901
J1191E¢01
«130TEeOY
21098E+01
1 1098E+01
«1099€4+01
11028901
bB829E+00
«S921E%00
«S3IBREOD
WU4934E+00
«9381E400
+6988E+00
+S933E0D
«S5490E+00
2« 1130E+01
8161E+00
LT014E+00
W6156E+00
«12TUESOY
«985T7E+00
«8188E400
JJ144E00
«1373E¢01
J1180E¢01

FIG. A-6(£).

W1136E«0
W l1d2E401
2« 1188E+01Y
0 1242F 401
2 90CESQO
«392TE¢00
W 4066E00
W 4181E400
+535BE+00
14635E¢00
cU4BRE+00
JU6S3E00
16USSE00
«S412E+00
«5298E+00
«S521TEe00
o« T2TUE00
16538E400
16185E400
s608SE+00
s T843E00
«7823E400
«7313E¢00
1 7115E+00
18141E400
1B709€+00
2BBUSEC00
«B915F+00
+8566E+00
«107TESOY
«1168E40)
s115TE¢01
2 T89TE400
+B6B3ES00
19B36E00
o 115UEe0!L
2 T812E400
+BUUOEOO
W 90T6E400
197276400
28935E4+00
2 TRO1E OO
216050800
«S091E+00
«122TE¢01
«BU9BE+00
10689E00
2«5665E400
«1479E¢0}
9924E+00
2 T883E+00
L6352E+00
e 1666E+01
1199E401
29203F«00
2 T3T1E400
«179TE40Y
W1434E0Y

Continued.

21324E401
1284Fe01
W 1324Ee01
«138%F¢01
20225E¢00
+5539E 400
151328400
J49TTE+00
1 7352E400
«S900E+00
«5132E400
W S11TE400
«8319E¢00
16311E400
1 95891E+00
«9570€¢00
,8792E400
2 TUO06E®QO
16792E400
26364E400
29105E¢00
2878TE+00
W 7817E+00
2o TUSHEL0D
20 9191E¢00
2+ 9552E+00
«QU4bBESOO
2 9248E+00
2:8261E400
1 10S4EvOL
s 1152E401
W1147Ee01
2 7537E+00
+8356E+00
«9577E+00
s 1135E+01
2 TS0SE+00
oBUTUESQO
«921BE+00
1 9883E+00
s 7839E¢00
206598E400
e SBUUEL 0D
«S197€+00
W1143E+01
180T7E+00
26546E+00
+sST29E+00
e 1418E+01
1 964TESQO
«TT85E+00
o 639BE+00
W1616Ee01
«11T6E¢01
29120E%00
o THO0B8E00
s 1753E¢01
sl416E901

J1497E401
W1537E401
+1620E401
W1706E401
$6621E+00
+607BE400

¢s5723E¢400 °

15337E+00
2 7561F¢00
16142E400
J548TE+00
«BU20E+00
28362E400
«BUTIE40O
206094F ¢00
257858400
«8773E400
s T4TIE+00
16863E+00
«6508E+00
1 9051E+00
BTUUES0O
s 7859E400
W TU93ESQO
29122€400
1 94B85E+00
«QUOUES00
W 9253E+00
«9578E+00
o1218E401
«1330E401
o1324E 0}
«8TULE+00
19T01E+00
W1110€401
113128408
e T681E¢00
W8514E+00
2918SE+00

" 49806E+00

28926E4+00
o THTUE+00
265T70E+00
2W63TSE+00
2 1197E401
s8703E+00
26732E¢00
16139F400
s1413E¢01
«9656E+00
2 T890E¢ Q0
26537E¢00
2 1608E+01
«1197€«01
2 9179E+00
o« T386E+00
2 1758E4014
0 1378€+01

pl146E0Y
121284018
s 1292E404
e 1369E+01
JUBU9L DO
s4660E*00
s 4452400
1396TE+00
1S18TE+00
246STE+00
W 4363E+00
W4313E+00
2S270E+00
2 4B52L+00
14780E+00
W463LESOQ
15159E+00
15363E400
15283E+00
2 S183E00
sS023E+00
+S903E+00
2S927E+00
25891E+00
s4B9TE+00
16116E400
1680TE+00
s T122E+00
216655E+00
s839SE+00
«950TE+00
19B9UE+00
06210E+400
o TOTSE+00
2822SE400
W9TTUESOO
«548SE+400
16307E+00
169798400
1 TSBL6E+Q0
W6186E400
«5379E+00
WUBBTESOQ0
sUT93E+00
28582E+00
+0655E+00
o 5316E¢00
24892E+00
2999uUE00
TU9LESOD
06282E 400
05259E400
o 1108E+0Y
+8858E¢00
o T282E¢00
2s5938E+00
2 1184E+0}Y
e $029E+01

T9/.S 41 DMN




0sT

127
128
129
130
134
132
133
134
135
136
137
138
139
140
141
142
143
144

+1115F4+01
J1261E401
(9292F 400
L10U0F+01
y1151E¢01
C1262E¢01
«1013F+01
L 1096E+01
+1180E+0}
L1264E+01
W10BUE+0]
C11UGE+0Y
+1205E+01
1265401
+1160E+01
2 1195E+01
(1231E+01
L1266E401

*,1011E+01
“,1011E¢0}
“,1139E+01
“,1159F+0y
e, 1{39E+0}
@, 1139E+01
w 1267E+0}
v 126TE+0)
*,126TF+0}
=, 126TE+0}
o {UOTE+OY
»,1U0TE+O!
= 140TE+0Y
®, JUOTE+OY
=, 155TE+ 01
v, 1557E+01
®,155T7E+01
®,1557E+01

9682400
«R3IISE+00
J1U26E+0]
+1313E+0)
RERAIXYN]
+1052E¢01
«1204E+01
J1402E+01
J1UISE+0Y
21310FE«01
11108401
«1130E+01
J1191E+01
J1307E¢01
«1098E+01
1098801
+1099E+01
«1102E+03

FIG. 2-6{(m).

W10BBE+O1
(B663E400
C1865E401

. 41597E¢01

C1316E+01
L1085£401
C1UOSE+01
L1557E+01
J1491E+0Y
W1306E+01
(1296E¢01
W1255E+01
L1255E+0¢
W 1303E¢01
«12B2E+01
C1219E401
(1158E+01
J1098E+01

Continued.

«1082E+01
B69UE+N0
p1824E+0])
«1579k+01
213118401
«1088E+01
» 1392401
1 1950E+01
01492E 401
A311E40Y
«127BE+0
«1250F 401
21256E401
s 1310E+01
01309401
W1218E+01
o 115S9E+01
1110401

s 1051E+01
8623E400
J1852E¢01
1595401
1 1265F¢01
W1051E401
s1123E401
«1239F+01
W1164E+01
«9981E+00
o1118F+01
s 1021E+01
«1003E401!
21050F¢014
89UuE+00
y 11526401
s 1223E401
»1219€401

B266E400
+689BE+00
11228E+01
W1140E+0Y
29792E+00
B298E+00
WBSTT7E400
95376400
9012E400
W1681E400
1BS6UES00
279098400
2 778BE400
JB0BIE+0CO
2165936400
yFO09E+00
19599E+00
19559E+00
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THRUST, LIFY, aND SINE FORCE INFORMATION

MACH NUMBER 3 ,17500E401
ANGLE OF ATTACK = 20,000 DEGREES
SIDE SLIP ANGLE = <000 DEGREES
: WING AREA ¢ .783
REFERENCE AREA 8 44180

REFERENCE LENGTH & 75000

BERNOUTLLI YYPE LDADING PRESSURE

TOTAL RIGHT WING LEFT WING UPPER WING LOWER wING
DEFL, ANGLE DEG, ® 400000 ,00000 20,00000 20,00000
CN & ,39695E+09 C2021BE401 L19477€+01
CY & w,22618E¢0) «, 95169E+00 “o13101E+01
CTHRUSY » e .0 .0 ‘0 .
cL = s 11111 111t 1I11: It
ol = 5388 1 ey 33881 11111
CDI/CLaw2 » 13383 gé
CNADDY 8,0 aQ
CYADDH & 2 0 i
= CYeBIP =» o0 H
U1 CNeBIP & .0
= - %]
~J
o
ROLMOMR & »,23088E401 =
ROLMOML &  ,22301E+01
ROLMOMU & »,10900E+01
ROLMOMD &, 14950E+01

8PANWISE DIBTRIBUTION

sesmprecsnccnnsnenesRIGHT NINGeemecneernsnoernesanpan

1 Y/(872) CNaC/(ReB) CT#C/(24B)
{ 30725 121283 (00000
2 45801 120002 ,00000
3 56871 18411 000000
4 67932 216498 00000
s 78978 114250 100000
[ 89012 11997 «00000
Y 1989%% 12586 100000
8 1.09945% 106269 .00000
9

1,21618 103268 00000

FIG. A-6(n) Continued.




[4°

swemepenwvecnnsvacnn [EFT WINGrewonsesanouponsannes

1 Y/(B/72) CN#C/(2#R) CT#C/(248)
1 =, 34725 019867 00000
2 », 05801 © .19339 00000
3 »,56871 » 18024 400000
4 ., 67932 s16410 00000
5 .‘73975 s 14194 200000
6 »,89012 «11987 00000
? ., 98958 . 08789 00000
8 ®],09945 108181 200000
9 *],21618 103267 .,00000
gwenesssnwwacnrvcens|/PPER WINfrepeesuccnvecncaspnrs
1 Z/(8/72) CY#C/(2%8) (CT2C/(228)
1 234725 010430 00000
2 L,458801 009391 00000
3 56871 108445 00000
4 .67932 207508 ,00000
E] « 78978 06434 00000
] 89012 208376 .00000
7 98958 105596 .00000
8 1.0994S « 03636 00000
s 1.21018 201716 00000
g---g------.---—---.LDNER WINGewsenuuanssonasrmvsannns
I I/(B/2) CYsC/(2%B) CTeC/(2#B)
1 =, 34728 012360 00000
2 »,45801 2902 00000
3 ", 568714 » 12549 00000
& ., 67932 + 11887 00000
;] *, 78978 2105514 100000
" .. 89012 09008 ,00000
7 *, 98956 205654 00000
8 *1,09945 03759 00000
9 ®1,21615 102269 .00000
ROLLING MOMENTY L] 32832
BETA ] 00000 DEGREES,

FIG. A~-6{0).

Concluded.
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Appendix B

CRUTRJ, A COMPUTER PROGRAM FOR CALCULATING THE
TRAJECTORIES OF FREE VORTICES IN THE PRESENCE
OF ‘A CRUCIFORM WING-BODY COMBINATION

INTRODUCTION
The purpose of the program named CRUTRJ is to calculate the trajec-
tories of free vortices in the presence of a cruciform wing-body combination.

Slender-body theory is used. The calculation procedure is described in

section 4.7 of Ref. B-1, Appendix A of Ref. B-2 and section 9.4 of Ref. B-3.

The program is written in the FORTRAN IV language (026 punch) and has
been run on the CDC 6600 machine belonging to Boeing Computer Services, Inc.

DESCRIPTION OF INPUT

In the following discussion, the content of all input cards is
specified. The input formats for all cards are shown in Fig. B-1l. All
the input variables are listed at the end of this section in the order of
appearance in the input deck. Input cases may be stacked. The input for

a sample case is giveh in Fig. B-2.

Item 1

The first card tells the computer how many identification cards will

be read in.

Item 2

The second group of cards serve as identifiers and may contain any

alphanumeric information desired.

Item 3

The input card for this item contains dimensional information for the
fins and body as shown in Fig. B-3. The body is assumed to be a circular

cylinder in the region of calculation. Since the vortex information

supplied to CRUTRJ will usually be nondimensionalized by the body radius, ,%
it is suggested that the fin-body dimensions also be nondimensionalized 5
by the body radius to avoid confusion. If this is done, set RBDY=l. The
trajectories of free vortices in the presence of a cylinder alone can be
obtained by setting SBW = RBDY.
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Item 4

This card contains information required for the integration package.
It also contains the included angle of attack and bank angle. The IBM
Scientific Subroutine Package, HPCG, (see Ref. B-4) which is used to
integrate the differential equations of motion of the vortices uses a
predictor-corrector scheme together with a Runge-Kutta starting procedure,
DXI is the initial integration interval required by HPCG for the trajectory
calculations, The integration package will cut the interval in half if
necessary for reasonable accuracy, and this halving process can occur ten
times before the program automatically terminates execution, If the input
value of DXI is too large, the program will stop because of unacceptable
accuracy; and if DXI is too small, the running time will become large. The
accuracy check by HPCG is based on the change in position of each of the
vortices for a given time step. If the change is greater than 1 percent,
the integration interval is halved. A value of DXI between 2 and 5 percent
of the fin root chord will work for most cases. Under circumstances when
two vortices get very close together or when a vortex gets very near the

wing or body, a smaller value of DXI may be required.

DXOUT is the length of the interval for which print out of results is
desired. DXI should not be larger than DXOUT.

Item 5

This item contains vortex strength and position information in
unrolled body coordinates as shown in Fig. B-4, The nondimensional

strength and position of the NP vortex are given on a single card,

PROGRAM ALGEBRAIC SYMBOL

VARIABLE (IF APPLICABLE) COMMENTS

Item 1

NHEAD Number of title cards to be read in Item 2.

Item 2 Any alphanumeric information may be put on
NHEAD cards for identification of the
calculation,

Item 3

XWLE X' coordinate of leading edge of fin root

chord, see Fig. B-3.
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PROGRAM
VARIABLE

ALGEBRAIC SYMBOL
(F_APPLICABLE)

XWTIPL

XWTIPT

XWTE

SBW

RBDY

ITtem 4
NV

XTI

XF

DXI

DXOUT

ALPHAC
PHI
Item 5

GAM (J)

YG (J)

ZG (J)

NWC TP 5761

COMMENTS

x' coordinate of leading edge of fin tip
chord, see Fig. B-3.

x'  coordinate of trailing edge of tip
chord, see Fig. B-3.

x' coordinate of trailing edge of fin root
chord, see Fig., B-3.

Semispan of fin measured from body center-
line (dimensional), see Fig. B-3.

Cylindrical body radius in region of fin
(dimensional), see Fig. B-3.

Number of vortices present, 1 < NV < 10.

x' coordinate where vortex trajectory
calculation is to start, dimensional.

X' coordinate where vortex trajectory
calculation is to terminate, dimensional.

Maximum value of integration interval,
DX', dimensional.

DX' between points at which output is
desired, dimensional.

Included angle, degrees.

Bank angle, degrees.

Strength of J™h vortex divided by 27V,.
If geometry is to be nondimensionalized
on the body radius, set GAM(J)=T/27Vya.
Positive when sense is counterclockwise,
1 <J < NV,

y coordinate of the Jgth vortex, 1 < J < NV.

z coordinate of the Jgth vortex, 1 < J < NV,
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DESCRIPTION OF OUTPUT

The output for each run begins with the NHEAD title cards of Item 2.
The input geometry and vortex information follow. Next follows vortex
position information for each station at which printout is to be generated.

The first line givés the x coordinate, the integration interval used by
HPCG at that step, the body radius (should remain constant), the fin span,
the radius of the cylinder in the transformed plane and the derivative of
the body radius with respect to the x' coordinate (should always be zero).
The next NV lines give the following information for each vortex: the
complex position in rolled body coordinates in the real plane, the complex
position in rolled body coordinates in the transformed plane, the complex

derivative dw/dS and the complex position in unrolled body coordinates.

The output for a sample case is given in Fig. B-~5. The input for the

‘run is shown in Fig. B-2.

PROGRAM LISTING

The CRUTRJ‘program'consisté of a main program and four subroutines.
One of the routines,'HPCG, was taken from the IBM Scientific Subroutines
Package (Ref. B-4). Each source deck is identified in columns 73 through
80 by a four-character identification and a three-digit number sequencing
the cards within that deck. The program listing is given on the following
pageé. The table below will act as a table of contents for the listing.

PROGRAM IDENTIFICATION PAGE NO.
CRUTRJ cwol 157
FCT Cwo2 157
ouTP . CWO3 158
SHAPE CWO4 158
HPCG CWO5 158
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LST

acnaocaan

100
701
702
103
104
Tos

Tos
107
T08
709
10
714
712
718
Tie
117
718
119

97
S8

<

20

PROGRAY CRNTRI(INPUT, NMUTPLT, TARPESEINPUIT, TAPLOSOLTRLITY

PROGRAY FNR CALCULATING THE PATHS OF FREE VORTICFS IN TwWF
PRESLACF OF A CRUCIFORManTHG=HODY COMBINATION
RUDY RANTUS IS CONSTANT
MO IMAGE VORTEX AT BODY CENTERLINE

COMPLEX SIGMA,EYF,EMIPHI,F21PHT

EXTERNAL FCY,NuutP

DIMENSTION TITLE(20),GAM(10),X6(10),Y6(103,2G(10)
DIMENSIIN PAMT(S),ALX(Lb,20),Y(20),7(20)
DIMENSION SIRMA(10)

COMMON /R/ MM, N

comAnN ZEODY/ RRDY,

COMMOL /VORTEX/ NV,NVR,GAM, Y6, 26
COMMON /FLOR/ ALPMAC, PRI 4LPHA,EYE EMIPHT,ERIPH]
COMMON /PARAM/ DXDUT,XPANT

XnLE  XwTIPL, XWTIPT,XnTF,B04%

FORMAY (2044)

FURMAT (518)

FORMAY (SK,2048)

FORMAT (k1)

FURMAT (8F10,5)

FORMAT (/711X 2MXT,8X0NXWLE , 4X6HXNTIPL ,UXORXNTIPT, OXUNRNTE,
SXuHBU/2,6XUHRBDY)

FORMAT (SX,12F10,4)

FURMAT (7/6XOHVORTEX o IXSHGAMMA X 1HY, QX 1HY,9X{HY)

FORMAT (110,4F10,5)

FORMAT (//S¥2SHTABLE DF 80DY CNORDINATES/1SN, JHX,9X{wR)

FURMAT (710XTHALPHACD,F8,2/,11X6HPHL &,F8,2//)

FORMAY (3F10,9%)

FORMAY (12,F8,5,7F10,9%)

FORMAY (//7 SX42WvELOCITY INDUCED AT SPECIFIED FIELD POINTS)

FORMAT (/710X HX, IXIHY ) 9X1HT, 11 XBHY IV INF) ,8XBNN/VIINF))

BORMAT (14, 8F10,3,5X,2(1PE12,4))

FORMAT (3F10,5)

FORMAY (//10X,28HFIELD POINT OQUTSIDE OF TABLE ,5X13,3F10,4/)

EYERCNPLX(D,0,1,0)

NVMAXE10

RAD®1RO0,/5,1415926

READ(S,Y01) NMEAD

1F LEDP(S)) 97,98

sToP

CONTINUE

WRITE(6,703)

03 9 Jmy,Nymax

YG(J)=0,0

16(J)u0,0

00 11 Jmi,NKEAD

READ(S,700) TITLE

WRITE (6,702) TITLE

READ (5,704) XwLE,X«TIPL,XrTIPY,XnwTE,38w,RBDY
READ (S,712) NV, X1sXF,0XI,DXQUT,ALPHAC,PHL

1F (Nv,£0,0) GO TO 10
READ (8,718) tGamtd),
wRITE (6,705)

WRITE (6,708) XTI, XnLE, XwTIPL ,XNTIPT,XnTE,SBW,RADY
WRITE (6,710) ALPHAC,PHT

wWRITE (6,707}

DO 13 Jmy,Nv

XG(J)=0,

WRITF (6,708) J.GAM{J),XG(J) YG(J),261)
ALPHABSIN(ALPHAC/RAD)

PHIBPHT/RAD

EMIPHIaCEXP(®EYERPK])

ERIPHINCEXP(2,0%EYE/PHT)

PRMT(1)eX]

PRMY {2)axF

PRMT(3)mOXT

PRMT{GYS,01

NvZaNye2

NUIMEaky

DO 18 Jay,Nv

JNE2w ]

RAGSGRTI(YGIJ) en2eZG(J)nn2)

YE(J) o 2G(J)  duy Ny

[T
oy
Cwoy
Cwoty
Ca0t
Cnoy
C»01
Cwot

-Cw0Y

Cnoy
[4 13
Cuoy
C»01
Cwoy
(4 11}
(41 3]
cmoy
Cn0t
Cwo}
[4.1F]
cwoy
Ca0y
cwol
TwoY
Cwoy
[4 131
Cwoy
Cwag
Cno1
cwot
cwoli
cwot
[ 1.5}
cwoy
Cudy
Cwol
Tl
(.13
cwoy
Cwot
Cwot
Cuoy
cwot
[4.13]
Cuol
cwo)
cwot
Cwb}
cwot
(4 13
(4138
Ce0y
Cwoy
Cwol
Cwo1
Cwot
Cnl
Cw0}
Cudl
Cwoy
cwoy
Cuoy
(4111
cwot
cwot
cwol
(4.1}
Cwoy
Ccnot
Cwoy
Cwoy
[4.12)
Cw01
Cwdy
Cu0y
Cwoy
4,13

[T peprge
FPNEWN = DO ®E AT SE AN~

17

o000

aon

THAZATANR(IG{JY,YG(J))

TF (THa, 1l T,0,0) Tudgh 2RJIBS+THS
TrAZTHAGPH]

YYaRAOCOS(THAY

ZleRasSIN(THA)

MOAIRLIA]

YtJrlazz

DiMENDTM

PoMey, /0UM

DO 15 Jsi nnTm

I(Jymhym

XPRMTaXx1%,0001

CALL MPCG (PRMY,Y,Z,nD1+, IHLE,FCT,DUTP,AUX)
IF (IWLF,GT,10) WRITE (6,701) THLF
GO 10 10

END

BUBROUTINE FCT(X,Y,2)

COMPLEX SIG,S1GS,CTa,CT8,CNUB,CNU,STIGMA,ENU,CENU,CTC,CTD,DNDS,
1 DENDQ,CVEL EYE,EMIPHI,ERIPKT

DIMENSION SIGMS(10),ENLIC10),CENUCI0)

DIMENSION v(20),2(20),6AM(10),Y6(10),26(10)

COMMON /VORTEX/ NV,NV2,GAM,YG,156

COMMON /FLOW/ ALPHAC,PHI,MLPHA,EYE,EMIPHI,E2IPH]

COMMDN /RESULTY/ SIGMA.ENU,A,8,R2, 2]

LOOK UP BODY RADIUS AND LOCAL WING SEMISPAN N

CALL SHAPE (X,4,8,08)
52838

B4u82«82

Admiwnnad
RI2w0,5432#(1,0444/84)
RZuBRI24RZ2
RZaSORT(RZ2)

CALCULATE SIGMA AND NU FOR ALL VORTICES

00 1 Ny, NV

Ke2eN

SIGECMPLX(Y{Ke1),Y(K))
$1G3xS15e816

CT8231G8¢44/916G8
CTanCTR#CTReu, 02R24
CYAuCSQRT(CTA)

YYay(Key)

12ev(K)

IF (ABS(ZIZ),6T,4BS(YY)) CTameCTA
CNUSEHO,5¢ (CTRCCTA)
CNUSCSORT(CNUS)

1F (YY,LT,0,0) CNUmeCNU

1F (YY,EQ,0,0,4ND,22,L7,0,0) CNUseCNU
SIGHMAIN)IRBIG

ENUIN)BCNU

CENU(NIBCUNJIGLENY)

CONTINUE

CALCULATE VELOCITIES

D0 2 Jmishv
316aSIGMA(S)
CNUsENULS)
CTC1,00Ad/(81Ga0u)
CTD=),00RZU/(CNURRG)
ONDSSSIGACTC/(CNUCTD)

Cn0Y
C=01
Ce01
tr0}
Cw01
(woy
Cmot
Cwoy
Cw01
C=o}
Cwot
Cwoy
(113}
Cnot
Cuil
Cwoy

Cm02
two2
two2
two2
cwo2
Cx02
cwo2
Cno2
Cwo2
Cwo2
Cwo2
Cwoo
Cwo2
Cwo2
two2
cwo2
cwo2
Cwo2
[ 1.}
Cno2
Cro02
Cwo2
cno2
Cwo2
Cw02
cwoo
Cwo2
two2
cwo2
Cwo2
Cwo2
Cwo2
Cwo2
Cwo2
Cwo2
cwo2
Cwo2
cwoz
trno2
cwoe
twd2
Cno2
Cwo2
4.1:1]
Cng2
Cwo2
[L1F
Cno2
cwo2

- b s o s - e -
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8ST

- e

~

T00
709

DIMENSIUN Y(20),2(20),PRMT(S),
1

CeNDRENMNSA(ANNSE (5,024, 0/F TN) /ENU=(3,0eq,0/CT0)/516)
{vth-kVE-ALPNllENIPkI‘(l.O'HZZ'FZIFHI/(CNUitnu))
[ T ALY

CTARL O/C(CNUSKTZ/CFNUCTY)

TF (1,60,J) 60 TP &

CYARCTACL,0/7(ENULTYmEAYY

CVELEBCVEL*EYEaGAM(I)ecTa

CONTINUE

CVELRCVEL*NNDS»0 SeEYF*GAM(JI#N2NDS/DNDS

JJe2ey

T med IMAGILVEL )

(I )mREAL(CVEL)

CONTINMUE

REYURM

END

SUBRMITINE OUTP (X,¥,Z,IHLF,NDIN,PRMT)
COMPLEX SIGMA,FNU,EYE,EMIPH] ,EQLPM]

. GAMLLO0),Y6(10),26(10)
COMMON /VORTEX/ NV, NV2,GAM, ¥G, LG
COMM(IN /RESUL T/ SIGMA,ENU,A,8,RZ, L]
COMMON /PARAM/ DXOUT,XPRNT
COMMON /B/ MM, H
COMMON /FLOW/ ALPHAL,PHL,ALPHA,EYE,EMIPHT,E2TPH]

iF (X LT, XPRNT) RETURN
FURMAT (//8XINX, BX2MOX, 11X EHA,FXIHS,BK2HRO,6XSHOR/OX S
FORMAT (F9,4,F11,7,4F10,4)

T02 FORMAT (/1X6MVORTEX, 1X11HSIGHACREAL) , 3X6MH(IMAG),SXBHNU(REAL),

703

4X6HLTMAG), 3X11HDR/DS(REAL), 3u6H(IMAG),

1
2 T IHY, 11X, 1K)

FORMAT (14,2X0C1PEIR,3,E11,3))
*RITE (6,700) .

RRITE (66,7013 X,K,4,8,R2,08

WRITE (6,702)

DO 10 Nag, NV

NNg2eN

YPEREAL(SIGMA(N))

IPBATMAG(SIGMAN))

RARSORT{YPeYPeZP#IP)

THABATAN2(ZP,YP)

IF (THA,LT,0,0) THARG,2831853¢THA

THARTHASPHT

YYERASCOS(TMA)

ZZuRASBIN(THA)

WRITE (6,703) N, SIGMAIN) ,ENUINY Z(NNa]) Z(NNY,YY, T2
CONTINIUE

S XPRNTaXeDXOUT

RETURN
END

cwg2
Cwoe
Cs02
Cwoe
twoz
Cx02
Lwo2
tnde2
tnoe
Cwoe
twoz
Cwo2
Cn0e
Cwog

cwo2

Cwo3
Cwo}d

SIGMA(10),ENU(10),Cw03
Cwo}

Cwo3
Cwo3d
Cw03
Cuo3
Cwo3l
Cwo3
Cwos
(4731
Cwo3s
Cwos
Cwo}
Cwo3
Cwo3
Cwol
Cwol
Twod
Cwol
Cwo3
Cwol
Cwo}
Cwol
cwo3
Cwo3
Cwos
Cwo3
Cwg3s
Cw03
Cwo3d
Cw0}
Cwo3l
Cwol

WA O OB~a0 W -

14

aono

oo an

LY

on

30
3

15

2
“0

- N~

™o N

SURKOLTINE SHaPE (1,h,5,n8)

TARLF LUGK=UP UF BfiRY CNOROINATES

CUMMON /WuRY/
AxREDY

DSeC, 0

IF (x, L6, xwlE) GO TD 30

TF (X GV XWLE AND, X, LT, XWTIPL) GO TO 3y
IF (X,GE XnTIPL ,AND, X,LE,xwT1PY) GO YO 35
TF (X, GT XnTIPT aND, X LT,XuTE} GO TO 32
Sza

G0 TO ap

SE(XeXWLE)}7(XWTIPLoXm E)*(SRWaA) ¢ &

GO TO 4o

1 ELT

GO 10 40 . ‘
SE(XWTEeX)/{XNTEaXuTIPT)e(8RuWaA) ¢ &
CONTINUE

IF (8,LT,4) Sma

RETURN

END

RANY, XWLE, XwTIPL,XwTIPT,XxuTE, SRS

SUBROUTINE WPCGEPRMT, v, DERY, NNIM, THLF,FCT,OUTP,AUX)
DIMENSTIOUN BRMT(S),Y(20),DERY(20),4UX(16,20)
COWMON /8/ MM,

(131

IHLF=0

XmPRWT (1)

HeBRMT(3)

PRMT(S)w0,

D0 1 lai,NDIM

AUX(16,1)m0,

AUX(1S,1)aDERY(])

AUXCL, T)8Y(I)

IFC(He (PRMT(2)10X))3,2,4

ERROR RETURNS
THLFmy2
GO T0 4
IHLFY3

COMPUTATION OF DERY FOR STARTING VALUES
CALL FCT(X,Y,DERY)
TF{MM,GT,1) RETURN

RECORDING OF STARTING VALUES

CALL OQUTP(X,Y,DERY, IWLF,NDIM,PR¥T)
IF(PRMT(S))4,5,6

IF(INLFIT, 7,0

RETURN

DO 8 1e1,NDINM

AUX(8,1)eDERY(])

COMPUTATION OF aux(2,1)
18ws}
60 10 100

XSXeH
0D 10 lmy,nDIM
AUX(2,1)mY (D)

INTHEMENT W 18 TESTED BY MEsNS OF BISECTION
IRLFRIHLFyy

AmYeH

0N 512 Tsi,NDIm

Ce04
Cal4
Cwou
(411}
(1.1
Crou
Cwou
Cwoe
Cnou
Cwo4
[4.1.1]
Cwou
Crod
(447}
Cwod
411}
(4111
L1
411
Cwog
Cwod
cwou

[1T1]
Cwos
4113
Cwos
Cwos
Cnis
(471
Cwos
Cuds
Cwtls
(411
CwoS
Cuis
(4157
(4117
Cw0s
CwosS
Cnos
Chos
Cwos
CwosS
Cwos
Cn0S
Cwos
CwoS
Cwos
cwos
41 1]
Cn0S
(4117
Cwos
CwiS
CnoS
[411)
Cw0S
£noS
(411
Cwos
Cn0d
[4.1.1
[4%:1]
411
CnoS
Cwos

- e n e e
VRN F P EANN=DIOBENTNE W -

- n v .
N OBRAPRE Ny~
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R

6ST

[z X3}

aa

o

ofannoo

15

20

Anx(u,IIsauxt2.
HE SN0

(3 3]

ISam2

&0 T0 tot

XRYeH

CALl FCTOX,Y¥,0ERY)
TF =" 6T, 1) RETURN
N2

DO 14 Im1,NOT™
AUX(2,1)mY(])
AUX(9,1YRLERY(T)
18%83

G0 TN 100

COMPUTATION NF TEST VALUE DELTY

DELTwO,

DO 16 Im),NDIN
DELTSDELT#AUX(15,1)0aR8(Y(I)wAUXC4,]))
DEL Tw ,0666666674DELT
TF(DFLT=PRMT(4))19,19,17
TFCIHLFe10)11,18,18

NO SATISFACTORY ACCURACY AFTPR 10 BISECTIUNS, ERROR MESSAGE,
IHLFu

X@X o

GO T0 U

THERE 18 SATISFACTORY ACCURACY AFTER LESS THAN 11 BIBECTIONS,
¥EYeN

CALL FCY(X,Y,DERY)

TFE(MM GT,1) RETURN

DD 20 lw) NDIM

AUX(3,I)mv(l)

AUXC10, TIUDERY(T)

N2}

1Swsu

6N TD 100

Najy

XBX oM

CaLL FCY(X,Y,0ERY)
IFLuM,GT, 1) RETURN
XSPRMY (1)

NN 22 1=y ,NDIM
AUX(11,1)8DERY(])

c»05
Cnis
Cw0d
€05
Ca0S
[oL1:1]
Cwis
Cw0S%
C»0S
[T
(4111
Cwos
Cwody
4911
(4T
[41-1]
(4111
Cwos
411
Cwos
(4121
cwos
Cwos
CwoS
CwoS
Cwo5
(4111
(411
(4.1
411
CwOS
cwos
Cwos
(424
(4117
(4117
(4111
Cwos
Cwos
Cwos
(411
(4111
cwos
4117
[4.11]
(4111
Cwos

22 Y(I)MAUN(L, T)eka( 3790AUK(S,1)¢,791666670AUX(9,1)e,208333334aUxX(10Cw05

a3

2u

25

26

27

28

3

o

1el)4,080166666T0ERY(1))

XBXoH

NENel

CALL FCT(X,Y,DERY)
1F (MM, GT,1) RETURN
CALL NUTP(X,Y,NERY, INLF ,NDIM,PRMT)
IF(PRMT(S5))6,24,6
1F(Ne4) 25,200,200
oD 26 Iep,NOIM
AUX(N,I)=Y(T)
AUX[N®T7,1)8NDFRY(])
1F(N=3)27,29,200

00 28 Isi,NDIM

DELTRALX(Q,1)eaUX(9,1)

DELTanELT+0ELT

YOI)mAUX(1,1)¢,33333333analaUX(8, )eDELToAUX(10,1))
GO 0t 23

00 30 Imi,NDIM

DELTWAUX(9,T1)¢AUXC10,1)

DELTaNELTONFLT4DELT
YUI)mAUX(1,01)¢,37SamMa(AUX(B, T)eDELTeAUXC1],1))
60 10 23

e
THE FOLLOING PART (F SUBROUTINE DHPCG COMPUTES RY MEANS OF
RUNGE»KUITTA METHOD STARTING VALUES FOR TWE NOT SELFe8TARTING
PREDICTNRaCORRECTOR METHOD,

CwoS
CwoS
411 ]
(4111
411 ]
Cn0S
(4 1.1
cwos
Cwos
(411
[41}]
cwos
(4.1}
(41} ]
(4111
Cwos
(4111
cwos
Cwos
twos
411
Cwos
cCwos
cwos
cwos
411

L AL R LR L L Ly Y Y SN R L L 4

cwol
cwos
CwoYy

ne

aco0o0O0ANA0

oo . oo oo oo

oo

oo

tna

10

102

103

104

200
201

202

203

204

206

207

209

- - L

IR TS T TINS5 [€ 1L
TaHsALX (MO, 1) Cwiy
AUX(S, 1182 C»0%
YOI BAUNIN, T e 402 C»0S
7 IS AN AURTLIARY SYORAGE LOFATION Cn0S
Cw0S
IoXe Uam . Cwos
CALL FCYC(Z,Y,DERY) (4711
IF(Fm,6T,1) RETURN Cwoy
00 102 Isi,NAIw= Cwos
IaHaDERY (1) Cmo}
AuX(&,1)m2 Cwos
YOIIRAUXIN, )¢, 290697761 4AUK{%,1)e,15875964n2 Cuos
twoy
IBX¢ U4SSTIT25em (w05
CALL FCTLZ,Y,0FRY) Cwos
TF (MM GT,1) RETURN Cw0Yy
00 103 1wl ,NDIM : Cwos
ZeHeDERY(]) Cwo0S
AUX(T, 1)l Cn0S
YOI)maUX{N, T)e, ZlGIODSOQAUX(S,I)HJ.OSOOGSIStAUl(a,1)05 832864762 CrOS
Cwos
ImXeH CwoS
CALL sCT(Z,Y,DERY) CnoY
1F (MM, GT,1) RETURN Cwos
D0 100 Ju],NDIm Cn0S
Y(IIBAUXIN,1)¢,174T602A%AUK(S,1)e S51UR06ORAUX(, )], 20553562AUX(CNOS
17:.1)+, l1|lua1anu-uenv(x) Cwos
GO YD(9,13 19,21), 18w Cwos
AR AR AR A AN AR AR AR AR AR AR ARARARRARRRARRARRARARARARARRARRRARRaesnaCh0S
Cn0S
cuoY
POSSIALE HREAKSPOINT FOR LINKAGE Cn0s
: Cnos
Cwos
STARTING VALUES ARE COMPUTED, 411 ]
NOW START WAMMINGS MODIFIED PREDICTORCORRECTOR METHOD, Cwos
18TEPa3 (411
1P (Ne8) 204,202,204 w0y
Cwos
Ne8 CAUSES THE ROwWS DF AUX TO CHANGE THEIR OTORAGE LOCATIONS CwoY
00 203 Na2,7? Cwos
00 203 Twi,NDIw (11 ]
AUX(Nel,1)mAUX(N,]) Cwos
AUX(NGS, 1 )mAUK(NGT, 1) [4.1:1]
Ne? cwos
Cwos
N LE®S THAN 8 CAUBES N+t TO 6ET N cwos
NEN¢ 1 cwos
cwoY
COMPUTATION OF NEXT VECTOR v Cnos
00 205 Twil,NOIM Cwos
AUX(N=i, 1)mY(]) Cw oS
AUX{Ne&, 1)DERY(1) . Cwos
XBXeH Cn0S
ISTEPRI3TEP]) c-ns

BN 207 tat.NDIM Cw
DEL TsAUX{Ned,]) ¢} 33333333-u-(Aul(N¢6.l)¢Aux(nog,1)-4u:(uos.l)¢4u:c~ns
l(N‘"-I)olul(Nou,l)) cwos
YUI)eDELTe ,925619830AUX(16,1) cwos
AUX(16,1)uDELT cwos
PREDICTNR I8 NOW GENERATED IN ROwW 16 UF AUX, MODIFIED PREOICTOR  Cw0S
13 GENERATED IN Y, DELY “EANS AN AUNILIARY STORAGE, Cw0S
(4.1}
CALL FCY(X,Y,DERY) Cwos
IF (MM, GT,1) RETURN [T11
DERIVATIVE OF MODIFIED PREDICTNR 1S GENERATED IN DERY cwos
411 ]
D0 208 Imi,NDIM Cwis
DELT8,12500%(9,004AUX(Nel,I)nAUK(N®Y, J)¢3,0004u(0ERY(I)+aAUX(Ne6,T)CHOS
1¢AUXINSS, 1 =AUX(N®S,1))) (11
AUX(16.T)0AUX(16,1)eDELT Cwis
Y{I)BDELT#,0743801652aUX(16,1) Cwos
Cnos
TEST WWETWER W MUST RE WALVED NR DDURLED cwos
DELTen, cwos
DOy 209 Im),NDIw cwos
DELTANELTeAUX (15, 1)wARSCAUXCI6,1)) cwos

125
124
125
126
127
128
129
130
B}
132
133
138
138
13
137
138
139
140
141
142
143
148
148
146
147
148
149
180
181
182
158
154
198
158
187
158
159
160
164
162
163
164
16%
166
167
168
169
170
17¢
172
113
178
178
178
177
178
179
180
181
102
103
184
1898
186
187
188
189
190
191
192
193
194
198
198
197
198
199
200
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09T

cooo

THCPFLTaPRYI(4Y1IP210,222,02¢

M MUSTY HUT HF MALVFR, That “FANS Y(T) ARE GUOUN,
210 CALL FCTUX,¥,NFHY)
IF{(M+ GT, 1) RETURM
CALL BUTP{Y, Y, RERY, THLE NP IM, FamT)
TF(PRuT(5)1212.,211.,212
211 1F(IMLFe1d2948,212,012
212 RETURM
21Y IF(Ha(xaPRMT(2)))210,2%2,212
214 TF(ARS(X=PRMT[2))a, 14aB5{H)Y1212,215,218
218 TFQOB LT 020PRMY (4} )216,216,20¢

R CONLD BE DOUKLED TF 4LL NELESSARY PRECFDING VALLES ARE
© AvAlLaBLE
16 IFCINLF)200,201,217
217 TF(Nm7Y201,21R,21A
218 IF{187TEP=0)201,219,010
219 1MODx1STEP/2
1F(ISTEP=ImON=1M0D) 201,220,201
220 HEWeM
ImLP IR F=t
ISTEPR)
CN 221 tai,NDIm
AN (Nwl,])oAUX(Ne2,1)
AUX(Ne2,Timal'x (Neu, T
AUX(Ned, I)mat'x(Nep, 1)
AUX(Neb, I)maUX(N®5,1)
AUx{heS, T)aatX(Ney, 1)
AUX(Ned, T)aRUX (NG, ])
OELToalX(Nep, JYeauX(NeS, 1)
PELTWNELTHDELT&NELT

Cwu0s
Cwi
Caiy
Cw05S
Cwos
Cw0S
Cw05
[T1
Cwoy
CwoS
CwoS
[47:3]
Cw0Y
CwoS
CwoS
Cw05
CwS
CwoS
CwnoS
Cwos
Ctwos
Cw0S
Cw05
Cwos
Cw0S
Cwos
Cnos
Cw0S
Cwos
CwoS

Cwos

Cw05S
Cwo5

22) AUX[18,1)38, 962962054 (Y[])aalUX(Ne3,1))3 3651111 aHe(DERY(])¢DELT+Lw0S

TAUX(Ned, )Y
6N thn 201

H MUST 8F WALVED
222 IHLFsIWLFe)

IF(Iw Fei0)223,223,210
223 wm ,Seu

19TEPzN

DN 224 lafNDIM

Cwos
[ 1
Cwod
Lwos
twos
1.1
Cwos
Cwos
Cw0S
Cw0S

Y{1)x, 300826 =248, EV ALY (NaY,T1)¢13%, 00%AUX{Na2,J)ea,E)nAUX (N3, ])Cw0S

TeAUX(NOU, TYYwm 11 71BTSRCAUXINGA, J)mb eAUX{NGS, IImAUX{Ned,T))aH
AUX (=l 1)8, 390062522 (12,000aUX(Noy, I)+135,000AUX(Ne2, )¢
$108,00%8UX{Na8, 1)eaUX(Nad,1)%e, 0230378 a(ayX(Nes,1)¢
216, 0008UX NS, [1aF, 000aUX(Nod, 1] ]2R
AUX(Ned,IYuaUX (N2, 1)
P24 AUX(NGY,1)matiX(NeS,])
XEXwH
PELTaxe(Hen)
CALL FCT(DELT,Y,DERY)
1F(»M GT,1) RETURN
no 225 Tey,xpi¢
AUX(Ne2,1)eY (D)
ALX{neS, 1)8DERY(])
225 Y(IlaaUX{Ned, 1)
DELTaNELTu{ren)
CALL FCT(DELT,Y,DERY)
I1F (MM GT, 1) RETURN
DD 226 Tal,NATM
DELTRAUX(NSS, [YeauX(Ned, I}
DELTSRELT#NEL TeDELT
ALXT16,1)18A,96296290% (AUX(Net,T)eY(]))
1e3, 5611111 1oMa(AlXTNGE, [YNEL TeDERY(]))
226 AUX(N+3,[)uOFRY(]}
6 otn 208
END

Cwnos
(.11
Cwos
Cw0S
Cwos
CwosS
Cwos
CwosS
cwos
cwos
Cwis
cnoS
Cw0S
Cwo0S
Lwos
cnoS
cwos
Cwos
[ 11 ]
Cwos
CnosS
[T}
Ca0S
(4117
TrOS

261
200
203
200
205
208
2071
208
209
210
211
212
213
214
21y
216
217
218
219
220
221
22e
223
224
22%
226

228
229
230

232
233
234
23s
238
237
218
239
240
241
242
243
244
245
248
247
248
249
2%0
251
2%2
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254
2%%s
2%

2588
259
280
261
282
263
264
265
266
267
268
269
270
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Item No. 1:
(1 card)

Format

Column Number

Program Variable

Data

Item No., 2: Format
(NHEAD cards)

Column Number

Program Variable

Data
Item No, 3: Format
(1 card)

Column Number

Program Variable

Data

(515)

f

NHEAD ;
(20A4), any alphabetic or numeric information.
1l - 80
1 [ [ [ i — i
N A Y L ¥ L ¥ 4
TITLE
L 1 i | L L - S A
L} L L) L) ’ L R L]
(8F10.5)
10 20 30 40 50 60 {
XWLE XWTIPL XWTIPT XWTE SBW "RBDY :;)
FIG. B-1l(a). Input Formats for CRUTRJ Computer Program.

T9.S 41 OMN




Item No. 4: Format (I2, F8.5, 7F10.5)
(1 card)
Column Number 2 10 20 30 40 50 60
Program Variable NV XI XF DXI DXOouT ALPHAC PHI
Data
Item No. 5: Format (3F1l0.5)
(NV cards) (1)
Column Number 10 20 30 ‘
Program Variable GAM (1) YG (1) ZG (1) { 57_1
— Q
o Data \ =
w d
) wul
~J
o
'._l
(NV)
Column Number 10 20 30 /
Program Variable | gaMm (NV) YG (NV) ZG (NV) K
Data \
FIG. B-1(b). Concluded.
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SAMPLE CASE FOR CRUTKY

2

1

3,997
3.997
2 0252
=,0252

. 7,379
6,252
W41
-'al

FIG. B-2.

7.379 7.379 4,413
'Oq aa ?0.

1.0R

1,08

CRUTRJ Input for Sample Case,

20,

19/6 4L DMN




G9T

A

XWTIPL ,|

XWTIPT |

A

XWTE

A

FIG. B-3. Variables Defining Configuration.
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0g=y' + iz’

REAL PLANE

FIG. B-4.

v =T+ i)

TRANSFORMED PLANE

Coordinate Systems.

19/.6 4l DMN




BAMPLE CABE FOR CRUTRY

X1 XWLE XWTIPL XWTIPT XWTE Bw/2 RBDY
3.9970 3,9970 7.3790 7.3790 7.3790 4,4130 1,0000

ALPHACS 20,00
PHI = 20,00

VORTEX GAMMA X Y 4
1 02520 200000 41000 -1,08000
2 », 02920 200000 *,41000 1,08000

X X A s ko DR/DX
3,99%  ,0800000 1,0000 1,0000 1.0000 0000
VORTEX SIGMA(REALY)  (IMAG) NUEREAL) tIMAG)  DW/DS(REAL)  [IMAG) Y z
1 1,589F=08 1,15SE+00 1,589¢%02 {,15SE¢00 =1,35(Ew0f 7,792Ew02 d,1006«0! 1,080E¢00
2 e7,847Es01 B,7d6Ee01 =7,847Fe0t 8,746Ee01 5,343€e02 1{,4eSE=01 w=d4,100E=0! {,080E+00
X pX A s RO " DR/DX =
4,1970  ,0062%00 1,0000 1,2018 1,0336 0000 a
5 VORTEX SIGMA(REAL)  (IMAG) NUCREAL) (IMAG)  DW/DS(REAL)  (IMAG) Y z =3
g ! 5,605E903 1,136E¢00 1,343¢%01 1,030E400 o{,664E=02 =1,969E400 3,938Ea0! 1,066E400
2 o7,4S520e0f 9,031Ew0] =7,677Ee01- 9,198Ee01 3,8{2Ew02 {,355Ee01 =3,914Ee01 1,104E+00 v
[
- et
X X A .8 Ro OR/DX
4,398 0031290 1,0000 1.4068 1,1134 0000
VORTEX SIGMA(REAL)  (IMAG)  NU(REAL) (IMAG)  OW/DS(REAL)  (IMAG) ¥ ?
1 9,891E201 1,569Ew0i 1,047E¢00 3,802#01 §,313E400 #8,291F¢00 9,831Fe01 =] ,908Ew01

e ®7,3778201 9,250E=01 @8,148E°0) 9,840F=01 3,696Em02 1,216Ee01 =3,755Pe0! 1,128E¢00

X DX A s RO DR/0X
4,5980 ,0031250 1,0000 1,606% 1,218% 0000
VORTEX SIGMA(REAL)  (IMAG) NUCRRAL) (IMAG)  OW/DS(REAL)  (IMAG) ¥ z

1 ®3,95%5E201 »9,205Ee01 ©6,314Ee0] o1 ,043E400 =6,576E400 2,82T7E¢00 =6,864Ee0) =7,297Ew0!
H u7,303E=01 9,518E=01 =8,808¥°01 1,057E+00 3,709€202 1,069Ee0) @3,607Fe01 1,144Ee00

X oX A s RO DR/DX
4,7980 40031250 1,0000 1,808% 1,337¢ 0000
VORTEX SIGMA(REAL) (1MAG) NU(REAL) (IMAG) Dw/DS(REAL) (IMAG) Y 4

1 “9,961Ee01 1,152E«01 o1,{T6E400 6,3838=01 S, U9TEP0] 4,735E400 =B,9b66Ewd] 4,u4B9E=Q!
2 ®7,229€E=01 9.719Ee0) «9,5820=01 {,{37E¢00 3,084Ew02 9,370Ee02 »3,469Ew0! 1,161E*00

FIG. B-5. CRUTRJ Output for Sample Case. 1




891

4
5,0105

DX
.0125000

VORTEX SIGMA(REAL)

1
2

X
5,213

oy, U0TE=0}
w7, 153E=04

oXx
.0062%00

YORTEX SIGMA(REAL)

1
2

5,416

X

={,892E=0%
»7,081E=01

X
,0062500

VORTEX STGMACREAL)

i

] ,220E=02

2 e7,01upe0y
X px
5,6811 ,0500000
VORTEX SIGMa (REAL)
1 w4, 277E=02
2 «6,938Ee0
X DX
S,8511 0800000
VORTEX STGMA(REAL)
1 =4,734E=02
2 +6,879E01
P pX
6,0511  ,0%500000
VORYEX SIGHMA(REAL!}
1 ol ,9698=02
2 eb,825Ev01
X DX
€,2511  ,0%00000

VORTEX S3]1GMA(REAL)

i
H

*5,115E6002
»6,775E=01

A
1,0000

(1MaG)
9.,007Ewn}
9,904E=0}

A
1.0000

(IMAG)Y
1,363E4+00
1.006E200

A
1,0000

(IMAG)
2,u51E400
1,020€+00

A
140000

(IMAG)
2,UB8Ee00
1,034E400

A
1,0000

_(ImAG)
2.535E400
1.064SE«00

A
1,0000

{1#46)
2,587E400
1.055E00

A
1,0000

(1446}
2.642E400
1,068E¢00

3
2,0228

NUCREAL)
=8,825E=0]
=] ,04B8F¢n0

.8
2.2278

NUCREAL)
8,322E01
=1.139E¢00

8
2,42%

NU(REAL)
o ,886Ew02
*1,232E400

.9
2.,669%
NU(REAL)

®y,981E=01
®| ,JU44Ee00

3
2.8711

NU(REAL)
*6,B4TE"01
w1 0U1EC00

8
‘3,099

NULREAL)
=8, 394Ew0}
ef,5387+00

8
3.2748

NU(REAL)
=9,776Fw01
«1.6%TE+00

FIG.

R0
1.472¢

(I1MAG)
1,181E400
1,225E400

1.6069

(IMAG)
1,375E400
1,312E¢00

RO
{1,7428

(IMAG)
1,9136400
1,400£+00

RO
1,9060
(I#4G)

1,899E¢00
1,507E+00

RO
2,04s1

(IMaG)

1,977E¢00 -

1,899E¢00

RO
2,1850

(IMAG)
2,062E¢00
1,692E+00

RO
2,32%7

(IMAG)
24152E¢00
1,785F¢00

DR/DX
10000

Dw/DS(REAL)
4,152E400
3,640Ew02

DR/DX
20000

DW/OS(REAL)
8,814E=0S
3,026Ew02

DR/DX
20000

. DW/DS(REAL)

»3,2228=01
3,430Fm02

DR/DX
20000

Dw/DS(REAL)
©3,4B84Em02
3,06%Ee02

DR/DX
0000

DW/DS(REAL)
»} ,SUu3Ee02
2,82%¢w02

DR/DX
10000

DW/DS(REAL)
=9,000E=03
2,591Ew02

DR/DX
20000

DW/DS(REAL)
*5,881Ew03
2,366Ew02

B-5, - Concluded.

(IMAG)
2,030E400
8,033Fe02

(1MAG)
6,682E¢00
7.237Ew02

(IMAG)
Zoolbt'ol
6,611Ea02

(IMAG)
24101Ee0}
5,781Ew02

(1MAG)
2,505Ee01
S,241Emw02

(IMaG)
2.689Ew01
4.778Ee02

(IMAG)
2,795E=01
4,377E=02

Y
®1,061Eed1
»3,334Fe0!

v
4,644F01
©3,213Fe01

Y
8,267E=01
»3,103£201

Y
8,1098e01
*2,981Le01

Y
8,22%E«01
*2,888Fa01

Y
8,331Fe0}
s2,803Fe01

Y
8,555E«01
»2,725€e0!

4
9,971E801
1,175E¢00

1
1,281E400
1.1BBE*00

z
2,307E+00
1,198E+00

4
2.3536400
1,209E400

FJ
2,398E+00
1,218E400

b4
2,448E+00
1,225E900

4
2,500E«00
1,232E+00
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Appendix C

REVFLO, A COMPUTER PROGRAM FOR CALCULATING
VORTEX-INDUCED ROLLING MOMENTS OF
CRUCIFORM WING-BODY COMBINATIONS

INTRODUCTION

The purpose of the program named REVFLO is to calculate the vortex-
induced angles of attack and centers of pressure for each fin of a
cruciform wing-body combination. Reverse-flow theorems and slender-body
theory are used to calculate overall rolling moments due to the vortex-
induced velocities, The overall loads due to each fin are treated as
‘equivalent angles of attack and centers of pressure. The method is
described in more detail in Appendix I of Ref. C-1, section 6.2.2 of
Ref. C-2, section 7.6 of Ref. C-3, and Ref. C-4,

The program is written in FORTRAN IV language (026 punch) and has
been run on the CDC 6600 machine belonging to Boeing Computer Services,

DESCRIPTION OF INPUT

In the following discussion, the content of all input cards is
specified. The input formats for all cards are shown in Fig. C-1. All
the input variables are listed at the end of this section in the order
of appearance in the input deck. Input cases may be stacked. The input

for a sample case is given in Fig. C-2.

Item 1

The first card serves as identification and may contain any alpha-

numeric information desired.

Item 2 B

The second card contains dimensional information, the number of
vortices present and the number of integration intervals to be used in
the Simpson Rule integration package. Geometry and coordinate system
conventions are given in Fig. C-3. A The program has the capability of
approximating the effects of viscous cores for the vortices. The core
radius is input as a fraction of the body radius. The program can also

limit the velocities induced on the fins to a maximum fraction of the
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free-stream velocity Vmax/vw' To use this option, the core radius is
input as a negative number whose magnitude is equal to Vmax/vw‘

Item 3

The third item contains vortex strength and position information in
unrolled body coordinates. The nondimensional strength and position of

each vortex are given on a single card.

PROGRAM ALGEBRAIC SYMBOL _
VARIABLE (IF APPLICABLE) COMMENTS
Item 1 Any alphanumeric information may be put
on this card for identification of the
calculation.
Item 2
NI One plus the number of intervals to be
used in the Simpson Rule integration
package. Must be odd,
NVOR Number of vortices present, 1 < NVOR < 10.
A a Missile body radius, dimensional.
S Sm Distance from body axis to fin tip chord,
dimensional.
PHI ) | Bank angle, degrees,
RZOA Vortex core radius divided by body radius.
Item 3
GAM (N) > 5 3 Nondimensional vortex strength of the nth
LSS vortex. Positive when the sense is
counterclockwise, 1 < N < NVOR.
Yy, .
YVS (N) = y coordinate of the Nth yortex divided
by the body radius, 1 < N £ NVOR.
z
ZVS (N) :; z coordinate of the Nth vortex divided

by the body radius, 1 { N £ NVOR.

DESCRIPTION OF OUTPUT

The output for each run of program REVFLO is printed on one page.
The output begins with a program heading followed by the title of Item 1.

The input geometry and vortex information follow. The calculated results
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are presented as vortex-induced equivélent angles of attack and centers of
pressure. The centers of pressure are measured from the body axis and are
nondimensionalized by the body diameter. The geometry and coordinate system
conventions are given in Fig. C-3. The fins are numbered clockwise

beginning with the upper yaw panel.

The output for a sample caseé is given in Fig., C-4. The input for the

‘run is shown in Fig. C-2.

PROGRAM LISTING

The REVFLO program consists of a main program and six subroutines.
Four of the routines were taken from the IBM Scientific Subroutine Package
(Ref. C-5). Each source deck‘is identified in columns 73 through 80 by a
four-character identification and a three-digit number sequencing the
cards within that deck. The program listing is given on the following
pages. The table below will act as a table of contents for the listing.

PROGRAM IDENTIFICATION PAGE NO.
REVFLO RFOL1 172
SIMSON RFQ2 173
VEL RF0O3 173
CEL1 RF04- 174
CEL2 RFO5 174
ELI1 RF 06 175
ELI2 RFO7 176
171




LT

fOoOO0AMACOAMNOOOCOD

na

fOCANCAONANONANOO0 Do con

laXakal

PRNGRAY REVA{ [ 1*PUT,NLTPUTY  TAPFSE NPT, TaPEBIUTRIITY LIEY
RFO§

. RFOY

PRNGRAM T FALC'ULATE FPRCES AND MOMEATS] Oh & CRUCTFMRY wInGa@PY COMZewE0]
TRATINN DigfF IO [*YERACTION DF A% UFSTRFAVaGFNERATLEN SYSTEmM (F KF QY

VORTICES w1TH FILS, TeF CENTER VNRRTEX RFEQUIRED) HY Twé CTRCLF THENREMRED]
1S NNT INELUDEL, MERCE, THE PRNGRAM I8 ANAT SUITAKLE FUR CALLULATIUN REOL
OF LOAPS DIk Y00 8 ¥DRYEX AT LENERATED RY Twk “JS8ILE TTSELF, THE RFO1

CD{IROTINATE SY3TEM GSED 185 TwHAT DFE NEAR T 85, THE FETHOD USES RF 01
WEVERSE FLfiw THEOREMS AND SLENDER HODY THEURY, IT 1§ DESCRIHED RFOY
IN APPENRTY 1T NF AFEDL TR 72=R3 AND IN NEAR TR b1, RFOYL
RF U

REDY

“RITTEN Ry 8.k, SPANGI FP AND ¥ J HE“SCH FOR NeC o~ JAN 1975, REOY
’ i - REOY

RF O}

DIMENSTNON  YF{QQ),2F (99, CCLO99),DUMF(99),GA*(10),YvI{10RFOL

1), 2Vv8UIM) Y vF(IN), ZVF 10}, m1199),+2(99),v1(99),v2(99), RFO§

2 HEAD (20, C0L 1 (99),DUMRE{I9), ANG(4,99),CN(d),CRM(U} RFOL
WFO1

RFOY

100 FORMAY [2044) RFOQ1
101 BORMAY € 215,7F10,0) RFO1
107 FNORMAT ($F10,0) RFO1
103 FHRMAT (\mY) RFO1

104 FORMAT(YH ,14X,63HCALCULATION NF ROLLING MOMENTS INDUCED UM A CRUCRFO]
JIFORM wINGeBDDY/tH 17X,8THLOHBINATIDN By UPSTREA“=GFNERATFD BODY RFG)

20R CANARD VURTICES///) RFOY
106 FPRmMATY (5¥,2044) R¥01
{hp FORMAT(IN ,0¥,11HRONY KADILUS, TX,BHFIN SPAN,dX, 1 1MCURE RADIUS,S5X,10RFOY

JMBANK ANGLE,AX,2HNT) RF QY
107 FORMAT (™ ,4E15,4,110) REOY
108 FORMAT (1n ) RFOY
100 FORMAT(IN ,38x, I IHVORTFX DATA/ /1™ , 19K, 186HGEN/2aPTaAavINF, 11X, UHYVRFO]

V/7h VX umIV/A) RFO}
110 FORMAT(IM ,201,F1d,u,2815,0) RFO1

111 FORMAT(IM /777, 30X BNEIN $480X,54F TN 2,101, SHFIN 3, 10X,5HFIN 4/(H REQL
141, 25mVORTEY TNDUCED EQUIVALENT/iW 42X, 24HANGLE OF ATTACK, DEGREERFO}

28%,€1Y,4,3E15,8) REQY
112 SORMAT (MO, uX, 22 FENTER NF PREBSURE FUR/ LM 85X, 20nVORTEX INDUCFD LRFOL
INADS,Fta,d,3615,0) REQ1
RFOY

RFO4

NVOR 18 NiMpER M YVORTIPES mAX OF 40 RFO1

4 AND 5 ARE HUDY RADIUS AnD BEMISPAN CIMENSIONAL REOY

Prl 15 RANK ANGLE DEGREES RFOYL

GAM 16 VURTEX STRENGTW MANE NONDI™ BY 2 Pl 4 V RF 01

vvs &nD IyS ARE YORTFX FNORDINATES MaDE NONDI® BY 4 RFOY

RZNA 1S VORTEY CORE RANTUS HanE NONDIM BY & ::gi

RF DY

NUMBERING SYSTEwW FUJR FINS In PROGRAM IS = REO1L

1. R16=T wOWIZ, N ®4S P, CRM 205 CCw RFOY

2, LEFT WMRYZ, CN POY UP, CR™ POS (w RFO ¢

3, LU=EN vERY, £N pUS LEFT, (R POS Cw REQY

4, UPPFR vE&T, cn POY LFFT, CR™ PUS CCH ::gt

1

PRUGHAM [IUTPUT (SFS TrE CONVENTION Twal FIN | I8 Twi UPPER vERTICAL RFOY
AND TME REST ARE NUMREREN CLOCK~ISF wWEN VIE=ED FRNM ThE REAR, ::gl
. 1

1 REAN({  §,100)~FAD WFO{
IFCFOF{  §))999,150 RFOY
150 REAL (5,101} NISNVOR, A8 BT, RZVA RFO1L
ELREF=2,%1 RPOY
LA Fat, ’ RFO}
RACES7,2957R REOY
PIsl, 1415927 RFQ§
PHIRPH]/RAD REQL
SINPRSTH(PHT)Y RFOY
CHisPRrOS(HFT) RFOY
SUaxS /A REOY
REQY

INTYTALTZEVION REOY
REQY

f30 Nelatn RFOY
GAM{N)Zn,0 REOY
YVS(NYR0,0 REOY

- O OB NE NE N -

o L0 L L e el e U L N TS AU TU T W U Y RNy e e e e
OB AP N E WU O ODATNAE e D ORI E WA

e
-

=
SN

scEE
@~ o

anan

ocoan

[ X Xa]

w
B

~

-

USF

50

MAGNTTUCES 0F VvELOCITIES ARE LINTTED TO veax EQLALS =RIMa,

&0

64

b2

6S

ZVSINYIEN,
YyFINYEN, 0O
IvF(n)=n 0
CUNTINUE

P2 rx1,NvOR

REAT (§,102) Gan(n),YyS(N),ZvE(N)
YVF(N)BYVYS()al 5P e VSR Ye5 AR
JVEINIZEYYST ) aSTHPeVS{N)wlNEP

wKITE (8,10%)

*RITE (8a104)

wRITE (86,105) WEAD

WRTTE (a,10R)

WRITE (&,108)

wRITE (6,1ChH)

PHIRPHTSRAN

wRITE [6,107) 4,83,RIDa,PNI,NT
“RITF (6,108}

*RITE (6,10R)

WRITE {s,10R)

wRITE (6,10R)

WRITE (6,109

nO 3 N=t,NVAR

WRITE (o,110Y GA™(N),YVEIN),2VE(N)
CONTINUE

“RITE (841083

PRITE (6,108}

COMPUTE FLOw ANGLES ALNNG PANELS

YF{1)xt,

F (1.,

NM{gN T

ANTANR]

nO 4 wm2,ND

ENBN
YE(NYmY, e (8MAet YelENe],)/XN]
CONT INUE

IF(RINA,LT, =1 ,E°6)GD 10 60

vISCOUS CORE AND ARCYANGENT O LI=IT VELOCITIES,

CaLL vEL {YF,YVE, 2VF,wi,m2,v{,v2,NVOR,GAM,NT,
00 50 Nm{,NT

ANGU1 ,NIBATAN AT (N))

ANGIZ,NYZATAN(R2(N))

AMG LY, N)mATAR{VIIND)

ANG (4, NYBATAN{YV2(R))

G0 10 &%

R204)

CALL VELIYF,YVF 2VF ol (2, V1 ,V2,NvDR, GAM, K], 0,)
DG 61 Nei,NT

ANG(1,N)BA{(N)

ANG{2,NYmu2.(N)

ANGI5, N BY Y (N)

ANGLU, NYBVI(NY

vMiXgsRZ04

DO 62 lst,4

DO 82 *=i,Nt

TPCARGEANGET,NY ) GT  VRmANYARG (T, NIBITGNIV AN, ANG(T, M) ’

COMPUTE SECTION LOANING COPBFICIENTS

S04A2w8304 23N

»RTTF (8, 108)

SHa2x (SDhey , Yua

DN 20 NEl,V~)
YEOA2aYFINYwYF(N)

YHAZR (YF(N)wuj, }ae?
CCOLY(N)mU, #30RT(SaparymaR)
CONTIrUF

ccLI(N] YR,

HE Ot
RfO1
RO
LLXE]
ELET]
HEOY
RFOY
RFO}
REO1
RF O}
LI
£F0]
RFO1
WFO1
LLEBY
RFOY
RED]
REOY
RFO1
RFOY
RFO1
RFO1L
RFOY
REOY
RFOj
Wb Q1
REOL
REO1
RFOQY
RKOY
RFO1
REDS
Rt 01
RFO)
REOY
R#DY
REOL
LiZ 2
RFOIL
REOL
RFOY
RFOY
REO1
RFOY
REO
RFOY
KFO}
RFO1
RFO}
RFO1
REOY
wEO]
REO1
RFO)
F0]
RF0)
RFOY
RFOY
LR}
RFO1
REQH
RFO}
RPOY
REOY
RFOY
RFO1Y
RFOL
REO1Y
2F 01
RF 01
RFOL
RFO1
RFO1
ReO1
RFO}
RFOY
RFQY

78
79
Aq
81
az
B3y
LT}
AS
&8
87
LE
89
90
91
92
93
%4
9%y
9
97
98
99
f1e0
101
102
103
104
108
106
107
108
108
110
11
112
113
1ta
1t5
116
157
118
119
120
121
122
123
124
12%
126
127
128
129
130
134
132
133
134
13%
138
137
138
139
1u0
Luy
142
143
144
14%
lae
1e7
148
149
1%0
151
152
153
154
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€LT

oon

-0

o

99

ROA2EN ,25%(SNA241,/8042)

C2GAME0,5/R0A2

S2GAMEIQRT (| ,@C2GAMC2RAN)

AKIES2GAM

ItReD

CKB] ,aAK]wdKY

CALL CEL) (AxK),Ak],TER)

CALL CEL2 (tPINi,an),1,0,CK,IFR)

00 8 Nut,NMy

YFOAZ2eYF (NYRYF(N)

C2ThTo0. 2% (YFNA2+] ,/YFOA2)/ROA2
S2THTaSART (Y, =»C2THT#C2THT)

BUTHTR2 ,#82THTA(2THT

IF (N,EQ,1) GO TO ©

AIBASIN(S2THT/S26AM)

T2THT82THT/C2THT

T2GAMBS2GAM/C2GAM

HTAN1 20, S¢AL0G(1,¢32THT/S2GAM) /(1 ,eB02THT/82G4AN))
HTYAN2®O S*ALOG( (1 ,¢T2THT/T2GAMY/ (1 ,eT2THT/T2G4AM))
TANAJOTANCAL)

CALL FLI1 (FAYN1,TANAL,C2GAH)

CALL ELT2 (EAIX], TANAL,C2GAM,1,0,CK)

AMK I ZmAKKIWEAIK]I=EPTIR I #P ALK

COLOININB wROAR*(C2THTAHTAN|CRGAMANTAND) /P]
CCLOIN)BCCLAIN) U, #ROAW(AKKIwBATHT 2, #AK|I#COS(A])*AKKIZ)/PL
60 10 8

CCL&tN) BB, #RDAZ*{eC2GAMNALDG
CONTINUE
CCLot(N1)OO,

tC2GAM) ¢, S*aNK ) #SUTHT)/P]

COMPUTE FORCF 4ND MOMENT CUEFFICIENTS

DYAS(SUA®], ) /XNT
DENUMNE 2, #P1# (30wl Jus2
NENDVREDENNMNAELREF /74

00 200 lei,s

DO 201 N®1,NI
DUMF(N)SANG{TI,NI*CCLY (N)®CLALF /DENOMN
DUMREN)@ANG(T,N)#CCLOIN)*CLALF/DENDNMR
CALL SIMSON(NI,DUMF,DYA,CN(T))

CALL SIMSUNINI,DUMR,DY4,CRM(T))
CN(3)eeCN(3)

CN(UYmeCN(a)

CRM{3)m=CRM(S)

CRM(4)meCRM(Y)

YBAR{BCRN{1)/CN(1)
YBARZeCPHM(2)/CN(2)
YBAR3ECRM(3)/CN(S)

YBARUSCRM(U) /CN(G)
ALFIsCN(1)#RADN2,

ALF2aCN(2)aRAD?2,

ALFSeCN(3)*RAD#2,

ALFURCEN(U) 2RADR2,
wRITE(O,111)ALFU,ALFL,ALF3,ALF2
WRITE(6,11P)YRARY, YRAR] ,YBAR],YBARY
60 T0 1

STOP

FND

SUBROUTINE STHMBON(N,F,DX,SUM)

DIMENSION F(101)

SUMBFE (1) +F (N)

DO 1 1w2,N,2 N
SUMBSLIMed, 0#F ()

MaNe2

REO}
RFO1
RFOY
RF 01
RPOY
RFOY
REOY
REOY
RFO1
RF 01
RF 01
REOY
RFO1
RFO1
RFO1
RFO1
RFO1
RFOY
RFO1
RFOY
RE 01
REO)
RFOY
RFOL
RFO1
RFO1
RFO1
RFOY
RPOY
RFO1
RFO1
RFO1
RFO1
RPOY
RF 01
RPOY
RFO1
RFOL
RFOY
RFOY
RFO1
RFO1
RFO1
RFOL
RFO1
RFO1
RFOY
REOY
RPOY
RFO1
RFO1
RFO1
RPO1
REOY
RFO1
RFO1
RFOY
RFO1
RFO1

RFO2
RFO2
REO2
RFO2
REO2
RF02

155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

173
178
175
176
177
178
179
180
184
182
183
184
188
106
187
168
169
190
191
192
193
194
195
196
197
198
199
200

202
203
208
205
206
207
208

210
21
212
213

CVE -

non

DN 2 1£3,9,2 wFO02

? SUMESUMe2,0aF(]) RFO2
SuMenx+3u4/3, 0 RrO2
RETURM RFO2
END RFO2
SUBROUTINE VEL (YF.YVF,ZVF,41,%2,VE,V2,NVOR,GAM,NT, RZDA) RFOS

. RFO3

SUBROUTINE 1O CALCULATF VELOCITIES ON PANEL RFO3

RFO3
DIMENSION YP(99),2F(99),CCL3(99),CCLO(99),DUMF(99),GAM(10),YVS(10RFO}
1),Zv8(10), YVF(10),2VF(10),%1(99),m2(99),V1(99),V2(99),48(99),AU{99RF0}

2),83(99),6U(99) RFO3
RFO3
Pla3, 1415987 RFO3
00 1 Nmy,NT RFO3
Wi(N)=0,0 RFO3
*#2(NYe0,0 RFO3
Vi(N)m0,0 RFOS
va2iN)at, 0 . RFO3
1 CONTINUE . RFO3
RFOS
DO 2 Nmi,NT RFO3
00 2 mey,NVOR RFOS
RVF2BYVF(MIna2 ¢ ZVF(M)an2 RFO3
ZABBRABB(ZVF(M)) RFO3
GAMMBATANZI(YF(NYoYVF(M)),2aB8) RFO3
GAMMImATANQ(CYF(N)eYVF(M)/RVF2),ZABS/RVF) RFO3
RRESQRT((YF(NIYVF(M))aa2 & 2VE(M)aa2) RFO3
RRIXSQRT((YFIN)SYVF(M)/RVF2) 242 ¢ (IVF(M)/RVF2)442) RFO3

1F (RReRZ04) 10,11,11 RFO
10 DWisGAM{M) #RR* SIN(GAMMY/(RZOASRIOA) = GAM(M}® SIN(GAMMIRFOS
1)/RRY RFO3
GO TD 12 RFO3
11 DWigGAM(M)» SIN(GAMM)/RR o GAM(M)# SIN(GAMMI)/RRY RFO3
RFO3
12 YF(N)seYF(N) RFOS
GiMMg NZ((VF(N)-VV'(H)).IABGJ RFO3
GAMMIGATANZC{YF(N)oYVF(M)/RVF2),TAB8/RVF2} RFO3
RRESQRT((YF(N)eYVF(M))aa2 ¢ ZVF(M)#a2) RFOS
RRIBSGRT(CYFIN)=YVF(M)/RVF2)aa2 ¢ (IVF(MI/RVF2)%22) RFO3

1F (RR~RZO4) 13,14,14 RFO3

13 DW2mGAM(M) #RR* SIN(GAMM)/(RZOASRINA) o GAM(M)® SIN(GAMM]IRFO3
1) /RRY RFOS
G0 10 15 RFO3

14 DW2eGAM(M)a SIN(GAMM)/RR o GAM{M)« SIN(GAMM])/RR] RFO3
RFO3

15 YABSSABS(YVF(M}) RFO3
DELSATAN2C(ZVF(M)eYFIN)),YABS) RFO3
DELISATAN2((ZVF(M)}/RVF2eYF(N)),YABS/RVF2) RPOY
RROSQRT(YVF(M)aa2 o CIVF (M) =YF(N))0a2) RFO3
RRISSGRTC(YVF(MI/RVF2)%22 ¢ (ZVF(M)/RVFQeYF(N))#nD) RFO3

1F (RR=RZIDA) 186,17,17

RFO3
16 DV18GaAM({M)2RRo SIN(DEL)/(RZOA*RZOA) o GaM{M)s SIN(DELE)/RFO3
RFO

1RRY
60 10 18 RFO3
17.DVisGaAmM(M) o SIN(DELI/RR o GAM{M)# SIN(DELT) /RAT RFOS
RFO3
18 YF(N)Ee¥YF (N) RFO3
DELBATAN2(CZVF(M)eYF(N)),YARS) RFO3
DELIBATAN2C(2VF(™)/RVFReYB(N)),YARS/RVFD) RFO3
RRESQRT(YVE(MIan2 & (IVF(M)eYF(N) ) ua2) RFOY

RRISSQRY((YVF(M)/RVF2)wa2 ¢ (ZVF(M)/RVF2eYF(N)Ianp) RFO3
1F (RR«RZUA) 19,20,20 RFO3
19 DV2BGAM(M) aRR SIN(DEL)/(RZDASRIOA) o GAM{M)a SIN(DELL)/RFO}
1RR] RFO3

- o

WO OB IOV E A~

- n ea

T9/.S d1 DMN




LT

OO0 OO NOOO AACOO00AO00O000000ORACOOAINA0RA0HOO0O00

20
21

~

GO TN 21

REOS

Dv2sGAm(M)a STN(NEL)/RK w GAM{M)® SIN{DEL [)/RRY REOQS
RFO3

wi(N)EWL(NY#DMY RF 03
w2 (NYBw2(NYIDWR RFO3
VI(NIRVL(N}+DVY RFOY
VEZINYEV2(r1e0V2 REO3
CONTINUE REO}
RETURN RFOY
END REO3
JUBRROUTINE CELV(RES, AKX, 1EP) RFO4
. . . e . . . . - . R'oﬂ
R R N I I R T
REOG

SUARDUTINE CELI RFOU
RFO4

SURPOSE RF 04
CALCULATE COMPLETE ELLIPTIC INTEGRAL OF FIRST KIND RFOU

RPOU

U8AGE REOU
CALL CELU(RES, 4%, TER) RPOU

RFOU

DESCRIPTION CF PARAMETERS RFO4

€8 & RESULY vialLut RFOU

AK « ®ODULUS CINPUT) RFO4

IER = RESULTANY FRROR CODE WMERE RFO4

1EREO0 ~C ERROR RFO4

18821 4K NOT IN RANGE wi TO #} RFOY

RF 04

RFMARKS RFOG
POR Akset,=] TRE RESULY 15 SEY T0 |,Ed0, RFO4

FOR MODULUS AKX AND COMPLEMENTARY ®OQULUS CX, REO4
EGQUATION AKeAKeCK2CKEl 0 18 USED, RFO4.

Ak MUST BE IN THE RANGE =i TQ ¢ RF 04

RFO4

SUARQUTINES 4ND FUMCTION SURPADGRAMS REDUIRED RFO4
NONE RFOU

RFOU

“E THOD RFO4
DEFINITION RFO4
CELICAK)RINTEGRAL({/SORY((1oTaT)a(1e(CKaT)ue2)), SUMMED REOU

GVER T FROM 0 TO INFINITY), RFOU
EQUIVALENT ARE THE DEFINTTIONS REO4
CELICAX)RINTEGRAL(1/Z(CNS(TISQRY (10 (CR*TAN(T))202)),BUMMED  RFO4

OVER T FROM 0 TO P1/2), RFO4
CELICAN)RINYEGPAL (/8GR {1=(AK*SIN(Y))ea2),JUMMED DVER RFO4

FROM 0 TN P1/2), wHERE XeBGRT(),s(KelX), RF 04
EVALUATICN RFO4
LaNDENS TRANSFORMATION 19 USEM FOR CALCULATION, RFO4
REFERENCE RFOU
R,BULIR3Cr, 'NUMERICAL CALCULATION OF ELLIPYIC INTEGRALS RFO4

AND FLLIPTIC FUNCTIONS!, WANDBOOK SERIES SPECIAL FUNCTIONS, RFO4

NUMERISCHE ™ATHEMATIXK wDL, 7, 1965, PP, T8e90, RF 04

- RFOU
Bieseenetteriatrivesiararatearae creees RFOU
RFO4

RFO4

TFREQ REOU
RF 04

TEST MODULUS REOU
RFOu

GEQmY AR *AX RFOY
IF(GEN)1,2,3 RF 04
1ERm) RFOu
RE TURN RE G4

61
62
L3}
LT
65
(13
67
48

T0

—O DD NN E -

GG L K R R e Ea N K K L X e X e R o W e Y W e e R R R R T R W X W W W Y

[aXaXal

oo

- N

=

o

L

RE QU

SET RESULY vaLlLL a0FL 0w RF QU
REOU

RESEL F30 RFOU
RETURN REQu
GEOBSARY(GF M) LY
AR)ey, REGU
ABRTaART REOU
TESTRaAARI"Y E=y RFOQ
ARISGEO#ART RFO4
REQ4

TFST NF ACCURACY RFO4
LiZ T

TF{AART=GEQ=TEST)b,4,5 RF G4
GECRSQRT{AARTI#GED) RF 04
ARTEQ,5*ART RFO4
GC 1D 4 RFO4
RESKY, 14159265/aR] RFO4
RETURN RPOU
ENO RFOU
SUBROUTINE CEL2(RES,AK,a,B,1FR) RFOS
e .. . . RFOS
Nemssesanassttaeseranssrae sreesecnasetrnirseesersureessnese RFOS
RFOS

SUBRDUTINE tEL2 RFOS
RFOY

PURPOSE RFOS
COMPUTES THE GENERALIZED COMPLETE ELLIPTIC INTEGRAL OF RFOS
SECOND KIND, RFOY

RFOS

RFOS

UBAGE RFO0S
CALL CEL2(RES,An,4,B,JER) RFOYS

RFOS

DESCRIPYICN OF PARAMETERS RFOS
RES * RESULT VALUE REOS

AK « MCDULUS (INPUT) RFOS

A @ CONSTANT TERM IN NUPERATOR RFUS

.} e FACTOR OF QUADRATIC TERM IN NUMERATOR RFOS

1eR e RESULTANT ERROP CODE wMERE RFOS

1ER®2 ND ERROR RPOS

T1EREY 4K NOT IN RANGE =f TC ¢1 RPOS

REOS

REMARKA RFOS
FOR AX & #1,=1 THE RESULY VALULE 13 BET 70 1 E3n IF 8 313 R60Y
POSITIVE, TO «1,F33 1F 8 18 NEGATIVE, RPOS

SPEC AL CASBES 4RF RFOS

K(K) UBTAINED witw 4 m {, 8 » RFOYS

E{x) DBYAINED wlTH 4 2 |, B # (xo(K WHERE [X 1§ NEOS
COMPLEXENTARY MODULUS, RFOS

B(K) DBYAINED #ITH a4 @ 1, B-® 0 RFQS

DE{K) OBYAINED wiTw 4 s 0, A @ RFOS

WHERE %, E, 8, D DEFINE BPFCYal CASES OF TwWE GENERALIZED RFOS
COMPLETE ELLIPTIC INTEGRAL OF SECOND KIND In THE USUAL RFOS
NOTATIOWN, AND THE ARGUMENT K 0OF THESE FUNCTIUNS MEANS RFOS

THE ™"DULUS, RFOS

REOS

SURROUTINES AND FUNCTION SURPROGAAMS REGUIRED REQS
NONE RFOS

REOS

METHOD RFOS
DEFINITION A0S

nea-luvtcHAL((Aoe-v-‘)/(sﬂﬂT((l'Y-v)'llo(CK-Y)-n!))'(l07-7))lros
SUMMED OVER T FROM © TO INFINTITY), (L1]
EvaLuation HFO!

PR E UMM D OB O NE -

17
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L4 1Y - v -~ A
c LANDENS TRANSF{RMATINN TS USEN FPOR CALCULATINN, RFOS 4 [+ INTEGRAL 1F FIRST KIND) RFOs A
c REFERENCE REQS 47 c cn ® COMPLEMENTAKY wiidid ug RFO® 17
c RoBULIRSCH, 'NUMEMICAL CalCULATION OF ELLIPTI( INTEGHALS REOS 4B C RFOL 18
4 AND ECLIPYIC FUMETTIONS!, WaNDHOUK SERIES SPECTAL FUNCTIONS, REOS 49 4 RE~ARKS RFOG 19
4 NUMERISCHE FATHEMATIN VL, 7, 1985, PP, 78-90, RFOS S0 4 MODILUS K 3 SORT(],=Cxex), RFO6 20
¢ L e RFOS St ¢ aF06 21
¢ DR O (1 I T c SURROUTINES AND FUNCTION SUBPROGRA™S REQUIRED RFO0s 22
¢ FOS 5% c NONE RPOs 23
4 . RFO5 Su 4 RFOb 24
1ERmp RF0S &% c METHOD RFOe 2%
c RFOS %S¢ 4 DEFINITION RFOG 26
3 TEST “OpULLS RFOS 87 4 RESEINTEGRAL(1/8GRT((14TaT)e(1e(CKaTI®n2)), SUNNRD RFO6 27
c RFOS SR < NVER T FROM 6 10 1), RFO6 28
GEOm|,=AKeAK RFOS . 89 c EGUIVALENT ARE THE DEF INTTTONS RFO6 29
IFIGEOI1.2,8 . RFOS . &C 4 RESEINTEGRAL (1/(COSIT)4IART(14(CHATAN(T))In22)), BUMNLD RFO6 30
t TERE) RFOS 61 c OVER T $RO™ 0 TN ATAN(X)), RFO® 31
RETURN . RFOS 62 4 RESSINTEGRAL(]/SORT(1e(XaSIN(T)Inn2), SUMMED OVER RFO6 3P
¢ RFO5 &3 € T FROM 0 TO aTaN(X)), RFO6 33
c SEY RESULY VALUE » QVERFLOW RFOS 64 4 EVALUATION RFOS M4
¢ ' RFOS 65 4 LANDEND TRANSFORMATION 18 USED FOR CALCULATION, RFOG 3%
2 1F(B)3,S,4 RFOS 66 4 REFERENCE RFO6  3b
3 RESE={,E30 RFOS 67 [ R, BULIRSCH, NUMERTCAL CALCULATION OF ELLIPTIC INTEGRALS ANDRFO® 37
RETURN . RFOS 68 c ELLIPTIC FUNCTIONS, RF0e 38
4 RESE|,ES0 RFOS 69 ¢ WANDBOOK SERIES OF SPECIAL FUNCTIONS RFQs 19
RETURN RFOS 70 4 NUMERISCHE MATHEMATIXK VOL, 7, 1965, #P, 7890, RFO6 4o
S RESmA . RPOS 71 c A I, . . .. . . RFOe 4y !
RETURM RFOS 72 4 BeseeesetianrsantntentassansasataessrretanenssssennasnsrnnsasrareeRF06 A2 /
¢ RFOS 73 3 RFO6 a3
c COMPUTE INTEGRAL RFOS 74 [ REOb 44
¢ RFOS 78 IP(X)241,2 RFOG 43
6 GEOmSQRT(GEN) RFOS 76 { RESmp, RFO& as
ARIEy, RFOS 77 RETURN RFOS 47
saua . RFOS 78 2 1FCCKYa,3,4 RF06 48 %
ANBAeR AFOS 79 3 RES3ALDG(ASS{X)¢S0RT(] eXaX)) REO6 w9 I
) RFOS 80 6010 13 ) RFO6 %0
7 wEwWeAAsGED RFOS 81 @ ANGLEmABS(1,/X) RFO6 81 =
L wawen RFOS 82 GEORABS(CK) RFOs 82 4
~ AABAN ) RFOS 83 ARI={, RFO6 83
wn AARIAR] RFOS 84 ST RFO6 Sa
ARINGEDeARY RFOS 8% S BAGEORARI#GED RFO6 8§ N
ANEW/ART ¢ AN RFOS 86 AARImAR] RFO6 86
¢ RFOS 87 ARTBGEOCAR] RFOs 57
c TEST NF ACCURACY RFO5 88 ANGLES=SOGEQ/ANGLE+ANGLE RFO6 58
c RFOS 89 . BQGEOSSGRY(SGGED) RFO6 %9
1P (AARIwGEO=] ,E~Us4ART)9,9,8 RFOS 90 1F(ANGLE)T, 8,7 RFOe 60
8 GEOESNRY(GED#*AART) RFOS 91 ¢ REPLACE 0 BY SMall VALUE RFOs o)
GEONGEO+GED RFOS 92 6 ANGLE=BOGEO#] Ev8 RFO6 62
60 10 7 RFOS 93 T TESTsAaHIet Fug RFO6 63
9 RESH,TAS39816*AN/AR] RFOS 94 TP CABS(AARIwGED)STEST)10,10,8 RFOs 64
RETURN - RFOS 95 8 GEON3QGEU+SOGED . REO6 6%
EnD RFOS 96 PIMEPTHeP M REO6 o6
IFCANGLEYD,S,S RFOG &7
9 PIMEPIMeY, 1415927 RFOL - o8
6010 s RFO6 &9
10 TP CANGLEN LS ,12,12 REOb 70
11 PIMEPIMed, 1015927 LLITER T
12 RESEH(ATAN(ARI/ZANGLE)*PINM)/AR] RFO6 T2
13 1P (X)18,15,18 . REOG 73
14 RESEeRES RFOG Ta
18 RETURN [JITRRL}
(L1 RFOG Te
SUBRNUTINE ELT{(RES,X,CK) RFO6 |
4 . LI . . . - . RF 06 2
g cesessensssuanenannes L 3
[
4 SUBROUTINE EL1Y RFOS &
4 RFO6 &
4 PURPOSE RFOS 7
c COMPUTES THE ELLIPTIC INTEGRAL OF FIRSY KIND RFOS 8
4 REO6 9
4 USAGE RFO6 10
4 CALL ELINC(RES, x,CK) RFO6 11
c RFOS 12
13 DESCRIPTION OF PARAMETERS RFO® 13
t RES  « REBULT VALUE RFO6 14
4 X * UPPER INTEGRATION ROUND (ARGUMENT OF ELLIPTIC RFO6 15
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SUBRDUYINE ELT2(R, X, Cn, a,H)

REOT

RFO7
B 1224
HEOT

SURRDUTINE ELTZ REQT
REDT

PUKPNSE HF 07
COMPUTES Thrf GENFRALIZED ELLIRTIC INTEGRAL NF SECHND KItND RFO?

RFO7

\'SAGE REOT
CALL ELIR2(R,X,CK,A,R) RFO?

REO?

CESCRIPYINN UFf PARAMETERS RFO7

R ® RESULY vAlUE RFEOT

x « UPPER TANTEGRATYON ROUND (ARGUMENT OF ELLIPTIC RFOT
INTFGRAL DF SECOND KIND) RFOT

4 *« COPLEMENTARY MODULUS RFOT

A = CONSTANT TERM IN NUMFRATQOR RFOT

8 ® DUADRAYIL TER™ IN NUMERAYDR RFOT

RFO7

REMARNS RFOT
MODULUS K & SQRT(1,=CkeCk), RFO7
SPECTAL CASES NF THE GENFRALIZED ELLIPTIC INTEGRAL OF RFO7
SECOND KIND ARE RFOT
PLATAN(X),K) ORYAINED wiTH asy,, B8], aror
E(ATANIX),X) ORTAINED wlTK Am BuCKeCK, RFOT
B(ATAN(X),K) OBTAINED wlth Asy,, Bso, RFO7
D(ATAN(K),X) OBTAINED wlTN amg,, Bat, RKD?

RFO?

SURRNUTINES AND FUNCTION SURPROGRAMS REQUIRED RFOT
NONE RFO?

RFO?

METHOD RFQY
OFEFINITION RFO7
ROINTEGRAL((AOBeTaT)/(SART((14TeT)a (1o (CK2T)2a@))a(]14T4Y)), RFO?
SUMMED QVER T FRGM 0 TQ X)), RFOD?

EQUIVALENT I8 TWE DEFINITION RFO?
RUINTEGRAL({Ae(@ma)n(SIN(T))en2)/SORT (Im(Ka8INLT))an2), RFOY
SUMMED NVER T FROM 0 TO ATAN(X)), RFOY

EVALUATION RFOY
LANDENS TRANSFNRMATION 18 LSED FCOR CALCULATION, RFO?
REFERENCE RFOT

R, AULIRSCH, NUMERICAL CALCULATION OF ELLIPTIC INTEGRALS ANDRFOY
ELLIPTIC PUNCTIONS RFOT?

HANDBOOK SERTES QF SPECIAL FUNCTIUNS Liddd

NUMERISCHE MATHEMATIX yOL, T, 1965, PP, T8eq0, REQT

- * . - . « » - . . B . . i'OT

o Seeenseatattataseanatcrerretsensteetenracterarranaresrners RFOT?
RFOY

TEST ARGUMENT RFOT
1F(x)12,1,2 RFO?
Re0, RFO?
RETURN RFO?
TEsY “0ONULUS RFO?
cao, REOT
Du0,% RFO?
1FLCK)T, 8,7 RFOT
RESURT({,oXuX) RFOTY
RetAaR)aABS(X)/ReANAL DG (ARS(X)I+R) RFOT
TESYT SIGN OF ARGUMENY RFO?
RoReCa(awB)y RFOTY
16FLX)%, 640 RFO?
Rzwi RFOT
RETURN RFGY
INTYIALIZATION RFOT
ANG(ReAYH0, Y RFO?
Admi REOT
R=p REG?
ANGBARS(Y,/X) RFOTY
Pimag, RFO?
13100 RFO7Y
ARy, RFQY
GEOBARS(CX) REOT
LANDEN TRANSFORMATION RFQ7Y
RBAASGEDeR - AF0?
SGECMART #GEY REOT
AhWaN RFOT

OB NN E W -

B

12

14
15

AMKTzaR]

ARYIWMETI( Mpan
ARI=GHDsaR]

SiM NF 31he vaLut s
ANEB(F/aRYea2Ynp 9
AANGRARS(ANG)
ANGE®SGEN/ANG ¢ ANG
PIvAsPT™
TF{ANGYIP, 9,11
ANGE®Y E=BasANG
PluaPImMsl, 10159727
13Ta181+}
AANGEARI2ART s aANGAANG
PaN/SQRY(AANG)
IF(I8T=u)1Y,12,12
1818151 mu
TFEIST1e2Y15,14,18
PaeP
Coler
DuDW(AARI=GEQ) w0, ,5/4R]
IF(ABS(AARI=GEC)w) FaundaRIIIT, 17418
SGFUSSORT (SGED)

GENMETRIC MFaN
GFOu3GEQ+SGED
PIMEPImM4PInA
18181814187
GOT0 8

ACCURACY wiS SUFFICIENT
RB(ATANCART/ANG) ¢PIM)RAN/AR]
CoCoDaaANG/AANG
GO0 a
IND

wE07
REQT
REOQ7
REOT
RFO?
”REOT
RFO7
REOTY
RFOTY
REOTY
RF 07
RFOT
REOT
RFO?
RFQT
REOT
RFOT
REOT
RF07
RIOT
RFO7Y
REOT?
RIOT
RFO7
ArFoO?
REO7
aFo7
RFO?
RFOY
RFQ7
LI}
[ 113

i07
108
109
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Item No. 1l: Format (20A4), any alphabetic or numeric information,
(1 card)
Column Number 1 ~ 80
4 i 4 i t t
Program Variable HEAD
4 4 } } { 4
Data
Item No. 2: Format (2I5, 7F1l0.0)
(1 card)
Column Number 5 10 20 30 40 50
Program Variable NI NVOR S PHI RZOA
Data
FIG. C-1l(a). Input Formats for REVFLO Computer Program,

19/G dI DMN




Item No. 3: Format (3F10,0)

(NVOR cards)

Column Number
Program Variable

Data

Column Number

6LT

Program Variable

Data

(1)

10 20 30 Z
GAM(1) YvVs (1) ZVS (1) g
(NVOR)
10 20 30 (}
GAM (NVOR) |YVS (NVOR) ZVS (NVOR) _<
FIG, C-1(b). Concluded.
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SAMPLE CASE FNOR REVFLOD

21 7 . 375
., 6619 - AU21
L1368 1,157
5377 1,621
W14 1.122
193 3,492
., 169 .8387
-, 186 ., 8249
FIG. C-2.

1,744
f.586
1,009
2,898
8.921
8,921
2,182
LY

0,

REVFLO Input for Sample Case.

0,

T9/.S 41 IMN
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CRM4

CN2

CRM2

CN3

CRM3 \\

FIG. C-3. Geometry and Coordinate System Conventions.
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CALCULATION OF ROLLING MOMENTS INDUCED ON A CRUCIFNRM wINGeBODY

COMRINATION BY UPSTREAMWGENFRATED RODY O CAMARD VURTICES

SAMPLE CABE FOR REVFLO

RODY RADIUS FIN SPAN eNRE RAPIUS "BANK ANGLE NI
o 3750E¢00 R FTTXY B 0. 0, 21

VORTEX DATA

GAM/2#PlRARVINF YV/A IV/A
., 66396400 v, 8421E+00 L25B6E+01
J1368E+00 « 11578401 «1009E+01
«S377E400 1621E+01 «2B9BE+01
JJ410E+00 «1122E¢01 JB8921E+01
,1930E+00 «3U92E+01 JB8921E+01
e, 1690E+00 B838TE+00 W 2182E+01
e, 1860E+00 * B8249E+00 o TUBRE+O1
: “FIN | ' FIN 2 FIN 3
VORTEX INDUCED EQUIVALENT
ANGLE OF ATTACK, DEGREES + S14dE+O1 v, 6839E+0} W216UE+01
CENTER OF PRESSURF FOR
VORTEX INDUCED LOADS ®,b413E+00 WU403E+Q0 eD116E+00

FIG. C-4. REVFLO Output for Sample Case.

FIN 4

'.2210[#01

2053E+00

T9LS dI OMN
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Appendix D

VCHASE, A COMPUTER PROGRAM FOR CALCULATING
THE TRAJECTORIES OF CANARD AND
AFTERBODY VORTICES

INTRODUCTION

The purpose of the program hamed VCHASE is to calculate the trajec-
tories of canard and afterbody vortices as they pass from the canard
trailing edge to the tail., Slender-body theory is used for the vortex
tracking as discussed in section 9.4 of Ref. D-1. The crossflow drag
approach together with the vortex impulse theorem is used to model the
growth of the afterbody vortices as'discussed in Ref. D-2., The method has
been simplified somewhat by allowing the use of the calculated crossflow
velocity vector at the initial axial station to obtain the initial

positions., This procedure is discussed in the main text on page 21.

The program is written in the FORTRAN IV language (026 punch) and has
been run on the CDC 6600 machine belonging to Boeing Computer Services.
The differential equation solver, HPCG, was taken from Ref. D-3.

DESCRIPTION OF INPUT

In the following discussion, the content of all input cards is
specified., The input formats for all cards are shown in Fig, D-l. All E
the input variables are listed at the end of this section in the order of
appearance in the input deck, Input cases may be stacked. The input for

a sample case is given in Fig, D-2,

Item 1

The first card serves as an identifier and may contain any alpha-

numeric information desired.

Item 2

The second card contains control information. NVOR, NXOUT and NCDC
tell the machine how many entries there will be in the vortex, printout,
and crossflow drag coefficient tables. If NCDC is less than two, all
vortices will be treated as free; that is, their strengths will be held
constant and the drag coefficient table will not be read in. NBODL and
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NBODR are used to control the input for the initial positions of the after-
body vortices if they are present. If NCDC is less than two or if the user
wishes to input the initial positions, set NBODL and NBCDR equal to a value
other than one. If the user wishes the program to calculate the initial

positions of the afterbody vortices, set NBODI, and NBODR equal to one,

ITtem 3

This card contains the initial values of the nondimensional vortex
strengths, P/Zvvma. vortices numbered 1 and 2 must be the left and right
afterbody vortices, respectively,if present. Normally, the afterbody
vortices will have zero initial strengths unless the program is being

restarted for some reason.

Ttem 4

This set of cards contains the initial positions of the vortices non-
dimensionalized by the body radius. The first NVOR entries are the yv/a
values and the second NVOR entries are the zv/a values. If NBODL is
equal to one, the first and NVOR+1l entries will be replaced by the program.
Similarly, if NBODR is equal to one, the second and NVOR+2 entries will be

replaced by the program. The program uses unrolled body coordinates.

Item 5

This card contains information required for the integration package.
XBEG and XEND are the initial and final axial coordinates between which
the integration is to take place. Experience on the CDC 6600 indicates
that XEND should be a small increment larger than the final position in
the output table. The increment must be less than DX. DX is the initial
integration interval used by HPCG which uses a predictor-corrector scheme
with a Runge-Ku:tta starting procedure. DX can be halved up to ten times
to satisfy the accuracy interim ERR which is the maximum fractional change
in vortex positions allowed between intervals. XMACH is the free-stream

Mach number and ALPHA is the included angle of attack.

If two vortices of like sign get too close together, the program can
be asked to combine them at their centroid based on their strengths.
RZERO, which is the minimum allowable distance between vortices of like
sign divided by the body radius, is used to control this option. RVOA is
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the radius at which the afterbody vortices are to be placed initially
divided by the body radius if NBODL and/or NBODR are equal to one. RVOA
is ignored if NBODL and/or NBODR are not equal to one.

Item 6

This group of cards contains NXOUT entries in ascending value. The
entries are the axial coordinates at which printout is desired nondimen-

sionalized by the body radius.

Item 7

This optional group of cards contains NCDC éntries (if NCDC is at
least two) which are the abscissas, M., of the crossflow drag coefficient

table. The entries must be in ascending order.

Item 8

This optional group of cards contains NCDC entries (if NCDC is at
least two) which are the ordinates corresponding to the abscissae values

input as Item 7.

PROGRAM ALGEBRAIC SYMBOL ;
VARIABLE _(IF APPLICABLE) COMMENTS
Item 1 Any alphanumeric information used for é
identification of the calculation.
Item 2
NVOR Number of vortices present, 2 < NVOR £ 10.
NXOUT Number of axial stations at which print-
out is desired.
NCDC Number of entries in the crossflow drag
coefficient table., If NCDC < 1, the
table is not input and the vortex
strengths all remain constant.
NBODL control value. If NBODL =1, the program !
will calculate the initial position of
the left body vortex,
NBODR Control value. If NBODR=1, the program
will calculate the initial position of
the right afterbody vortex.
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PROGRAM

VARIABLE

Item 3

GAM(1I)

Item 4

YOLD(I)

Item 5

XBEG

XEND

DX

ERR

XMACH

ALPHA

RZERO

RVOA

Item 6

XOUT (I)

NWC TP 5761

ALGEBRAIC SYMBOL

(IF APPLICABLE) COMMENTS

5—5—5 Initial strengths of the vortices,
Voo 1 < 1 < NVOR.

Yy . L ‘ .

- »1 < I < NVOR Initial positions of the vortices in

unrolled body coordinates.

2y

— »NVOR + 1 < I The first NVOR entries are the vy /a
. y values and the next NVOR entries are
< 2(NVOR) )
- the z,/a entries.

Axial coordinate at which integration is
to begin, nondimensionalized by the body
radius., '

Axial coordinate at which integration is
to end, nondimensionalized by the body
radius.

Initial integration interval used by
HPCG. Try 0.1 to start with,

Accuracy criterion used by HPCG. Try
0.001 to start with.

M, Free-stream Mach number, Ignored if
Ncpe < 1,
a Included angle of attack, degrees.
To
= Minimum distance for separation of
' vortices with like signs, nondimen-
sionalized by the body radius.
Ty
ry Radius at which afterbody vortices are

‘positioned initially, nondimensionalized
by the body radius. Ignored if NBODL
and/or NBODR # 1.

Axial coordinates in ascending value at
which printout is desired, nondimen-
sionalized by the body radius.

1 { I < NXOUT. XOUT (1) must be greater
than XBEG.

186




NWC TP 5761

PROGRAM ALGEBRAIC SYMBOL

VARIABLE (IF APPLICABLE) COMMENTS

Item 7 Optional vector of crossflow Mach nurnbers
used in drag coefficient table, Not
input if NCDC < 1.

XMC (I) MC Crossflow Mach number for which crossflow
drag coefficient is given, in ascending
value. 1 < I £ NCDC.

Item 8 Optional vector of crossflow drag coeffi-

' cient corresponding to XMC(I). Not
input if NCDC < 1.
CDC (1) cq Crossflow drag coefficient corresponding

¢ ( to xXMC(I). 1 < 1 < NCDC.

DESCRIPTION OF OUTPUT

The output for each run begins with a standard heading followed by the
DX, ERR, RZERO and
RVOA are output on the next line. Then follows the crossflow drag coeffi-

title card of Item 1. The input quantities Ao My,
cient table if NCDC > 2. Next, the program prints out vortex and flow-field
information for each axial station including XBEG for which printout was
specified. From left to right the output reads: (1) X/A, the axial station
nondimensionalized by the body radius; I, the identification number of the
vortices; GAMMA (I), the nondimensional strength of the vortices at X/A;
Y(I)/A, the nondimensional y—-coordinate of the vortices; Z(I)/A, the non-
dimensional z-coordinate of the vortices; CDC, the crossflow drag coeffi-
cient used at X/A; FLOANG and THETA,

FLOANG and THETA are obtained as follows. The upwash and sidewash
at the body axis due to the external vortices are calculated. The quantity
sin Q. is added to the upwash to account for the flow of the free stream
around the cylinder. FLOANG is the arc sine in degrees of the magnitude
of the crossflow velocity vector (divided by V) and THETA is the polar
angle in degrees of the vector measured from the positive y-axis counter-

clockwise. The output for a sample case is given in Fig. D-3.

PROGRAM LISTING

The VCHASE program consists of a main program and four subroutines.
One of the routines was taken from the IBM Scientific Subroutine Package

(Ref. D-3). Each source deck is identified in columns 73 through 80 by
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a four-character identification and a three-digit number sequencing the
cards within that deck. The program listing is given on the following
pages. The table below will act as a table of contents for the listing.

PROGRAM ~ IDENTIFICATION PAGE NO.
VCHASE vCol 189
ouTp vco2 189
DERIV vCco3 190
INTERP veod 191
HPCG | vCcOo5 191
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no

oo

PROGRAM VCHASE (INPUT,OUTPITY, TAPESSINPYUT, TAPEGIMUTRIIT) veny
veoy
veoy

PRUGRA® TN CHASE CANARD AMD ROCY VURTICES FROM TRAILING FDGE OF veoy
CANARDS TU LEADING EDGE NF Tall, AFTERRUNY I8 ASSUMEN TO HE vLoy
CYLINDRICAL wITH CUNSTANY RADIUS, PROGHAM USES UNROLLED BODY COORDIvVCOY
NATES, METHOD 18 DESCRISBED I[N NEak TR 79, veot
veot

WRITYEN BY M HEMSCH, NEAR,INC, FOR NWC === OCT 8§, 1974, veol
veoy

veoly

DIMENSION MEAD(20),Y(20),0FRY(Q0),PRMY(S),AUX(16,20) veol

COMMDN XQUT(100)/NOUT,CY,C2,64M(10),%0LD,YOLD(20),NVOR,NVOR2 veol

COMMON CDC(20).XMC(20) ,XMACH,NCDC,RIERD2 veol

ExTernal OUTP,DERTV veoy
veoy
veoy

1 FORMAT(2044) veol
2 FORMAY(BF10,5) veol
3 FORMAT(8110) veol
4 FORMAT(QIMNIVORTEX CHASING PROGRAM,///) veol
S FORMAT({MO, 9K, 3NX/7d, 4Ky LRT o 7R, ARGAMMA(T) 0N, 6RY (1) /4,9%,6M2(1) /4, VLOL
112X, SHEDC s 9%, 6HFLOANG, 10X, SHTHETA, //) veot

6 FORMAT(EYS,t, 15,4E15,04,2F15,2) veoy
7 PORMAT(13X, 15,3E15,4) veol
8 FORMAT(SSHIPRCGRAM TERMINATED AY WPCG, INMLF #,1%) veo!
9 FORMAT(1IH0,32X, 16HINPUT PARAMETERS) veot
10 FORMAT(I® ,2044) veot
11 FORMAY(LHO, THALPHA =,F6,2,2X,6HMACH 3,P6,3,2X,UHDX u,E9,%,2X,SHERRVCOL
1 S, 89,3,2X, THRLERG 8,F6,2,2X,6NRV/4 =,F6,2) veol
12 FORMAT(1HO, USHINPUT TABLF OF CROSSeFLOW DRAG COEFFICIENTS,//,18%,vC01
12HMC, 13X, 3HEDC, / /) veol
13 FORMATIEZ20,4,E16,4) veol
veotl

veol

100 READ (5,1)NFAD veol
IF(EDF(5)}999,101 veol
101 READCS, SINVOR,NXOUT,NCDC,NBODL , NBODR veo!

READ(S,2)(GAM(1),181,NVOR) veol

NVOR2u24NVOR veol

READ(S,2)(YULD(I),181,NVOR2)} veot

READ(S12)XBEG) XEND, DX, ERR, XMACH , 4LPH4,RZERD, RVCA veol

RIEROZBRIERNARTERN veol

READ(S,2)(XOUTC(1) 181, NXOUT) veol

1F(NnenCc LE,1)60 TO 200 veol

RFAD(S,2Y(xC (), [u1,NCOC) veol

READ(S,2)(CDE(I),1u1,NCDC) veol

200 WRITE(b,4) veol
WRITE(6,10)HEAD veol
WRITE(6,9) veot
WRITE(b,11)ALPHA,XMACH, DX ,ERR,RZFRO,RVDA veol
1Fi{nEDCLLE,1)G0 TO 201 veol
WRITE(b,12) vcoy
Df) 102 lwi,nCDC veot

102 WRITE(6,13)3xMC(1),COCCI) veol

201 ALPHABALPHA/ST, 29578 veolL
ClagIN(ALPNA)Y veol
€29,1591549 vcot
NOUTaE| veot

103 wRITE(S,S) veot
PRMY (1) uXBEG veol
PRMT{2)uXEND veoy
PRMT(3)8DX veoy
PRMT(u)BERR veoy
PRMT ()80, vcoy
UPWASHIC] veot
81vwasHa0, veol
IF(NVOR,LE, 2)G0 TO 106 veol
18TaARTE} ' vCeoy

CIF(NCNC LE,1)18TARTRY vgot

OU 104 IBISTART,NVOR . veol

CNEFFRGAM(I)/(YULOCT)IaYOLOCT) +YOLD(I+NVORI*YOLD(T+NVORY) vecol

UPWAGHIUPWASHaYOLD(])»CQEFF veol

106 SIWASHEBINASH4YOLDI{J+NVORI*COEFP veol

106 VCFuSORT(UPRASHEUPRASH+SIWASHABINASKH)Y veoy
XMBXMACHEVCF veot
FLOANGRARS(ASINI(VCF))n87,29578 veoy

COBUG U E -

10

10

oo

10

aon

oo

oo

v

=

THETABATAN2 (UPRASH, 5InaSH)

TF (NRNDIL,NFL1)60 TO (a7

YOLD (1) wRVNA*COS(THETAS,BT72065)

VULD(1oNvUn)-Rv0A-31~(YN(Ylo,u?bei)
T IF(MBOPR,NE ,1)GO TU §GR
YOLN(2)aRVNAMCOS(TRETA,872665)
'ULD(ZONVUQ)IRVDItSIN(YH!Tl-.aTZObS)
TRETARTHRETAMKY 20574
IF(NCDCLLE, 1)60 To 202
JSavap
2 g::L INTERP(NCDC,0¢XMC,COCsDM, XM, XCOC,0,,J8AV)

'RITf(bcb)lN[G-!;Gl”(l)aVOLD(l1:VOLD(I'NV0").lCDC.‘LDANGuT”!T‘

DO 105 Ia2,NVOR
NFITE(OIT)I.GIN(X),VﬂLB(I):VﬂLD(IONVOR)

XOLDWXBEG
*GTSEy,/NVOR2

DO 110 I=1,NVOR2
Y(I)=sYOLO(T)
DERY(I)awGTy

CALL WPCG(PRMT,Y,DERY,NVOR2, [HLF v,0UTR

TF CIMUR L GE, 0)KRITE Cop 83 faLp o " OEnt v OUTR AUX)
XBEGAXOLD

1F (PRNT(5),EG,1,960 10 103

60 10 100

999 CONTINUE

nooNnN

LY

LYy

PROGRAM CALEULATES
INTERPOLATION aND Uy

END

SUBROUTINE QUTR(X,Y,DERY, THLF ,NDIM,PRMT)

OIMENSION Y(1),DERY(1),PRHT(1)

COMHON IDUT(l00),NOUT,CI.CZ,GAN(10),XOLD.VULD(ZO),NVD“;NVOFZ

COMMON EDC(20),XMCC20) ,XMACM,NEDC,RZERQR

6 FORMAT(//,613,4, 15,481%,4,2015,2)
7 FORMAT( 13X, !s.lEls.u; )

SOLUTION AT REQUIRED OUTPUT POINTS BY LINEAR
PDATES THE BODY VORYEX STRENGTHS,

veoy
veoy
veo1
veoly
veoy
veoy
veol
veo1
veol
vLoy
veoy
veot
veoy
veoy
veoy
vCol
veoy
vCo1
veoy
veoy
veoy
veol
veoy
veoy
veol
veod
veol
veoy
veot
veoy
vCol
vCoy
veol
veoy
vCol

veo2
vgo2
veo2
vioz2
vCeo2
vCoe
vio2
veoa
veoz
veo2
vCo2
veoz
vCo2

vQoe
8 FORMAT({HO,6HVORTEX,T2,11H AND VORTEX,12,25H WAVE BEEN COMBINED ITVEOQ
veoe

1 X8,F10,5,//384 THE OLD STRENGTHS AND POSITIONS ARE e,//)

9 FORMAT(IM ,bHVDPTEl.l!;lOluMNGA"l,FlO.SpSIpZHVlrFlO.S:Sl;lﬁllpflﬂ.Vgoz

15)
0 FORMAT({HO,59HTHE COMBINED VORTEX WS THE FOLLOWING STRENGTH AN
D PVCO
1081TION,//,5H GAMB,F10,5,5X,2HY®,F106,5,5%,2HZ8,F10,5,//) cos

DELTAXNXeXOLD

IF(DELTAX,LE,0,) RETURN

XXBXOUT (NOYT)

IFOX,LT,XX)G0 TO 100

Iug

XRATID® (XXeXPLO)/(XeXOLD)
YARYOLD(1)e(Y(1)ayOLD(1))eXRATIO
YERYOLD(14NVORI#(Y(14NVORI#YOLN(t+NVORY I aXRATIO

veoe

veoz2
veo2
veoa
veoa2
veoz?
veoa
vcoa
vCor
vCor
vCoa
vcoa

O OBAO R E vy
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o
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oo

L ¥aXaXaXal

50

100

120
121

FLOANGBARS(ASINM(VOF))aST,29578
THETASATAND (1IFwaSH, STwaSH) 28T 29578
WRITE(6,6)Xx, 1 ,GAMUL), YA, YR, XCNC,FLOANG, THETA

D0 S0 T=a,NvOR

VARYOLD{1) ¢ (Y(])eYD{D(T1))2XRATID
YBRYOLD(TeNVORYIC (YL eNVOR)wYDLN(T+NVGR)J6XRATIO
RRITE(6,7)1,G6AM(1) YA, YR

NOUTaNDUT e
xOLDEeY

UPwigHeC]

SIwagrmo,

IF{NVOR,LE,2)GD TO 12}

18T4RTEY

IF(NCDC,LE,1)18TARTa}
o0 12n. 1818TART,NVOR
COEFFRGAMUT)/Z(Y LIV RY (I oY (T4NVOR)Y2Y(TeNVGRY )
UPWASHSIPNASHeY (1) 4COEFF
SIwAGHBBIwASHeY(T¢NVOR) COEFF
VCFESNRTIUPAASHOUPWASHeSINASHASTwASN)

JIFENCDC,LE, 136D TD 130

XMBXMACHAVEF

Jeave2

CALL INTERP{NCOC N, xMC,COC DM, XM, XCOC,0,,J84Y)
TEMPRC2eXCOC*DELTAX «vCF

Yisy(y)

Y2y (2)

ZisY{1eNVORY

I28Y{2eNVOR)

YOLDS=YQLD(1)

YOLC@eYOLD(2)

IOLO1aYOLD(t ¢NVDR)

TOLN2aYOLD(2eNVOR)

CONSTx) wl,/(Y1aY 07)0]])

YimY1«CONST

T1aZ1«CONST

CONSTa|,w],/{Y20Y2¢72472)

Y28Y24CUNST

I2mZ2«CONST

CONSTa1, @], /(YOLD] aYOLDI+2OLDL*Z0LDY)
YOLD{aYOLD ] «CONST

0LN1eZOLDYwCONST

CONSTa) @], /(YOLD2eYOLD2420LD2+20L02)
YOLC2aYOLD2«CONST

I0LC2aINLD2ACONST

PHSZaTEMPaSTWASH

RHIYSTEMPRUPWASN

AYs,S5«(Y1+v0LD}))

AZse,5%(Z1¢20L01)

BYu,Se{Y2¢YOLD2)

Blwe,5a(Z22¢20L02)

COEFFs! ,/(BZnAveAYeaZ)

GAM{ | JNGAM{{)sCOEFFa(AZeRHSYeBYIRHIZ)
GAM(2)8GAM(2)eCOFFFa{AYeRHSZaAZeRHEY)

DETERMINE IF VORTICES SunULD BE COMRINED

130

NVOR{aNVORe],

00 12 Tat,NvDR)

JATARTE] 1

DD 12 JaJSTART,NVDR
DELYRY(J)wY(])
DELZaY(JeMVUR) ¥ (1eNVDR)
RVORT2WNELYDELY«DF| 7#DELY
IF(RVORT2,LE RIERC2,AND ,GAM{TY/GAM{J) ,G6E,0,)G0 TO 11
CONTINUF

60 TD 105

WRITE(b,B)T,J00X
WRITEL6,9)1,GAMCT),¥C1),Y(1enNVOR)
WRITE(6,9)J,6A (), v{J),Y(JeNVOR)

veoe
veoe
veoe
veae?
veez
veoa
vioe
veee
veoe
vecoe
vioe
veoe
veoe
vgoz2
veoz
vcoz
vco2
veoe2
veoz
veoa2
vecoe

veoz

veoe
veo2
vgeoe
vcee
veoa2

cveo2

veoe
vioz2
veoe
veoe

veo2

veoz
veoe
veoe
veoz
vgo?
veoe
veoz
veoz
vcoa
veoz
vcoz2
veoe
veoe
veoe
vcoe
veoz

veoz -

veoe
veoe
¥CoR2
veoe
veoe
veoz
veoe
veoee
veoe
veoe
veoe
veoe
veoe
veor
veoe
vco2
veoe
veoz2
V(o2
veoea
veoe
veae
veo2
vgo2
veo2
veoa
vcoe

onan

C RETURN TO MAIN PROGRAM AND RESTART AY PRESENT VALUE O x
¢

c
c

FATIOZARS(GAMII) )/ (ARS(CAMETYI¢ARS(LAMEJY))
¥(1)ayY([)¢DE| YaRATIO

Y(TeMyDORIBY(J4NVNIR) «DELZaRATIN
GAM{T)ISGAM{])+GAM(J)
WRITE(6,10)GAMIT),Y (1), Y{LleNv(:R)

SCALE DUwy aRRAY SIZE TO E{ [MINATE INGESTEN VORTEX

JENDRJw)
DO 20 Isi,JEND
ynLo(rlevery

20 YOLD(J+NVURm1)mY[I+NVIR)
NVOREANVIR=1
NVUR252eNVOR
NG 22 IwJ,NVYNR
GAM(T)eGAM(Tet])
YOLD(TYmY(TeY)

22 YOLD(TeNVOR}SYOLD(T+NVORS2)
PRMT(S)m],

RETURN
105 DO 110 Iml,NvVOR2
110 voLo(1)mY (D)
RETURN
END

SUBROUTINE DERIV(X,v,DERY)

veoa
veoz
veoe
veore
veoe
veoe
veoe
vioe
veoe
veoe
veo?
veoe
veoe
veo2
veoe
veoe
veoe
veo2
veo?2
veoe
vioe
veoe
vecoz
veoe
veoe
veoe
veoe
¥Loe

vCol
vCol
vCo3

C PROGRAM [LCULATES THE DERIVATIVES NEEDED FCUR THE DIFFERENTIAL EQUATIONVCO3

C SOLVER WPCG,

C FOR CRUCIFORM=WINGED MISSILESE »ew NEAR,INC, TR 61,

c
c

oo

oo

2]

[a%at

COmMMON XOUT(100),NOUT,C),C2,GAM(10),X0L0,YOLD(20),NVDR,NVOR2

COMMON €BC(20),XMC(20) ,XMACK,NCDC,RZERD2
DIMENSION Y(1),DERY (1}
COMPLEX S{103},TEMP,8J,8CONJ(10Y,8JD

DO 10 lai,NVOH
S(I)sCMRLX(Y(]),Y(I+NVCRY)
10 SCONS(TINL,/CONJGISCIY)

00 26 Jsl,AVOR

8Ja8{J)

§JDmy, /8J
TEMPRCI2(1,43JD4SJN)eGAM(J)o(w],/(3J»9CONJ(S))Y

00 15 X=m1,NVDR

1F (X ,EG,J)G0 1O 1%

TEMPRTEMPGAM(NI# (S /(§J=8(") )}, /(8J=3CNNJ(X)))
1S cONTINUE

DERY(J)IZAIMAG(TEMP)
20 DERV(JenVOR)mREAL (TEHP)

RETURN
END

SEF EQUATION {42) OF %A 8TUTY OF INDUCED ROLLING MOMENTSVCOS

veos
vycos
veosl
veoy
veold
vEos
veos
veold
veosd
veold
veol
veo3
vCos
veol

veos

veo3l
veos
veos
veos
veos
veos
¥(ol
veol
vCol
v¥Co3
veol

€03
veol
veol
vEol

118
109
110
1
112
113
114
118
118
117
118
119
120
124
122
123
t2¢
128
126
127
128
129
130
13
13e
133
t3a
i35
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o oacnaon

oo

a0 oon

o0 0ooo

L2 X213

-

2

21

22

23

T 2u

40
(L]
a1
43

S0

100
60
[3)

SUBRONTINE INTERP (1 )AS,X,F ,NF, 4G, vaL Lk, SLLPE,J8aV)

LINEAR INTERPOLATION SUBROUTINF witw OPTINN FUR LINEAR

INTERPOLATION FOR SLOPE

DIMENSION STATFMENT

DIMENSIDN X(1),F(1),DF(1)

1F(Ne1)1s10,20

NO ENTRIES IN TaBLE, SEY VALUE YO ZERD,

VALUESO,0
SLOPEE0,0
RETURN

ONE ENTRY, USE TKIS VALUE,

VALUBEF (1)
SLOPFu0,0
RETURN

CHECK FOR ARG REING LESS THaN X(1)
IF (ARGwY(11)21,21,22
BET VALUE FQUAL TD FIRST ENTRY,

VALUESF (1)
SLOPERO, O
RETURN

CHECK FOR ARG BEING GREATER THAN X(N)
IFCARGeX(N) )24, 23,23
SET VALUE EQUAL TOD LAST ENTRY

VALUERF (N)
SLOPEmO,0
RETURN

Tw0 NR MORE ENTRIES IN TABLE ,INTERPOLATE LINEARLY,

CONTINUE

JeJSAvel

JuJ+q
IFCARGeX(J)50,48,42
VALUESF(J)
SLOPEsDF (J)

RE TURN

VALUFaf, ¢

JSaveJei

MLsJey

VALUESF (ML) CARGmX (ML) )2 (F L) )oF (ML) /(XCJ)X(ML))

COMPUTE SLOPE BY LINEAR INTERPOLATION IF DESIRED

IF(NS) 61,61,60

SLOPERDF (ML) # CARGeX (LI 2 (DF CJ)=DF (ML) )/ (X(J)=X (ML)}
RETURK

END

veou

veou

veou

veou

veoy

veou

veOou
veos
veoy
veo4
veou
veou
veoy
veod
veou
veo4
vCou4
veoy
veos
vcoa
veo4
veou4
vcoa
veo4
veod
veod
veos
veoa
veou
veoud
veou
veou
veoa
veoa
veod
veod
veod
veod
vyecod
veod
veou
veod
vCou
veou
veod
veoa
veou
veoa
veou
veod
veou
veou
veou
veos
vCou
veou
veou
vcoa
vcoa
veou
veou
vCoy
veou

-
COBACGV E W~

(2 X 2] o0

oo

oo

oo

LX)

oo

oo

- o~

®>wew =

o

-

15
16

SURROUTINE HPCG (PRPT, Y, PERY NAIm, [ulF FCT,0UTP, 40X

DIMENSION PRPT(5),Y(8),NERY({R),AUX(16,8)
CORMMON /B7 MMk

NEy

IMLF a0

XWPRMY(])

HEPRMY(3)

PRMT(S)=0,

D0 1 Is{,NDIM
AUX(16,1)m0,
AUXC1S,1)BDERY(])
Auxcy,Iysvel)
TF{He(PRMT(2)eX))3,2,4

ERR(IR RETURNS
1ML Fe12
GO 70 4
IHLFu1Y

COMPUTATION OF DERY FOR STARTING VALUES
CALL FCTY(X,Y,DERY)
TF(MM,GT, 1) RETURN

RECORDING OF BTARTING VALUES

CALL OUTP(X,Y¥,0ERY, IHLF,NDIM,PRMT)
1F(PRMT(S))6,%,6

IFCIRLY) Ty Y,

RETURN

00 & Im{,NOIM

AUX(S, 1)NDERY(T)

COMPUTATIUN OF 4UXT(2,1)
18nsy
€0 10 100

XRXeM
D0 10 Im1,NDIM
AUXER, 1)8Y (1)

INCREMENT W I3 TESTED BY MEANS OF BIAECTION
IHLFRIHLF+1

XuXeH

DO 12 Imi,NDIM

AUXC4,1)aAUXL2,1)

HE,500eM

Nai

18%s2

GO To 100

XuXed

CALL FCT(X,Y,DERY)
IF{MM,GT,1) RETURN
=2

00 14 Imi,NDYM
AUXCR,1)aY(])
AUX(9,7)eDERY(T)
I13wa}

GO T0 100

COMPUTATION OF TEST VALUE DELTY

OELTmO,

00 16 Imi,NDIM
DELTSOELT#AUX(1S,1)0ABS(Y(T)eAUX(G,]))
DELTW,06666666T4DELY
IF(DELT=PRET(4))I19,19,17
IF(IHLFe10)11,18,18

:SL:AT'SFICTDﬂV ACCURAZY AFTER 10 RISECTIONS, ERROR MESSAGE,
(2B

XuX+H

6D TC «

:HERE I8 SATISFACTURY ACCURACY AFTER LESS THAMN || BISECTIONS,
BXeH

CALL FCT(X,Y,0ERY)

IP(MN,GT, 1) RETURN

veos
vcos
veos
veos
vCoS
veoS
veos
vcos
vcos
vCos
veos
veos
veos
veos
vCos
veos
vcos
veos
veos
veos
vCcos
vCos
veos
veos
vCos
vCos
veos
veos
veos
vCos
veos
vCos
vgos
vCcos
veos
vcos
veos
vCos
vCos
vCos
vCos
veos
veos
veos
vCeos
veos
veos
veos
veos
veos
veos
vCos
veos
veos
veos
veos
vcos
vCos
vCos
veos
veos
veos
veos
veos
veos
veos
veos
vcos
veos
veos
veos
veos
vcos
veos

vecos

vCos
veos
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¢6T

an

amnn

D0 20 Tst,NDIm

veos

AUX(3,1)aY(]) vCoS

20 AUX(10,1)eDERY(T) V(05

Nas veos

I8wey veos

60 TO 100 veos
veo

21 Ney vgo;
YeXer ¥Cos
CALL FCY(X,Y,DERY) VCO0S

TF (MM, 6T, 1) RETURN veos
XsPRMY (1) vg£os

00 22 Iml,nDIM veos
AUXC1S,T)8DERY(T) vCos

22 Y(1ImAUXEL, 1) ema( 3T54ALX(B, )4, T918666T¢AUX(9,1)m,20833333aAUN(]0VCOS
1,104, ouloeebs7-DERV(I)) veos
23 XmXew ¥eos
NEN¢ | veos
CALL FCTIX,Y,DERY) veos

IF (™M, GT,1) RETURN vCosS
CALL OUTP(X,Y,0ERY,IHLF,NDIM,PRMT) veos
IFIPRMT(5)16,24,6 v¥eos

24 IF{Nwy)25,200,200 veos
25 DO 26 Isi,NDIM vCoS
AUXIN, TISY(]) vCcos

26 AUX(NGT,1)BDERY(I) veos
1F(Ne3)27,29,200 veos
veos

27 00 28 Jwl,NDIM veos
DELTsauxX(9,1)eaUx(9,1) vcos
DELTaDEL TeNELT veos

28 Y(I)maux(1,1)¢, 33333333 ama(ALX{B, 1)4DELTeAUX(10,])) veos
GO T0 23 ¥Cos
veos

29 DO 30 Is1,NDIM vCos
DELTmAUX(9,1)eaux{10,1) veos
DELTEDELT4DELTSDELT ¥Cos

30 Y(I)Ymauxty,1)e, 375-”-(AUX(6 T)eDELTeAUX(]1,1)) veos
GO 10 23 ¥eos
veos

veos
“t't‘t!ll..n.‘.‘....‘....t...l‘.tl.‘ttl..‘."‘.t.'l"‘t“..tl"tt\COS
THE PALLOWING PARY OF SUBROUTINE DWPCG COMPUTES By MEANS OF veos
PUNGEwKUTTA METHOD STARTING VALUES FOR THE NOT SELFeBTARTING veos
PREDICTNR«CURRECTOR WMETHOD, veos
100 00 {01 Ismi,NDIM veos
TaMEAX(NeT, 1) veos
AUX(S,])s2 veos
101 Y(IYmaUx(N,1)e, UsZ veos
T 18 aN AUXILIARY STORAGE LOCATION vCos
veos

IoXe, UwH vCos
CalL rFCT(Z,Y,DERY) vCos

1F (™M™ GT,1) RETURN vecaos

00 102 IBi,NDIM vcos
TeHaDERY (1) veos
AUX(6,1)82Z veos
102 YUI)BAUXIN,1)¢,2969T7T010AUX(5,1)¢,15875%44%7 vecos

vLos.

ToX¢, 45573725+ veos
CALL FCT(Z,Y,DERY) vCos

IF (MM GT,1) RETURN veos

00 103 Is],NDIM veos
ZaMaDERY(]) veos
AUX(T,1)m2 vCoS
103 Y(I)maUX(N, 1), 21810030¢AUX(8,1)a3,050065154A0U%(6,1)¢3,83286476+2 VCOS
‘ veos

IuXeH vcos
CALL FCT(Z,Y,DERY) veos

TE (MM, GY,1) RETURN veos

0O 104 Is1,NDIm veol
100 YOI malX(N,T)e,174T60284AUX(6,T)e,58108066%AUN(6,1)¢1,2055856+%AUX(VCOS
17,1)¢,17118078eMeDERY () veos
GO 1N(9,14,16,21),18W veos
LR L Y R R R R R R a4}
veos

veos

78

80
81

a3
L]
85
86
ar
a8

90
99
92
93
94
93
96
97
8
99

100

191

102

103

104

108

108

107

108

109

110

11

112

113

114

118

116

17

118

119

120

124

123
124
12%
126
127
128
129
130
13
132
133
134
135
136
137
138
139
140
141
142
{43
fua
148
tas
147
148
149
150

152
153
1584

nfOonno

no

nfoo an

oo

co

anon

200
201

202

2c3

204

206

207

208

r3

20

210

211
212
213

214

218

216
217
218
219

220

PNSSIALE ﬂﬁEAx-Dn[NY FOR LINKAGE

STARTING VALUES ARE COMPUTED,

MOw START RAMMINGS MODTF[E™ PREDICTNReCURRECTOR METNAD,
181¢Pal}

IF{(NeR)R04,202,204

NE8 CAUSES TWF RMmS MF AUX TO EMANGE TWEIR STORAGE LOCATIONS
00 203 nNe2,7

00 203 Is1,NDIMm

AUN(NeT, T)BAUX(N,T)

AUX(heb, TISAUXINGT, 1)

Nt

N LESS THAMN 8 CAUSES Nel TO GET N
NENe|

COMPUTATION OF NEXT VECTNR ¥
DO 20%5 I=1,NDIM
AUX(Net,1)mY(])
AUX(Neb,T1)SDERY(])

XTXeH

ISTEPaIBTEPe!

D0 207 Imt,NDIm

veos
veos
veos
veos
veos
vCos
veos
vCos
veos
veos
veos
veos
veos
veos
veos
veos
vCoY
veos
veos
veos
veoYy
veos
veos
veos
veos

DELT@AUX(Nwd )41 3333333 0ma(AUN(NGO, I)¢AUXINGS, [)wAUN(NSS, I)eaUNVCOS

1UNSU, TYeAUX(NeU, 1))

Y(U)mDELT=, 92561983 #AUX(16,])
AUX(18,1)8DRLT

PREDICTUR 18 NOwW GENERATED IN ROw {6 OF AUX, HMODIFIEZD PREDICTOR

18 GENERATED IN Y, DELT MEANS 4N AUXILTIARY STORAGE,

CALL FCT(X,Y,DERY)}
IF (MM,GT,1} RETURN
ODERIVATIVE OF MODIFIED PREDICTOR IS GENERATED IN NERY

00 208 Isi,NDIM

veos
veos
veos
veos
veos
vCosS
veos
v¥Cos
¥eos
veos
veos

DELTS, 125004 (9, 00#8UX (Nl ,[)whUN(NaY, [)¢3 00aKe(DERY(I)eAUX(Neps, JIVCOS

1OAUI(NQG;I!-AUIKNQS,I)))

AUX(16,1)AUXT16,1)eDELT
Y(I)RDEL T, 07T4380165«4UX{16,1)

TEST wHRETHER m MUST BE WALVED OR DOUBLED
DELTmo,

20 209 Isi,NDIM

ODELTRDELT¢AUX(15, 1)adBS(AUXL16,1))
IF(DELT=PRMT4))210,222,222

H MUST NOT BE WALVED, THAT MEANB V(1) ARE GODO,
CALL FCT(X,Y,0FRY)

TP (MM, GT,1) RETURN

CaLL OUYP(I;Y DERY, IHLF, NDIH.'INY)
IF{PRMTI(S})212,211,212

IF(IHLSe11)213,212,212

RETURM

IF{He(XaPRMT(2)))210,212,212

IF(ABS[XePRMT(2) ), 1'ABS(N))!lZ:215,215
IF{DELTe,02¢P ' NTLU))216,216,201

M COULD BE DOURLED TF ALL NECESSARY PRECEDING VALUES ARE
AVAILABLE

TP (IMLF)201,201,21Y
IF{Nw7)201,218,218

IF(I8TEP®U) 201,219,219
IMODEISTER/2
TF{ISTEPsIMDN=THON) 201,220,201
MEH4N

THLFRTH Moy

I8TEPRD

00 221 Imy, NOIm
AUX{Nel,]1)mAUX(Ne2,1)
AUX(Ne2, T)BAUX(Nud,])

AUX(N=3, T)mAUX{Neb, )

AUX(Neb, TIBAUXINGS, T}

AUX(NeS, 1)mAUX(NeY, )
AUXINGU, 1) maUK{NeT, 1)

v¥cos
¥eos
veos
veos
veos
veos
veos
veos
veos
vCos
veos
veos
veos
veos
veos
veos
veos
v¥Cos
veos
veos
vCcos
veos
veos
vgos
veos
vCos
veos
vCos
v¥eos
vgos
v¥eoy
vCoS
vecos
¥Cos
veosS
veos
vCoy
vers
veos

15%
15¢
197
158
159
160
te1
162
163
164
1%
186
167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
185
188
187
188
189
190
191
192
193
194
195
198
197
198
199
200
201
202
203
204
20%
206
207
208
209
210
211
212
213
214
218
216
217
218
219
220
221
222
223
224
2%
226
227
228
229
230
231
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é . " .
DELTBAIX (NGO, [)eAUX(NGS, ) veos 232
DELTEDELTeNELTeDELTY . veos 233
221 AUX{16,1)88,962962964(Y(1)eAlX(Ne3,1))e3 3611111 1+H«(DERY(T)+DELTOVCOS 234
1AUX(Nea,1)Y veos 23s
GO T0 2014 veos 23e
c veos 2%7
c veos 238
c M MUST BE HALVED X veos 239
222 [WLPEINLF Y vCoS 240
1E(INLFe10)223,223,210 ’ ) veosS 241
223 Wm, Sap , veos 2«2
18TEPSO vcos 243
00 224 Isi,NDIM veoS 244
Y(I)8,300625Em24(8,E10aUX(Nat, 1)1, 000AUX (N2, 1) 0t EInAUX(Na],1)VCOS 245
1oeAUX(N@U ) o g 11TI8TSa(AUXINGG, 1) 20, #AUN(NGS 1) wAUX(NGE, 1)) 0N veoS 2ue
AUX(Ned,]1)8,300625E20(12,000AUX[Ne},1)¢135,0084UX(Ne2,]1)¢ veoS 247
1108,000AUX(Ne3, 1Y14AUX{Ned, 1) )e, 02308730 (AUX(NGS, ) vCO0S 268
218,00¢AUXINGS,1)e9,000AUX(NeU,T)) AN veoS 249
AUX(Ne3,1)8AUX{Ne2,1) . vCoS 250
220 AUX(Ned,TIBAUXENGS, T) veosS 251 .
xaNeH veos 2%52 3
DELTe)Ne(HoH) veoS 283 -
CALL FCT(DELT,Y,DERY) veosS 254
TF (MM, GT,1) RETURN vCos 255
00 22% 1si,NDINM YCoS 2Ss
AUX(Ne2,[)uY(1) vCoS 2%7
AUN(NeS, 1)EDERY(]) vC0S 288
22% Y(1)maUN(Ned,I) V(o5 259
DELTRDELTw(HeH) . vCO0S 260
CALL FCT(DELY,Y,DERY) vEoS 261
: TP (MM, 6T,1) RETURN vCoS 262
, DD 226 Isi,NDIM vVCO0S 263 %
i DELTSAUX(NSS, 1)4AUX(NGG,T) veoS 264 o
r = DFLTEDELT+OELTeDELY . vE0S 268
[ O AUX(16,1)38,96296296+ (AUX(Ne1,1)mY (1)) vCoS 266 ]
w 193,361111110He(AUXTNGG, 1) ¢DELT+DERY (1)) vCO0S 267 g
226 AUX(Ns3,1)sDERY(]) vC0S 268
60 10 206 vCeoS 269 w
END veos avo !
o
)_l
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Item No. 1l: Format (20A4), any alphabetic or numeric information.
(1 card)
Column Number 1 - 80
3 ] ] 1 } ] Y
. I LI ¥ 1 T T 1}
Program Variable HEAD
[ 1 [ 1 1 [ [
1 | ' 1 T 1 ¥
Data

Item No. 2: Format (8I10)

(1 card)
Column Number 10 20 30 40 50 //,)
Program Variable NVOR NXOUT NCDC NBODL NBODR %
a
S Data @
U
w
~J
o)
=

Item No. 3: Format (8Fl0.5)
(1 + (NVOR - 1)/8 cards)

Column Number 10 20 30 40 50/ Ok
, .

Program Variable GAM (1) GAM(2) GAM (3) . GAM (NVOR) \\

Data ‘

FIG. D-1(a). Input Formats for Computer Program VCHASE,




961

Item No. 4: Format (8Fl0,.5)
(1 + (2+«NVOR - 1) /8 cards.

Column Number 10 20 30 40 50¢ }//
Program Variable YOLD (1) YOLD (2) YOLD (3) e YOLD (2 *
: “NVOR)

Data \\
Item No, 5: Format (8Fl0,5)

(L card)

Column Number 10 20 30 40 50 60 70 80
Program Variable XBEG XEND DX ERR XMACH ALPHA RZERO RVOA
Data
Item No. 6: Format (8F10.5)

(1 + (NXOUT ~ 1) /8 cards.

Column Number 10 20 30 40 50 ]/,

Program Variable XOUT(1) XOUT (2) XOUT (3) «es. |xoUT (NxOUY)

Data

FIG. D-1(b).

Continued.
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Item No, 7 (Option):

Format

(1 + (NCDC - 1) /8 cards)

(8F10.5)

Column Number

Program Variable

Data

Item No, 8 (Option):

(1 + (NCDC - 1) /8 cards)

Column Number

L6T

Program Variable

Data

10 20 30 40 50 /
XMC (1) XMC (2) XMC (3) XMC (NCDC) i
Format (8Fl0.5)
10 20 30 40 50 {
cDC (1) CDC (2) aDCc (3) P CDC (NCDC) {\
FIG, D-1(c). Concluded.
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SAMPLE CASE FOR VCHASE
7

) 8 8
», 6166 0, 5377
w,b853 1,102 1,603
36 3,008 7.83%
28, 44,54 o 1
29, 30, 31,

0. .1 -2

029 34 W45
FIG. D-2,

4]
L1l
186
6,835
001
32,

o7

VCHASE Input

,193
3,457
4,253

1,75

33,

;98

for Sample Case,

", 169
1,205
6,097

20,
34,33

1.58

-.186
-1,473

60,28

1.5

1,892

1.2
44,54

1,67

T9.6 4L DMN




VORTEX CHASING PROGRAM

SAMPLE CASE POR VCHARE

INPUY PARAMETERS
ALPHA ® 20,00 MACH ® 1,750 DX » ,100E+00 ERR = ,100Ee02 RIERO ® 120 RV/A B 1,20
INPUT TABLE OF CROSS«FLOW DRAG COEFFICIENTS

e coc.
o, J29008#00
410008400 +3400E+00
+2000E+00 «US00E+00
+3000€400 \T000E 00
80008400 (9800400
25000E400 (1 280E+01
60B0E+00 15008401
+TO00E#00 J16T0E+01
X1 GAMMA(T) Y(1i/a 1/ eoe FLOANG THETS
JAB00EsOR ) », 6166E400 * 6883E¢00 118926401 2726401 16,81 66,88 Z
2 0, 11088401 «3a8aKe00 &
3 +S377£400 (16038401 13098801
- § (10102000 (8600E+00 +78330001 =
© '] J1930E+00 JJasTe0) 68351401
) N ", 1690E+00 J1208E001 +42538¢01 v
? ®,1800E¢00 ®, 14338408 060970004 ;
: =
J2900E¢02 | », 6200800 - 7101Ee08 219778484 (2798408 16,98 87,40
2 229752001 (11058401 «5808£+00
] JSITPEC00 419802401 W316GE004
1 1010400 B91TEe00 0018401
s +19302400 134618004 s71892404
" " 1690E400 (9818E+00 JUR11E401
\ », 18608400 » 13728404 +6330K+01
«3000E¢02 | *.$310£400 » 7342€400 +2007€401 12826401 16,63 AL ~
2 ,5234Ee01 J1H16ER0Y $6BT2E400 ;
3 «S3377E400 ISeTESOY o 31000401
8 1010E#00" 9Re1ES0D 81968401
s +1930E400 134682401 74880401
. = 16908400 JTOVOEND0 s4093K01
t », 18608400 ., 1R0BE+0Y s6539E¢01
+3100E00R | »,6389E+00 »,7614E+00 $2163E+01 L 1283E40) 16,64 68,90
] »7467Ee01 (1120E401 +TO0REC00
] 33772400 18498401 +3156€+01
4 J1610K000 196382400 $83708+01

FIG. D-3(a). VCHASE Output for Sample Case,




00¢

+3200F¢02

333006402

+3433E+02

4028E402

s UAB4ECD2

-~ R

LK T BN N ~“ AT AN ~4C W AN MO AT AN —

kT NP R

L1930E400
» 1690E400
w 1860E¢00

., 646TE400
W9U22Ew01
SITTF400
L1UL10E$00
19308400

®,1690F+00

©,1860E400

«, b5UBE 400
J1130E+00
JS3TTE+00
(JUL10E400
(1930E400

© 1690E+00

., 1860E400

®,6637€400
+1350E¢00
WS3T77E+00
W1U10E«00
19308400
e, 1690E¢00
®,1860E¢00

®,6909E400
.3038E¢00
.5377E+00
L1U10E+00
W 1930E400
®,1690E400
., 1860E400

., 6996E¢00
L1982E400
(S3TTE¢00
J1U10Ee00
,1930E¢00

*, 1690E400

., 1B60E+00

«3UT0E0Y
«6635E+00
*, 1163E+09

“ TuRE+00
«1134E+01
+1532E+01

.o 1005E01
3676E 4018
«5929E+00

=, 1059€+0

*,8311E+00
«115S€+01
1532E01¢
(1051F+01
34B83E+01
6271E400

=, 9871E+00

=, BUITESOD
L1165€6401
(1621E401
W1122E401
34926401
«B38BE+00
=, 82U9E400

®,7718E+00
WU199E¢ 0
11682E401
W« 1599E+01
W3U9NEOY
®,7901£+00
", 2329E400

=, TISUEOD
®,9978E+00
J1UILECDY
22080401
«3U39EQ
* 1912E+401
W 1730E000

FIG. D-3(b).

W 7813E+0)
JIABBE 401
26780E+01

L2268Ee01
LBTULESDD
J3111E01
+BS398+01

CaB1USEe0Y

W355UEe0]
16996F+01

s 2304E4+01
+94SIE+00
«J01TE+0O}
28705E+01
«BuT6F+0Y
12999E40)
21 T206E401

.2586E+01
+101SE+0}
J2898E+01
+89218401
WB921E+01
W2182E¢01
LTUB2E+01

13228E+01
1 2384E+00
e 3021E¢01
W 9834E+0
«10938402
1132E40)
8692E 01

1 3UB5FE+01
:5526E400
130B82E+0)
s 1054E+02
s1233E+02
18710
19567E+01

12828401

J1278E¢01

«1293E¢01

+B8099E+00

2»1081E%01

Concluded,

16,63

16,38

16,80

11,18

14,35

65.ﬂn

69,9

3,1

77,9

YL
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