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SUMMARY

Computer programs have been developed capable of calculating .
detailed aerodynamic loadings and pressure distributions acting on
pitched and rolled supersonic missile configurations which utilize
bodies of circular or elliptical cross section. The applicable range in
angle of attack is up to 20°. Mach number may range from 1.3 to about

3.0.

The theoretical approach described in this report is based on repre-
senting the components by fh:ee—dimensional singularities associated with
supersonic, linear flow theory. The body with circular cross section is
modeled by a distribution along the centerline of supersonic line sources
" or sinks to account for volume effects and supersonic line doublets to
account for effects of angle of attack. If the body cross section is
-elliptical, supersonic body source panels are placed on the body surface
accounting for both volume and angle of attack effects. Constant u-
velocity panels are distributed over the lifting fins or wings to account
for lift, PFin thickness is modeléd by planar source panels. The fins
may be arbitrarily deflected. In order to account for fin-body inter-
ference) a shell with constant cross section is placed around the body
‘over a length equal to the fin rootchord. Constant u~velocity panels are
distributed on this interference shell to account for lift carryover onto
the body. Behind the trailing edges, fin-body interference is accounted
for by the inclusion of the effects of fin trailing vorticity, determined
from slender-body theory, in the calculation of body pressures. Body
nose vortex shedding is modeled by potential flow vortices whose .
strengths and positions in thé cross flow plane are determined from an
analytical-empirical approach. - If the body cross section is circular,
the body nose shedding vortex data is built into the main program. For
bodies with elliptical crossvsection,_this data is input to the body flow
modeling program and mﬁst be determined from other means. Body nose apd
canard fin vortex pathé along the configuration are calpulated by the
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vortex chasing program based on slender-body theory including effects of

fin deflection.

Over the body nose section, the calculated
include effects of vorticity shed from the body
or monoplane wing section, the pressures acting
surfaces can be influenced by the body vortices
body. From the canard to the tail section, the

pressure distribution can
nose. Through the canard
on the body and lifting
as they travel along the
body pressures can be’

affected by body and canard fin vortices. The effects of the vortices

may also be included in the calculation of the loads on the tail fins.

A description is given for the procedure required to calculate, in a

series of steps, pressure distributions and loadings acting on complete

configurations. Two calculative examples are shown. The first case

involves a cruciform canard-body with circular cross section-cruciform

tail. The second case is concerned with a monoplane wing-elliptical

cross section body-interdigitated tail configuration. The computer

orograms are described and documented in the appendices of this report.



1. INTRODUCTION

Methods for computing the supersonic pressure distributions on mis-
sileé having monoplane or cruciform fins or missiles with bodies of
ellipﬁical cross section are not well developed, and much work is re-
quired to produce programs”that can be used for design purposes. It is
the purpose of the work reported here to extend an existing three~dimen-
sional, supersonic, lifting-surface computer program to include various‘
options required for missiles of the'above types. The work was jointly’
‘supported by Langley Research Center and the Air Force Flight Dynamics
Laboratories. Langley.technical directors were Wallace C. Sawyer,
Raymond L. Barger, and Jerry M. Allen; Air Force technical director was

Calvin L. Dyer.

Before describing the extensions to the preexisting program, a
brief description of it will be given. The program was developed under
ONR sponsorship and is described in references 1 and 2. 1In reference 1
supersonic planar or cruciform wing-body combinations with round bodies
were treated, and fin loadings were determined using panel methods and
linear theory. No vortices were included, and a tandem set of lifting
surfaces was not covered. 1In reference 2 the full Bernoulli pressure
equation was used in determining fin loadings. The paths of vortices
behind cruciform fins were studied for a cylindrical afterbody using
both slender-body theory and the full wave equation. It was decided that
slender-body results were sufficiently accurate. Provision to account
for specified nose vortices on the fin loading was included. Preliminary
leading- and side—edge suction calculations were implemented for the
purpose of modeling separation vortices from the leading- and side-edges
of the fins using the Polhamus vortex lift analogy described in reference
3. Furthermore, the effects of body nose and canard vortices on the
cruciform tail were determined. The applicable range of included angle

of attack was increased to about 20°,.

The additional scope of the present report covers extensions to the
computer program of reference 2 to two missile types, cruciform wing-body
combinations with an axisymmetric body and a combination with elliptic
body cross seétions, monoplane wing and cruciform interdigitated tails.
With regard to the first configuration the following items have been

added to the computer program:



(1) Add option for determining body nose vortex charac%eristics
explicitly.

(2) calculate body pressure coefficients for entire missile.

(3) Explicitly determine the positions of all vortices at the
canard trailing edge including nose vortices and vortices from canard
fin leading edges, side edges, and trailing edées.

(4) Add an option to calculate the trajectories of all vortices
over the entire 1ength of the missile.

(5)‘ Include effects of canard and tail fins deflectlon on vortex.
paths and fin loadings. _

(6) AAdd option to include effects of canard fin thickness.

With regard to the missile with a body of eiliptical cross section, the

folloying_tasks are addressed herein:

(1) “The three dimensional, supersonic, lifting-surface computer
program is to be extended to monoplane wing - combinations for elliptical
cross-section missile bodies with cylindrical and boat-tailed aft ends
having varlous conventlonal wing planform shapes. Pressure distributions
shall be calculated 1nclud1ng thlckness and vortex effects.. The result-

ing forces and moments. are- to be determined.

(2) The program is to be extended to include provisions for
handiing a cruciform interdigitated tail that can be located at various
cant angles to the body surface. The loads on the tail fins are to be
calculated including tail fin-body interference effects together with
wing vortex effects.~ No thickness need be included for the tail fins.

The fin contributions to the overall forces and moments are to be
determined.

In thlS report the general approaches are described first for
determlnlng the pressure distributions on the two configurational types
under consideration. Then a more detailed description of the approach
is given with the bulk of the analytical material given in a series of

"appendices. Next, detailed procedures are given for applying the com-
ponent computer programs to complete configurations, followed by two
calculative examples. Some comparisons between predictions and experi-
ment are then given. Complete descriptions of the component computer

programs are given in appendices together with input and output format.
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SYMBOLS EXCLUSIVE OF APPENDICES

local body radius
chord of a fin panel through its centroid

chord of fin panéls at fin side edge

component moments per unit dynamic pressure along YB: 2B+
and xp due to net effect of C summed over all
body panels ‘ panels

pitching moment, yawing moment, and rolllng moment for
unit dynamic pressure of single body source panel in

Xgr Ypr 2Zp coordlnates

component . moments for unit dynamlc pressure along y, z

axes due to net effect of C summed over all body
panels panels
Cc A
*|wind axis
C
N wind axis
components in xg, Yps 2p coordlnates of C summed
over all body panels _ ' panel

along Xgr Ygr and Zgs respeqtively

N panel

force normal to body panel for unit dynamic pressure, -
(CP)  (panel area)



wind axis

wind axis

wind axis

GAMT

SYMBOLS EXCLUSIVE OF APPENDICES (Continued)

components in %, y, z coordinates of summed

over all body panels panels

fin normal-force coefficient due to leading-edge suction
fin normal-force coefficient due to side-edge suction

suction coefficient, suction force divided by qSg
pressure coefficient, (p-p_)/q
pressure coefficient for vacuum

force in Xy direction acting on lifting vortex element

of fin panel

force in Yy direction acting on lifting vortex element of

fin panel

force in Y direction acting on trailing vortices along
side edge of a panel for a distance "cz" between succes-

sive trailing vortex element intersections with the edge

nondimensional body vortex strength, equation (7)

c. /cC
Nig SiE

. CN /CS

SE SE

free-stream Mach number



SYMBOLS EXCLUSIVE OF APPENDICES (Continued)

n summation index for all constant u-velocity panels

NCW ‘number'of fin panels élong the chord

NHP number of constant u-velocity panels on both horizontal
fins

NPANLS sum of panels on horizontal and ve;tical fins

NRP | ‘ number of panels on right horizontal fin

NWBP total number of panels on cruciform fins and body .inter-

ference shell

N3P number of constant u-velocity panels on upper vertical

fin and horizontal fins

o) load static pressure
P, free-stream static pressure
d, 49, free-stream dynémic pressure
r, body radius at start of cylindrical section
Sp missile reference area
SUMFT2 . see quation (24)
SUMFX sum of all forces acting upstream on vortex elements of

fin in vortex lattice structure nondimensionalized by

aSp
SUMFY1 see equation (22)
SUMFY2 see equation (23)



SYMBOLS EXCLUSIVE OF APPENDICES (Continued)

u, v, w components of the flow velocity along axes Xgr Ypgo and
Zgps respectively

u+ ' axial velocity on outward surface of constant u-velocity
panel ’

u, v, w components of velocity Vp along wind axes corresponding
to Xpr Ypr and LN for a, = 0 and ¢ = 0

velocity normal to body interference panel due to

N
constant u-velocity panels of fins and interference
shell
VN velocity normal to body interference panel due to fin
-t thickness source panels
Vr total resultant velocity at point on the body surface
Vi velocity induced normal to vertical fin bf all constant
u-velocity panels of fins and interference shell
Vi velocity induced normal to vertical fin by body axis
1 singularities and external vortices
.V, _ free-stream velocity
Wy velocity normal to body source panel with orientation
angles © and §
Wiy velocity induced normal to horizontal fin by all constant
u-velocity panels of fins and interference shell
Wi velocity induced normal to horizontal fin by body axis
SR singularities and external vortices



SYMBOLS EXCLUSIVE OF APPENDICES (Continued)

angle of pitch, equation (12)

included angle of attack, angle betWeen,free—stream

velocity vector and body longitudinal axis

angle of sideslip, egquation (12)

ratio of specific heats of air

" strength of right body nose. vortex

pitch of panel about y' axis positive in direction x'»z'

deflection
down

‘

deflection
edge down

deflection
right

deflection
right

of left horizontal fin, positive trailing eage
of right horizontal fin, positive trailing
of lower vertical fin, positive trailing edge

of upper vertical fin, positive trailing edge

-polar angle in Ygr 2p plane

streamwise

angle-between trailing edge of body panel and Yg or y,

axis

slope of bevelled leading edge of fin

3

index-of ‘all control points on cruciform fin and body

interference shell

roll angle

of missile, positive for clockwise rotation

looking toward the nose
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SYMBOLS EXCLUSIVE OF APPENDICES (Continued)

Cartesian coordinates fixed to missile with the origin at
the body nose tip; X
to right looking forward, and zp is positive upwarc

is positive rearward, Yg is positive

wind axes corresponding to Xgr Ypr Zg when a, = v, ¢ = 0.

set of axes obtained by first rotating Yp and zp about Xg
by angle 6 in positive sense followed by rotating angle §

about new Yg (=y') axis

coordinates of body vortex in Xpr Ygr zB.coordinates

axial distance behind body nose
distance from body nose to body separation location

value of xg at leading edge of tail fin root chord

value of x_, at trailing edge of tail fin root chord

B

value of x_ at leading edge of wing root chord

B

value of Xg at trailing edge of wing root chord

axial distance parameter, equation (6)

coordinates of moment center in Xpr Ypr 2p coordinates;
YM = 0

coordinapes of right body vortex with Yy measured posi-

'tive to right of plane of a plane

z. . measured in a
c and z, sure c

normal to, flow direction



2. GENERAL APPROACH
2.1 Body of Revolution with Cruciform Fins

The basic methods employed to represent an axisymmetric body with
cruciform fins have been described in reference 1. The computer program-
of that reference is based on the wave equation associated with super-
sonic, linear flow ﬁheory. ‘The program models axisymmetric bodies and
the fins accounting for mutual interference by the inclusion of an
interference panel shell around the body where fins are attached. This
program served as the starting point for the determination of the aero-
dynamic characteristics at higher angles of attack by the inclusion of
nonlinear features in the methods initially developed in reference 2. ]
They include the full Bernoulli relationship for the pressure coefficient
and the capability to account for specified or hand calculated vorticity
shed from the body nose and the fins. In the computer program of
reference 2, the body nose vortex strengths and positions for the case
at hand were extracted from the experimental data presented in reference

4 and added to the program input.

The present wing-body érogram, designated DEMON2, incorporates the
data for body nose VOrticity as a function of axial distance from the
nose if the body is circular in cross section. These data, used if the
included angle of attack exceeds 4°, are tabulated in this report. The -
calculation of the vorticity shed from the edges of the fins is now
performed by program DEMON2, as described in Appendices B and C. Results
include the distribution of vorticity along the leading and side edges,
which contribute to one or more concentrated vortices at the trailing
edge on each side. A program designated VPATH2, based on slender-body
theory, is used to track body nose vortices past the canard section, and’
to track body nose vortices and canard vortices past the afterbody and
tail section for the case involving an axisymmetric body. The fins can
have arbitrary deflection. This program serves as a companion to program
DEMON2. The crossflow plane solutions are given in Appendix I. For
cases involving axisymmetric bodies, program DEMON2 then computes, in a
series of steps, the pressures acting on the body surface, fins and the
part of the body covered by the interference shell including the effects
of body and fin vortices where applicable. A detailed description of the

procedure is given subsequently in section 5.1.
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2.2 Elliptical Body with Monoplane Wing and Interdigitated Fins

For the purpose of handling a body with elliptical cross section, a
separate program designated WDYBDY has been developed. This program .
serves as a companion to program DEMON2 and performs the body-alone
modeling when the cross section of the body is elliptical. The method
makes use oOf supersonic body source panels distributed on the surface of |
the body to account simultaneously for volume and angle of-—attack effects.
In’ addition, program DEMON2 has been.generalized.to treat an interference
panel shell with elliptical cross section to which either a monoplane
wing or interdigitated tail fins can be attached. The required geomet-
rical transformations and extended flow tangency condition are described
in:Appendix E.  For a body with elliptical cross section, the body nose
vorticity characteristics are read in to program WDYBDY and are deter-
mined from a separate method since no data base is.available as yet. A ;
combined theoretical-empirical computer program for this purpose was |
developed for the spin-entry studies described in reference 5. This
program was specialized to determine the strengths and positions of
vortices shed from noses with elliptical cross section at supersonic
conditions.  For the sake of illustrating the use of the programs, an
application of it is included in the second calculative example described
later. The vortices are tracked by. program VPATHL, based on slender-body
theory, past the monoplane wing section and along the body with ellip-
tical  cross section up to the tail section if the length of the body is
long enough. <« .

QFOr‘configurations involving bq@ies with elliptical cross section,
program WDYBDY computes the présSurés on the body surface up to the
forward lifting surfaces (monoplane wing) and between the forward
surfaces and tail surfaces (interdigitated tails) including effects of -
body and &ing vortices where'épplicable. In the monoplane wing -and
inferdigitated tail regions, program DEMON2 determines the pressures on
the lifting surfaces and the part of the body covered by the interference
panel shell incltding the effects of vortices where applicable.

By using the above mentioned programs in sequence it is possible to
compute the pressure distributions and fin loadings acting on complete
configurations by.treating first the nose section, then the forward
lifting surface.sectiop, followed by the afterbody and the tail section.

12



3. DETAILED APPROACH FOR BODIES OF REVOLUTION WITH CRUCIFORM FINS

' In this section, the paneling method used to model lifting surfaces
and the line singularity distributions used to model axisymmetric bodies
will first be summarized. The method used to account for body-fin mutual
interference is described. Features added to the boundary condition, to
be shown below, include an account for fin thickness and arbitrary fin
deflection. The separation vorticity data associated with axisymmetric
body noses is tabulated and the pressure calculation method is described.

3.1 Modeling of Fins by Constant u-velocity Panels>

Each fin of a cruciform fin-axisymmetric body combination is divided
into trapezoidal area panels. The geometrical layout is accomplished by
subroutine LAYOUT of program DEMON2., These panels are called constant
u-velocity panels for supersonic flow and are located in the chordal |
planes of the lifting surfaces., When the full Bernoulli equation is
used to calculate pressure, these panels are no longer constant pressure
panels as referred to by Woodward et al. in reference 6. The solution
for a given panel is generated by a superposition of the basic solutions
for semi-infinite triangles with their apexes at the panel corners. The
basic solution and superposition schemes, as implemented in subroutinés
VELO and VELNOR of program DEMON2, are described in great detailAin
sections 3.3.2 throuéh 3.3.6 and Appendix II of reference 7. In addi- '
tion, the effects of fin thickness are accounted for by the use of
constant strength source panels located in the chordal planes of the
fins. Their solutions are also obtained by a superposition scheme of
semi~infinite triangles as described in section 3.3.4 and Appendix II of
reference 7. 1In program DEMON2, the basic solution and superposition
schemes associated with the constant strength source panels for fin
thickness are programmed in subroutines VELOTH and THKVEL,  respectively.

3.2 Modeling of Body of Revolution Alone
The potential flow model used to represent an axisymmetric body in
supersonic flow is described in detail in section 3.2 and Appendix I of
reference 7. Such a body can be represented by a distribution of ling

sources/sinks and line doublets along the body centerline to account for

13



volume and angle of attack effects, respectively. The strengths of these
singularities are determined from the flow tangency condition applied at
points on the body surface. using a marching procedure from the nose tip
fo body base. Subroutine BDYGEN of program DEMON2 is concerned with the
layout and strength determination of the line singqularities. It is
possible that a portion of the body nose contour lies oiutside ti.e Mach
cone from its apex at.the nose tip. This can occur for high Mach
numbers. In this case, the present version of subroutine BDYGEN has been
programmed to move the origins of the line singularities up towards the
body nose. The result is to minimize the inherent error in the solution
near the nose if the Mach cone from the nose tip intersects the body
contour. -The part of the nose contour outside the Mach cone is then
replaced by a cone. This constitutes a limitation to the method. ‘An
illustration of this scheme will be discussed later in connection with
the pressure distribution on an ogive-cylinder using the Bernoulli

pressure expression.
3.3 Body Interference Shell for Fin-Body Interference

An interference shell is positioned around the body over the length
covered by the fins to account for fin-body interference. Constant
u-veiocity panels are distributed on this. shell by subroutine LAYOUT in
addition to those on .the fins. The panels on the interference shell and
‘fins contain one control point each, which is located ‘at the 95 .percent
chord containing the panel centroid. A typical distribution of constant
u-velocity panels is shown in figure 1. The body and wing coordinate
system, (xB,yB,zB) and (xw,yw,zw), respectively, are also'shown. The
axial location on the centerline of the origin of the latter is at the
.axial location of the leading edge of the fin root chords. Both coordi-
nate systems can be the reference coordinate system. Fins in the z = 0
or zp = 0 plane are called horizontal fins. Fins in the yy, = 0 or Yg = 0
plane are called vertical fins. Angle of pitch, a, and sideslip, B, are
determined from the included angle of attack, aé, and roll angle ¢.*

E3
See equation (12)
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3.4 Wing-Body Interference Solution

For the cruciform fin-axisymmetric body combination shown in figure
1, the strengths of the line singularities representing the body itself
are solved for by subroutine BDYGEN in program DEMON2. Body on fin
interference is accounted for as follows. The velocities normal to the
fins at the control ﬁoints induced by the body line singularities are
computed by subroutine VELCAL in program DEMON2. On the horizontal fins
these velocities are added to the free-stream component normal to the fin
surface including the effect of fin deflection. On the vertical fins,
the body induced normal velocity is added to the free-stream component
normal to the vertical fin surface., These additions are performed in
routine CRFWBD of program DEMON2. If external vortices are present,
their effects are determined separately by program VPATHZ and added to
the body induced velocities by an exchange of data sets between VPATH2
and DEMONZ2. The flow tangency condition applied to the control points on
the horizontal fins is built up in routine CRFWBD of program DEMON2 as
follows. Let the number of panels laid out over the cruciform fins and
interference shell be NWBP and let NRP be the number of panels on the
right horizontal fin only. Then, with v as index for all the control
points and n the summation index for all the constant u-velocity panels,
the flow tangency condition for the right horizontal fin is given by

NWBP
W = ~sin{(a + § Yy - w ;, v=1,2,...NRP (1)
n=1 Wv,n | H,R WiV )
where o is the angle of pitch and § is the deflection of the right

H,R
horizontal fin. The term on the left-hand side represents the summed

velocity component (for unit V ) normal to the horizontal fin induced by
all constant u-velocity panels on the fins and intérference shell of the
finned section under conSidératioh. The method for calculating the terms
on the left-hand side of equations (1) through (5) is given on page 6 of
reference 1 or section 3.3.4 of reference 7. The first term on the
right-hand side is due to the free-stream velocity, and the second term
wwi,v is induced by the body singularities and external vorticeé if
present. Setting NHP equal to the number of constant u-velocity panels
on both horizontal fins, the flow tangency on the left horizontal fin is

expressed as

15



NWBP

= =gi + - =
Wi eln(a GH,L) Y. ,vo ! v NRP+1,...NHP (2)
n=1 v,n i

where 8y ;' is the deflection of the left horizontal fin. Let N3P be
equal to the number of constant u-velocity panels on the upper vertical
fin glus the number on the horizontal fins. The flow tangencyAcondition
applied at the control points of the upper vertical fin is written as

follows:

.-

NWBP

L Va = sin(B + GV,U) - VW.,v s, Vv = NHP+l1l,...N3P (3)
n=1 v,n i

Angle B is angle of sideslip and 6V,U is the deflection of the upper
vertical fin. The term on the left-hand side represents the summed
velocity normal to the upper vertical fin induced by all constant u-
velocity panels on the fins and interference shell. The first term on
the right-hand side is due to the free-stream wvelocity, and the second
term Vg, v is induced by the body singularities and external vortices if
present. The flow tangency applied at the control points of the lower

vertical fin is

NWBP -
v = gin(B + § ) - v , Vv = N3P+1l,...NPANLS (4)
n=1 wv,n v,D W,V
Here GV D-is the deflection of the lower vertical fin and NPANLS is the
’

sum of the panels on the horizontal and vertical fins.

For cruciform fin-axisymmetric body combination the fins lie in
mutually pefpendiéularplanesof symmetry of the cylindrical body (at
~least for the fins at 'zero cant angle). Consequently, thickness effects
of one fin. cannot influence the loading on other fins but they can affect
the panelé on the interference shell. Therefore, if fin thickness is to
be accounted for, the flow tangency condition applied at a control point
on the interference shell is now stated as follows: |

NWBP

2 ==Vy ., + V = NPANLS+l,...NWBP (5)
n=1 v,n t!

In this instance, the term on the left-hand side is the summed velocity
normal to the body interference panel with index vV induced by the’
constant u-velocity panels on the fins and the shell itself. The term on

th

the right-hand side is the velocity normal to the v body interference

16 -




panel induced by all the source panels laid out over the fins to model
thickness effects. 1In this way, fin on body interference is accounted
for. Note that vortex induced velocity components are not included in
the boundary condition associated with the interference shell,'equation
(5). The two~dimensional approach used to track vortices past bodies
and body-fin combinations already insures that there is no flow through
the body surface and fins due to the presence of external vortices. f
However, to satisfy the fin boundary condition in a three-dimensional
sense, thelloading on the fins due to the vortices is accounted for on
the basis of tne panel method from the known vortex paths. Thus, the
vortex paths from the leading edge of the cruciform canard on to the
tail are first calculated by program VPATH2 on the basis of slender-~body’
theory accounting for the geometry of the configuration. Then, for the.
axial location of each control point on the fins, subroutine VVELS of
program VPATH2 also calculates the velocities at the fin control points
induced by the external vdrtices and their images for the body alone.
In this approach, the reaction of the fins to the effect of external
velocitiés comes from two sources. First, the strengths of constant :
u-velocity are affected by the vortex induced effects in thée boundary
condition. Second, the pressures calculated subsequently by subroutine
SPECPR of program DEMON2 at points on the fins contain all induced
velocity components from the external vortices. Further discussion of
fin pressures can be found at the end of this description. Pressures
as calculated by subroutine BDYPR at the control points of the constant
u-velocity panels on the body interference sheli also include contribu-
tions from the external vortices and their images for the body alone as

calculated by program VPATH2.

Equations (1) through (5) form a set of simultaneous equations from
which the unknown constant u-velocity panel strengths can be solved.
The number of unknown in the set of simultaneous equations is given by
NWBP. The matrix solution is performed by subroutines LINEQS and SOLVE
in program DEMON2. Constant u-velocity panel strengths are expressed
in terms of the axial perturbation velocity component % %i. It has a

@
constant value for all points in the constant u-velocity panel.
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3.5 Nose Vortex Characteristics
For configurations involving body noses with c1rcular cross sectlon,
program DEMON2 is now equipped to determine body nose vortex character-

" istics up to the cruciform canard section from a data base built into
subroutine BDYVTX. The data base is extracted from the compiled experi-
mental data displayed in figure 5 of reference 41 The shed vorticity is
represented by two concentrated symmetrical vortices whose strengths and
positions in the cross flow plane are given as a function of axial
distance from the nose. The separation distance, xB,s’ measured from the
nose is obtained from either equation (5), reference 4, for sharp noses
or eQuation (6), reference 4, for noses with cone semi-apex angles in

excess of 30°.

The vorticity characteristics are to be determined at some axial
dlstance from the nose, Xg- The axial location aft of the separation
peint is nondimensionalized by the body radius at the base of the nose
designated RB in subroutine BDYPR. This subroutine calls ‘subroutine
BDYVTX and computes the pressure distributions on the body nose (and the
portion of the body between the canard and tail fin regions). 1In sub-
routine BDYVTX, the nondlmen51onallzed axial dlstance is multiplied by
sin O where o is the included angle of attack, and the result is
named XPAR. This subroutine then proceeds to interpolate in a table
containing a finite set of values for the axial distance parameter called
XST.

X, - X
XST = = B¢S o451 o (6)
ry c

Vortex strengths are designated GAMT and are nondimeneidnalized by the
free-stream velocity v, and the local body radlus, a, whlch 1s a functlon
of axial distance. As a function of the axial parameter XST, the table
contains values for GAMT taken off the lower curve of flgure 5(a) in
reference 4. A o

r

B C
GAMT = : : (7)
21ra(xB)V°° sin a S

This curve contains data for both supersonic and subsonic speeds. The.
coordinates in the cross flow plane are also divided by the local body

radius with zy aligned with the component of the free stream in the
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cross flow plane and yy normal to it, positive to the right. The tables
in subroutine BDYVTX contain Yy coordinates for both subsonic and super-
sonic flow conditions denoted YAl and YA2, respectively. The latter is
used here. Only one set is givén for the z coordinate designated 2Al.

’

. Yy
YA2 = FYEaN) ) )
B’ | supersonic ;
z,, (8)
ZAl = YE)
B

Thus, for a given axial distance from the nose, Xpo ahead of the forward
lifting surface region, the vortex strengths and positions are determined
by*interpolation from the table shown below.

XST GAMT YA2 ZAl
0 0.3 . 0.63 1.14
1.0 0.32 0.64 1.26
2.0 0.34 0.663 1.38
3.0 0.40 0.665 1.5
4.0 0.48 0.678 1.615
5.0 0.62 0.69 1.73
6.0 S 0.77 0.70 1.84
7.0 0.90 0.715 1.95
8.0 1.0 0.725 2.05
9.0 1.08 0.735 2.14

10.0 1.15 . 0.74 2,20

The coordinates yv/a and zv/a obtained from the above table by interpola-
tion for given xB'are transformed into the body fixed coordinate system
by a rotation through angle of roll ¢. This process is performed in sub-
routine BDYPR and it is followed by a call to subroutine VRTVEL to calcu-
late all velocity components induced by the separation vortices at points
on the axisymmetric body at axial location Xg. These velocity components
are then combined with the velocity components induced by the line
sources/sinks and line doublets of the body of revolution itself for the
purpose of determining the pressure distribution, as described below.
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3.6 Pressure Distribution Calculations

The resultant velocity at a point on the body surface, including

effects of free stream, is given by

£ A4

R 2u 2v . . W,
N — =1+ —cosa_ - — sina_ sin ¢ + =— sin a_ cos ¢
v, V. c v, c v, * o]
2 2 2 :
-+
+ U v2 + w , (9)

where flow angle oL is the included angle of attack and ¢ is the angle of
roll. This result is obtained by applying the pitch-roll transformation.
shown in table 1-2 of reference 8 to the velocity components (u,v,w)
aligned with the body coordinate system (xB,yB,zB). The resultant
velocity calculated in subroutine BDYPR using equation (9) is then sub-
stituted into the Bernoulli pressure-velocity relationship repeated here

for convenience.

xX_
2y |y-1
P-P _ - v : . . _
Cp = q°°= 2 1+Y—21-M:l-—§ -1 (10)
® M v

The pressure coefficient has the limiting value corresponding to vacuum

pressure (p = 0) so that it is equal to

c = =% (11)

Pmin M,

The above pressure calculations at points on the surface of an axisymmet-
ric body are performed by subroutine BDYPR of program DEMON2. For the
parts of the body covered by the interference shell, the pressures are
calculated by program BDYPR also in the same manner using ENTRY BDYAFT.
The resultant velocity calculated by means of equation (9) then includes
contributions from the constant u-velocity panels on the fins and inter-
ference shell in addition to the contributions from the body line singu-
larities and'external vortices when applicable. Pressures on the fin are
also computed with the Bernoulli pressure equation (10). The velocity
component contains contributions from the constant u-velocity panels
distributed over the fins and interference shell, contributions from the

body singularities.and external vortices where applicable. Special care
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must be taken in the calculation of the discontinuous velocity components
immediately above and below the control points of the constant u-velécity
panels on the fins. In subroutine SPECPR of program DEMONZ2, they are
related directly to the strength of the panel under consideration. ,

Some comparisons with measurements are given in the results compari-
sons, section 7, for the case of an ogive cylindrical body without body
nose vorticity. These comparisons serve to test the body modeling method

and the pressure expression used.

In determining the effect of the canard vortices on the pressure
distribution, it is first necessary to establish the strength and posi-
tion at the canard fin trailing edges. This is accomplished as described
in Appendices B and C. The vortices are tracked back to the empennage
using a vortex  tracking program based on slender-body theory. The Veloc—
ities included in this calculation are described in Appendix I.

4, DETAILED APPROACH FOR ELLIPTICAL BODY WITH MONOPLANE
) WING AND INTERDIGITATED CRUCIFORM TAIL-

This section of the report gives a short description of the method
using body source panels to represent a body with elliptical cross
sections at combined angle of pitch and sideslip. Extensions to the flow
tahgency conditions are pointed out. The method used to include effects
of specified body nose vorticity is described. The flow angles and the
velocity components used in the pressure expression are given. Figure 2
shows a body source panel layout for a body'with elliptical cross sections.

4.1 Modeling of Monoplane Wing, Interdigitated Tails
and Elliptical Body by Body Source Panels

Basically, the layout of constant u-velocity panels on the monoplane
wing or interdigitated tails is performed in the same way as for cruci-
form fins by subroutine LAYOUT of program DEMON2. For interdigitafed
tails, additional geometric transformations are required to express panel
corner coordinates and induced velocities in the reference coordinate
system which can be either the body (xB,yB,zB) or wing (xw,yw,zw) coordi-
nate system shown in figure 1. These transformations are discussed in
Appendix D. At the present time thickness effects are included only fér
the monoplane wing using planar source panels mentioned earlier in
connection with cruciform fins. Program DEMON2 has been extended to

allow for an interference shell with elliptical cross section. The



additional analysis required with regard to the load calculation is given
in Appendix G concerned with body interference panels on a shell with
elliptical cross section. As far as the attitude of a given body inter-
ference panel is concerned, the angle between the panel trailing edge and
the Yg O Yy axis is now calculated in accordance with the expressions
for eZ,BIP shown in figure 3. This angle is used in the transformation
from the body interference panel coordinate system to the wing or body
reference coordinate system (and vice versa) as performed by subroutine

TRBIPW of program DEMON2,

The body itself with elliptical cross section is modeled by program
WDYBDY using supersonic body source panels which can bé inclined to the
flow. A typical layout of body source panels on a body with elliptical
cross section is shown in figure 2. The angle of inclination between a
body source panel and the body centerline is limited to the semi-apex
angle of the Mach cone associated with the free-stream Mach number.

Thus, there is a limit to which body noses can be modeled by the body
source panel method. The solution for such a panel is based on super-
sonic, linear theory as described in reference 9. As is the case for
constant u-velocity panels, the influence of one body source panelv(not
to be mistaken for the planar source panel used to model fin thickness)
is also obtained by summing the influences of the four panel corners.

The basic expressions for perturbation velocity components are giQén on
page 35 of the cited reference. Program WDYBDY consists of body modeling
subroutines extracted from the computer program described in reference 10
and modified to account for combined angles of pitch and sideslip. The
subroutines affected by this modification are SOLVE, PRESS, and FORMOM in
program WDYBDY. The specific modifications will now be described.

Angle of pitch, o, and angle of sideslip, B, are related to the
included angle of attack, aLr and.angle of roll, ¢ (posigive right fin or
wing down), in accordance with the pitch-roll sequence described in
reference 8, Table 1-2. As a result, the pitch and sideslip angles are

determined from the following expressions.

sin a = sin'ac cos ¢
(12)

sin B sin @ sin ¢
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The orientation angles, 6 and 6, associated with an inclined body source

panel and the flow angles, a and B, are shown in the sketch below. Also

indicated are the local coordinate systems x', y', z'.associated with the
source panel and the reference coordincste system XgrYprZg- The orienta-

tion angles 8 and 6 are shown in their positive sense if the panel corner
numbering sequence is as indicated in the sketch. Axis x' is aligned

with x

B*

Body source
panel

Leading edge Side edge

2

Trailing

Side edge

*B

In subroutine SOLVE of program WDYBDY, the contribution from the free
stream to the flow tangency condition has been modified to include
components due to pitch and sideslip. The component ffom-the free stream
normal to the body source panel inclined at angle § to the x',y' plane and
inclined to the zg = 0 plane at angle 6 is expressed below. This

quantity is designated WN/V°° and is programmed as NB(I) in subroutine

SOLVE.

= sin o cos 8 cos § + sin B sin O cos § - cds o sin § (13)

<| =
2

-]

With the contribution from the free stream given by the above equation,
the flow tangency condition is applied at the control points (centroids)
of the body source panels. . The result is a set of simultaneous equations
from which the panel strengths are obtained. The matrix solution is an

iterative one if the number of source panels is in excess of 60.
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4.2 Pressures, Forces, and Moments on Body
with Elliptical Cross Section

The pressure coefficient is computed at the body source panel con-
trol points by subroutine PRESS in program WDYBDY using the Bernoulli
pressure-velocity relationship, equation (10). 1In subroutine PRESS the
resultant velocity VR was originally determined from the velocity compo-
nents in the wind-axis system for the unrolled case. Using the transfor-
mations indicated in Table 1-2 of reference 8 for the combined pitch and
roll case, the components in the wind-axis system (u,v,w) are related to
the components (u,v,w) aligned with the body axis system (xB,yB,zB) as

follows.

u u Voo W
M . - cosa_ - 5 sin B + sin o

v, vV, c vV, v, S

v v .

~. = ——cos ¢ + =— sin ¢

> (14)

w u . v . w
X = - —8sinaoa_ - =— cos o_ sin ¢ + — cos a_ COs ¢
V. v, N o Ve (o] v, c

2

- — —4y2

VR _ [1]24, {L]2+ [_vz_] )
V2 v, v, Vg

o)

The last quantity is denoted Q2 in subroutine PRESS of program WDYBDY.
The angles associated with the trigonometric functions are described in

connection with equation (12).

In order to add the capability of including effects from specified
body nose vorticity in the body pressure calculation, program WDYBDY is
equipped with additional subroutines. Subroutine READVX reads in an
array of axial locations measured from the body nose, ELBDVT reads arrays
containing the lateral coordinates and strengths of the vortices. For
the axial location of a given control point in a body source panel, these
subroutines interpolate for the coordinates in the cross flow plane and
strgngths of the vortices. Subroutine VVELS then proceeds to comque the
velocity components induced by the set of external vortices and their
images inside of an elliptical cross section at the control point. This

application of slender-body theory is a degenerate form of one of the
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crossflow plane solutions described in Appendix I in connection with
vortex path calculations. The flow tangency condition at the body sur-
face is therefore satisfied and the body source panel strengths are not
affected. The vortex induced velocities are calculated in the body ref-
erence coordinate system and added to the v and w velocity components in
equation (1l4). In connection with the application of slender-body theory
to elliptical cross sections, a special procedure is followed to avoid
numerical problems leading to unrealistic values for the velocity compo-
nents at the body source panel control points. Essentially, the control
points are moved just outside the actual body circumference as described
in detail in Appendix H.

Once the pressures on the body are known, subroutine FORMOM, as
applied to the body modeling program WDYBDY, computes the overall forces
and moments acting on a body with elliptical cross section. This sub-
routine was extended to include calculating the side force and yawing
moment for the pitched and rolled case. First, a normal-force "coeffi-
cient" is defined” for one body source panel as follows.

C = - C_ Area

(15)
panel P panel .

By first resolving through the panel inclination angle § and then through
the azimuthal orientation angle 6, ‘the forces on the panel expressed in
the body coordinate system (xB,yB,zB) indicated in figures 1 and 2 are

given by ~

C = - C sin §

*B anel .
panel P

c, = - CN‘ cos § sin 6 (16)
B panel panel

c, = CN’ cos § cos 6
B panel panel _J

Angles § and 6 are shown in the sketch discussed above.

The contributions from one body source panel to the moments are
determined as follows. The pitching and yawing moments are first calcu-
lated in terms of the body coordinate system. In this way, the pitching-
moment vector is normal to the Yg = 0 plane and the yawing-moment vector

* .
Normal force per unit dynamic pressure.
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"is normal to the 2g = 0 plane. Rolling-moment vector lies along the Xp
axis. For one body source panel, the contribution to the pitbhing—moment

coefficient in the body coordinate system is stated below.

c =-cC (x, g = XM) + C (z - ZM) (17a)

m : 2 c,B
panel B panel B panel

nose up positive

The contribution to yawing moment in the body coordinate system is given

by

C = - C (x

n panel yB c,B - XM) o+ CX YC,B 1 (17b)

panel. B panel

nose to right positive

and the contribution to rolling moment in the body coordinate system is

written as

C panel = - C B YC,B + C (zc,B_- M), (179)
panel panel

right fin down positive

In the above equations, (xc,B’ Yc,B’ zc,B) are the coofdinatgs of the
centroid or control point of the body source panel. The moment center is
given by (XM, 0, 2ZM) in the body coordinate system. In subroutine
FORMOM, the quantities defined by equations (16) and (17) are designated
DCXB, DCYB, DCZB and DCMB,. DCNYAW, DCLROL, respectively. The contribu-
tions to the forces from all the panels are then added and divided by a

. reference area designated REFA. The contributions to the moments are
also added and divided by reference area REFA and reference length REFD.

" For the pitched and rolled case, an additional transformation is

perfbrmed in subroutine FORMOM to finally determine the forces and

moments in the wind-axis system. Thus, let C, wind axis be in the plane

formed by the body centerline and the free-stream velocity vector and lie
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in- the direction normal to that vector. This quality is in fact the lift
‘in coefficient form acting on the body and it is obtained by applying the
body to wind axis transformation indicated on page 12 of reference 8.

C. =¢C

= - in o - C cos o i
L 2 Cx si c Sin ¢

wind -axis B ¢ B

+ czB cos a, cos ¢ . (18a)

Let Cy wind axis be the force normal to the plane formed by the body
centerline and the free-stream vector, positive to the right.

- C

= i + C cos :
v Cc sin ¢ y ¢ (18b)

’p B

wind axis
The axial forcg'ln the wind axis system, Cx wind axis,Alles along the
free-stream vector. It equals the drag-force coefficient Ch-

= C cos o, - C sin a, sin ¢

x! . . X
wind axis B B

o+ CzB sin a, cos ¢ (18c)

In the wind axis system, the pitching-moment vector is normal to the
plane formed by the free-stream vector and the body centerline, positive
nose up. The pitch-roll transformation is applied again to the moments

in the body axis system.

= C

C :
wind axis m,body axis

m

cos ¢ - c, sin ¢ (19a)
body axis

The yawing-moment vector in the wind axis system lies in the direction of

the 1lift force, positive nose right.

cos o sin ¢
X c
body axis

C

= - i +
n C£Sln ac C

d

wind axis

f

+ C cos o, cos ¢ ‘ ' (19b)
n body axis .
In quations (18) and (19), angles oLr ¢, o and B are discussed above in
connection with_équétion (12) . They are designated ALPHAC, PHIR, ALPHA
and BETA, respectiéeiy,.in subroutines FORMOM, SOLVE and PRESS of program
WDYBDY. : '
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4.3 Wing-Body and Tail-Body Interference

Once the body with elliptical cross section is modeled by program
WDYBDY for given included angle of attack, LI angle of roll, ¢, and
Mach number, the velocity components induced by the body source panels
with known strengths are computed at the control points on the monoplane
wing or interdigitated tail fins by an added subroutine BDYVEL of program
WDYBDY. In this way, body to wihg or fin interference is accounted for.
This is accomplished by interchanging data sets between programs WDYBDY
and DEMON2. Note that for axisymmetric bodies, program DEMON2 performs
both the body modeling and fin modeling and no such data set exchange is

required.

For the monoplane wing attached to the interference shell, the flow
tangency condition for the right wing is given by equétion (1). If the
configuration is rolled in addition to pitched, the flow tangency condi-
tion must also be set up for the left wing, equation (2). The flow tan-
gency condition applied at the control points of the constant u-velocity
panels in the interference shell with elliptical cross section is given )
by equation (5). This boundary’condition accounts for wing or fin on o
body interference. The strengths of the constant u-velocity panels dis-
tributed over the monoplane wing and the interference shell with
elliptical cross section are then solved from the set of simultaneous
equations generated by the flow tangency condition. Effects of external
vorticity can be included in the wing boundary condition by exchanging

'data, sets between programs DEMON2 and VPATHL. The latter program deter-
mines the paths of the body nose vortices as they pass through the mono-
plane wing section up to the tail section. It also computes velocity
components induced at the control points of the constant u-velocity
panels on the monoplane wing by the external (body nose) vortices in the
presence of the body only. In this way the monoplane wing is influenced
by the external vorticity in the boundary condition and in the calcula-
tioniof pressures acting on the wing as performed by subroutine SPECPR
in program DEMON2. The reason for this procedure is increased accuracy
"as mentioned in the previous section 3.4 concerned with cruciform fins on

an axisymmetric body.
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5. PROCEDURE FOR APPLICATION OF PROGRAMS TO COMPLETE CONFIGURATIONS
5.1 Circular Body with Cruciform Canard and Tail Fins

‘The following is a description of the step-wise use of programs
DEMON2 and VPATH2 for handling a complete configuration with a body of
circular cross section. The manner in which the programs are used
sequentially and the exchange of data sets are indicated.' The first
three steps are concerned with the part of the configuration from the
body nose to the trailing edge of the canard sectiou.' The remaiping'
steps deal with the body aft of the cauard and with the cruciform'tail-‘
fins. Finally, the procedure required to assemble pressure distributions

cting‘on the entire configuration is given. The steps at which fin
forces and moments are calculated are also indicated.

5.1.1 Sequential use of programs

Step 1(a). Run lifting-surface program DEMON2, with index NCPOUT set -
equal to 2 in namelist INPUT. This step generates the
.coordinates of the'control points associated with the
constant u-velocity paneis distribu;ed on the fins of the
’cruciform-oanafd and the body-interference shell. The number
of oontrol points and the sets of coordinates are stored in a
data set designated TAPE4 = CPTS1. There are NWBP sets. of
coordinates where NWBP is the number of control poihts‘on-the
canard fins and the interference shell. This shell has
constant circular cross-sectional area and covers the body
from the leading-edge to theé trailing-edge of the canard

" section. This step can be combined with step 1(b) discussed
next by setting NCPOUT equal to 1 instead of 2,

Step 1(b). Consider the canard fins mounted on the body The body is .
modeled from its nose to the trailing edge of the canard fin
as a minimum, Run_liffing-surface progfam DEMON2 wiﬁh index
NCPOUT set equal to zero in namelist INPUT. This step can’be
combined with step 1l(a) by setting NCPOUT = 1. If the latter
value is used, the program not only generates the data set
containing the control point characteristics, CPTS1l, but will

also proceed to compute. the pressure distributions on the
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Step 2.

30

body nose up to the canard section. If the included angle of
attack is sufficiently high, the effects of body nose vorti-
city will be accounted for in the body pressures} In addi-
tion, the strengths of the constant u-velocity panels and
subsequentiy the pressure distributions and loadings acting
on the canard fins and interference shell are calculated
without the effects of body nose vorticity. The output
includes information concerning fin leading- and side-edge

separation vorticity.

Vortex path program VPATH2 is now employed to track the body
nose vortices over the canard section. Input includes the
data set designated CPTS1 containing the number and sets of
coordinates of the control points on the cruciform canard
fins and intefference shell. This data set was generated in
either step l(a) or 1(b). 1In the input to program VPATH2,
indices NCPIN and NVLOUT are set equal to 1 .for this run.

The former causes data set CPTSl to be read in and the latter
generates a data set designated VELOS1. The input to this

. program also includes the strengths and coordinates in the

crossflow plane of the body nose vortices at the axial
station corresponding to the start or leading edge of the
éanard section. These vortices are tracked back to the end
or trailing edge of the canard section. Effects of fin edge
vorticity (kept stationary) can be included in the determina-
tion of the paths of the body nose vortices. Fin leading-
and side-edge vortex strengths (if comparable in magnitude to
the body nose vortices) and locations are read-in by the
program separately from the input associated with the vorti-

ces whose paths and effects are to be calculated.

After the vortex paths have been calculated, program
VPATH2 calculates the perturbation velocities induced by the
body nose vortices at the control points of the canard fins
and interference shell. The velocity components are stored
in data set TAPE7 = VELOS1 mentioned earlier. In this
velocity calculation, the éffects of the vortices are calcu-
lated in the presence of the body only, or in other words as

if the canard fins are not present.



Step 3.

Step 4.

Program DEMON2 is run again with NVLIN = 1 and NCPOUT = 0 in
namelist INPUT. The value of the first index tells the pro-
gram to read in velocity components induced by the body nose
vortices at the control points on the canard fins and the
interference shell as the -vortices pass by the canard section.
This information was generated in step 2 by program VPATH2
and stored in data set TAPE7 = VELOSl. The strengths of the
constant u-velocity panels are then recalculated including
the effects of the external body nose vortices. As a result
of this calculation, the pressure distributions,’forces and
moments on the canard fins and pressures on the body aft of
the leading edge of the canard root chord include effects

induced by the body nose vortices.

At this stage, the output also contains specifications
for the concentrated vortices associated with the fin trail-
ing edges. Specifications calculated on the basis of
Bernoulli-type loading pressures will be used in a later
step. Furthermore, the distributions of fin leading- and
side-edge vorticity calculated on the basis of linear (u/V_
type loading pressure) theory will be considered in the
calculations that follow. ' -

Program DEMON2 is applied to treat the tail fin section
mounted on the body. The body is modeled from the nose to
its base, 1In this step, effects of external vortices are not
accounted for. Index NCPOUT = 1, NVLIN = 0 and ITAIL = 1 in
namelist INPUT for this run. In addition, quantity XSTART
must be set equal to the axial location of the trailing edge

of the canard section.

The first index causes the program to generate a data
set designated CPTS2 which contains the number and sets of
coordinates associated with control points on the tail fins
and interference shell. Additionally, this data set contains
the sets of coordinates specifying points on the body surface
between the canard and tail section at which pressures willbe
calculated. At this stage, the calculated pressures on the
body do not include effects of external vorticity. The tgil
fin loadings do not include effects of body nose and canard
fin vorticity so far.
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Step 5.
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The vortex path program VPATH2 is now used to chase external )

vortices from the canard section, along the aft body, past

the tail section, to the body base. Index NCPIN = 1 and
NVLOUT = 1 for this run. The value given to the first index
causes the program to read in data set CPTS2 containing

control and body préssure points. Velocity components
induced by the external vortices are calculated at the points
whose coordinates are in data set CPTS2. The value given to
the second index results in the generation of data set

TAPE7 = VELOS2 which contains the induced velocity components.
The strengths‘&nd positions of thé vortices at the tréiling
edge of the canard section as required by the input to.pro—‘:

‘gram VPATH2 for this run include the following:

1. Bédy nose vortices whose characteristics are available
at the trailing edge of the canard section as a result of
step 2 calculated by program VPATH2.

2. Concentrated vortices emanating from the trailing edges
of the canard fins. Strengths and locations of these
vortices are available from the'result$ (based on
Bernoulli pressures) generated by program DEMON2 at the
end of step 3.

3. Fin leading- and side-edge separation vortices, if their

strengths are comparable to the strengths of the vortlces
of 1 and 2. Their strengths and spanwise positions

(based on linear pressures) at the fin trailing edge areA‘
. also calculated by and appearAih the output of program )
DEMON2. The user may input a distance off the fin plahe
equal to the product of the root chord and the tangeht of
half the angle of attack seen by the fin in question.

After the paths of the above vortices are'calqulatea, program
VPATHZ2 proceeds to compute their effects at points on the aft
body and on thé tail sedtion as mentioned above. 1In ﬁhis
process, the velocity components induced by the external
vortices are calculated in the presence of the body only, or.

in other words as if the tail fins are not present.



Step 6. Finally, program DEMON2 is applied again to the tail fins on
' the body. Index NCPOUT = 0, NVLIN = 1 and ITAIL = 1.. The =
progrem reads in data set TAPE7 = VELOS2 which contains
vortex effects calculated in the previous step at points on
~ the aft body and the tail section including the fins.

The strengths of the constant u-velocity pauels are
recalculated including the effects of body- and canard-fin
vortices. As a result of this calculation, the pressure
distributions, forces and moments acting on.tﬁe peil fins and
the pressure distributions on the body from the canard
section to the body base are affected by the body and canard

fin vortices.
5.1.2 Assembly of pressure, force and moment data

The results obtained in the stepw1se manner descrlbed above allow
for the determination of the pressure distributions on the body and

forces and moments acting on the fins as follows.

Nose section: 0 < Xg < xB,WLE

At the end of step 1, the output of program DEMON2. includes circum-
ferential pressure distributions at a finite number of axial stations
from the nose tip to the leading edge of the canard section. From this
infbrmation, meridional pressure distributions can also be obtained.
Effects of'body‘nose vorticity are accounted for in the velocity compo-

nents used to compute Bernoulli pressures.

Canafd‘seetion: X5 WLE < Xp < XB,WTE

Pressure distributions on the body aft of the leading edge of the
fin root chords (up to the trailing edge) and on the fins are ealculated
by program DEMON2 "in step 3. The results include effects of bedy nose
vorticity. Normal forces and moments acting on the fins lncludlng the
influence of body nose vorticity are also calculated and output by the
program (refer to quantities under Bernoulli-type loadlng pressures)
Any augmentation to the fin normal force due to fin leadlng- "and side-
edge separation can be determined from the following hand calculation
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using the quantities pfinted under the U/VINF (linear)'type loadiné

pressure. Consider the right horizontal fin (the other fins are treated
the same way). i

c.|. +c =K _C.|” +K..C (Polhamus' Analogy)y
N‘LE NISE LE"Si;g  SE S|gg

If KLE and KSE are not input, then_the following )

values are used in obtaining vortex.strengths:

. . (200
Kp = 0.5, KSE‘f 0.5 (default value) .- - }
' Cq = [(SUMFX)? + (SUMFYl + SUMFY2) 217
LE :
CS = SUMFT2
SE 3

In the above SUMFX is the sum of all the forces acting upstream .in
the plane of the fin. For example, if NRP equals the number of constant
u-velocity panels on the right horizontal fin

NRP

AF .
L= )y X . (21)
SUMFX Right hor. £fin }: q -
n=1

The axial in-plane force AFx for one panel is shown in the second sketch

of Appendix C. In-plane side force AFY .is also indicated and
NRP 4p _

SUMFY1 = E:- Y1,n (22)
n=1

The in-plane side force AFY2 acting at the 6utboard aft qorher is also

shown in the second sketch of Appendix C. For_all'the panels on the fin
except those at the tip chord - ' '

NRP-NCW AF

. Y . .
SUMFY2 = .§: - .;'“ (23)
~ n=1 : :

where NCW is' the number of panels along the chord.

Then by adding the
contributions from the panels at the tip o :
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' NRP AF ' S
. Y2 3
SUMFT2 = E: g S (24)
n=NRP-NCW+1 IR

. . : . < <
SectloP behlng canard section: XB,WTE Xp *B,TTE

Pressure distributions on the aft body from the canard section up to
the tail section are calculated in step 6 using program DEMON2." From the
leading edge of the tail section to the trailing edge (assumed to be at
the same axial location as the bédy Baée), the pressure distributions on
the body appear under the heading AFT OF LEADING EDGE OF FIN ROOT
CHORDS . Normal forces and moments acting on the tail fins including
influence of body nose and canard vorticity are also calculated and
printed by the program (refer to quantities under Bernoulli~type loading
pressure).. Any augmentalion,to the fin normal force due to fin leading-
and side-edge separation can be determined from the hand .calculation
discussed earlier in connection with the canard fins, equations;IZO)
_through (24). ’

5.2 Elliptié'CrOSS Section Body-Monoplane
Wing-Interdigitated Tail Fins-

, The following is a description of the stepwise use of programs

" DEMON2, WDYBDY and VPATHL for handling a complete configuration with a
body of elliptical cross section. The manner in which the programs are
used séquentially and the exchange of data sets are indicated. The first
five steps are concerned with the part of the configuration from the body
nose to the trailing edge of the monoplane wing. The remaining steps
deal with the body aft of the monoplane wing. section and with the tail
fins. .Finally, the précedﬁre required to assemble préssure distributions
and overall forces and moments acting on the entire configuration is '

indicated.
5.2.1° Séquential use of program
Step 1. Run lifting-surface program DEMON2 with index NCPOUT = 2 in

namelist INPUT. This run generates the coordinates of the
control points associated with the constant u-velocity parels
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Step 2.

Step 3.

distributed on the monoplane-wing and the body-interference
shell. The number of control points and the sets of coordi-
nates are stored in a data-set designated TAPE4 = WCPTS.
There are NWBP coordinates where NWBP equals the number of
control points on the monoplane wing and the interference
shell. This shell has constant elliptical cross section and
covers the body from the leading edge to the trailing edge of

the monoplane wing.

Run body source panel program WDYBDY for the elliptical body
alone with index NCWPT = NWBP in the input. This causes the
data set containing control point coordinates designated
TAPE4 = WCPTS to be read in. The body length ‘should extend
at least up to the trailing edge of the monoplane wing if the
trailing edge is supersonic. If this edge is subsonic, the
body length should extend past the monoplane wing section in
order to account fully for body-wing interference. This...
program can also read in forebody separation vorticity
characteristics calculated by a separate program mentioned in
section 2 entitled GENERAL APPROACH. Results -of this run
include pressure distributions along body meridians up to the
wing section including effects of body nose vorticity if
applicable. In addition, perturbation velocities induced by
body source panels alone at the specified control points are
calculated. These velocities are stored in another data set
designated TAPE4 = WVELS and passed to program DEMON2.

Program DEMON2 is run again for the monoplane wing/elliptical

"interference shell with NCPOUT = 0 and NVLIN = 0 in the name-

list INPUT. The program proceeds to calculate the constant
u-velocity panei strengths including the effects induced by
the body source panels. Output includes the strength and

"lateral positions of the leading- and side-edge vorticity

associated with the monoplane wing as a function of axial
location. So far, effects of body nose vortices have not

been included. ' S

Run program VPATHL with indices NVLOUT = 1 and NCPIN = 1 in
the input. It is applied to the monoplane wing/elliptical
cross section body. The axial starting point is at the
leading edge of the monoplane wing rootchord. Vortices to be



tracked to the trailing edge are the body nose vortices whose
strengths and positions are known at the leading edge of the
monoplane wing root chord from results obtained with a sepa-
rate program. The effects of wing leading- and side-edge
vorticity (kept-stationary) can be included in the calcula-
tion of the paths of the body nose vortices. The values
given to the indices NCP and NCPIN causes program VPATHL to
read in data set TAPE4 = WCPTS containing coordinates of the
control points distributed on the monoplane wing and inter-.
ference shell. After.the body nose vortex paths have beeﬁ
calculated, perturbation velocities induced by the body nose
vo;tices at the control points are computed and stored in
data set TAPE7 = VRTVEL. In this velocity calculation, the
effects of the vortices are calculated.in the pfesence of the
elliptical body'only, ' '

Step‘S.- Use program DEMON2 again with indices NVLIN =1 and NCPOUT =0
. in the namelist INPUT. The value of the first index tells
the program to read in velocities induced by the body nose
vortices at the control points on the wing and interference
shell as the vortices pass by the wing section. This infor-
mation is stored in data set TAPE7 = VRTVEL. The strengths
‘of the constant u-velocity panels are then recalculated . '
includihg the effects of the external body nose vortices, and
‘the body itself. The output includes pressure distributions on
the monoplane wing and the length of body spanned by the wing
_Seqtiqn accounting for all vortices. In addition, strengths
and positioﬂs of the trailing-edge vorticity‘of the monoplane
wing are calculated from the spanwise load distributions. At
this stage; the configuration,has'been treated from the body
. nose up to the trailing edge of the monoplane wing section.
Strengths and locations of the body nose vortices, wing
leadipg- and side-edge vortices and wing trailing-edge
vortices are now knowh at the end of the wing section.

Step 6. If the tail section is located aft of the wing. section by
. some length of body, this and the following step must be )
taken in order to track body nose and monoplane wing vortic-
ityAaloné the body up to the tail fin section. Program
WDYBDY is run for the elliptic- body only to generate
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Step 7.

Step 8.

Step 9,
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coordinates of control points associated with the source
panels laid out from the wing section to the tail section.
These coordinates are stored in another data set designated
TAPE4 = BCPTS, which is passed to program VPATHL.

Program VPATHL is applied again to the elliptical body alone
from the wing section to the tail section. If there is no
body length between the wing rootchord trailing-edge and the
tail fin rootchord leading-edge, this step is omitted.
Vortices to be tracked over this length along the body
include the body vortices, wing leading- and side-edge
vortices and the wing trailing-edge vortices. Strengths and
positions of these vortices are known at the monoplane wing
trailing-edge location (see steps 4 and 5). Once the vortex
paths have been determined, program VPATHL calculates the
velocities induced by the vortices at the control points on
the body passed through by means of data set TAPE4 = BCPTS
generated by step 6. These velocities are to be passed back
to program WDYBDY using data set designated TAPE7 = VRTVEB
(step 9).

Program DEMON2 is applied to the interdigitated tails to
generate the coordinates of the NWBP control points distrib-
uted on the fins and the interference shell. Index NCPOUT is
set equal to 2 in namelist INPUT and the coordinates are
stored in a data set designated TAPE4 = TCPTS. This step is
essentially a repeat of step 1 applied to the tail fin in

this instance.

The body program WDYBDY is applied to the entire body 1eng£h
of the configuration. 1Index NCWPT is set equal to NWBP, the
number of control points on the tail fin and interference
shell. As in step 2, a data set designated TAPE4 = TCPTS
containing control points is read in. Velocities induced by

'the body source panels at the control points are calculated

by program WDYBDY. They'are stored in a data set designated
TAPE4 = TVELS to be passed back to program DEMON2. In addi-
tion, by setting index NVLIN = 1 in the input to program
WDYBDY, data set TAPE4 = VRTVEB generated in step 7 is read
in. It contains velocities induced by external body and wing



vortices. Their effects are included in the calculation of
pressure distributions on the body from the wing section
trailing edge to the leading edge of the tail fins. "If there
is no body ‘length between these two stations, no such pres-

sure distributions are calculated.

Step 10. In this final step, program DEMON2 is applied to the inter-
digitated tail fins with NCPOUT set equal to zero. This
index signals-the program to read in the body source panel
induced velocities stored on data set TAPE4 = TVELS. For any
case involving interdigitated fins, set NDRAG equal to zero.
Strengths and positions of forebody vorticity, wing leading-,
side~ and trailing-edge vorticity are known at the leading
‘edge of the tail section as a result of step 7, or 5 if there
is no body length separating the wing and tail sections.
Their influences are calculated at the tail fin control
points assuming that the vortex paths are not disturbed by
the presence of the fin surfaces. Pressure distributions are
calculated on the fins and the part of the body spannéd by
the tailfin section. 1In addition, forces and moments acting

on the fins are computed.
5.2.2 Assembly of pressure, force and moment data

The results obtained - in the stepwise manner described above allow
for the determination of the pressure distributions and overall forces
and moments acting on the entire configuration by adding those calculated

for the separate sections as follows.

Nosg section: 0 < xg < xB,WLE
Pressure distributions along body meridians, normal- and side-
force, pitching— and yawing-moment contributions are calculated by
program WDYBDY up to the leading-edge of the monoplane wing root chord.
This is accomplished by step 2. Forces and moments are referred to the
body-axis system with Xp directed back along the centerline, Yy to the
right along the horizontal semi-axis viewing forward and zB.upwards
along the vertical semi-axis for an elliptical body. 1In this way, the

normal force C, points along the positive Zn direction and side force Cy
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in the positive yp direction. Pitching moment is measured in the yg = 0
plane. If the pitching moment acts to bring the nose up in this plane,
the sense of this:moment is positive. Yawing moment is measured in the.

z, =0 pléne.' If this moment acts to move the nose into the positivevyB

B
direction, the sense of this moment is positive.

Canard section: Xp JWLE < xg < xB WTE

' Pressure distributions along body meridians are calculated by pro—.
gram DEMON2 over this body section in step 5. Normal- and 51de-force,
pitching- and yawing-moment contributions from this body sectlon and_the

monoplane wing are also computed as a result of step 5.

Section behind canard section up to tail fins (if applicable):

<
*B,wrE  *B ° *B,TLE

Over this length of body, the pressure dlstrlbutlons along body
meridians are calculated by program WDYBDY as part of step 9. Normal-
and side-force, pitching- and yawing-moment contributions are also cbm-
puted. If there is no body length, xB,WTE f B, TLE 0, this part of the
procedure is not applicable. :

Tall;sectlén: Xg TLE < Xp < Xg TTE

~ Over this last body section, -pressure distributions along body
meridians are calculated by program DEMON2 in step 10. In addition,
contributions to the normal- and side-force, pitching~ and yawing-moment
from this bodyqsection* and the tail fins are also calculated as part of
step 10.

In general it is advantageous to let the number of source panels on
the body circumference read into program WDYBDY match the number of cir-"
cumferential constant u-velocity specified in namelist $INPUT of progtam
DEMONl. In. this way, the meridians on which pressures are computed'aré
essentially the same. Reference areas and lengths must be the same in
the inputs to programs WDYBDY and DEMON2. Force and moment coefficients
calculated for the individual sections of the entire conflguratlon can -

then be added to obtain overall forces and moments..

*Note'that force and moment coefficients associated with the inter-
ference shell as calculated by program DEMON2 are only representative of
1ift carryover from the lifting surfaces to the body; refer to Appendix J.
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6. CALCULATIVE EXAMPLES

In this section, two sample cases will be described. The first con-
cerns a configuration designated BW,T, aésociated with UPWT Project 1126,
for which unpublished data was made available by NASA/Langley. This
model coﬂsists of a cruciform canard and a cruciform tail attached tb a
body with circular cross section. The second case involves a wind tunnel
model consisting of a monoplane wing and interdigitated tail section
mounted on a body with giliptical cross section_describéd in refe;énce 11.
These models are used in the sample cases to illustrate the use oﬁ the

"computer program described in this report.

For both cases, first the procedures used to determine the effects
of body nose vorticity on the forebody pressures are indicated. Secohd,
canard or monoplane loadings are determined including effects of the body

"nose vorticity. Third, the calculated canard edge vortices and the body
nose y@rtices are tracked back through the tail section. for the first
samplé'case. Finally, the tail fin loadings are calculated including -
effécﬁs'qf_all vortices. Special care must be taken in the positioning. -
of the interference shell around a body with elliptical cross section as.

will be discussed below.

References will be made to the steps listed earlier in section 5.
The method used to hand calculate the augmentation to normal force due

to wing. edge vorticity is indicated in section 6.2.3.

6l Sample Case l: Axisymmetric Body-Cruciform
Canard-Cruciform Tail Fins

.The qonfigufation of a model includihg a_body'with circular. cross
sectipﬁﬂénd an ogive nose is shown in figure 4.  The cruciform canard and
tail fins are identical and details of the bevelled sections are indi-
cafea, Programs DEMONZ2 and VPATH2 are used to treat this configuration .
rolled 45° and at included angle of attack of 14.216°. . Under these
conditions the angle of pitch and sideslip are both equal to 10°. The ..
Mach number. is 1.70. Note that there will be no symmetry with respect to
the wing-axis system Xgr Yur 2y in terms of aerodynamic loading. Thus,
all fins must be modeled. However, there will be symmetry in loading
with respect to the direction of the free-stream component in the cross-
flow plane. 1In other words, the configuration is in the X-position
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relative to that direction. This condltlon serves as a check on the
programs. For example, the loads on. the upper vertlcal and left hori-
zontal fins, indicated in figure 4, must‘be equal. Likewise, the vortex
paths must be symmetrically positioned relative to the free-stream

velocity component in the crossflow plane.
6.1.1 Geéﬁeﬁry‘and singularityilayout

The following geometrical specifications and singularity distribu-
tions will be used for the axisymmetric body and fins. The specified
numbers of singularities along the body centerline and on the fins may .
not be sufficient for precise calculated results. but serve to generate

this sample case. Refer to figure 4 for geometrical details.

Namelist $BODY in subroutine BDYGEN of program DEMON?2 1nc1udes
specifications for the body:
number of line sources/sinks and line aoublets,}NXBODY ;:39
nose length, LNOSE = 7.8
body length, LBODY = 39.0

The body radius for the cylindrical section, RB, is specified in the
following.

Namelist $INPUT in main routine CRFWBD of program DEMON2 includes
specifications for either the canard 'or the tail fins and the correspond-

ing body interference shell.

‘rootchord, CRP = CRPV =_516

exposed semi-span, B2 = B2V = 2.34 _

leading-edge sweep, SWLEP = SWLEV.='30}Q?

trailing-edge sweep, SWTEP = SWTEV = 0.0°

number of constant u-velocity panels along a chord, NCW = 3

number of planar source panels along a chord, NCWT = 8

number of constant u—veloc1ty panels along the span, MSWR = 5
: " (right horizontal fin)

- : , © MSWL = 5
(left horizontal £fin)

- MSWU = 5
(upper vertical fin)

MSWD = 5
(lower vertical fin)
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number of planar source- panels along the span is spec1f1ed in
subroutine THKIN of program DEMON2, MSWT = 5 for all fins

length of body interference -shell, BIL = 3.6 )

.. radius of body interference shell, RB = 1.3

number of body interference panels on the circumference
(ring), NBDCR = 16 .

number of body interference panel rings, NCWB = 3

distance from body nose to leading edge of lifting surface
section, XWLE = 19.8 for canard, XWLE = 35.4 for tail

The thickness slopes are read in by subroutine THETIN of program DEMON2
and are determined as follows. The layout specified above for the planar
source ‘panels is shown by the thin lines superimposed on the fin planform
in figure 4. At the centroid of each panel, the streamwise slope is to
be speéified. If the centroid lies on a bevelled portion of the fin, the
streanwise slope equals the slope of the fin surface measured parallel to
the fin rootchord. For centroids on the bevelled portion near the
leading edge, the streamwise slope is given by

_ - _ 0.075 _ ' :
THET = tan .eS = -——GT-T = 0. 122 v . (25)

On the unbevelled portion, the slope equals zero. Near the trailing
edge, the streamwise slope equals

. o _ _0.075 _ _ '
‘THET = tan e —_'_" 0.532 0.141 ) (26).

Near the side edge,‘thé étreamwise slopes are chosen on the basis of the
location of the source panel centrbid on the fin. The above input
parameters will be used in all runs with program DEMON2 described in the
procedure for an axisymmetric Bodylconfiguration, section 5.1, -

6.1.2 Body nose vorticeés, pressure distributions on forebody

" In accordance with.Stép'ib described in section 5.1.1, program
DEMON2 is run using the input data shown in figure 5. These data include
the geometrical specifidations and numbers of singularities laid out to
represent the body-canard seétion of the complete cbnfiguration. The
input data required by program DEMON2 is described in detail in Appendlx
J. Note that control index NCPOUT must be set equal to 1. The output of
this run is shown 1n,f1gure,6._41t includes a prlntout of the data set,
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designated CPTS1, containing.the 108 sets of coordinates of the control
points distributed over the canard fins and the interference shell. This
data set will be used later. The output also includes pressure coeffi-
cients as a function of polar angle for 10 axial'locations from the body
nose. The polar angle is named THETA and is measured positive counter-
clockwise from the positive Yp Or Yy axis. The number of axial stations
on the forebody at which the pressures are calculated is equal to one
half'of the body line singularities up to the canard section. Subroutine
BDYVTX of .program DEMON2 calculates the separation point to be at Xg =
17. 2 inches or at about the fifth axial station. From that location on
to the canard section, the shed vorticity is represented by two concen-
trated vortices growing in strength and moving in the crossflow plane 1n

accordance with the data base built into subroutine BDYVTX.

The pressures acting on the forebody are calculated in subroutlne
BDYPR u51ng the Bernoulli pressure expression, equation (10) in coeffi-
cient form. In terms of p/p_, where p_ is the free-stream static pres- .
sure,,the pressures are plotted in figures 7(a) and 7(b) as a function . of
axial Qistance X
line represents pressures including body vortex effects. Pressures

from the body nose for several polar angles. The solid

computed w1thout effects of body vorticity are indicated by the crosses..
From the onset of the body vortex sheddlng modeled by two discrete
vortices, the Bernoulli pressures include effects induced by the externel
vortices and their images inside the body. Along the symmetrically
located meridians, at 6 = 45° and 225° on figure 7(a), the effect of the
body vortices is to increase the pressures slightly. Note that the
pressure distributions along these meridians are identical due to flow
symmetry. However, the meridians at 6 = 135° and 315°, figure 7(b) show no
effect from the body vortices. On account of flow symmetry, the vortices
and their lmages inside the body induce zero lateral velocity components
along these meridians. Thus, the pressures are not affected by the body

nose vortices along these meridians.
At the leading edge of the canard section, the body nose vortices

are fully developed. - The paths of the vortices as they pass through the
canard section will now be determined and the canard fin loadings calcu-

lated..
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6.1.3 Pressures and loads acting on the cruciform
canard-body section

The pressures, forces and moments ‘acting on the fins and body ’
covered by the interference shell excluding body nose vortex effects are
available in the output of the run performed with program DEMON2 just
deséribed. To account for fhe body vortices requires knowledge of their
lateral coordinates as a function of axial distance through the canard
régipn; In accordance with step 2 of the procedure, section 5.1.1,
vortex tracking program VPATH2 is now employed to accomplish that task.

_ In order to imprqve.accuracy, the strengths and positions of the
body nose vorticity at the leading édge of the canard section are
obtained from figure 5, reference 4, instead of the boay pfessure output
mentioned above. For the last axial station, x, = 18.98} at which body

‘B
pressures are calculated as a result of the previous step, the body

vorﬁex'strength,"P/Vm, equals 0.71. The canard leading edge is at Xp =
19.8 and the value for the body vortex strength equals 0.8024 in accord-
ance with the cited figure. The lateral positions of.the vortices are '
also'detérmined at the canard leading-edge location. Body nose vortex
strengths and lateral coordinates, in the body reference coordinate
system, to be read in to program VPATH2 are given in the following table.

r/v_ Y. . Z. X

o B,V %,V ,_ B,V
0.8024 - -0.64337 - 1.8382 19.8

'~-0.8024 -1.8382 0.64337 ° 19.8

"For this run with program VPATH2, indices NCPIN and NVLOUT are set equal -~
to 1. - After the vortex paths are calculated, the vortex induced veloci=-
ties are détermined at the control points on the canard fins and the
interference shell. In this process, the vortices are in the presence of
the body only. The purpose for this approach is described in section 3.4.

The input for program VPATH2 for this run is shown ‘in figure 8. The
output is shown in figure 9. It includes the lateral positions, in the
body reference coordinate system, of the body nose vortices at the
trailing edge of the canard section. They are given in the following
table.
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r/v, Ys,v 2,V *B,v
- 0.8024 . -0.68451 1.9192 23.4
-0.8024 -1.9192 0.68451 23.4.

Comparison with the previous table indicates a small amount of lateral
movement of the body vortices as they travel through the .canard section.
The vortices are located symmetrically with respect to the free-stream
component in the crossflow plane. The output also shows the vortex
induced velocities at the 108 control points associated with the canard
fins and interference shell. Control point coordinates and vortex

induced velocities are stored in a data set designated VELOSL1.

In order to determine the effects of the body nose vortices on the
canard section, program DEMON2 is run again in accordance with step 3 of
section 5.1.1. The input for this run is the same as shown in figure 5
except for index NVLIN now set equal to 1 and index NCPOUT set equal to
its default value 0. The forebody pressures appear unchanged in the
output shown in figure 10. Vortex induced velbcity components designated
VVEL and WVEL are printed out under the heading POINT COORDINATES AND
PERTURBATION VELOCITIES CALCULATED BY PROGR.AM VPATHZ2 or VPATHL. These
velocity components are included in the boundary conditions, equations
(1) through-(4), and the strengths of the constant u~velocity panels are
recalculated. The pressures calculated at the control points on the fins
and interference shell are changed because of the recalculated panel
strengths and the inclusion of vortex induced velocities in the Bernoulli

,

pressure determination.

Figures 1ll(a) and 11(b) show the pressure distributions on the fore-
‘body and over the length of the canard section. The latter are taken
from program DEMON2 output under the heading AFT OF LEADING EDGE OF FIN
ROOTCHORDS. As before, the solid line represents pressures calculated
including the body nose vorticity; the crosses are pressures without body
vorticity. For the symmetrically located meridians at 6 = 56.25° and 6 =
213.75°, the effects of body nose vorticity are negligible over the
canard section. Along the symmetrically located meridians at 6 = 101.25°
and 8 = 168.75°, the effects of the body vorticity are to increase the
pressures. The output shown in figure 10 includes loadings for all fins
based on linear pressure and Bernoulli pressure. In both cases, due to
flow symmetry the loadings on the right horizontal and lower vertical
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fins are identical as are the loadings on the upper vertical and left
horizontal fins. On the right horizontal fins, figure 12 shows slight
effect of the body nose vorticity on the span loading. .Due to the closer
proximity of the upper vertical fin to the vorticity, the span loading is
reduced significantly in the inboard region. 1In figure 13 the dashed
curve (with vortices) exhibits a maximum and drops off in magnitude
towards the fin root. In accordance with the analysis in Appendix B,
tﬁis type of span load distribution gives rise to an inboard and outboard
cbncentrated vortex at the trailing edge of this canard fin. The right
horiéontal fin does not show any extrema off the root and only one
concentrated vortex results at the trailing edge. The leading edges of
the fins are supersonic for the Mach number at hand so there is no
leading~edge separation vortex in accordance with the analysis in
Appendix C. The side edges of the fins give rise to a separation vortéx
with negligible strength as shown below. Thus, at the trailing edge of
the canard section, the strengtﬁs and locations of body and canard
vortices are assembled for the purpose of determining their paths to the
base of the body. Their characteristics are taken from the output of
program DEMON2 as a result of step 3, section 5.1.1. The body nose
vortex specifications are taken from the output of program VPATH2 as é

4

result of step 2.

I/ Yg,v B,V Xp,v

0.8024 ~-0.68451 1.9192 23.4 }
-0.8024 ~1.9192 0.68451 | body nose vortices

0.94911 3.15424 0.0 '~ 23.4 right hor. fin T.E. vortex
0.05844 - -2.09688 0.0 inboard left hor. fin
-0.59187 -3.46609 0.0 , outboard | T-E. vortices
-0.05844 0.0 ' 2.09688 , inboard | upper vert. fin
0.59187 0.0 3.46609 . outboard | T+E. vortices
-0.94911 0.0 ~-3.15424 : 2 lower vert. f£in T.E. vortex

0.01491 3.64 0.0 ©23.4 right hor. fin S.E. vortex
-0.01797 ~3.64 “0.0 left hor. fin S.E. vortex

0.01797 0.0 3.64 -upper vert. fin S.E. vortex
-0.01491 0.0 ' -3.64 lv ~ lower vert. fin S.E. vortex
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In this table, the trailing-edge vortex characteristics, GAMMA/VINF and
¥Y.C.G. or Z2.C.G., are obtained from the loading output under the heading
BERNOULLI TYPE LOADING PRESSURE. The side-edge vortex charaqteristics,
GAMMA,SE/VINF and YBAR or ZBAR, are obtained from the loading output
under the héading U/VINF LOADING PRESSURE. The strengths of the side
edge vortices are negligible compared to the strengths of the body nose
and trailing edge vortices and will not be included in further analysié.

- At the top of figure 14, all the vortices excepting the side-edge
vortices listed in the above table are shown in position at the canard
trailing edge, Xg = 23.4. They will eventuallyube tracked down the body
through the tail section. However, before determining the vortex paths-
over .the aft body, the body tail section must be dealt with in accordance
with step 4 of section 5.1.1. Program DEMON2 is used again to model the
body and the cruciform tail fins without- accounting -for the presence of
body nose and canard fin vortices. The input for this run is the same as
shown in figure 5 except that the distance from the nose to the tail sec-
tion, XWtE, is now set equal to 35.4. Also, indices NCPOUT =1, NVLIN=¥O
and ITAIL =1 in.namelist‘sINPUT.\ Quantity XSTART is set equal to the
trailing-edge location of the canara section, XSTART =.23.4. With these
specifications, the program generates a data set, designated CPTS2,
containing 268 sets of coordinates. Of this set, the first 108 sets
pertain to the control points on the tail fins and interference shell..
The remaining 160 are associated with points on the body aft of the
canard section up to the tail section at which pressures will be calcu-
lated. The output for this run is not shown. The calculated pressures
on the body meridians and the tail fin loadings do not include effects of

body nose and canard vortices so far.

6.1.4 Vortex pbsitions at body base, pressure distributions
on aft body, tail fin loadings '

Using program VPATH2, the vortices shown in the upper part of
figure 14 are chased from the trailing edge of the canard section, past
the aft body, through the tail section to the body base. In accordance
with step 5 in section 5.1.1, the input to program VPATH2 for this run
includes index NCPIN = 1 and index NVLOUT = 1. The input for this run
is shown in figure 15. Under the influence of the free stream,’the
mutual interaction between the vortices and the effects of the presence
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of the body and tail section, the vortices move as a function of axial

distance.

After the vortex paths have been determined, the vortex induced
velocity components will be calculated at the 268 sets of coordinates
associated with points on the aft body,'tail'fins and interference shell.
Again, in this process the vortices are in the presence of the body only.
The output of pfogram VPATH2 is shown in figure 16. " The bottom half of
figure 14 shows the vortices at the base of the body as taken from the
output at the Xp = 39.0 station (x-station no. 26). Comparison with the
upper half shows that the body nose vortices did not move nearly as much
'as the vortices associated with the fins. The output also includes the
.velocity components induced by the vortices at the set of 268 points
read in to the program. The control point coordinates and the induced -

velocity components are stored in a data set called VELOS2. C

As described in the last step 6 of section 5.1.1, program DEMCNZ'is
‘applied one more time to the tail fins and body. However, in this
instance the input to program DEMON2 includes index NVLIN = 1 and
ITAIL = 1. The input is shown in figure 17. Vortex induced velocity
components are now included in the flow tangency condition applied at ‘the
control points distributed over the fins, equations (1) through (14). :
They are also included in the Bernoulli pressures'calculated by sub-
routine BDYPR over the aft body and the part of the body covered by the
interference shell associated with the tail fins. The output of this run
is shown in figure 18. The pressure distributions and forces and moments

acting on the tail fins now include éffects induced by the body and

canard fin vortices.

The pressures calculated along meridians at & = 11,25°, 56.25° and
101.25° are shown in figure 19. The solid lines are the pressure distri-
butions calculated including vortex effects and the crosses are calcu-
lated with vortices abseﬁt. The 11.25° and 101.25° meridians are on the
suction sides of the right horizontal and upper vertical fins, respec-
tively. Therefore, through the tail Section, the pressures on these
meridians are lower than the pressures on the 56.25° meridian. In
general, over thé aft body and through the tail section, the calculated
effect of the body nose and canard vortices is to increase the pressures

along the meridians shown.
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The effect of the presence of vortices on the span loadings acting
on the right horizontal and upper vertical fins are shown in figures 20
and 21. The tail fins are identical in geometry to the canard fins.
Without vortices, the solid lines indicate that the span loading on the
right horizontal and upper vertical fins are practically identical to
those on the corresponding canard fins; see figures 12 and 13. However,
in th; tail region the body nose and canard vortices'have larger influ-
snce in reducing the loadings on the two fins as shown in the figures by
the dashed lines. On account of symmetry about the component of free
stream in the crossflow plane, the loadings on the left horizontal fin
are reduced to the same extent shown for the upper vertical fin in
figure 21. Likewise, the loading on the lower vertical fin is reduced to

the same extent indicated in figure 20.

6.2 Sample Case-2: Elliptic Cross Sectioﬂ Body-
Monoplane Wing-Interdigitated Tails

The configuration of a model including a body with elliptical cross
section is shown in figure 22. The body has an ellipticity ratio of 3.
A monoplane wing and interdigitated tail fins with bevelled streamwise
sections are attached to the body. Programs WDYBDY, DEMON2 and VPATHL
are Jsed to analyze this configuration at angle of attack of 10° and zero
roll angle. The Mach number is 1.70. Under these conditions, there will
be a symmetry plane at Yg = 0 in terms of the aerodynamic loading. Thus,
only the right monoplane wing and the right upper and right lower inter-
digitated tail fins need to be modeled by program DEMON2. - For the same
reason, only the right half of the body needs to be modeled by source
panels by means of program WDYBDY. . Any vorticeées analyzed by program

VPATHL will also be symmetrically positioned with respect to the Yg = 0

plane.
6.2.1 Geometry and singularity layout

The folldwing geometrical specifications and singularity distribu-
tions will be used for the elliptical cross section body with monoplane
wing and interdigitated tail fins. The specified numbers of body source
panels to model the body and the numbers of chordwise and spanwise
constant u—velocity panels to model the wing and tail fins give rise to

a sparse layout. As such they may not be sufficient for precise
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calculated results but serve to generate this sample case. Refer to
figurés 22 in connection with input to program WDYBDY and figure 23 in
connection with 1nput to program DEMONZ2 for geometrical details.

The inpul to program WDYBDY includes the following specifications
for the body with elliptic cross sectlpn. There will be two sets, depe“d—
ing.on which lifting-surface section the effects of the body are to be

f
determined.

Set #1.- Monoplane Wing Section

Body length to be modeled = 25.6 (covers the monoplane wing
section)

Number of body source panels on the half circumference or half
ring + 1 = KRAD, KRAD = 9 (8 panels/half ring)

Numpber of body source panels in the axial direction or number
of rings + 1 = KFORX, KFORX = 11 (10 panels axially)"

Body length over which.pressures and loads are to be computed
by program WDYBDY, XWLE = 18 (Program DEMON2 covers .the winged

section).

Set #2 -~ Interdigitated Tail Section

Body length ‘to be modeled = 28.0 (covers the interdigitated tail
sectlon) , ,

Number of body source panels on the half circumference or half
ring + 1 = KRAD, KRAD = 9 (8 panels/half ring)

Number of body source panels in the axial direction or number

of rlngs + 1 = KFORX, KFORX =12 (11 panels axially) _

The step fqr which this data is the partial input, no pressurgs

and loads are computed

The first set will be used for thé run with program WDYBDY in accordance
with step 2, section 5.2.1, and the second set will be used for the run

in accordance with step 9, section 5.2.1. The body source paneling lay-
out associated with both sets is shown in figures 24(a), 24(b) and 24{(c)
in planview, sideview and cross section, respectively. Note that only the.

right half of the body will be modeled.

Namelist SINPUT in main routine CRFWBD of program DEMON2 includes
specifications for the lifting surfaces and their associated interference
shells. If the body is modeled by means of body source panels, as is the

case here, it is important that the entire interference shell be exterior
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to the body source panels, If the shell were made to lie partially on

the inside of the body outline, some of the control points distributed

on the interference shell may lie on the interior side of one or -more

body source panels. In this case, the velocity components induced by the

source panels at those points would be invalid.* As a consequence, the

interference shells are laid out and the monoplane wing is idealized as

shown in figure

23. For the monoplane winhg attached to its interference

shell with elliptic cross section, the input includes the following.

(refer to figure 23):

rootchord, CRP = 7.55
exposed semispan, B2 = 1.0935

leading edge sweep, SWLEP = 75.0‘

trailing edge sweep, SWTEP = 30.016°

number of constant u-velocity panels along a chord, - NCW = 2

number of planar source panels along a chord, NCWT = 4

number of constant u-velocity panels along the span, MSWR é,3

number of planar source panels along the span is specified in
subroutine THKIN - of program DEMON2, MSWT = 3
length of body interference shell, BIL = 7.55

horizo
3.464

ntal semi-axis of elliptical interference shell, RB =
1

vertical semi-axis of elliptical interference shell, RA =

1.155
the:
number

NBDCR

number

the ellipticity ratio, RB/RA = 3.0

of body interference panels on the c¢ircumference (ring),'
= 16 '

of body interference rings, NCWB = 2

distance from body nose to monoplane wing section, XWLE = 18.0

The thickness slopes are read in by subroutine THETIN of program DEMON2.

They are determined in the manner described for the first sample case,

section 6.1.1. Using the detailed streamwise sections available from

reference 11, the following streamwise slopes are used.” For.centroids of

planar source panels near the leading edge, the streamwise slope is given

by

* o
The solution associated.with body source panels, reference 9, is
valid only in the plane of the panel and along the outward normal.
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_0.125 _
THET = tan 0_ = 351z = 0.049692 (27)

On tﬁe unbevelled portion, the slope equals zero. -Near the trailing
edge, the streamwise slope equals '
THET = tan 8_ = - {-gegs = ~0.07889 (28)
. .
For the upper right and lower right interdigitated tail fins attached' to
its interference shell, the input includes the following (refer to

figure 23). Thickness is not accounted for.

il
w
&)}

rootchord, CRP = CRPV
exposed semispan, B2 = B2V = 3.6

( leading-edge sweep (varies with distance.along the span),
: VSWLER 45.0° up to YRT = 2.0
upper '4 VSWLER = 14.04° up to YRT = 3.6

right
fin Note: since leading-edge sweep varies, the trailing edge must

also be specified as if it varies with distance along the span

§ trailing-edge sweep, VSWTER = 0.0 for all YRT

leading-edge sweep (varies with distance along the span),
lower VSWLEU = 45.0° up to zUT = 2.0
right VSWLEU = 14.04° up to ZUT = 3.6
fin :
i see note above
.trailing-edge sweep, VSWTEU = 0.0 for all zZUT

number of constant u-velocity panels along a chord NCW = 2

. number of constant u-velocity panels along the span, MSWR = 4
(upper ‘right fin)

MSWU = 4
(lower right fin)

iength_of bddy interference shell, BIL =.3.6

"horizontal semi-axis of elliptical interference shell,

RB = 3.129
vertical semi-axis of elliptical interference shell,
RA = 1.043 ’

Note: the ellipticity ratio, RB/RA = 3.0

number of body interference panels on the circumference (ring),
NBDCR = 16

number of body interference panel rings, NCWB = 2
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distance from body nose to tail section, XWLE = 24.4

angle of the location of the fins on the interference shell
measured from positive yw—axis, THETIT = 22.545°

dihedral angle of the fins, PHIDIH = 30°

Angles THETIT and PHIDIH are also indicated in figure 3. The above sets
of inﬁut parameters will be used in the runs with programs WDYBDY and
DEMON2 described in the procedure for a body with elliptical cross sec-

tion, section 5.2.

6.2.2 Body nose vorticity, pressure distributions on forebody

After running program DEMON2 in accordance with step 1, section
5.2.1, to generate data set WCPTS, program WDYBDY is then run to model
the body with elliptical cross section. The input to program WDYBDY
includes the parameters in the first set described above and index NCWPT
which must be set equal to the sum of all constant u-velocity panels on
the monoplane wing and the interference shell. The length of body, to be
modeled for this run, is taken to the trailing edge of the interference
shell- associated with the monoplane wing. The input for this run is
shown in figure 25, For this case, the geometry of the body with ellip-
tical cross section is given in terms of the horizontal semi-axis, FUSBY,
and the vertical semi-axis, FUSAZ, as a function of axial locgtion XFUS.
Also included are the body nose vorticity characteristics, if indices
NVTX and NXVTX are nonzero, provided by a separate program; see section
2.2. The axial stations at which this data is to be specified are read
in from subroutiné READVX and the lateral locations and strengths of the
vortices are read in by subroutine ELBDVT. The output of this run is
given in figure 26. Included in the output are the pressure coefficients
designated CP and printed on the page identified with **FORMOM**. They
are plotted in figures 27(a) and 27(b) from the body nose up to the

leading edge of the monoplane wing section.

Figure 27 (a) shows pressure distributions on the upper half of the
body. The open symbols include effects of body nose vorticity. Pressure
distributions without vortex effects are also shown by the solid symbols.
In the legend, the first column of symbols are for meridians on which
pressures are calculated over the forebody, the second column are for
the monoplane wing section and the third for the tail section. For the

moment, the forebody _only is considered. The pressures shown in
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figure 27(a) are below free-stream static pressure. The effects of the
specified body nose vortices are to increase the pressures along the 6 =
9.07° meridian and to decrease the pressures along the 6 = 31.41° merid-
ian. On the lower half of the.body, figure 27(b) shows that the effects
of the body vortices are much less. Only one result is shown without
vortex effects and there is little difference between the dark and light
triangles. The output also includes the contributions from the forebody
to the overall forces and moments under the heading TOTAL COEFFICIENTS ON
THE BODY FROM XSTART = 0.0 to XWLE = 18.0. 1In order to'improve the accu-
racy of these contributions, especialiy with vortex effects, the number

of source panels should be larger than used here in this sample case.

Program WDYBDY also computes  velocity components, induced by the
body source panels only, at the control points distributed over the mono-
plane wing and interference shell read in by means of data set WCPTS.
These velocity components are stored in a data set designated WVELS for

later use by program DEMONZ2.

6.2.3 Pressures and loads acting on the monoplane
wing-body section

After completing the calculations of pressures and loads acting on
the forebody, program DEMON2 is applied to the monoplane wing-body section
in accordance with step 3 of section 5.2.1. As a result of this run, the
loadings acting on the monoplane wing section are calculated excluding
effects bf body nose vorticity. The output also includes the strength,
I‘/Vm-edge and lateral position, §W’ of the leading- and side-edge vor-
ticity as a function of axial coordinate X+ Values for these character-
istics are taken from the loading output under the heading U/VINF TYPE
LOADING PRESSURE. Leading-edge vorticity is designated GAMMA,LE/VINF,
side~edge Qorticity is GAMMA,SE/VINF, and the lateral location appears as
YBAR. Along the leading-edge, the axial coordinate is XLE, along the

’

side-edge it is XSE, both are in the wing coordinate system. The values
shown in the following table are taken from the output of program DEMON2

for the right monoplane wing half. They are calculated with KV LE =

Kv SE ~ 0.5 (refer to Appendix C, equation Cll, etc.). Note that Xy is
’

the axial coordinate in the wing coordinate system.
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- JLI
*w Yy Voo edge

0.66148 3.64135 0.27984 alon
2.01812 3.82511 0.27786 leadin g<i
3.37295 4.03457 0.28634 g edge
4.081 4.34073 0.44937 along
6.13099 4.40075 0.58150 side edge

Following step~4vof section 5.2.1, the vortex chasing program VPATHL
is then employed to determine the paths of the two body nose vortices
from the leading edge to the trailing edge of the monoplane wing section.
The input for this run is shown in figure 28. Characteristics of the two
symmetric body nose vortices at the start of the wing section are speci-
fied on the 9th line. Note that these two sets of characteristics are
also shown in the input to program WDYBDY indicated in figure 25 at the
last axial station associated with the forebody, XV = 18.0, on the cards
marked YVRTX1, ZVRTX1l, GAMl, and YVRTX2, ZVRTX2, GAM2, respectively.
Also, the characteristics of the symmetric vortices on the opposite side
of the plane of symmetry, Yg = 0 plane, must also be input to VPATHL.

The starting values of the symmetric body hose vortex strengths and
lateral positions are given in the following table with xB; Yp and zg in

the body coordinate system.

T
*B Yg Zg ‘ vmrBody‘nose
18 2.35 1.673 1.52

18 -2.35 1.673 -1.52

The body nose vortex characteristics as a function of distance from the
nose were determined by an adapted version of the program associated with
reference 5 as mentioned earlier in section 2.2. Although the magnitude
of the body nose vortex strength is at least 2.5 times the magnitude of
the edge vorticity strength, for illﬁstrative purposes the edge vorticity
will be included in the determination of the body nose vortex paths.
Thus, the input to program VPATHL shown in figure 28 also includes the
edge’ vorticity specifications listed in the first table above. At this
stage, the edge vorticity characteristics are only approximate in that
the body nose vortex effects have not been included in the wing loading

nor the edge vorticity distribution as calculated in step 3.
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After the body nose vortex paths are known and the wing loadiﬁg
recalculated in step 5, described later, the updated edge vorticity dis-v
tribution should be compared with the one given in the first table. If
differences are sufficiently large, the calculations performed by steps
4 and 5 should be repeated until the edge vorticity distribution is con-

verged.

Figure 29 shows the output of program VPATHL. The geometry of the
monoplane plane.wing .in-planform appears under the heading FIN GEOMETRY.
The specified strengths and lateral coordinates of the leading- and side-
edge vorticity as a function of axial - distance measured from the body nose
also appears on the first page of the output. The horizontal and vertical
semi-axes of . the body are held constant over the monoplane wing section.
In fact, the body nose vortices pass over the idealized monoplane wing
attached to the interference shell as indicated in figure 23. At the

location.corresponding to the trailing edge of the monoplane wing section,

Xp = 25.5, . the coordinates in the crossflow plane of the body nose vor-
tices are given. below.
_L .
*B - ¥p ;) Voo Body nose
75.5 2.4609 1.8792 1.52
25.5 -2.4609 1.8792 - =1.52

Comparison with the preceeding table shows that the body nose vortices
move upward and outboard by a small amount. If the monoplane edge vor-
ticity is neglected in the calculation of the body nose vortex paths, the
results shown in the table below would be generated by program VPATHL.

It is seen that for this illustrative example, the body nose vortices

move higher but do. not move as much outboard when the effects of edge

r

*B ... Yp ’ 3 Vo Body nose
25.5  2.4276 1.9509 1.52
125.5°1  -2.4276 1.9509 -1.52

vorticity are not included. In an actual calculation, the characteristics
of the leading-. and side-edge vorticity must be determined with a larger
number ,of panels than is used in step 3. The last part of the output
generated by program VPATHL contains the velocity components induced by
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the body nose vortices at the control points of the monoplane wing. These

data are stored in data set VRTVEL.

In accordance with step 5 of section 5.2.1, program DEMON2 is run
again to obtain the pressures acting on the monoplane Wing-body section =
including effects of body nose vortices. In this run index NVLIN is set
equal to 1 thereby causing aeta set VRTVEL to be read in. The input of
program DEMON2 is shown in figure 304for thfs run. Output generated by -
program DEMON2 is shown in figure 31. The last part “¢ontains the pres-
sures acting along meridians on the interference shell under the heading
AFT OF LEADING EDGE OF FIN ROOTCHORDS. Figures 27(a) and 27(b) include
calculated pressures along 4 meridians on the interference shell. They

are indicated by the second column of symbols and correspond to axial
loca:ions Xg = 21.58 and Xgp = 25.36. These meridians are essentially the
same as the meridians for which pressures are plotted on the forebody. -
Over the upper half of the body, figure 27(a), the pressures through the
monoplane wing section continue below free stream. Open symbols include
effects of body nose vortex effects and the solid symbols are calculated
excluding the body nose vortex effects. Along the ep = 11.25° meridian
the effects of the vorticity is to increase the pressure appreciably and
along the 8 = 33.75° meridian the pressure is decreased. On the lower
half of the body, the results shown on figure 27(b) show little effects
fromt the body nose vorticity including the. axial locations at xp = 21.58 -

and- 25.36.

The span-load distribution associated with the moﬁoplane wing is
shown in figure 32. The calculated results include body'nose vortex
effects. The solid line represents the potential span-load distribution
which does not exhibit a maximum off the wing rootchord in contradistinc-
tion with the results computed for the cruciform canard of Sample Case 1
shown in figure 13 and discussed in section 6.1. For the indicated Mach
number, the leading edge of the monoplane wing lies aft of the Mach cone
with its vertex at the leading edge of the rootchord. -Therefore, the
leading edge is subsonic and the program calculates the suction distribu-
tion: along that edge. Using the Polhamus vortex~lift analogy with the

proportion of the leading edge suction converted to normal force equal

*Slight differences in polar angle are due to differences between
geometry of body source panel layout and body interference panel layouts.
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to 0.5 (refer to Appendix C), the dashed line represents the augmented
span loading up to the side edge. The increments added to the potential
span loading are obtained from the spanwise distribution CS*C/(2*B) for
the right wing. They are calculated on the basis of linear pressure
loéding undep the heading U/VINF TYPE LOADING PRESSURE, and must be
multipiied by 0.5. . The side edge also contributes to the calculated
additional normalhfogce dist{ibutioh which would be concentrated near

the tip but is not shown in figure 32.

The augmentation to the normal-force coefficient for one wing . half
can-be determined by multiplying the ‘suction coefficient CS LE for the

leading edge by the appropriate factor K .and adding it to the suction

v,LE
multiplied by the appropriate factor

coefficient for the side edge CSISE
KV,SE' The suction coefficient for the leading edge is proportional to
the accumulated quantity CSINT(I) with index I equal to the number of
panels in the spanwiée direction. This number,is equal to the quantity
MSWR, specified in the input for program bEMONZ, for the right wing half.
In: other words, the‘lést value under the heading CSINT is taken from the
spanwise'distributions calculated on the basis of linear pressure loading
of the lifting sufface under consideration. This value must be multiplied
by 2b where b is t&ice the exposed semispan, b/2, specified in the input
of program DEMON2 ‘and divided by the reference area SREF' The suction for
the side edge can be obtained from a numerical integration of the quantity
SUCTION FORCE ?ER UNIT LENGTH/ (Q*TIPCHORD) which appears under the heading
SIDE EDGE DISTRiBUTIQN in the loading output calculated with linear pres-
sure loading. Setting this quantity equal to cg,gsg’ the suction coeffi-
cient_associated yith the side edge'is.given by

2 .
c _ (Cppp)” NG . Crrp,osE 27
S|side edge SREF JSE=1 SrJSE Corp

In the above expression, Coprp is the chord of the side edge or wing tip,

SREF is the reference area and NCW is the number of constant u-velocity

panels in the chordwise direction. Thus for one wing half, the augmenta-
tion to the normal-force coefficient due to leading- and side-edge vor-

ticity can be computed as follows. - : ,

= K c + C ' (28)

C v,LECs|Le ¥ ®v,sECs|sE

N|LE+SE
vorticity

'

The vortex llfg factors Kv,LE and Kv,SE are discussed in Appendix C.

59



The above process for the calculation of the augmentation to normal
force due to leading- and side-edge vorticity must be repeated for each
wing half. Since the flow conditions (including the presence of body nose
vorticity) and confiquration geometry are symmetric with respect to the
Yg = 0 plane, the resulting loading on the body and lifting surfaces are
also symmetric. Thus, the augmentation given by eguation (28) must be
doubled.

. Finally, the updated characteristics of the mShOplane wing leading-
and-Side-edge vorticfti also appear in the loading output under the head-
ing U/VINF TYPE LOADING PRESSURE. They are listed below and at this
stage (step 5) include effects of body nose vorticity. Comparison with
the results excluding body nose vorticity shown in the first table of
this section indicates an appreciable drop in strength and a slight out-
board movement. On the basis of the difference in vorticity strength, an

T
*w Yw Vwredge
0.66148 3.64135 0.19406
2.01812 3.83365 0.19763 } le dail°“gd
3.37295 4.05562 . 0.21123 ading edge
4.081 4.36126 0.35606 along
6.13099 4.41828 0.47179 side edge )

iteration would be recommended for an actual calculation. Note that a
drop in edge vorticity strength would result in less influence in the
body nose vortex path calculation. This should speed up the convergence’

mentioned earlier in this section.

6.2.4 Pressures and loads acting on the
interdigitated tail-body section

' According to figqure 23, the monoplane wing-body section actually
overlaps the interdigitated tail-body section. Thus, there is no after-
body separating the former from the latter. Consequently, steps 6 and 7

described in section 5.2.1 are omitted.

In dealing with the overlap situation, the following approximate
procedure'is adopted. The strengths and positions of the body nose vor-
tices and the monoplane wing vortices are calculated by the preceding
steps 4 and 5. The axial locations at which these characteristics are

now known vary a little. The body nose vortices are known at xp = 25.5.
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The monoplane wing vortices are calculated somewhat aft of this location
on or slightly above the trailing edge at different spanwise locations.

For the purpose of determining the effects on the interdigitated tails,

the vortices are assumed to pass through the tail section in a direction
parallel to the body centerline. Their lateral positions are taken from
the results obtained earliér. The following table contains the coordinates
in the crossflow plane and the strengths of the external vortices influ-
encing the pressures and, loads -acting on the 1nterd1g1tated tails ~and

body section. They will be part of the input to program DEMON2 applled

L I
. Ygp Zg 4 Voo
2.4609  1.8792 1.52 - - o
-2.4609 - 1.8792 -1.52 . i} body nose vortices
4.41828 0.661 . 0.47179 combined LE and SE vorticity
-4.41828 0.661 -0.47179 at TE of monoplane wing

4.38465 .0
0.

0 0.59704 TE vortices on TE of mono-
-4.38465 0.

-0.59704 plane wing

to the tail sectien, Note that the strengths and positione of the
symmetry vortices must also be specified. The body nose vortex charac-
teristics appear in the output of program VPATHL for the last axial.
station at Xg = 2515,as a result of step 4. The comb;ned 1eadipg— andi
side-edge vorticity characteristics at the wing trailing edge are obtained
from.the output of program DEMON2 as a result of step 5. They are taken
from the distribution of vorticity along the side edge under the headlng
U/VINF TYPE LOADING PRESSURE. The accumulated value of the side- edge
vorticity added to the leading-edge vorticity is taken at the wing trail-
ing edge. In other words, the last values in the ‘columns headed YBAR and
GAMMA,SE/VINF are listed above. The vertical displacement is determined
on the basis of the leading- and side-edge vorticify leaving the monoplane
wing surface at an angle equal to half the angle of attack seen by the’
wing. With a rootchord equal to 7.55, refer to flgure 23, the vertlcai

displacement at the trailing edge is given by

zg = (7.55)tan 5° = 0.661 | g o (29)

The trailing-edge vortex characteristics are taken from the loading

information output generated by program DEMON2 as e consequence of step 5
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described in section 5.2.1. Trailing-edge vortex strength(s) and
position(s) are taken from the results calculated on the basis of
Bernoulli type loading pressures. They appear under the heading T. E.
FIN VORTEX INFO.

Before the loads on the interdigitated tail section can be determined,
program DEMON2 must first be run in accordance with step 8 of section
5.2.1 for the purpose of generating the data set TCPTS containing the
coordinates of the control points distributed over the tail fins and the
interference shell. Inhdex NCPOUT must be set equal to 2 for this fin.

The input is otherwise the same as the input to be discussed in connection
with step 10. Once data set TCPTS has been generated, step 9 involves

the application of program WDYBDY to the entire body length (i.e. up to
the base of the tail section). _The primary function of this run is to
calculate the storeiin data set TVELS the velocity components induced by
the body source panels at the control points on the tail fins and body
interference shell. This last data set will be passed back to program
DEMON2 in accordance with step 10. ‘

The loads acting on the interdigitated tail-body section are calcu-
lated by program DEMON2 as per step 10 of section 5.2.1. Effects of the
body nose and monoplane wing vortices will be included. The strengths
and positions in the crossflow plane of these external vortices are listed
in the discussion above. The input is shown in figure 33 and includes
the break in sweep of the tail fins as ‘described in section 6.2.1. For
this run involving interdigitated tails, control index NDRAG must equal
its default value 0. With this control, the program will not compute in
plane forces used in the determination of edge suction. Note that with
the Mach number at hand (1.7), the leading edge of the tail fin is super-
sonic for both sweep angles. Thus, the leading edge would have zero
suction in this case. At the present time, program DEMONZ2 cannot compute
in plane forces nor span loadings if the lifting surfaces under considera-

tion ‘involve interdigitated fins.

3The input in figure 33 also includes the 6 external vortices listed
in the table above. Index NVRTX=6 in namelist $INPUT causes the program
to read in the strengths and lateral coordinates of the 6 body nose and
monoplane wing vortices. In fiqure 33, the vortex specifications start
on the 9th line from the end of the input. - The listed z5 (or zw) coor-
dinates of the two body nose vortices are slightly in error. The number
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1.8809 should have been 1.8792. The output generated by program DEMON2
using the latter value appears in figure 34. As mentioned earlier, the
influences of the external vortices are accounted for in the loading cal-
culations on the basis' of their paths being aligned with the body center-

line.

Pressure distributions along the meridians of the interference shell
indicated in figure 23 appear under the heading AFT OF LEADING EDGE OF
FIN ROOTCHORDS. The outline of the interference shell is the idealization
of the actual body contour. Figqure 27(a) contains calculated pressure
coefficients for two meridians, at ep = 5.64° and ep = 16.91°, respectively,
on the upper half of the body. Both correspond to locations on the body
contour below the right upper tail fin; in fact they lie on the impact
side of that fin at axial stations Xg = 26.11 and 27.91. The pressures in
this region rise rapidly from the leading edge of the tail section to the
trailing edge. On the lowéf half of the body, figure 27(b), pressure
coefficients are shown for the ep = 298.09° and Sp = 354.36° meridians
through the tail section. These two meridians lie on opposite sides of
the right lower fin. Consequently, the pressure on the body below the
fin (8_ = 298.09°) is higher than the pressure above the fin

6 = 354.36°).
( p )

The pressure loading distributions for the upper and lower right fins
appear under the heading PRESSURE LOADING AT CONTROL POINTS. Results are
available on the basis of linear pressures under the heading DELTP,LIN.,
and on the basis of Bernoulli pressures under the heading DELTP,BERN.
Forces acting on the fins in coefficient form are shown in the loading
information output also for both types of loading pressures. If the
effects of the body nose vortices are omitted, the loadings on the upper

fins of the interdigitated tail section would be increased.
7. COMPARISON WITH EXPERIMENTAL DATA

During the development of the axisymmetric body modeling and pressure
calculation methods described in section 3, some comparisons were made
with experimental data. The ogive cylinder model shown at the top of
figures 35, 36 and 37 is in fact the pressure distribution model used in
connection with the store separation work associated with references 12,
13, and 14. This model is equipped with 19 pressure taps and the dimen-
sions in inches are shown below. At the angle of attack under consideration
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————
(5°), very little if any body vorticity will be generated. Thus, calcu- .

lations were performed using program DEMON2.

The ogive cylindriéal boay is modeled with 30 line sources/sinks to -
account for volume effects and 30 line doublets to account for angle of
attack. The calculated results are computed by subroutine BDYPR in con-
junction with subroutine BDYGEN of program DEMONZ. They are represented
by a solid line in figure 35 for M_ = 1.5, in figure 36 for M_ = 2.0 and
in figure 37 for M_ = 2.5. Program DEMON2 is not capable of modeling a
body alone in its present state. Thus, near the body base a set of fins
are attached as far as that program is concerned. The solid line is

terminated at the leading edge of this imaginary fin section.

- 3.810 —{

8.098 R
~14.391, 17 gpaces @ 0.846

0.846 —

16.193

All dimensions in cm.

\E_\

In general, the calculated results match the data well for all three
‘Mach numbers. Near the body nose, some differences are evident for the
two lower Mach numbers, figures 35 and 36. It-is interesting to note "
that if the linear pressure relationship is used instead of the Bernoulli

expression, the results near the nose tip are improved. However, at other

locations, the agreement is then diminished. At the highest Mach number,
M_ = 2.5, the Mach cone at the nose tip intersects the body. The part

©
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of the body nose outside of the Mach cone is then idealized by a conical
surface, in fact by the Mach cone itself. 1In addition, as described in
section 3, subroutine BDYGEN moves the line singularities up towards the
nose. in an effort to minimize the errors attendant to this approkimation
and_ the method of body modeling employed. Even so, if the pressure wereri
calculated on the body between the nose tip and the location where the
Mach cone emerges, the body singularities would have no effects. Thus,
this'oonstitutes a limit to the applicability of the body modeling method:f
Note that in figure 37 the most forward static pressure'tap.lies behind ..
the intersection of the Mach cone and the body.so that this location is

affected by the forward line singularities.

8. CONCLUDING REMARKS

Existing cruoiform wing-body computer programs have beenvextehded
ahd additional programs developed to compute, in a stepwise manner, pres-
sure distributions acting on complete missile configurations. The appli-
cable flow reglme is supersonic and the configuration can be at combined
angle of pltch and sideslip. The body can be circular or elllptlc in
cross section. The lifting surfaces can be a cruciform canard and/or
curciform tail or a monopiane wing and interdigitated tail fins. Effects
of body nose- and canard- or monoplane wing-vortices, tracked along the
configuration, can be accounted for in the body pressures and tail fin
loadings. For cases 1nvolv1ng axisymmetric bodies, the body nose shed
vortex characterlstlcs are built into the program. Two calculative
examples are given: the first concerns a cruciform canard—axisymmetric
body~cruciform tail configuration and the second involves a monopléne
wing-elliptic cross section body-interdigitated tail conflguratlon.
Limited comparisons between calculated and measured pressures are shown
for an ogive cylinder at 5° angle of attack. Fin loads comparisons are
described in earlier work. Fin edge vorticity characteristics are calcu-
lated by the program from the suction distributions using Polhamus' vortex
lift ‘analogy. ‘Some comparisons with other theories are shown for leading-

and side-edge suction forces in an appendix.

_ Some of the llmltatlons of the program in their range of applica-
blllty are p01nted out 1n this report. The limitations discussed herein -’
are consequences of the ba51c linear methods used to model the components
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or to account for effects of vortices on the components. The limitation
in applicability with regard to flow conditions is estimated to be about
20° in included angle of attack and supersonic velocities up to Mach-

number 3. A better estimate of the limitations 6f the program must await

detailed pressure distribution data not now available.

The- precision .of the calculative method is associated wifh the num-
ber of body source panels used to model bodies with elliptical cxoés
section, the number of discrete vortices used to represent body‘noéélvér;
tex shedding, and the number of constant u-velocity panels. used tbbmodel

the lifting surfaces.

The behavior of a vortex in the close pfoximity of a lifting surface
can be a limiting factor in accuracy of prediction. It is péssible to’
include a core in the model for the purpose of- reducing the effect of the
singularity in tangential velocity associated with the potential vértex.
model. To the best of our knowledge, there are no data available as yet
for the vortex-shedding characteristics associated with'bodies;w;th
elliptical cross section. A predictive program.is available, as discussed
herein, but must be thoroughly tested against‘expérimental data not yet

available.

At the present time, the programs are used in a sequential manner
without the benefit of an executive program. Running time is a function
of the number of panels used. Some decrease in running time is possible

by further refining the program.
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SUPERPOSITION OF CORNER SOLUTIONS FOR A CONSTANT u-VELOCITY PANEL
AT ARBITRARY DIHEDRAL ANGLE ]

In representing fin coﬁfigurations'by a distribution of cénstant
u-velocity panels, questions arise concerning the coordinate system used
in the panel corner superposition scheme. The superposition scheme is
described in references 1 and 7. Furthermore, if the configuration
gébﬁetry and flow conditions dictate symmetry in the flow field around.
the configuration, the aerodynamic influence coefficient matrix must
-reflect that condition. This appendix addresses these two topics in
relation.to the Qing—bodyvp;ogram DEMONZ only.

" For simplicity coﬁsidér 6n1y the corners on the leading edge of a.
constant u-velocity panel. - Corners on the trailing}edge are treated in.
the same manner. The following sketch shows the plan view dnd end view
of the:iéading-'and side-edges. Also indicated are the local panel

"cbordinate systems with oriéins at panel ‘corners 1 and 2. Axes Xp v Yp!

and axes X, ,y, lie in the plane of the panel (z =0, 2z = 0).l 1
. i F2 F2 Fl F2
f
. * sz ' Plan view
@ ¥F, o
" y
Leading 7)) F
edge

gt—— Side edge ——am

Semi infinite
triangle with
apex at

Semi infinite
triangle with
apex at
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The end view shows the local lateral coordinates (yW 'Zy ) and (yw );
with origins at corners 1 and 2, respectively. They are.parallel to thg
reference wing coordinate system (xw, yw,zw), and we will need velocity-
components in this system. Coordinate systems (xFl,yFl,z ) and
(xwl,le,zwl) are different by a rotation about the Xp, OT Xy, axis
through fin dihedral angle ¢F The same is true for the two systems at
corner 2. The leading edge shown above has positive sweep. The super-
position principle states that the solution for this infinitely long
pahél is given by the solution associated with the semi-infinite triangle
with its apex at corner 1 minus the solution associated with the semi-
infinite triangle with its apex at corner 2. Thus, in terms of flow
velocity components, the superposition scheme specifies the velocity

components in the Xp/YprZp directions as follows for the semi-infinite
panel.
u =u - u )
F,TOT Fq F,
v =v, -v. + ' .27 (al)
F,TOT Fy F,
w =w -w
F,TOT Fy Fz‘

The corresponding velocities in the wing coordinate system are obtained
from those given by equation (Al) by means of a rotational coordinate

transformation.

= v cos ¢ + w

Yw,ror -~ VF,TOT sin ¢

F,TOT
(A2)

cos ¢ - v sin ¢

Yw,Tor = YF,TOT F,TOT

In equation (Al), the superposition principle is applied to the veloci-
ties expressed in the panel cooidinate system (xF,yF,z ).« These .
velocities are then transformed to the wing coordinate system (xw,yw,z )

as indicated in equation .(A2).

Alternately, velocities vFl'wFl and sz,wF can first be trans-
formed into the wing coordinate system and the superposition applied to
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the reéult. The lateral velocity components in the wing coordinate- -
sYétem are obtained from the ones in the panel coordinate system ‘as

follows.
vWl = vFl cos ¢ + wFl sin ¢ ]
wwl = sz cos ¢ - V?l'Sin ¢ )
| a3
vw2 = vFé'cos ¢ +'wF2'sin ¢
w&é =~wF2~cos ) '—vvF2 §in § J

'Applying the superposition scheme to the velocities in the wing system
and substituting from equations (A3) has the result '

v =v, -v., = (v, -V, ) cos ¢+ (W, - w. ) sin ¢
. W, TOT Wl W2 . Fl F2 Fl F2
w Y -w, = (w -w )'cos o - (v - v, ) sin ¢
‘W,TOT Wl W2 F2 F2 Fl Fz. i

Or rewriting in terms of the quantities shown in equation (Al) then

gives
Yw,ror = Vr,TOT ©°% ¢ * ¥R, TOT SiN ¢
’ o (A4)
“w,ror = YF,TOT °°S ¢ ~ VF,rOT SN ¢
This result is the same as the expressions shown in equation (A2). The

conclusion is that the superposition scheme and the coordinate rotation
can be interchanged. However, in program DEMON2, the actual procedure
employed is as follows: 1In subroutine VELNOR, the coordinates of a given
field point are first calculated relative to corner 1 in“the‘wing
reference coordinate system (xw,yw,zw). These relative coordinates are
then transformed to the. local panel coordinate system (Xp,yp,2p) and the
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influence of the semi-infinite triangle with apex at corner 1 is calcu-
lated at the field point by a call to subroutine VELO. The induced
velocities are returned in the local coordinate system and transformed
back to the wing reference system. Before proceeding to corner 2,
howevert’éubroutine VELNOR checks on the possibility of symmetry, that
is, for the case of zero sideslip of symmetry in the external vortices

if present. If affirmative, the effect of the image corner on the
opposite side of the body must be taken into account. To accomplish
this, the field point instead is moved to its image point on the other
side of the fuselagé. The effect of the actual corner 1 is computed
there in the wing coordinate system. The velocity components calculated
in this wéy are then transferred to the actual field point with a change
in sign on the side wash, v, aligned with the yw—axis, if corner 1
belongs to a panel on the right horizontal fin. Thus, the procedure used
to account for flow symmetry depends. on expressing the velocity compon-
ents in the wing reference coordinate system. The same procedure applies
to all corners of panels at any dihedral angle. Thus, these panels
include the constant u-velocity panels on cruciform fins, interdigitated.

fins, monoplane wings and the interference shell.
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DETERMINATION OF STRENGTHS AND POSITIONS OF CONCENTRATED
VORTICES AT THE FIN TRAILING EDGE

' Consider a fin or a wing attached to a body as shown in the follow-
ing sketch. An.external vortex passes over the fin. The resulting span
load distribution is indicated. The distribution at the trailing edge of
the f}éiling-edge vorticity is also shown. It is desired to determine
the strength(s) and location(s) of the concentrated vortex (vortices)

representing the wake.

Case associated with
an external vortex ]

nggius -/ Fin
TR AR

External
vortex

‘ Wake
Extremum

. c c

With extremum 1%;
Bern.
Vorticity at
trailing edge
: Ar?E
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In order to represent the distributed trailing-edge vorticity by
concentrated vortices, the spanwise load distribution based on the
Bernoulli pressure expressions must be calculated first. For the case
when this distribution exhibits extrema in between the end points, the
number of concentrated vortices is given by the number of extrema plus 1.
The trailing-edge vortex strength and position for the inboard portion of

the normal-force distribution are then given by

Y Y

r max max
TE,1 _ _1 9 = -1 d(cc
V, 2 [ E)y(ccn)dy - 2[ (cey) (B1)
r r
Ymax
-1 2
2 y ay(ccn)dy
7, = — 2
1 Ynax
1 9
-3 §§(ccn)dy ' (B?)
i)

The basic relationship between the trailing-edge vorticity and the span-
loading used here is described in detail in.section 9.1 of reference |15.
Fundamentally, it is shown that the rate of change;in trailing-edge
vorticity with spanwise distance equals the negative of the rate of
change of the difference in potential between the upper and lower
surfaces of the wing or fin. This is obtained by performing a contour
integration parallel to the fin plane just behind the trailing edge.
With simplifying assumptions, the potential diffefence (jump) at the
trailing edge can be related to the span load distribution. The combi-
nation of these results leads to equation (Bl). Integrating equation

(Bl) yields

= -%— cc - cc (B3)
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and integration of equatién (B2) by barts results in

-

Y max Ymax
1 o
-3 y(cc ) _ . '(ccn)_dy :,
- Ts . ) )
v, =
1 Yhax
1
-5 d(cc )
)
Ynax
Y nax ccnl - r, crlir - (cc_)dy
_ Ymax , B ro
Y, = cc l - cc I (B4)
n ny,
ymax B

After splitting up the terms, the spanwise location of the inboard vortex
is

max
; ymax_ccn v - Iy ccy § (ccn)dy | '
3 . B max | | B ) ?B - o TBS)
1 cc [ T - c¢cC I cc‘l ~ cc ' : -
“n . nj . nl . n|_
ymax '"B . ymax B

The strength ‘and pOSltlon of the outboard vortex is obtalned in the same
fashion by changlng the limits of 1ntegratlon

r‘ r, + b
QE%LZ = -% I B 2 3(cc) ‘

o (B6)
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Since the spanwise loading is zero at the side edge, equation (B6) sim-

plifies to

=1
=3 cc . (B7)
Ymax .

The spanwise location at the trailiﬁg edge is given by eéuation (B2) with
the proper limits of integration

rg+ B
1 L
2 Iy (ecy)ay ‘ -
§2= max , .. (B8)
r += ; . '
—% f B d{cc.)
Ymax
After integration by parts, the result is
(rB+Elsp/T/' Yrax cn Iy + (cc ) ay
Ynax ymax

2 ,,/n+’/)' - cc I ' //9+,,/B - cc. I -
+3 Ymax a3 max

‘ rfg
~Yax ccnl Iy (cc )dy
= Ymax _ /¥max
"'CC I ‘PCCn I y
Ymax max
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and finally

rptD

B
(cc )dy
. Iymax n (B9)

Yy = Ypax

cC
°|
Y max

If the span-load distribution exhibits additional extrema, equations (B3)
and (B5) must be applied again with the appropriate limits of integration

ymax(l to ymax,2’ For the outboard vortex, equations (B7) and (B9) hold.

For the sake of complefeﬁess, expféssions for the strength and span-
wise location of the trailing-edge vorticity will be given for the case
of spanwise load distributions such as the one shown below. Only one

concentrated vortex is associated with this type of distribution.

A

c_c
_n
2b

Bern.

Case without external-
vortex, no extrema

AT
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Equations (Bl) and (B2) are applied again with the upper limit of inte-
. gration changed to r_ + b The results are

B 2°
b
ro+=
T B 2
TE _ L 2 (cc)ay (B10)
v 2 dy n
© r
B.
r +E
1 B 2 3
-5 L y -a—i(ccn)dy
- B (B11)
Y= b
r. +=
1 B2 3
2 L_ 3 (cc,)dy
B
Integrating equation (B10) gives
T o
—3E = —-2]: CcC b - ccn‘

and since the wing loading vanishes at the side edges, there results

E': lz‘. cec (Blz)

v

Tp

After integration by parts, equation (Bll) becomes

b
gtz .
(cc )dy-.
r n

b
1] rpt3
-_2_ 2% ( ce ) -
: n
. s B

2
I

b
-%- (cc ) |r3+5
s
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Making'use again of the fact that the wing load is zero on the side edge

simplifies the above equation to

b
T3ty
—rB(gcn)IA' - Jr (ce )dy
- Iy B
y =
~cc
nr
B
orx
rB*%
f (cc_)dy (B13)
_ I'B n
y = rg + ‘
cc
B

Subroutine SPNLD in program DEMON2 generates discreﬁe values for Ehe
spanwise loading cnc/2b at specific y locations. The extrema are
searched for. The integrals appearing in equations (B5) and (BY9) can
then be represented by finite summations. For example, if for a fin ‘the
number of y stations up to Ynax is MSWmaX and the total number of y sta-
tions is MSWR then the integrals are rewritten as follows.

Yy MSW
max max
) 2 CnC
(cc_)dy = 2b —- Ay. (B14)
n’ - 2 . i
r i=1 i
B
and
b . .
g ¥ 7 MSWR c o
_ n
(cc )dy = 2b '_Z S| by, (B15)
y ) 1=MSW i
max max

Subroutine SPNLD then proceeds to compute FTE/Vw designated as GAMMA and
Yy as YCG in accordance with equations (B5) and (B9). Note again that in
all of the above the span loading is based on the Bernoulli pressure

calculation. -
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CALCULATION OF LEADING- AND SIDE-EDGE VORTICITY DISTRIBUTIONS

This appendix contains a description of the improved method used to
calculate leading- and side-edge vorticity characteristics associated
with cruciform fins on bodies in supersonic flow. First the distribu-
tions of suction force acting on these edges must be determined. Then
Polhamus' leading-edge suction analogy, reference 3, is used and applied
also to the side edges. As a consequence of this analogy, the normal
force acting on a 1ifting surface in supersonic flow is augmented by an
amount proportional to the suction force acting on the leading- and side-
edges for sharp edges. Consider the following sketch., It shows a
general planform of a fin attached to a body. A schematic distribution
of the suction force along the leading- and side-edge is also indicated.
The objective is to determine the position and strength of the shed
vortex from knowledge of the suction distribution. Note that if the
leading edge is supersonic (this occurs when the Mach cone lies between
the leading edge and the fin root chord), the suction force acting on
that edge equals zero.

Body

%

Fin root
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The method used to calculate the suction forces is described below
\ in some detail. The subroutines in program DEMON2 concerned with the
\ suction calculations are identified. The new procedure used for the
: side-edge suction calculation is pointed out.“ Calculated leading-edge
' thrust and suction-force distributions are compared with éonical>theory
for the case of a slender delta wing. The predicted variation of side
force along the side edge of a cropped delta wing is compared with two
other theories. The side-edge suction factor, obtained using results
computed by program DEMONZ2, is compared with conical theory for a case

involving a rectangular wing.

After the suction distribution along the leading- and side-edges is
described, the method used to convert the suction to edge vorticity is

indicated. -

Calculation of Suction Distribution

The present method used to calculate forces acting in the plane of a
fin or wing‘in supersonic flow was first describéd'ih reference 1. For
the sake of completeness, the important features and improvements to the
method will be described here in the application to the determination of
the suction forces acting on the leading edge and side edge of a fin.

First, the constant u—velocity panel strengths are recast in vor-
ticity strengths. 1In fact, an eQuiﬁalént vortex lattice is constructed
using the same geometric paneling layout. The bound portion of each
horseshoe vortex passes throﬁgh the centroid of each constant u-velocity
panel while the trailing legs extend in the streamwise direction as shown

in the following sketch for a horizontal fin attached to a body.
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A vertical fin attached to a body is treated in a similar manner. The
above sketch.also shows the in-plane force AFx (acting in the negative
xwfdirection) and side forces AFyl and AFyz' The guantity AFy2 is the
side force acting on the §ide edge for a distance c2/2 forward of point 2
and a distance c2/2 downstream of the point. It should be noted that the
resultant in-plane forces must appear at the edges of the fin. The
traiiiné edge has no such forces by virtue of the Kutta condition if
subsonic, and in no event if supersonic. Thus, the elemental forces

AFX, AFyl, and AFy summed over all the panels and vec?ofially added on
a given fin appear either as leading~ or side-edge suction forces.

The strength-of the constant u-velocity panel is taken as the u-
velocity in and immediately above its. plane and is denoted u+. The
perturbatioh velocity immediately below, u , eguals -u+. The equivalent
circulation can then be determined from the closed path (clockwise) inte-
gral of the product of the total velocity tangential to the path and the
path length shown in the following sketch. Neglecting terms of higher
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+
V.cos a+ u

e R
Fih surface ‘ qr ) * w+z‘§"i- oxy, - Voosin a Azl
: w-V _sin o . Xw - W

* em——— -
V,cos a+ u .

- X, = C

order in Ax, the equivalent circulation strength I is then given by

T _., . u ' '
\—/'—-ZCV , (Cl)
0

In subroutine LOADS of program DEMONé, the linear loading pressure acting
on a panel is used instead of the panel strength u+ in the determination

of the equivalent. circulation strengths; The linear loading pressure is
related to the constant u-velocity panel strength as follows.

: + . ~
Ap =.4 “;—-— (C2)
q linear o

The circulationjstréngths are calculated using equations (Cl) and (C2).
The velocity normal to the panels induced by the constant u-velocity
paneié distfibuﬁed on all fins and the body interference shell are then
calculated and'added to the contribution to the velocity normal to the
fin induced by thg'singulérities modeling the body. The‘in-plane forces
can be calculated’uéing thé Kutta-Joukowski law .for lift acting on a
vortex filament.: The forces acting on the bound- vortex with sweep angle
A and the side force-acting 'on the outboard trailing leg of one panel are
éiven'by the following expressions. Angle o is the sum of the angle of
pitch added to the fin deflectidn angle.if applicable.
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AF
X =235 I sin a + YL (C3.
q v Ve )
AFyl AFx : ’ ,
—— = —= tan A ,

q q_. A (C4)
AF

y ]

2 _ ar (. Y2

- = 2 c.2 v_ [51n a f.Vm] o - (CS)

In equation (C5) AT is the sum of all the trailing vorticity along the

panel side edge for all panels in the chordwise row ahead of the outboard .-

aft corner. For the last panel c, is replacedvby c2/2.‘ The above panel{
forces apply to panels on a horizontal fin. For panels on the vertical
fin, Yy and y, are replaced by zy and z2y, Wy and w, are replaced by vy
and Vo sin a is replaced by sin B and the sign inside the brackets is
changed to negative. Perturbation upwash velocity wi=is computed at the .
centroid of the panel and Wy is computed at the aft outboard corner. The
forces at the centroid, Fx and Fyl divided by the dynamic>p:e§sure are
comguted in subroutine LOADS. The side force on the outboard leg is cal~-
culated in subroutine SPNLD of program DEMON2. )

The forces calculated for every panel in accordance with equations
(C3) through (C5) can be summed to obtain the net in-plane erces.acting
on a column (strip in chordwise direction) of panels and-6n the entire
fin. If the number of panels in a given column is large, the vector sum
of forces AFx and (AFyl + AFyz) equals the suction for¢e‘f6r that column
acting in the direction normal to the leading edge. In order to obtain
good results for the leadihg edge without having to resort to a large
number of panels it was found advantageous to calculate the suction force
from the sﬁm of the Fx forces and the leading-edge sweep of the fin
under consideration. The section coefficient for suction, Cgr is the
suction force per unit span divided by gc, where c¢ is the local chord.
This section coefficient is calculated in nondimensional form in
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accordance with

NCW o
I —x
2b s (2b) cos'Aip (C6)

by subroutine SPNLD of pfogram DEMON2. The index NCW is the number of
panels in the chordwise direction. Panel width s is constant for a
¢olumn of panels but can vary from one column to the next. By adding

the contributions from all constant u-velocity panels distributed on a
fin, exéluding the outboard leg side forces of the panels at the tipchord,
the summed in—plang forces F. Fyl'and Fy2 for the leading edge are
computed in subroutine SPNLD. When divided by q,, they are designated
'SUMFX, SUMFY1l and SUMFY2, respectively, for horizontal fins (a horizontal
fin l;es in the zy = 0 plane; see figure 1). Total forces F_, le and
Fzz are designated SUMFX, SUMFZl and SUMFZ2, respectively, fo; the
vertical fins (a vertigal fin lies in. the Yg = 0 plane). The forces
acting on the outboard legs of panels at the fin tipchords are added
separately -and designated SUMFT2 in subroutine SPNLD. The sum represents
the ‘suction force on the side edge of the fin. Velocity components

wy/V,, (for horizontal fins) and'vz/vg.(for vertical fins) calculated

at points on the side edge of fins with subsonic leading edges are
calculated in éccdrdance with the special procedure described next.

Consider a basic semi-infinite triangle with its apex at one of the
corners of a constant u-velocity panel. The sketch below shows one semi-~
infinite triangle -with two Mach lines corresponding to two free-stream
Mach numbers, When the leading edge of the triangle lies inside the Mach
cone, it is a subsonic leading edge. If it lies outside the Mach cone,
the edge is supersonic, The outboard aft corner poihts of panels at the
side edge, marked 2 on the second sketch of this appendix, lie on the
extended leading and extended trailing edges of many panels inboard of
the side edge panels., In particular, the point lies on the trailing
edge of the panel shown in the sketch, If the edges are subsonic, the
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Mach lines
/

‘/,—Leading ed@é

Semi~infinite
triangle

—

contributions to the upwash from the semi-infinite triangles on whose
leading edge the point lies are in fact singular as shown in figure
II-1(a) in reference 7. To avoid numerical difficulties, subroutine VELO
in program DEMON2 sets the downwash equal to zero. As a consequence, the
points on the side edge of a fin with subsonic leading and trailing edges
only receive upwash contributions from those basic semi-infinite triangles
whose leading edges do not pass through the points. It was found that the
side force calculated on the side edge of a cropped delta wing using the
upwash, Wou calculated this way was underestimated. By moving the points
on the side edge off the fin a distance equal to'the width of the nearest
panel width, the values of the upwash are increased and more reasonable
values for the side edge forces are obtained. For a cropped delta wing
with supersonic leading and trailing edges the above problem does not -
exist. The upwash at the”leading edge is discontinuous in this case;
refer to figure II-1l(c) in reference 7. The mean value is used.

A few examples will now be discussed. Consider figure C-1 first.
It shows the distribution of thrust and suction along the leading edge of
a delta wing with aspect ratio equal to 1. The Mach number is V2. - The
conical theory results for the linear thrust distribution shown by the
lower dashed line, is based on the thrust coefficient calculated from the
lift and drag coefficient for small angle of attack as follows. e
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C
Di T
CT = O.CL - —CZ CL = q cr (b/z) (C7)
L

For a delta wing, page 292 in reference 8 contairns expressions for lift
and drag. The slope of the spanwise thrust distribution cct/2b for the
half wing is then related to the thrust coefficient by

(@]

T
2 °

k. = £ ’ (c8)

T 2b

where c. is the rootchord. The suction coefficient of one wing half is
related to the thrust through the leading edge sweep A of the leading
edge. '

o

' . : _ .2 _ S
Cs . T cos AT c_ (b/2) q ‘ (C9)

half wing - _ r

5Therefore;‘the linear slope of the spanwise suction distribution. is given
by '
CSc k

_ r_ _T | ' ‘
kS T " 2b cos A ’ (C10)

The results calculated by subroutine SPNLD in program DEMON2 with a lay-
out of five chordwise and 20 spanwise panels agree well with the linear
thrust distribution from conical theory. The suction coefficient is -~
actually calculated on the basis of vectorially adding the forward and
side forces acting on all the constant u-velocity panels. The results
calculated from the program are higher than the conical result from the
70 percent spanwise station on although the curve tends to return to the
.conical value near the tip. Nevertheless, the resultant suction force
calculated this way.was almost exactly ndrmal to the leading edge. If
the values of (c c)/2b are simply divided by cos A, the resultlng

(c c)/2b values, as 1nd1cated by the crosses, are very close to the
con1ca1 results. However, the suction as calculated in the program is
away - from the normal to the leading edge by a few degrees. .
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The distribution of the suction force along the side edge of a
cropped delta wing is shown in figure C-2. Results calculated by sub-
routine SPNLD of program DEMON2 are indicated by the so0lid circles. The
solid line is a distribution calculated on the basis of conical theory
and given by an adapted version of equation 10 on page 8 of reference 16.
Certain restrictions are imposed on the épplication of the expression
shown in figure C-2. For example, the Mach lines from the leading edges
of the tip chords must not intersect the opposite wing tip. The dashed
line represents an exact linear theory result obtained by J. N. Nielsen
using some of the results derived in reference 17 and the lift-cancella-
tion method. Other than close to the leading and trailiﬁg edges of the
tip chord, the program results match the exact theory well. Overall
suction force along the side edge calculated by the prdgram is slightly
below that calculated by the linear theory. For this case, the leading
edges and trailing edges of the panels along the side edge are subsonic
near the.leading edge of. the side edge and supersonic near the trailing
edge. This is a mixed case and the offset scheme described above may not

apply to all of the poipts on the side edge.

The last example of suction force calculation is shown in figure C-3
for the case of a rectangular wing. The result shown by the dashed line
is based on conical theory and can be obtained by the methods employed by
Lamar in reference 18 for rectangular wings. The solid line is the
result calculated by the program using the following definition of Kv,SE’

the side-edge suction coefficient.

Y
K = 2 2 (C11)
v,SE gS, _.sin?a

Ref

Quantity Fyz/q (SUMFYZvin subroutine SPNLD) is the sum of the in-plane
forces, divided by the dynamic pressure, in the yw—direction acting at
the outboard aft corner of all the panels except those next to the side
edge. Quantity Fp_/q (SUMFT2 in subroutine SPNLD) is the sum of the
forces, divided by the dynamic pressure, in the yw—direction acting on
the outboard aft corners of the panels at the side edge. Results were
calculated for five panels in the chordwise direction as a function of
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the number of panels in the spanwise direction. The solid line
approaches the conical theory result as the number of spanwise panels is
incfeased. Increasing the number of chordwise panels also improves the
agreement. With 10 along the chord and 15 along the span, the point

marked by the cross corresponds to K, sg = 1.099.
14

Conversion of Suction to Edge Vorticity

With the distribution of suction along the leading and side edges
of a given lifting surface calculated by the methods described above,
the Polhamus analogy is used to convert the suction to additional normal
force and accompanying edge vorticity. The analogy is described in
reference 3 and states that at high angles of attack the normal force
acting on a delta type wing is augmented by an amount proportional to
the suction force actingioﬁ the leading edge. The additional lift is
associated with flow séparation along swept leading edges. This analogy
is extended to the side edges of a wing or fin of general planform.

Section 6.2.3 contains a description of the procedure used to com-
pute the increment in normal force due to edge vorticity from the suction
force coefficients calculatable from quantities in the output of program
DEMON2. In the following, the method for relating the distribution
along the leading and side edges of suction force to the distribution of
augmented normal force is indicated. "Then, a discussion follows con-
cerning the analysis required to relate the distribution of edge vor-

ticity to the distribution of augmented normal force.

For the leading edge, the spanwise distribution of suction is given
by equation (C6). Define Kv LE' assumed constant, as the proportion of
[4

the suction converted to normal force

cc _
2B (C12)

26 -

This factor is called the vortex lift vector for the leading edge. It
is a function of leading edge sweep, Mach number and leading-edge geome-
try. For sharp edges, figure 9(a) in reference 4 contains graphs from

which estimates can be obtained for KV LE values as a function of aspect
r
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ratio and Mach number. 1In accordance with equation (30), the vortex lift

factor K, is also applicable to the suctlon coefficient associated w1th

LE
the entlre leading edge to give the 1ncrement 1n normal force due to lead—

ing-edge vorticity (for one wing half)

Cyl chs s
_ N'L.E. vorticity : - .
K LE = (C13)

i i CJL.E.

Refer now to the sketch below. Schematic distributions of suction

LE

’1Yw,1
Ayw’i| o e
Y < L 25|
Yw, i
—p—) |
<
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X |
L |
i — e —
. ' - F |
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] _
: rB*"'lz2 > ‘ '
o
"ie |

are shown for the leading and side edge of the wing or fin attached to

a body. Up to given spanwise position Yw,1 subroutine SPNLD of program
DEMON2 integrates the spanwise suction distribution. The integrated quan-
tity is named CSINT. It is equal to the suction force divided by 2b

(b/2 is the exposed semispan of the fin) accumulated up to spanwise

location yW,I' . 1 . _ .
= i
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The moment of the suction force divided by factor 2b is formed as follows.

CSMOM = ]} Yy i 35|, AYw s (C15)
1

. The spanWiée location of théicenter of gravity" of the suction distribu~
tion along the leading edge up to Yw 1 is given by the ratio of the moment
’
over the force.
S — _ CSMOM
Yy = CSINT
(Cle6)

Yexp T Yy T Tp

A horseshoe vortex is laid-out on the wing or fin attached to the
body. The outboard trailing filament is at spanwise position §W' The
1lift acting on the bound or spanwise leg is made equal to the increment in
normal force due to 1eaaing-edge vorﬁicity Up to spanwise location yW I’
the increment 1n normal force in coefficient form is glven by equation
(c13) in conjunction with equation (Cl4).

C = K (CSINT)2b (C17)

,NlL.E. vorticity v, LE

Taking the compbnenf in the direction of the 1ift force results in

v,LE

CL o =K (CSINT)2b cos a (C18)
' L.E. vorticity » ~

where o is the angle of attack seen by the lifting surface in question.
Then, with the. Kutta-~Joukowski law for 1lift on a vortex filament, the
vortex strength FLE associated with the added 1ift can be obtained from
the following approximate relation.

FLE _ KV,LE (CSINT)2b cos a (c19)

% 2Ypxp

This relation'is correct for a wing alone (rb = 0) for which the span of
the -horseshoe vortex would be equal to 2 §W or 2 Yexp* However, for a

wing or fin attached to a body as shown-in the sketch above, the span or
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width of the horseshoe vortex is the difference between §W and the distancé
from the body centerline to the image (shown dashed) of the_outboard .
trailing filament, r§/§w. At the present time, equation (C19) is pro-
grammed in subroutine SPNLD of program DEMON2. 1In any event, equation
(C19) provides the spanwise distribution of ;LE and its location §h is

given by equation (C16). ;

A similar procedure is followed for determining the stfength and .
spanwise location of vorticity along the side edge. The summing process-
indicated in equation (Cl4) to calculate quantity CSINT is continued along
the side edge using the side force designated FTZ(JTIP) and computed in . .
accordance with equation (C5). The vorticity associated with the added
normal force is also determined by expressions (Cl8) and (Cl9) replacing
KV,LE with KV,SE' The same remarks made above in connectiép'with the o
spanwise width apply. In addition, it is recommended to set KV,SE = KV,LE
for use in the program as written at the present time. Note that these
vortex lift factors have the default value 0.5 in main routine CRFWBD of

program DEMON2,

90 ¢



- 0.09 T — ]

AN
AN
AN

I l

Mach cone

c e
2b
c,c

-t
2bcos A

Program DEMON2

X

Conical Theory

/<— kp = 0.02013

o . 0.2 0.4 o.

b/2

Figure C-1.- Spanload distribution of suction and
thrust for 'a delta wing with aspect ratio 1.

6 0.8




Z6

4 30 R = 0,87 Number of Number of
6 Mach Chordwise Spanwise
19,63 cone M= 1.5 . Panels Panels
o Program DEMON2
i a = 10
'}' 5 L) 10
13,08
Mach cone _.L \
. rvl 20-%
N 4 AN
0.2 | . _——‘?(f-Linear theory -
L 402 b + 2x cot A -
5 Cp M1 + B cotd)
o)) .
<3 4 —_
Q &,
w v
§ o —
b 0.04 -~ p 4
0.02 ; —
0 ] | | | | | |
0 0.2 . 0.4 -~ 0.6 0.8 1.0 1.2 1l.4 1.6

Diétance aiéﬁg side edge'
Side edge chord

Figure C-2,- Distribution of auction force along side edge of a cropped delta wing;
b = 20, Cp = 13.08, A = 63°



,SE

1,135

onical theory

7 X Ncw=10
Coni : 4

| !

a = 10° )
M_ = 1.5 "
[--}
|
‘,—¥;” 'Program DEMON2
X

10 15

Number of spanwise panels‘

Flgure C-3 - Slde-edge suction factor K, gg
rectangular wing. ?

20

for a

93



APPENDIX D

TRANSFORMATION FROM FIN COORDINATES TO WING OR BODY
REFERENCE COORDINATE SYSTEM AND VICE VERSA

In the calculation of the influence of one constant u-velocity panel
at the control point of another or at a given field point, the following
procedure is used. The coordinates of the four corners of all the A
cohstant_u—velocity panels are calculated by subroutine LAYOUT. in program
DEMON2 in the wing coordinate system (xw, Yy zw). The coordinates of
the control points (or field points) are also determined by subroutine
LAYOUT (or specified) in the wing coordinate system. The first step is
to calculate the coordinates of the point relative to the corners of the
influencing panel under consideration. Then these local coordinates

u,e7 Yu,0’ 2w, _
transformed to a panel coordinate system with the Yp and Xp axes in the

), which are parallel to the wing coordinate system, are

plane of the fin. 1In this process the origin at one corner of the
constant u-velocity panel remains fixed. Thué, the transformation is a
simple rotation through the applicable fin dihedral angle. Only one v

local coordinate system is shown on each fin in the sketch below.

fin 2 or L fin 3 or U
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For the right upper and left lower fins, fin 1 or fin R and fin 2 or
fin L, the local wing to local fin coordinate transformation is stated

as follows.

yF,l or 2 Yw,z cos ¢l-or 2 + zw,t sin ¢1 or 2
' (D1)
zF,l or 2 ZW,Z cos ¢l or 2 yW,2VSln ¢l or 2

Fin dihedral angles ¢1 and ¢2 are taken equal to the specified fin
dihedral angle, +¢F, also shown in figure 3. The coordinate system
rotation for the left upper and right lower fins, fin 4 or fin D and

fin 3 or fin U is given by

V4

Yr,3 0or 4 = Yu,2 S°% %3 0r 4 " Zy,q ST %3 0r 4

(D2)

ZF,3 or 4 z

W,2 cos ¢3 or 4‘+ yW,Z sin d)3 or 4
Fin'dihedral angles ¢3 and ¢4 are taken equal to negative specified fin
dihedral angle, —¢F. Thus,- the transformation given by equations (D1)
and (D2) are in fact the same provided the negative dihedral angle, -¢F,
associated with fins 3 and 4 is substituted in equation (Dl). The local
fin to local wing coordinate transformation is given by the following
expression. For the right upper and left lower fins, fin 1 or fin R and

fin 2 or fin L, the transformation is

yW,Q = yF,l or 2 ©°S ¢l or 2 ~ ZF,l or 2 =M ¢l or 2
(D3)

N
|

W,2 - ZF,1 or 2 S©5 %) or 2 ¥ Yp,1 or 2 S0 %) or 2

Fin dihedral angles ¢l and ¢2 are equal to positive fin dihedral angle,
+¢F. The local fin to local wing coordinate transformation for the left
upper and right lower fins, fin 4 or fin D and fin 3 or U can be
expressed as

Yw,. T YF,3 0r 4 ©°5 93 o 4 * 2r,3 or 4 S0 %3 or 4 }D4)

W, ~ %F,30r 4 % %3 6r 4 T Yp,3 or 4 SIM 43 oy 4
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Fin dihedra.langlesd)3 and ¢4 are equal to negative specified fin dihedral
angle, —¢F. Again, equation (D4) can be obtained from equation (D3) by
accounting for the negative dihedral angle, -¢F, associated with fins 3
and 4. '

The transformations indicated by equations (D1) and (D3) are pro-
grammed in subroutine ROTATE of program DEMON2. The former is accom-
plished through entry point ROTWF and the latter through entry point
ROTFW in subroutine ROTATE.

The transforﬁation given by equation (Dl) also applies to the flow
velocity components in the wing coordinate system O
Y and z,, axes. After calculating the components vﬁ and Wi the velocity

components v and v in the local panel or fin coordinate system can be

determined. Conversely, equation (D3) is used to transform velocities in

Wi aligned with the

the local panel or fin coordinate system to the local wing coordinate
system which is aligned with the reference wing coordinate system (x
Yyr 2 ) The following appendix concerned with the flow boundary condl-

‘tion makes use of the above equations.
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INTERDIGITATED FINS, BOUNDARY CONDITIONS

The flow tangency condition states that the net flow velocity normal
to the fin must equal zero. Besides the free-stream component there are
external contributions from the body source panels calculated by program
WDYBDY and effects induced by vortices associated with the body nose and
the monoplane wing calculated by subroutine VVELS in program DEMON2.

For all of these external contributions, the coordinate system in which
they are expressed is the body or wing reference coordinate system... Body
and wing coordinate systems are parallel to one another; see figure 1.
The former has its origin at the body nose while the latter has its
.origin on the boay centerline at the axial location of the wing or fin
rootchord leading edge. Thus, in order to determine the external.
contribution to the flow velocity normal to the fin, the components must
_pe,resolved”énd added as follows.

Referring to figure 1, the sidewash, vy OF VB‘iS aligned with the: -

Yy ©F Yp axis, Upwash Wiy OF Wp is in the Zy OF zB‘direction.. The
component of the flow normal to the fin surface at the j'th control

point (x ) can be determined from the transformations

cpet,j’ Yepr,j’ Zcer,j
discussed in Appendix D. For example, the normal velocity components on

the right upper fin, fin 1 or fin R are obtained from

lej = wW,j cos ¢l - VW,j sin ¢l . (E1)
In this instance the fin dihedral angle ¢l equals the specified fin
dihedral angle op listed as PHIDIH in namelist $INPUT of routine CRFWBD
in program DEMON2. Angle ¢F is also indicated in figure 3. The velocity
normal to the left lower fin, fin 2 or fin L is also given by equation
(E1) with fin dihedral angle ¢, taken equal to dihedral angle ¢p. For the
right lower fin, fin 3 or fin U, the velocity normal to the fin surface
at the j'th control point is obtained from the velocity components

expressed in the wing coordinate system as follows.

V. . =w., . COS + v.. . sin E2
N5~ Y, *3 % Vu,j 3 (E2)
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In this equation, angle ¢3 is taken equal to negative specified fin
dihedral angle, -¢F. The velocity normal to the left upper fin is also
given by equation (E2) substituting angle ¢4 for angle ¢3 Angle ¢4
equals negative fin dihedral angle, —¢F.' .
Expressions (El) and (E2) cause the normal Qelocity component to be
aligned with the direction of the normal load CN shown in figure 3. for
each fin. The contribution from the free stream can be expressed in °

components directed along the wing or body coordinate system.

1 V_ sin a S ‘
v } , (E3)

Vw =V sin B"'

where a is angle of pitch and B is angle of sideslip. These angles are
calculated from the combined angle of attack, o and the angle of roll,
¢, in accordance with the pitch-roll sequence described in the section
entitled GENERAL APPROACH, equation (12).

All external contributions to the normal velocity component are
added and substituted directly into equations (El) and (E2). The sum. of
ali the external contributions to the normal velocity at a control point
on a fin must be offset by the sum of the normal velocity components ..
-induced by all constant u-velocity panels on the fins and the body
interference shell. In computer program DEMON2, the contributions from
the constant u-velocity panels on the fins or interference shell are. .
determined in a coordinate system associated with the plane of the panel
in question and then transformed to the wing or body coordinate system.
Equations (El) and (E2) together with the transformations discussed in
Appendix D are subsequently employed to determine the normal component
induced by one panel at the control point of another. The result is a
set of simultaneous equations from which the unknown panel strengths can
be calculated. Thickness effects from the interdigitated tail fin are
not accounted for. For the case of cruciform fins, thickness effects
can be accounted for and detailed expressions for the boundary condition
are given in section 2 entitled GENERAL APPROACH.
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INTERDIGITATED FINS, FORCE AND MOMENT CALCULATIONS

The following force- and moment-coefficient calculations are pro-.
grammed in subroutine LOADS of program DEMON2. Each fin of an inter-
digitated fin configuration is dealt with separately.

Right upper fin:

Let CN . be equal to the normal-force coefficient for one constant .

[4
u-velocity panel with control point coordinates xCPT,j' yCPT,j and zCPT 3
specified in the wing coordinate system (xw, Yyr zw). The positive sense
of the normal force is shown in figure 3. Then the components in the

positive z_, and Yy OF 2 and Yp directions are given by

w B

0
I

z2,3 CN,j cos ¢F F1)

-C

. . sin
CYIJ . NY) ¢F

in accordance with the rotational coordinate transformation discussed in
Appendix D. The pitching moment in the body coordinate system about a

" specified moment center (XM, 0, 2ZM) is defined as a moment with its axis
normal to the Yg = 0 or yw = 0 plane. Clockwise rotation about the yB or
Yu axis when viewing along its positive direction corresponds to positive
pitching moment (positive pltchlng moment causes nose up). For one
panel, the contribution to the pitching-moment coefficient is given by

- XM) (F2)

The yawing moment in the body coordinate system about a specified moment
center (XM, 0, 2ZM) is defined as a moment with its axis normal to the

2y =-0 or z,; = 0 plane. Clockwise rotation about the zg or z, axis when
viewing along its negative direction corresponds to positive yawing
moment (nose to right is positive yawing). The contribution from one

panel equals
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*cpT,j ~ (F3)

Rolllng moment measured about the body centerllne is p051t1ve if the
right fin(s) move in the clockwise direction viewing upstream. Both

components Cz.j and Cy j contribute to the rolling-moment coefficient.
14 ’ . ~
Thus, the contribution from one panel is o

-C_ . .+ C .z . . o
c - _—z,3¥cpr,i " "y, ®*cpr,j . (F4)
e : jz'ref‘ ' .

By adding all contributions from the constant u;velocity panels on the
right upper fin, the total force and moment coefficients acting on that
fin can be determined. Thus for the upper right fin designated Fin 1 or
Fin R, the forces acting on it in the zy and Yy directions, respectively,

are given in coefficient form as

CN,j cos ¢F

(@]
0
2]
“a
I
[ e

_4(F5)

]

C or C

; - C,., . si
Y.l YR le N,3] sin ¢F

Here NRP is the number of constant u-velocity panels on the right upper
fin. The pitching-, yawing- and rolling-moment coefficients are
obtained from the following expressions, respectively.

NRP (x ~XM) N
: Xcpr, § . .
Cc or C = - C,, . cos L
m,l m,R .z N, j ¢F zref
o : (ﬁ . —XM) . ?
| = i S (F6)
C or C = . Sin
n,l n,R j£1 Cx, 5 OF T ..
NRP (Cy 4 cos ¢FYCPT,j -C '351n ¢ (ZCPT,j - ZM) )
Cp q0rC o= =) L T
’ ’ -1 ' ref v y
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The reference length 2ref as well as the reference area S g are speci-
fied in namelist INPUT of routine CRFWBD in program DEMON2 as REFL and
SREF, respectively. Fin dihedral angle, ¢, or ¢R' is defined as shown in
figure 3 and equals positive angle ¢F. Angles ¢F and 6 are specified in

namelist $INPUT in the main program CRFWBD of program DEMON2 as PHIDIH
and THETIT, respectively.

Left lower fin:

All expreséions-shown and discussed above for the right upper fin
apply except for equation (E5) which gives the forces acting on the left
ldwgy,fin. They are changed to

: NHP
c,_ ,orC = C, . cos ¢
z,2 o z,L . j=NRP+1 N,j F
(F7)
NHP
Cy,20rC = -} Cy 5 sin ¢p

. Wheré NHP is the number of constant u-velocity panels on the right upper

fln plus the number of panels on the lower left fin. Likewise, the
expre551ons (F6) for moments become

| - N
NHP , ' (x .—XM) ’

ChopOrCpy= . -1 Cy.5 COS ¢p Cpi’j

' ' j=NRP+1 ~’3 ref

_ NHP _ (xCPT’j—XM) (F8)

C,,0rC [ = ) Cy 4 Sin ¢p ——3

re ’ j=NRP+1 +J ref '

~-IZM
NHP (CN,jc°s¢F ybPTLJ 1\hls:.nd)F (z Zopr, ))

CZ'z or Cz L= -X [

! - j=NRP+1 e ref ,

Note that in accordance with the convention indicated in figure 3, the
dihedral angle, ¢2 or ¢t, associated with this fin equals positive angle

bp- Fin location angle, 92 or L’ is defined as shown and equals positive
angle 6.
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Right lower fin:

Referring again to figure 3, the dihedral angle of this fin, ¢3 or

¢U’ equals the negative angle, -¢F.
indicated.

negative angle, -0.

on terms involving dihedral angle ¢F.

N3P
C or C = .
z2,3 Z,0 J=NHP+1 CN,)
NEP
C or C = C,. .
¥,3 ¥'U  jonpe1r V0D

The positive sense of C

cos ¢F

sin ¢F

I

N

For this fin, the fin location angle, 93 or eU, equals
All expressions shown and discussed above for
right upper fin apply except equations (F5) and (F6) for which the
of the summations is changed and also accounting for the change in

is also

the
the
index

sign

(F9)

where N3P equals the number of constant u-velocity panels on the right
upper fin added to the number on the left lower fin added to the number

on the lower right fin. The pitching-, yawing- and rolling-moment coef-

ficients are

N3P (x -XM)
c_gorcC ;= =L _Cucos by S
m, m, j=NHP+1 ’ ref
N3P (x . =XM)
C 3 or C U = _Z CN sin ¢F CPEIL
n, LY j=NHP+1 ' ref
- i .—ZM
N3P (CNl.cos¢F YCPTLich,'Sln¢F (ZCPT,J ))
Cp3or €y y= =l ‘
’ ’ j=NHP+1 ref
102
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Left upper fin:

The dihedral angle for this fin, ¢4 or ¢D' and its location angle,
64 or GD, have the same sense as those for the right lower fin. Thus, ¢4
equals negative angle, —¢F, and ¢4 equals negative angle, -6. The
expressions for the forces and moments acting on this fin are the same as
equations (E5) and (E6) except for a change in the index and accounting
for the change in sign for terms involving ¢F'

NPANLS » h
Cz,8°F Cz,p = jenBReL Cn,j ©°8 % _
o ) (F11)
NPANLS
C&’4 or'C?Y'D =’j=N3p+l CN,j sin ¢F )

Here, NPANLS equals the sum of the number of constant u-velocity panels
on all four fins. The pitching~, yawing- and rolling-moment coefficients

are given by

\

NPANLS = . (%epp =X
C or C = - CN . COSs ¢F 7
m, 4 m,D ~ j=NHP+1 ‘J rof

NPANLS (x —x1)

‘ i CPT,) .
= -] C, - sin ¢p ?(F12)

Cn,4 or Cn,D J=NHP+1 N,3 lref
c, ,orC, .= NPANLS (Cy 4908%p ¥opp, 37, 351Mr (Zcpr,7ZM))

If the aerodynamic loading is symmetric about the vertical or Yg = 0
plane as is the case for an unrolled configuration with symmetric body
nose'vérticity, only the right uéper and lower fins are considered and
the overall sideforce, Cy’ and yawing moment, Cn, are zero.
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BODY INTERFERENCE PANELS.IN SHELL OF ELLIPTICAL CROSS SECTION,
FORCE AND MOMENT CALCULATIONS

The following force and moment coefficients are computed in sub-
routine LOADS of program DEMON2. Let CN X be equal to the normal-force
coefficient for one body interference panel (a constant u-veloc1ty panel)
with control point coordinates xCPT,k' XCPT,k' CPT,k specified in the
wing coordinate system (xw, Yy zw). The positive sense of the normal
force corresponds to a force pointing outward from the body as shown in
figure 3. The components in the z_ and Yy OF 25 and Yg direction are

1
given by
Cz,k = CN,k cos ezk
. (Gl)
¢y,k = CN,k sin ezk

when 62 is the angle between the’ panel trailing edge and the Yy axis. It

is calculated in accordance with

sin 62 =

. } (62

coSs 92

<l J( Nk
z -z +ly ' J
[ e,i Mk, i-1 We,i Mk,i-1

Subscript i and i-1 refer to the two parallel panel side edges as shown
in figure 3. Note that panel location angle eBIP positions the side edge
designated i on the body circumference (BIP stands for body interference

"panel).
For the k'th body interference panel, the contribution to the
pitching-moment coefficient is taken about moment center (XM, 0, 2M) and

is given by
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: b4 -XM
c . =-c . -CPT,k” (G3)

m,k z,k lref

where as discussed earlier in connection with the right upper fin, posi-
tivehpitching:corresponds to nose-up motion. The contribution to the
Yawing—moment“cbefficient from the k'th body interference panel equals

L X -XM : '
CPT,k
C = =C ———7TL——~— < . . (G4)

n,k = Ty,k ref

where positive yawing corresponds to nose to right motion. As is the
case for the interdigitated fins, both components of the normal-force
coefficient contribute to the rolling-moment coefficient.

( 2M)

—~ ' + - '
Csz yCPT,k Cylk ZCPT,—k c N (e L))
L

ref

Cox =

By adding all contributions from all the constant u-velocity panels laid
out on the interference shell,'thelfotal force and moment coefficients

acting on the part of the body covered by the interference shell can be
calculated. Thus, the contributions to the overall forces acting in the

z.. and Yw directions are given in coefficient form as

W

. NBIP

LI

C cos 0.
Cz,BIP kzl Nk 2y
' ' (G6)
NBIP , '
C = . C . Sin 0
y, BIP kzl N,k TTT T2y

Here, the number of constant u-velocity panels in the interference shell
if given by NBIP. The contributions to the overall pitching-, yawing-~’
and rolling~moment coefficients are specified as follows, respectively.
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NBIP
- x -XM
Co,BIP = kg; Cy,x ©°s 62k cpz,k
ref
N -XM
Cn,BIP ~ ?fp Cy,x sin 6, xcpg,k
n, k=1 ' k  ref
NBIP CN,k°°S°2kYCPT,k'CN,k51nezk(ZcpT,k'ZM)
e = -
%,BIP k=1 zref s

As mentioned
area Sr
DEMON2 as REFL and SREF, respectively.
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(G7)

earlier, the reference length zref and the reference
ef are specified in namelist $INPUT of routine CRFWBD in program
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EFFECTS OF EXTERNAL VORTICITY ON BODY
WITH ELLIPTICAL CROSS SECTION

The sketch below shows the circumference of an elliptical body.

Also indicated are eight panels ih end view as an example of a sparse
body paneling layout. The panels can be source panels as employed in
program WDYBDY to account for Body voldﬁe, angle of pitch and angle’of
sideslip. However, in program DEMON2, these panels are constant u-veloc-
ity panels to account for wing-body or tail fin-body interference. 1In
either case, the panel control points designated CP in the sketch lie
inside the actual body circumference.. In the calculation of pressure
distribution on the body, it is desired to account for external véftices
at the control points. Let I and FL be body nose vorticity idealized to

two potential flow vortices.

Actual body
circumference

Body source panel
to model body

Yp

The solution for the flow field aroﬁnd a body with elliptical cross
section in the presence of specified external vortices is given in
Appendix I. This solution is programmed in subroutine VVELS in both
programs WDYBDY and DEMON2 and provides valid flow field velocities at
points on and outside the body circumference. However, the control
points, CP, are inside the body by virtue of the method resulting in a
layout of inscribed'panels. For the purpose of accounting for the
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presence of the vorticés, their induced velocities are calculated at
points CP' instead. They lie on the intersection of the body radius
which contains control point CP and the body circumference. In actuality,
points CP' are displaced further out a distance equal to one percent of

" the body radius FB in the programs using subroutine VVELS. This is done
to prevent numerical problems encountered when computing velocities on
thé body surface if the coordinates of the body points are calculated and
specified to subroutine VVELS. To accomplish this, the polar angle eP
designated THETP in the computer program is calculated first as follows.

2
6p = tan-! -CEL. ' (H1)
. Yepr :
The coordinates of a given control point CP are XCPT, Yepp and Zop ;n

either the body or wing reference coordinate syétem. Then to determine

the body radius r_ at angle BP, the equation for the ellipse is used.

B

r2 = - 1 " (H2)
cosAeP . sin BP
AB?2 BB?

Here AB is the horizontal semi-axis and BB is the vertical semi-axis of
the elliptical cross section for given axial body station. The coordi-
nates of the corresponding body surface point CP' displaced one percent
of the radius ry outside the acFual body circumference are

Ycpp l.Oer cos SP

(H3)

z l.Oer sin BP

CPB -
Thus, subroutine VVELS computes the vortex induced velocities at points
CP'. These velocities are added to all other velocity component contri-
butions calculated at the panel control points, CP. The pressure is then
calculated at points CP in accordance with the Bernoulli relation, equa-

tion (10).
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VELOCITY COMPONENTS IN CROSSFLOW PLANE REQUIRED TO
CALCULATE VORTEX TRAJECTORIES

In order to calculaté vortex trajectories using.slenderfbody_methods,
it is necessary to know the two velocity components in the crossflow plane
at the vortices. The lateral movement between two axial stations a distance
Ax épart can be calculated from these quantities. Since a numbervof dif-
ferent cross sectional shapes in the crossflow planes are of interest in the
»present'cbmputer program, a number of different solutions are needed. :
‘Specifically the following eight velocity fields are used. .

1. Velocity fieid induced in crossflow plane by a set of vortices
in the presence of a cruciform wing-body combination on one

member of the set.

2. Velocity components in crossflow plane due to pitch and bank of
a cruciform wing-body combination.including volume effects.

3. Flow field in crossflow plane due to symmetrical deflection of

two panels of a planar wing-body combination.

4. Flow field in crossflow plane due to deflection of a single
‘panel on a cruciform wing-body combination.

5. Velocities on a vortex due to other vortices in the crossflow
plane in the presence of a monoplane midwing mounted on a body
of elliptical cross-section.

6. Velocity components in crossflow plane due to pitch and bank of

a monoplane midwing mounted on a body of elliptical cross-

section.

7. Velocities on a vortex due to other vortices in the presence of_
a monoplane midwing mounted on a body of elliptical cross-
section including effects of angles of pitch and sideslip.

8. Velocity components in the crossflow plane due.to'expansion of

a body with elliptical cross sections.

The expressions for all these velocity fields are given in this
Appendix. Although some of the expressions have been published elsewhere,
they are alli being presented here for completeness and to collect the

results in one place.
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1.~ Velocity Field Induced in Crossflow Plane by a Set of
Vortices in the Presence of a Cruciform Wing-Body
Combination on One Member of the Set

This solution is required to determine the trajectory of a vortex in
the presence of a cruciform wing-body combination. The solution for v
and w will be determined using slender-body theory. The following trans-

formation of a cruciform wing-body into a circle of radius R is used.

r

i,Yi)z'

o,

roaYo’zo

4 4 2 _ .2, at
2+ 2 g2 4 R 2R = s + = (11)
2 2 s
T ag
¢ =2 \/'Tz + 3 - 2R? +1/'12 + B.1 4+ 2r? (12)
2 2 2
| T T ]
- 442 4 ]
T = l\/ o2 + B | - 2a2 +\ﬂ2 + 2|+ 282 (13)
2 2 2
8 o : -

The potential for one vortex in the presence of the circle in the

¢ plane is

-iFo 1P° RZ
wl(o) = 55 £n (o-oo) + 5 Zn |o - g— (14)
o
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We omit center vortices to keep the solution regular for large o. The

]

complex potential for the set of vortices is

-iT iT { RZJ

Wt(o) = ——qu £n (o-oo) + Tng In (o - E_
. o (15)
i § rotn |—— i
- = . 4dn [———F—
2m jop & [ RZ)
= =
o

The complex potential in the 1 piane is given by equation (I5) with the

substitution ¢ = o(1).

Consider now the complex potential for the motion of vortex Fo in

the 1 plane.
AT o
I,“)m =W _(o(1)) + ﬂq £n(t - 1) , (16)

W

The velocity components of Fo in the T plane are

o _ d
. vy J.wo = 3= wr (1) L (17)
.o =T
=il (0=a il 2
4 _a (™o d |To _R®
at v (O =3 [:Zn £n [r-r I} Y aT 7w |9 - 2
o o E
(18)
. c -0
i 4 i
“Zmar LTy 4m =2
¢ = =
o,
1
It is shown (ref. 4) that _
a Ty . 1 1 do
— £n (———— = lim = - - -
dt =0 ) | par Tt {; T (o oo) dé]
o o
do 2 dzo
o-o_ = (1-1 )[3?] + 5 (1-1t )" —5
o L T dr“|t
o o
d 4 a’s
ao = [i] + (t-71 ) 2 (I9)
df 1dt To dt T,
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1 L _do_ 1 (% _ QE]
T-jo (0-00) drt o—oo T-T drt
[ 2
_ 1 [ggJ 1 (g 40
o-oo L_d'r T 2 drz .
2
do g
ET (T To) ——2 ....:}
o dt T
o
o1 [T'To] %o
2 10-9,) g¢?|¢
o

Equations (Il), (I2) and (I3) yield the following relationships.

do _ (% - at)o3
at = 3.4 &5
) | .
a%o _ o3t 4+ 3at Pt - ahH Tt v arY)
drz (o4 - R4)'r4 T6(04 - R4)3
at dzo - 12(04 - R4)2(T4'+ 3a4) - 02(14 - a4)2(o4
do 4.2 B0t - RH2 - a5
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With these results, we find the desired velocity

o 2( 4 4)2( 4 4 2( 4 4)2( 4 4
_ 11‘0 CTO[CO Ro] [‘t + 3a J OOLTO - a ] [oo + 3R JJ
o) 4

° 3[ 4 4]2[ 4 4]
1T jo. - R T - a
o)
— [ 4 4] 3
il T - a jo
+ o o o o
27 65 - 2 3 04 _ R4
oo T0(%
4 4 3, -
. - a N .
- 3% (Tg 3 )(:O) I Ty |o—=a - == - 2 (117)
Tp[ob - R ) i=1 o i 94 i T R
where
Fo = strength of vortex, the velocity components of which
are being calculated
Vb’w§ = velocity component of vortex Fo
ry = strength of any vortex except Pb; i=1,2,...N
T = position. of Po in T plane
Og - = position of Fo in o plane
oi' = position of ry in o plane

3

2.- Velocity Components in Crossflow Plane Due to Pitch and Bank of
a Cruciform Wing-Body Combination Including Volume Effects

For a pitched and banked cruciform missile the induced flow field can
be obtained by superimposing two planar missile flow fields at right angles
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The flow field about a planar wing-body with horizontal wings is described
by complex potential Wa corresponding to V_cos ¢ sin ags along the positive

axis of z. The complex potential W, is associated with velocity

B

-V_sin ¢ sin aq along the negative axis of y. The total potential is then

W(t)
-V

[+

b (x) + a[d;] £n T + Wa(r) + W, (1) : (118)

B

If ¢ = 0, the perturbation complex potential is given in equation
5.3 of reference 8. Using the small angle approximation:

1

W(T) q 242 2,2 2

LI A ca - al - a_ -
v C bo(x) + a[dx] £n T ia [T + 'r] [s + s] | T (I19)
The veiocity v-iw for ¢ = 0 is then
voiw _ 1 W fda) 1,
v, v _dt a[dx, T * 1o
- ia (14-a4)s

1 ¢ =0 e (120)

T2\/[,[2 - sz] [Tzsz _ 'a4]

and

v-iw > 0 as T+

The perturbétion velocity v_ - iwa associated with the velocity component

VvV o is
oo

. 4 4 , )
) Q - ia (t -a )s P (121)
Ve zw/{z' 2”22 4]
T T - S T 8 - a

From this expression we can determine the perturbatlon veloc1ty vB - in

associated with the velocity V_B along the negative axis of Y.

Consider a set of coordinates y' and z' as shown with velocity com-

ponents v' and w' with t' = -iT.
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fy |
, .
v +s
. ’ ¢

= < > — e

=S

The perturbation'vélocity v'-iw' is given analogous to equation (121) as

. : o 4 4
v'-iw' _ - iB (' - a’)s + ig
V ,
® 1'2\/ [1'2 - SZJ[T'ZSZ - ;ﬁ]

‘ . 4 4

= - 8 (t - a)s _ 5 (122)
12\/ [12 + sz][rzsz + a4] '
. , -5 (¢ - At

~i(v'-iw') = vg - dwg = B (t_-—3a)s + B (123)

_12\/*[12 +'sz}[12s2 + aé}(

It is possible‘td add vy - iw, to the results of equation (120) for
¢ = .0 to obtain the total complex potential for the cruciform wing-body
cﬁmbination since thé sum satisfies the boundary condition. Accordingly
we have the final result '

.. ) . 4 4
v-iw = a[gi](%)A+ ie+ 8-> io (- a)s

dx
12\/ l'rz - 52]—(1’282 - a4]
B (T4 - a4)s

T‘\/[Tz + sz]{rzsz + a4] ;

(I24)
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3.- Flow Field in Crossflow Plane Due to Symmetrlcal
Deflectlon of Two Panels of a Planar
Wing-Body Combination

3.1 . Introduction

In determining. the perturbation velocity components in the flow
field of a cruciform wing-body combination, we must have flow field
solutions (1) for no fin deflection at o # 0, (2) for symmetrical fin
deflection of opposing panels at a = 0, and (3) for the deflection of a
single fin of a cruciform configuration at a = 0. The first two flow
fields for a cruciform wing-body can be formed by superimpOsing solutions
for a planar wing-body combination at right angles to each other.  The
first solution is given in the preceding sections; the second solutlon 1s
the subject of this section, and the third solution is the subject of the

next section.

3.2 Boundary Value Problem

Consider a planar wing-body combination with a circular body of

radius a and a fin of total semispan s.

+s y

=y + iz

The left and right fins are deflected trailing edge down by an-angular
deflection § such that the normal velocity on the fins due to the free
stream is V_6. The complex velocity in the crossflow plane is v + iw.
We have to find perturbation velocity components u,v,w at a point x,y,z
in the crossflow plane. The complex variable in the crossflow plane is .

T =y + iz,
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3.3. Method of Solution

Let W(t1) be -the complex potential for crossflow about the wing-body
combination in the crossflow plane at x = constant. Let the missile cross
section in the 1 plane be transformed to a circle of radius R, in the ¢
plane. We will find a complex potential W(o) which when transformed back

to the 1 plane satisfies the boundary condition in this plane. If

aw _ .
dg - VT W
~(125)
aw _ . _ s do
It - v-iw = (V lW)(dT]

The transformatidn taking the missile cross section into tHe circle

of radius R, is

2 R - 5

T+ ==0 + - (;I26)
with ' . a2

,ZRO = s + ry ’ - (127)

where a is the body radius and s the fin semispan. 1In this transformation
the field far from the cross section is undistorted. The reciprocal
relationships between corresponding points in the ¢ and T planes are
obtained from the equafions for the upper half plane .

g = 1 f + EE + lﬂ/ T 4'33 i - 4R2 (I28)
2 T 2 T [}
2
T=lo+R_<25 +l\/o+_R_§_ ~ 432 | (129)
2 o] 2 o]

On the circle o =ARoe , we have

T = R cos 6 + R cos“ 6 - ,  (130)
o (e} _

T’
WIW
O N N

If 6 = 0°

= s ' : (I31)
If cos 8 = a/Ro, then
T = a (132)
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These points are shown in the following sketch

Rssee

T Plane 0 Plane

3.4 Complex Potential

To obtain the complex potential, we follow a variation of the method
of Adams and Dugan (ref. 21) . Consider points on the upper and lower

surfaces of the right wing at the same y location between y = a and y = s.

ig -i@
Let the corresponding points in the ¢ plane be Rbe 9 and Rbe °.
ieo
Let a sink of strength dm exist_gt the point Roe and a source of
-i
opposite strength exist at Roe O, The complex potential due to the

sum of these two singularities is

\

i0
g - R e
= _ Gm -— 9o
dw, = - 57 &n v, o (133)
g - R e
(e}

The circle Roeie is a streamline of the flow except at the singular
points. In the 1t plane an amount of fluid dm/2 enters the fin from above
and an amount of fluid dm/2 goes out beneath the fin. Since the. upwash
through the fin 6§V must be countered by the source-sink combination, we

have
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26V_dy (134)

Accordingly the complex potential due to the right fin is

wL =
GVO_OS
+ = - e—
WR W P I Zn
a
s
sv
P
a
‘To solve

and integrate

equation (I37) on this basis..

(I35)

analogy

- Re
- am o, °
bl i(n+eo)

a
|

050
()

dm

T £n

(I36)

dy

i6 -i6
{? - R e O](o + R e °
[} o )

( -i6 16
’)

o
g Roe ]{o + Roe

- 2iR _gsin 6
[e) o

\

o -

02 - R

MO N

(I37)

dy

f 21Rb051n 60

0

eguation (I37) for W(o), we first assume that ¢ is real,

We then invoke the principle

of analytic continuation, and assume the result is valid for o complex.

The complex velocity in the 1 plane is determined by
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dw do ) : (138)

and it can be examined to make sure it satisfies the boundary conditions.

Setting 02 _ Rz
0 .
—r 5 = A (139)
2R°o
s -0
GVw A - 1 sin 60
w=--= J £n A+ 1 sin 6 dy (140)
a o).

Integrating by parts
- ~ X .

A S
. a2
A-1iVl - =
sV_ R .
W=-T -a £n ___a_z_
. A+ i\/l - =
-
. Ro
_ \ J
s
y d(sin 60) S y d(sin 60)'
i f X - 1isino "t fx ¥ 1 sin © ' : (141)
a a °
Let
g y d(sin 60) -
L = i X -1 sin 6,
g y d(sin o)
I2 = f A+ 1 sin 6
a o]
With the help of subsequent results in section 3.6 for I1 + Ié, we
obtain : ‘
(" ' 2
a
. A -1 l-—2
8V R_
W(O’,a,Ro) = - T< -a £n >
A+ iV o+ 35
R
(S o)

(equation continued on next page)
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{

1 a?
2
2 1 Vh% + 1 R
' - 2iR AT + 1 tan 3 3
R, \
. \/ 2 a2 . |m : -1 a -
- 1Ron AT+ 1 - ;f + ZAROL > + cos {ﬁgi] > (I42)
o]
h J

3.5 Crossflow Velocity Components

Having the complex potential, we may now obtain the velocity com-
ponents in the o plane and the 71 plane.

() )
V- iW = [dc] (143)

We will carry out the differentiation

. 2y ' 22
A - iVl - & 1 -2
R -1 R
2n °.= -2i tan — l (144)
N a“t- .
A+ i l‘R—z‘
[o]
. 2 22
A - iVl - 37 +2iV1 - %
'R R
g% £n ol - ° (145)
/ 2 5 22
A +iV1 —_25 Vel -5
R R
o] o\
0% + R? o? - R?
%% _ 2o A = o (I46)
2Roo 2Roo

Thus
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( 29 2
- iV - & 4iR [02 + RZJ 1 -2
2 (o [o]
R R, .
gl £n ol = ‘ > (147)
o ‘ .
.\/ a2 02 + R2 - 4a202
A+ 1 l-'—z [o
R
\ )
The other differentiation yields
— - E
2 2 W/ a
\/l-a— s 2(¢” + RT)a V1l ~ =
2 } o 2
2
Al ViZ 71 ean! (V2% 41 Rl Ro-
do A 2 2, 22 2 2
Ro (o™ + Ro) - 4a 0'
- - J -
2
\/1 -a_
(@® -8 _ || o+ R R%
+ —————=— tan : 2] (148)
ROC U"o ‘R—-
‘ o
o -
4 4.
ahe,, 22,7 "% 1
do 2 2
2
o 2R,0 \/:62 + Rg) - 4a?c?

The expression in complex form for V - iW is

/ 2 / 2
. 2 2 a . 2 . 2 a
41aR°(o + Ro) 1l - =5 41aR°(o + Rb) 1 ]

. GV°° Ro Ro
V- iW = - — - 5 - 5
(02 + R2) - 4a202 (02 + Rz) - 4a202
o . o
W} a2.
2 2 2 2Vl - 3|
i(¢” - R)) g + R R
- © tan”! o o
02 O2 _ 2 a
(o] Rb

(equation continued on next page)
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04 - R ) i(c2 + R2)
[e] i -1 a
+ = + cos —
2 R
o o

2
\/472 2 2 ' .
(c° + R ) ) 4a“co , (149)

We now determine v - iw in the 1 plane

v - iw = (V - iW) %%‘ (1I50)

From the transformation we find the following relationships
. R o -

e edo o (i -a? w
R EAY R ) ,
’ O
02 +_R§ . . a2 >
o =T+ ‘ | (I51)

S

The following results are needed to accomplish the transformation of the

results to the 1 plane. -

(d‘+R'-) ‘—_ 4a-’0; T o + R

(T + 2 7 (152)
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Since
2 2
g - RO @- _ [12 - aZ] (153)
o2 dt T2
we find
4 2
1- 4
2 2 ' ~2 2
do o Ro t -1 o+ Ro . Ro 12 - az -1
== an = tan
dt 2 2 2 a 2
(o} [0} - RO -R—- T
o
2
.(12+a2)\ll-§7
- R
> 2 (154)
{Ri] \ﬂrz + az) - 4R%72
o)
o N
4 4
o - R do) _ (1% + a?)
> datl = = (I55)
. T
o2 (02 + Rg) - 4a%4?
2 2
o+ Ro dg _ - 14 - a4
2 dt > A (156)
o .
12 (12'+ a2) - 4R§T2

These results yield the complex velocity in the T plane.
8 [ 2
(12 + az) l - 37

) v, | o [.2_..2)
(v - iw) —_ i|~—>>|tan o
A 2
{Ri] \/(12 +a%) - 4R§'r2
L ° -

o

(equation continued on next page)
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? +a% i : {14 - a4]
2

2 -
T 2 T
W/QTZ + a2) - 4R§T2 :

[g + cos™! [ggﬂ

+ i(%)

8
APPENDIX I

(157)

The expression can be broken down into real apd}imaginary‘parts to

obtain v and w, but.is probably more convenient to obtain v --iw on the

computer using complex calculations.

3.6 Evaluation of Certain Definite Integrals
The following integrals are to be evaluated

CQm e

1 = [ - v yd(sin 0)

\f1-a2/r®
o
. ‘ o) )

I = ‘/' Y d(sin 6) )
- ~ . . : (159)

2 2 )+ 6

1-a2 /R i sin

. o ‘

where - )
. 2 -

y =R |cos 6 +‘W¢G -2 . sin®6- (160)

[o] ’ R2 ,

.o .
We want the sum I, + 12 in particular
I +I, = 2>\Ro f ——2-——————;-— cos. 6+\/]t--a-; - sin26 |d(sin 6) (I61)
1 . . A . .
\[f:;§7§§ A -+s;n.9 _— Ro
_ o ‘ 0 -
= DR, | (1423) 48 j’ ae
(»2 + sin2e6)

-y -1
cos a/Ro cos a/Ro

(equation continued on next page)

125



APPENDIX I

o .
+<—£+>‘2)_[ d(sin 6)
2 >
. Ry ,Vl—az/Rg a2z + sinze)WJg- E; - sin®6

o

o
d(sin 8) (1I62)

-\'[/ 1-a2/R2 ‘\/1 - & - sin0
o R? . (Concluded)
o.

We now integrate each of the four separate integrals. From pg. 323

in reference 19.

f° ae \/x@2+1)tan 6
0573 (a/R_ )(x +sin e) V)2 (x2+1 cos™1 (a/R )
)

N f-2as | |
A a

————= tan
AV A2+l

C

|
|

Ro

. _ -
d9 = - cos (R—) : < (164)
cos!(a/Ry) ‘ °

The third integral can be evaluated with the help of the following

result from page 55 in reference 20.

dx - 1 -1 xV2Z+42
— + C (I65)
()\2 +x2)j/V2_x2 A 12"'\/2 )y V2_x2

o
‘I. d(sin 6) - 1
2
Vi - a2/R2 (A% + sin®8) 1-—— - sin®6 X\/X2-+l-a2
R

R2
[o]
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2
[\/)\2 +1~2 sin 6 o
RZ.
- 1
tan * = - =—(§) = (166)
x\ﬁ-?— - sin®6 \/1-a2/Rg N\ /A'? +1 -2
Rg ‘ RZ
. o]
The fourth integral is
o o}
d(sin 6) _ sin_l sin 6
Vl—aj/R2 Vi1 - éi - sin26 1 - 3;
(o) : 2
] Ro) [V 1-a?/z?
=-3 (167)
Finally we have
' 2
1 - &
\[ 2 2 R
_ _ AT+ 1 -1 AT+ 1 (e}
Il + 12 = 2)\RO — tan ;)
a
R
o}
/ 2
)\2 + 1 - a_2
R
-1l |a L o) m
+ COSs [Q] -E by + E (168)

4.- Flow Field in Crossflow Plane Due to Deflection of a
Single Panel on a Cruciform Wing-Body Combination

4.1 'Introduction

For a cruciform wing-body with no panel deflection, the flow field
based on slender-body theory is given in section 2. However, the general
flow field due to panel deflection is not known. From the results for
single panel deflection, the effect of arbitrary deflections of all four
panels can be obtained by superposition. This result will now be derived.

4.2 Boundary Value Problem

Consider the ‘cross section of a cruciform wing-body combination at
zero roll angle and zero angle of attack but with the right fin deflected
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by angle, 8, positive trailing edge down. The crossflow plane is desig-~

nated by the complex variable

The body radius is "a" and the fin semispan is "s". The vector velocity
in the crossflow plane is v + iw, and the axial camponent of velocity is
"u". Let the right panel be deflected by the angle § so that free-stream
velocity V., causes an uniform upwash V_sin § through the fin. We must
find a potential ¢ which produces equal and opposite downwash on the right
fin and at the same time causes no flow normal to the other fins or the
body. We then are to find the flow velocity components u and w at points
X,y,2 in the field due to this potential. The quantities a and s can be

functions of x.

4.3 Method of Sblution

The method of sdlution is to find the complex potential W which
produces unit velocity ét a given point on the deflected wing in the
range a £ y £ s and zero at all other poihts; Then -the effect of all
such fundamental solutions over the range is summed by. integration. The
fundamental solution is that given by Adams and Dugan in reference 21.

The velocity components are found by differentiation of W.

In obtaining the solution, recourse will be had to the theory of
conformal transformation. In this connection let the cross-section of
the cruciform wing-body combination in the T plane be transformed into a

circle of radius R in the o plane with

o =& + in " (169)
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Such a transformation is given as

4 4
242 < g% 4 R (170)
3 7)
/T Y
with . 4
' 2R% = g% + a o (171)

The reciprocal relationships between points in the 1 and ¢ planes are

4 4
o = % -\/(12 + 25} - 2r® +~V/[12 + 55] + 2R?
: ! ' (172)
4 4
T--]l.\/702+R——2a2+‘\[02+R— +2a2
2 2 2 )

In these relationships we confine our attention to the upper half plane.
In equation (I70) we have put the fields at « into the identity relation~

'ship
0+>T as T > ® ) : : (173)
ieo i6 N . .
A point Re on the circle Re” " corresponds to yo.in the physical
plane. From equation (I70) '
2i0 - ~2i0
o o) 4
2r% |& + e - . . (174)
, 2 o 2 :
Yo
so that
ycz> _\/ 52 22
—5 = cos 26_ + ,{cos 29 - - ——][cos 20 + = , : - (175)
R2 o o RZ o r2
and
. g , 2 .
Y 2 :
o o 1 "\/ os 20 - 2 \/ 20 + & 176
R - cos 290 = + cos 60 R . (176)

V2

If Yo = 8 then from equation (174) and (I71)

2 2

2R” cos 29O = 2R
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or _
6 = 0; y = s’ (177)

Let the point RelY correspond in the ¢ plane to y = a in the 1 plane.
Then from equation (I74)

cos 2Y = 5 (178)

4.4 Complex Potential

To obtain the complex potential for the fundamental solution, we fol-
low the method of Adams and Dugan. Consider points on the upper and lower

suxgaces of the wing at y = yo and consider a sink of strength dm at

19 100

Re and a source at point Re in the o plane, corresponding to the

two points at Y=Y, in-the 1 plane.

+6
- o
i/‘/7-‘ -
‘5723"'9 ¢
N *tY%

The complex potential for the sink is (assuming dm is positive)
' ie

— _-dm _ o
dw1 = 21T_!:n(o Re )
and for the pair, we have
ieo
_ =dm 0 - Re
dw = S TE £n 16 (I179)

It can be shown that the circle
o = Re16

is a streamlige of the Sggplex potential given by equation (I79) although
the points Re © and Re © are singular points since many streamline
converge at these points, with a net mass flow through the circle at
these points. Since ¢ and ¢ are equal at corresponding points in the Tt
and o planes in the conformal transformation of the flow, we can evaluate

¢ on the wing panel in the T plane. Let the velocity components in the
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Yy < s (180)

Fo = W=+ 8V acy

|A

Now since only half the source or sink flow passes through the fin

-

o= sy dy (181)
and we have
dm = Zdwo = 26deyo ' (182)

" Now summing all sources and sinks along both sides of the right

panel between a < Y, £ S/ we have

Cu(s) 10
Ww=-1 en |T=Re | gy | (183)
via) o - re 1%

Integrating by parts, yields

iY-w Y - +i6O
w(o)=M—£n[Lﬁe—_—rljw(e)—‘—i— en |- Re 11| 4e
m G - Re-lY* o o deo —160 o
o o] 0 - Re
+iY) . ¥ (0cos 8_ - R)Y(8_)de
W(g) = YY) , (9 = Re ° _ 2iR J o ol "o (184)
T c - Re-lYJ " 6% - 20Rcos 6 + R?
~ We now evaluate wo by integrating equation (I80)
by = 0V vy, + Kk . (185)

where k is an arbitrary constant which we will set equal to zero. We

thus find the complex boteﬁtial

. &v - iy
W(o) = _Fz a &n |2 ReiY
0 - Re
- x| Veos 26, - 22 + Voos 260_ + 22
) Y (ocos 6, - R)| Vcos 26 - ;5 + Vcos 26 + ;7 ‘
- i/2 R f — 3 as_ ) (186)
(6° - 20Rcos 6 + RY)

(o}
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v
The expfession of equation (I86) is the one which will be used to
determine u, v and w. Several approaches are possible. First we might
consider o as a real quantity, and integrate equation {I86) to obtain
W(o). Then invoking the principle of analytical continuation, wé would
assume ¢ was complex agéih, and separate W(o).inﬁp ¢ and w.‘ Differentia-
tion of ¢ then leads to u, v, and w. This approach was tried and the

part of the second integral involving\/cos 26o - az/R2 yields cdmplete
elliptical integrals of the third kind. The second part involving

\/cos 290 + a2/R2 yields incomplete elliptic integrals of the third kind.
To separate such an incomplete elliptic integral into real and imaginary
parts was considered too formidable a task so that an alternate approach
was decided.. In this approach W(o) is diffeféﬁtiateé, and“ah expression
for V - iW is obtained. Complex integration then yields V and W, the
velocity components in the o plane. ’ ‘

4.5 Determination of V and W

We will determine V, and W by carrying out the operafion

dw

V-lw‘:a? (187)

on equation (I86) and.evaluating the complex integral. Carrying out the

operations yields

VvV - iWw _ a a

SV o-Re>’  o-re” Y

[(02+R2)cos 96 - ZRéHS/cos 290 + az/R2,+\/cos 26o - aZ/Rz]deo

Y

+ iv/2Z R® [ : : 5
o (02 ~ 20R cos eo + R2)

(188)

Equation (I88) is solved numerically.
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5.- Velocities on a Vortex Due to Other Vortices in the Crossflow
Plane in the Presence of a Monoplane Midwing Mounted on
a Body of Elliptic Cross-Section

5.1 Conformal Mapping

"As the first step in the analysis, we transform the elliptical con-

figuration into a circle of radius R.
y A”V
g§ ta . _ . RS
(.
—kF/ ‘ ¢

———

. 1 /_
. 1 l \\-,

real plane: 2 = x + iy transformed plane: ¢ = § + in

Bryson (ref. 22) has presented the desired conformal mapping for an
elliptical body with wings .and vertical tail. Bryson's configuration is
rotated 90° from the present one. The conformal mapping for the config-

uration shown below is:

2 _ .2 » |
7= w2 b C (189)
2{2 - 2|2 ‘
| I ] —
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where

and

R s e
o

- p
b4
] 'K_j T
\(-—‘te——b-(-a' ’
tll.
2
[ ] + L
k =0 - [(atl('J_—_l_)-_)_ZI (191)
2 2 (a’ ' 512
h = k€ + T + _E_Z%—E_L_ (192)
. 1 B
2 2 ) ’ 5‘2 |
£2 = k% + |1, + 12X B (193)
2 J :
o = % [s' +W/;'2 +a'? - b’2] (194)
1 . 2 '
1, =7 [tl +‘\/ti -a'?+ b'2] _ (195)
1 2

For a configuration consisting of a monoplane midwing attached to the

body with elliptical cross section (i.e. no vertical surfaces), we get

the following special results.
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In addition, we obtain :

_ _ 1 2 _ 2 2 ' _
Tl = 12 =3 {s +\[s a~ + b ] (I101)
=T
o =3 (b+a). | | (1102)
1 {a + b.)2 '
k = 5 (a + b) - m)— = 0 (1103)
02
h=£f=1+ - (X104)

The required conformal mapping without the tail fins is

22 _ p2 :
Z =w + ——4w—— (1105)
e v 9o + (n/2)? A (1106)
w & T
where " b\ -
o =% (a+ b) a (1107)
2 [~
2
h =14+ %‘ l"— s (1108)
T=12 [s Ve - a2 4 b2] (1109)
The radius of the circle in the transformed plane is
h_ 1 7 2 2. (a + b)?2 : o
R = = =| s +\/s -a“" + b + (I11o0)

N

4
S +\/s2 - a2 + b2

From equation (I106)

2 2]2 ~
w = % - (hﬁf) £\/F[% + iﬁégl{} - (a + b)2 (I111)

also, from equation (I105)
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w=z [z RYPERNNEIN bz] (ri1z)”

and, from equation (I106)

: 1 02 WV/ 02 2 2 *
C=_2— w+ — = W+7 - h (1113)

w

The choice of signs in equations (Illl) and (I113) will now be
addressed. When evaluating these equations, use of the positive (+) sign
will produce the correct result if the square root function is evaluated
properly. The rule to follow in evaluating the square roots, is that the
result should be a complex quantity in the same quadrant as the complex
quantity appearing in the argument. This is particularly important if
the original quantity is a negétive real number. Thus, if:

2 v
r,+ﬂ%=-A

Then, .
52
,}+‘h;2):, -a+b)%=2%2-(a+b?

2

Assuming A® >> (a + b)z, the square root of this is positive, and

+ A. Then, for equation (Illl)

Q

Thiszdoes not follow from equation (I106) which suggests that if
z + (h/2)% is large, then w should also be large. Thus, the proper
solution of the square root would use the negative sign. In complex

notation:

2 .
T + iﬁé?l_ = AelTr

Therefore,

*For body with elliptical cross section it can be shown that w = ¢.
Set s = a in equation (I110), then compare equations (Illl) and (I113).
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22 o
(r, +—(—fi/ﬂ—} - (a+b)2 =A2e12n - (a+b)2

l}2 - (a + b)2]ei2n

I

so that
. A 2 2‘l . | '4 .' . . 4' - AA |
l}+————-‘h/2):|' - @+p?=VaZ - (@a+ b2 e SRR

- Va2 - (2 + )2

5.2 Velocity of Vortex in Plane of Elliptical Wing—Body
In the circle plane, the complex potential for a set of vortices in

the presence of the circle of radius R is given by equation (I5) as

follows
i : i 2
Wl(z;)_ = - E—T? I‘o £n (g -~ Co) + —2-;1_- 1‘0 £n |z - —
%0
: N - lg - z. . : - R
-5 I TI.&n |— , : (I114)
j=1 3 R T
g - =
%5

.To'find,the'ﬁotion of vortex PO in the 2 planefthe'prOpér cbmplex'potgn—

tial must take account of the fact thét PO induces no velocity on itself
i, | o

W, (2) = wl(;(Z)] + =— £n (2 - zo) (I115)

FO 27

The velocity of the vortex at Z, is then:

. . d o
v, - iw, = 1lim — (W, (2) (I1l6)
0 0 Z-*ZO daz [:I‘O ]}

Equation (Il116) yields
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. z -z 2
d - T 0 - R
az |"r (Zi] = az [: 37 Lo €0 [z 2z ] * ¢ -z
0 0/ Z,
N C—);‘ .
- f; g% 1 ry 4n —————% (1117)
j=1 R
L=
*3
J

The first term presents a problem which must be resolved by the

following limiting process

_Moa f 8T fol| L Mo |2 %l 1 gt %
2n dz Z -3, 21 )T - 5yl|2 -2y 4z, _ Zo)z
ir
0 1 1 dg
= - T (1118)
27 [% Z0 4 CO d%]
Expand ¢ in a Taylor series about Zo.
t = 1t¢(2)
dzg 1 2 d2C
dz='z
. 0
1 3 a3 a
+ = (2 - 2,) —=% + 0(z2 - 2.)
6 0 dZ3 7 0
0
d a®
& - —%lz = (z -2y S5+ ... (1119)
0 dz” |2
0
Then
T -z 2 3
kIS XREAN = IRE LRENE
z -2 0 az®|z, az?|z
(1120)
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Applying the limiting process to equation (I118), the result is

ir T -t il (¢ - ¢,)
N N - ol\__"0 1 0 _dg
lim 2m az l}“ z - z]» 7n 0 s Co) [z -z, az

0 Z->Z0

il r 2 3
= 52 lim 22— Jz -z S5 gz -zt i 4
2+2 0 L dz" |2 daz= |2
0 0
9 .
- (2 - zy) d——% - ... | (1121)
dz” |2 ;
0
by substitution from equation (I119) and (I120). Since
zZ -2,
lim ——=—2 = ggiz (1122)
2+2 o CStl%
0
we finally obtain for the first term
il T - iT 2
lim - ?ﬂg é% £n E_:—Eg = = ?ﬁg %%’Z g“%l (1123)
Z->Z0 0 0 dz Z0

Carrying out the remaining differentiation yields an expression for the

velocity at vortex I, due to the other vortices

0

V. = 1iW. = = iﬁg g&' QEE + lro C0 gg‘ .

0 0 Im At|zy 3520, an 7 _ g2 azlzg
0 070
. N z.

-3 LT L _ - J ClC_l (1124)
: - . - 2|1 dZ|2
Ty=1 3 %07 55 T - R 0
5.3 Evaluation of Certain Derivatives
2

We now evaluate the derivatives g% and ~— required in equation

(I124). From equations (I105) and (Illl)
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. R2
dz _ dz dw ll_az—bzl_Rz 1+ tr T
dz aw dg 2 2 2

4w z 2 2
R 2
[C + ——J - (a + b)
g
From equations (Il112) and (I1l13)
2
. a
ar _azaw _ 1|, .|, YW dw
daz dw dz = 2 2 dz
w WV/ 2 2 5
o
[W+-VT] - h
dw 1 Z
5 =5 |1 +
Z 2
\/Z2 - a2 + bz
For the second derivative, we thus find
2 —
dZZ dz |4z dZ dw |dZ]
3 02
(e el . Yt
dz dw | 2 2 -
W 2 2
: -\/la + g—] - h2
w
r-‘ .
o2
—[dw)z 02 - w+7‘
T |az 3 ‘
Y/
c 2
~
2
N - 1 h? ]
2 w2 ) 2 02 2 .
lw + Q_} - h2 Wt W - h
w
-/
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6.- Velocity Components in the Crossflow Plane Due to Pitch
and Bank of a Monoplane Midwing Mounted on a
Body of Elliptical Cross Section

The sketch below shows a monoplane wing mounted on a body with
elliptical cross section. The upwash is V_ sin a and the sidewash is
V,sin 8 in the negative x-direction. ‘

Vesin B
r”/f’ X
% Z=x + iy

Consider the transformation of the wing-body combination into a
circle of radius R in the ¢ plane as described in section 5.1. For the
pitch flow, the complex potential in the 7 plane is:

r? -
W,(g) = -1V, sina | - (1129)

The velocity in the Z plane is then

dw
o Mo oac
Vo T YWo T a3z T dr az
or
r?| ac -
v, - iw =1 vV, sin o 1 + Ef‘_dz ) o (1130)

For the sideslip flow the complex potential in the 7 plane is

141



APPENDIX I

m .
-ix 2 irw
W,(z) = -1V sin B e 2[;-5——(3—]
] ' © C
(1131)
R2
= - V°° sin B [C + 75J
The associated velocity components in the Z plane are given by
r?| ac
vB - 1wB ==V, sin B |1 - 27 az . (1132)

7.- Velocities on a Vortex Due to Other Vortices in the Presence of a
Monoplane Midwing Mounted on a Body of Elliptical Cross-Section
Including Effects of Angles of Pitch and Sideslip

We follow the same conformal transformation described in sectiqn

5.1. The complete potential for the flow in the ¢z plane is

R? 2
Wlz(2)] = - i V_ sin a [g - 7?] + V_ sin B [C + 7;]

. -z . 2
i 0 i R
=37 [ tn [z = z'] o5 Tp £n [C - ]

0 %o
i N T - C.
2w 5. 73 2 .
Jj=1 R
. g - —
%5
and the velocity at Zo is:
2 2
.. L R |dt . _ RYjag
v0 - 1w0 = - 1 Vw sin a |1 .+ 3 EEIZ + V°° sin B |1. 2]dzlz
’ g 0 4 o]
0/ 0
_ 1To g&l d2 1Fo CO QEl
47 dg Z0 dzz Zo 2% COEO _ R2 dz z0

{(equation continued on next page)

142



APPENDIX I

. N
ST 1 ] az (I134)
L = SR LT Colq = r%| 4212,
J
az a’c ' .
The derivatives s— and —2Z are given in section 5.3.
dg dzz

8.- Velocity Components in the Crossflow Plane Due to
Expansion of a Body With Elliptical
Cross Sections

Assume that the expansion occurs with constant a/b ratio. Equation

(4—30) of reference 8 gives the desired complex potential

Wl(Z)ié 5 tn 2 +Vs? . a® + p” (1135)
S =7 ab |
a = a(x)
b = b(x)
If % = 1/k then S = Trka2 and S' = 2nkaa' = 2mka %% .

Carrying out the differentiation yields the velocity components.

27

? 2 +
22)V 22 - a? + b2

m
2 +\/Z2 - a2 + b2

7]

- i dw _
v - iw = 33

|

N
N

_s' . 1 \[22 -a + b+ 2
2w
2 +3/zz - a% + p? 'szz - a% 4+ p?
- s’ 1 . ' (1136)
27 ‘

\/Z2 - a2 + b2
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DESCRIPTION OF PROGRAM DEMONZ2

The purpose of this appendix is to describe the supersonic lifting
surface-~body computer program in sufficient detail to permit understand-
ing and use of the program. The present program is an extended and
improved version of a pre-existing wing-body program as described in

section 1 of this report.

« Program DEMON2 computes pressure distributions on lifting surfaces
and along the meridians of the body if it is circular in éross section.
In this case, the program is equipped with body nose shed vorticity data
modeled by two symmetric, discrete potential flow vortices. The effects
of this vorticity are accounted for in the calculation of pressures on
the body and lifting surfaces. If the body is elliptical in cross section,
program WDYBDY described in Appendix K is employed to model the body and
to compute pressures acting on it. Program WDYBDY also serves as a com-
panion to DEMON2 for the purpése of calculating body induced velocities
at the control points on the lifting surfaces through an exchange of data
sets. The lifting surfaces can be cruciform canard fins or cruciform
tail fins, a monoplane wing or interdigitated tail fins. For all but the
last case, edge vorticity characteristics are calculated by the program.

By repeated application, program DEMONZ2 in conjunction with other
programs can be employed to handle complete configurations including for-
ward and tail lifting surfaces mounted on bodies with circular or ellip-
tical cross section. Detailed descriptions of the required procedures

are given in section 5.

The theoretical basis of program DEMONZ2 and its usage will first be
summarized. Configuration parameters taken into consideration are listed.
The general calculation procedure is given and it is followed by a
description of the program operation. Program limitations and precautions
are pointed out. The input required and the output generated by the pro-
gram are described. Program listings appear at the end of this appendix.

Program Description

Fundamentally, the program is based on representing the lifting
surfaces by constant u-velocity panels and the body with circular cross
section by a distribution of line sources/sinks and doublets along its
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centerline. Fin or wing thickness effects are modeled by planar source
panels. The body source/sink and doublet strengths are determined
explicitly from the flow tangency condition at points on the body surface.
The body singularities and body nose vorticity, if applicable, induce
velocity components at points on the lifting surfaces. The strengths of
the constant u-velocity panels associated with the lifting surfaces and
those laid out in a shell around the body to account for interference are
obtained from a set of simultanéous equations which result from applying
the flow tangency condition at a finite set of control points distributed
over the lifting surfaces and interference shell. Thus, mutual inter-
ference betwéen cne lifting surface and another and between the lifting
surfaces and the body are fully acccounted for. Further details are given

in section 2 and 3 of this report. 1

If the body is elliptical in cross section, a companion program °*
designated WDYBDY, described in Appendix K, models the body using body
source panels. In the main routine CRFWBD of program DEMON2, the effects
induced by the body source panels and body nose vorticity, if applicabley:
are included in the flow tangency condition applied at points on the
lifting surfaces. The program has been arranged to allow for an inter-
ference shell with ellipticai cross section. The lifting surfaces
attached to this shell can be a monoplane wing or a set of interdigitated
tail fins. Mutual interference is accounted for in the manner described

above. Refer to section 4 for more detail.

In the case involving an akisymmetric body, the program first treats
the forebody and the forward or canard-body section. Effects of body
nose vortices can be included in the calculation of pressures on the body
and fins. The afterbody. and tail fins are treated by another application
of this program. Effects of body nose vortices and the canard edge vor-
tiées can be included in the calculated pressures acting on the aft body
ahd loads on the tail fins. A separate program VPATH2, based on slender-
body fheory'and described in Appendix L, is employed to determine the
vortex paths along the complete configuration from fhe leading edge of
the canard section back to the body base. The required procedure is

described in section 5.1.

When the body is elliptical in cross section, the program first

treats the forward or monoplane wing-body section. The forebody is
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handled by program WDYBDY. Effects of body nose vortices can be accounted
for in the calculation of pressures on the body and the monoplane wing.
The part of the body between the monoplane wing and tail section is
handled also by program WDYBDY. The interdigitated tail-body section is
treated by another application of program DEMON2. Effects of body nose
and monoplane wing edge vortices can be included in the calculated pres-
sures acting on the afterbody and on the interdigitated tail fin-body
section. A separate program VPATHL, based on slender-body tlieory and
described in Appendix L, is used to track vortices from the leading edge
of the monoplane wing section to the leéding edge of the intcidigitated

tail section. Section 5.2 describes the required procedure.in detail.

As far as the lifting surface sections are concernéd, brogram DEMON2
computes pressure distributions, forces and moments including effects of
exterpal vortices, if applicable. The pressures on the fins or wing are
calculated on the basis of linear and Bernoulli pressure relationships.
For all cases except those including interdigitated tails, leading- and
side-edge suction distributions are calculated for the purpose of model-
ing separation vorticity characteristics at these edges using Polhamus'
analogy as described in Appendix C. At the trailing edges, one or more
concentrated vortices are computed from‘the span load distribution using

the method described in Appendix B.

Two calculative examples are described in section 6. It should be
noted here that the program can also treat wings or fins aione; ‘However,
axisymmetric bodies alone cannot be handled. In the latter case, the
prograﬁ can still be used to obtain forebody pressures by including a set
of artificial lifting surfaces at the base of the body of interest. Note
that the program WDYBDY treats bodies alone. However, in the application
of WDYBDY to axisymmetric bodies, computation time far exceeds the time
required by program DEMON2 on account of the different type and number of

singularities used to represent the body.

Geometrical Characteristics

Program DEMON2 contains the subroutines required to flow model bodies
with circular cross section. The body is composed of a nose section
followed by a cylindrical section. The nose section may have the follow-
ing shapes (the choice is set by control index BCODE in'namelist $BODY
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read in by subroutine BDYGEN) :

BCODE

|
LIV I SEE N =)
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Forebody Shape

Parabolic
Sears—Haack*
Tangent-ogive
Ellipsoidal
Conical

The geometrical characteristics of the lifting surfaces that can be

accounted for include the following:

Leéding-edgg shape:
Trailing-edge. shape:
- - Thickness: °

Taper:
Mean camber sufface:
Side edges:

Dihedral:

Location of interference
shell:

Straight line which may be swept or it
can be composed of straight line :

elements with different sweeps. g

L
Straight line which may be swept or it
can be composed of straight line

elements with different sweeps.

.Accounted for by specifying streamwise

slopes (not applicable to interdigi-
tated tails).

Uniform or broken.
Planar.
Streamwise (not essential).

Arbitrary, set by angle PHIDIH (see
figure 3).

Arbitrary, set by angle THETIT (see
figure 3). ‘

The lifting surfaces can be cruciform canard fins, cruciform tail fins,

a monoplane wing or a set of interdigitated tails. In all instances,

there must be a vertical plane of symmetry (yB = 0 plane) as far as the

geometry is concerned.

*Ashiey, H. and Landahl, M.: Aerodynamics of Wings and Bodies,
Addison-Wesley Publishing Co., Inc., 1965, pp. 180-181. :
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Calculation Procedure

Program DEMON2 proceeds through various stages as follows. After
reading in the run identification, namelist $INPUT is read in by main
routine CRFWBD. Basically, this list contains wing or fin geometry data,
flow conditions, geometry specifications for the interference -shell and
specifications for the distribution of constant u-velocity panels .on the.
fin and the shell. 1In addition, moment-center coordinates and the vortex
lift factors are specified. The wing- and body-coordinate systems are

shown in figures 1 and 2.

The wings or fins of any fin-body combination are covered with a
constant u-velocity panel layout with the panel side edges parallel to
the fin root chords which, in turn, are made to be parallel to the body
centerline. An optional input allows for unequal spanwise spacing of the
side edges and breaks in sweep. The actual construction of the panel
sweeps, centroid and control point coordinates is performed in subroutine
LAYOUT. All coordinates -are expressed in the Xt Yopr zw'or'wihg coordinate
system. Coordinate transformations relating a fin coordinate system with
ofigin on the fin rootchord to the wing coordinate system are implemented
in subroutine LAYOUT by means of function statements FYROT and FZROT.
Subroutine LAYOUT also computes the geometrical characteristics of the
body interference panels. Note that the leading and trailing edges of

the interference panels are unswept, see figure 1.

As an option, the above process is repeated in subroutine THKLYT for
the layout of planar source panels. They are used to account for thick-
ness associated with the wings or fins of a cruciform, planar but not an
interdigitated configuration such as the combination shown in figure 3.
Streamwise thickness slopes are read in by subroutine THKIN. Depending
on the procedural steps described in section 5, main routine CRFWBD can
write a data set containing the coordinates, in the wing coordinate
system, of the control points associated with the wings or fins and the
interference shell. 1If control index NCPOUT is set egual to 2 in namelist

$INPUT, the run is stopped at this stage. Otherwise, the program continues

as follows.

If the body is circular in cross section, main routine CRFWBD calls

subroutine BDYGEN. This subroutine proceeds to read.in namelist $BODY
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which contains body nose length and length of body to be modeled as wéll
as control indices governing the number of line singularities distributed
along the body centerline and the shape of the body nose. The layout and
strengths of the line sources/sinks and line doublets employed to flow
model the body are then computed for the flow conditions read in by name-'
list $INPUT. Main routine CRFWBD then calls subroutine BDYPR which com-
putes pressure distributions at points along the meridians on the body
with circular cross section. The Bernoulli pressure, equation (10), is-
used for this purpose on this process, effects of body nose vorticity and
body line singularities are accounted in the pressures calculated on the
forebody. Oover the length of body covered by the lifting surfaces, the
pressures are computed at the control points of the body interference;
panels in the interference shell. This is performed following entry .
point BDYAFT after the panel strengths are calculated. The velocity ,
components used in the pressure calculation include contributions from
the body line singularities, external vortices and constant u-velocity
and source panels distributed over the fins or wings. The effects of
external vortices (such as body nose vortices) can be accounted for on the
basis of the vortices moving parallel to the body centerline (subroutine
VRTVEL) or the vortices moving in the crossflow plane (program VPATH2 or
VPATHL) . Subroutine BDYPR also calculates the pressures on the length of
body between the forward and aft lifting surface sections.

Velocity components induced by line singularities associated with
the axisymmetric body at the control points on the lifting surfaces and
interference shell are calculated by subroutine .VELCAL. These components
will be used in the flow tangency condition applied at points on the lift~
ing surfaces and in the calculation of pressures at points on the lifting

surfaces and the interference shell.

For cases involving bodies with elliptical cross sections, main
routine CRFWBD calls subroutine BDYRD which reads in velocity components
induced by the body source panels at the control points distributed over
the lifting surfaces and interference shell. These velocities will be
used in the flow tangency condition applied at the control points on the
lifting surfaces and the calculation of pressures at points on the 1lift-

ing surfaces and the interference shell.
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Routine CRFWBD continues with the construction of the influence
coefficient matrix associated with the constant u-velocity panels laid
out on the lifting surfaces and the interference-shell. In this process,
subroutine VELNOR performs the superposition of 4 corner solutions
associated with a trapezoidal, constant u-velocity panel. For each
corner subroutine VELO computes the influence of a semi infinite triangle.
If the flow conditions dictate symmetry in loading (w.r.t. the Yp (or yw)
= 0 plane), subroutine VELNOR also accounts for the influence of the
constant u-~velocity panels on the opposite side of the plane of symmetry.
Appendix A contains a discussion concerning the superposition scheme and

the symmetry account.

The aerodynamic influence matrix, designated FVN, consists of the
left-hand sides of equations (1) through (5) in section 3.4 and is
triangularised by subroutine LINEQS. The right-hand sides of these
equations are formed as a single column matrix designated RHS. For the
control points on the lifting surfaces, the latter contains contributions
from the free stream (including effect of deflection angle), body singu-
larities (line singularities or source panels) and external vortices if
applicable. For the control points on the interference shell, the right-
hand -side only contains contributions from the planar source panels
modeling thickness of the lifting surfaces. These contributions are
calculated by a call to subroutine THKVEL. Note that thickness effects

are not accounted for if the lifting surfaces are interdigitated tails.

In the determination of velocity components normal to the panels on
the lifting surfaces, transformations from the reference or wing coordinate
system to the fin coordinate system are required. Subroutine ROTATE with
entry points ROTWF and ROTFW contains the rotational coordinate trans-
formation described in Appendix D. These transformations are used in the
determination of normal velocity components as indicated in Appendix E
and abply to cruciform, monoplane and interdigitated lifting surface
configurations. Likewise, velocity transformations are performed from
the reference or wing coordinate system to the local body interference
panel coordinate system. These transformations are performed in sub-
routine TRBIPW with entry points TRWBIP (for coordinates), ROTBW and
ROTWB (for velocities). The angles associated with the transformations
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are indicated in figure 3. The velocity transformations apply to both the

left- and right-hand sides of equations (1) through (5).

Main routine CRFWBD then calls subroutine SOLVE which takes the
triangulated aerodynamic influence coefficient matrix, FVN, generated by
LINEQS and the single column matrix, RHS, and proceeds to solve for the

unknown strengths of the constant u-velocity panels.

Subroutine LOADS is then called to compute forces and moments acting
on the lifting surfaces and the interference shell. Transformations from
the local fin or body interference panel coordinate system to the refer-
ence or wing coordinate system are performed for the force and moment
coefficients. For example, the force acting normal to the fins must be
resolved into the Yy ©OF Yg and 2 Or zg directions associated with the
wing or body coordinate systems. The procedure is described in Appendix
F. Note that the fofce and moment transformations aiso apply to monoplane
or cruciform lifting surface configurations. The forces and moments are
calculated in the body éoordinate system and then transformed into the
wind axis coordinate system in accordance with equations (18) and (19).
These equations'appear in section 4.2 ih connection with calculations
performed in program WDYBDY and apply to subroutine LOADS of program

DEMON2 as well.

The loads acting on the interference shell calculated by subroutine
LOADS represent only the lift carryover from the lifting sprfaces to the
body and may include interference due to fin or wing thickness. The
pressures acting on the interference shell calculated by subroutine
BDYPR (through entry point BDYAFT) include effects not only from the
lifting surfaces but also include contributions from body singularities
and external vortices if applicable. As such the pressures are indicative
of the total load acting on the body over the length covered by the lift-

ing surfaces.

Subroutine LOADS calculates the fin and interference shell loads
first on the basis of linear pressure. This is followed by a call to
subroutine SPECPR from subroutine LOADS to compute pressures acting on
the lifting surfaces using the Bernoulli pressure equation (10). The
loads acting on the lifting surfaces are then recalculated on the basis

of the Bernoulli pressures.
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If the lifting surfaces do not form an interdigitated fin configura-
tion, subroutine LOADS calls subroutine SPNLb for the purpose of calcula-
ting spanload distributions, leading- and side-edge suction distributions.
Using the span loading information, the strength and spanwise location
of the concentrated trailing-edge vortices are calculated in accordance
with Appendix B. The vorticity characteristics associated with the
leading and side edges are determined from tﬁé'sucEiOn distributions as

described in Appendix C.

begram Operation

The cruciform wing-body computer program is written in the FORTRAN.IV
language (029 punch) and has been run on the CDC 6600 machine belonging
to Boeing Computer Services, Inc. The main program is arranged so that a
total of 250 constant u-velocity panels is 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.

In addition to the standard input and output tapes (TAPES=INPUT,
TAPE6=OUTPUT), the program may require additional devices such as disc
files or tapes for storing data sets generated when certain options are
used. One data set would consist of a set of control point coordinates
and the other would contain a set of perturbation velocities. Devices
used for these purposes are TAPE4 and TAPE7. 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 other systems
may have a similar subroutine available. If no such subroutine is
available, the dimension of array FVN should be set to 62,500 and the

four calls to REQFL marked in the main program removed.

- Additional system-supplied devices used by the main program are the
BUFFER OUT and BUFFER IN options. They are used as an option to save the
triangulated aerodynamic influence matrix FVN associated with the fins
and body interference shell. TAPE3 is used for this purpose. This pro-
cedure saves time when calculations are done for a given configuration

at some Mach number but with different included angles of attack or roll.
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However, the pertinent calls should be removed from the main program if

other systems do not offer such devices.

Program DEMONZ treats oﬁe set of lifting surfaces on a body. In
order to handle complete configurations involving forward and tail 1lift-
ing surfaees; the program must be used in a stepwise manner in conjunction
w1th other programs descrlbed in this report. A detailed description of

the required procedure is given in section 5.

Running time required by ﬁrogram DEMON2 is governed by the number of
‘constant u-velocity panels laid out on the lifting surfaces. For a
pitched and rolled cruciform wing-body combination employing 192 constant
u-velocity panels and 22 sources/sinks and doublets, the running time on
the CDC 6600 is about 60 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. It should be noted that subroutines LOADS, BDYPR,
VRTVEL, ROTATE and TRBIPW contain entry points. The first does not employ
an argument list and should not cause any problems. However, the entry
points in the second, third, fourth and fifth may need to have the appro-
priate subroutine argument list attached to them if other computer

machlnes are used.

A warning is. concerned with the use of system subroutine REQFL and
the BUFFER devices already mentioned above under program operation. If
the 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. Similarly, if the BUFFER devices are not system supplied, calls

to them in the main program should be removed.

In the specification of the number of constant u-velocity panels to
be distributed on the fins and body in namelist $INPUT, the following
limits must be kept in mind. For the fins, a maximum of 150 panels are
available. In the spanwise direction, the maximum number‘of panels is 19.
The number of body interference panels must not exceed 100. Finally, the
total number of panels on the fins and interference shell cannot exceed
250. In namelist $BODY, the number of sources/sinks and the number of.
doublets (both specified by NXBODY) cannot exceed 100.
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Care must be taken with the use of control indices NOUT and NPR. A
very large amount of addifiohal output is generated when these indices
are set equal to one. This output should only be used for debugging
purposes employing a minimum number of constant u-velocity panels such as
two per fin and four on the circumference of the body interference shell

with two in the lengthwise direction. "

A maximum magnitude is set by the program for the perturbation
velocities induced by external vortices at the control points in the flow
tangency condition. Since these velocities are based on'potential vortex
theory, their values could assume lérge-magnitudes if the vortices run '
close to the fins and cause undue influence. Consequently, their magnitude
is limited to 0.35. This value can be overridden by setting variable

VRTMAX in namelist $INPUT equal to the desired value.

At the present time, program DEMON2 computes pressure distributions
on the body surface and lifting surfaces of complete configurations in
conjunction with other programs as described in section 5. The program
also determines the force and moment coefficients associated with the
liftihg surfaces but it does not compute the forces and-moments acting on
the body if it is circular in cross section. The latter quantities can
be determined by an integration of the program calculated pressure dis-
tributions. 1In this connection, the program calculated forces and
moments associated with the interference shell only represent the effects
of lift carryover from the lifting surfaces to the body although effects
of thickness may be included. The actual loads acting on the part of the
body in the 1lifting surface section can also be determined from the pres-

sure distributions.

Span load and suction distributions and the associated edge vorticity
characteristics are not calculated for interdigitated fins at this time.
Thickness effects are also not accounted for this type of 1lifting surface

configuration.

‘Description of Input

This section describes the input for program DEMON2 for. treating one
set of lifting surfaces on a body. 1In the following discussion, the

content of all inpﬁt cards is summarized. BAll possible input variables
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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. Sample in-
puts are discussed: in section 6 concerned with the calculative examples.
Note that the correspondence in designation be.ween interdigitated fins
and cruciform fins is indicated in figure 3 and also referred to in item

2 below. A o
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 spec-
ifies the geometrical parameters of the wing surfaces and interference
shell. These parameters are the leading-edge and trailing-edge sweeps,
semispan and rootchord. For a planar wing or cruciform wing alone, the
rootchord is the wing centerline or the cruciform wing juncticn. 1In the
case of a wing—quy”combination, the rootchord is the liné formed by the
junction of the lifting surface and the body. The semispan is measured

from the rootchord in any case.

This namelist also contains the deflection angles and the number of
chordwise and spdnwise constant u-velocity panels for each lifting surface.
The spanwise number may differ from one fin to another but the chordwise
number NCW is the same for all. Similar information is specified for the -
layout of planar source panels. The number of body interference pane.s,
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 can be cylindrical or elliptical in cross
section over the interference length, BIL, spanned by the lifting surfaces.
If the interference shell is .elliptical, the horizontal semi-axis RB and
vertical semi-axis RA must be specified. The ratio RB/RA must equal
ERATIO. If the interference shell is circular, set RB equals RA and
ERATIO equals 1. If the lifting surfaces are delta wings (unswept trailing
edges), length BIL equals the rootchord CRP. If the trailing edges are
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swept back, the length BIL should be extended to include the trailing edge
of the tip chord to account properly for the interference of the lifting

surfaces on the body.

The included angle of attack, ALFAC, is the angle between the free
stream and the body/wing centerline'(xB—axis in figure 1). Angle of roll,
PHI, is indicated by ¢ in the sketch below. The program computes pitch
and sideslip angles in accordance with the pitch-roll transformation

mentioned in section 4 of this report.

Setting control index NDRAG equal to‘l results in the calculation of
in-plane forces (Appendix C) acting on the lifting surfaces. At the
present time, this is not possible when the lifting surfaces form an
interdigitated configuration and NDRAG should be set equal to 0 (the

default value) for this case.

" In éddition, more control indices, free-stream Mach number, and
reference quantities SREF and REFL are read in. Breaks in leading-edge-
and/or trailing-edge sweeps are also allowed if the configuration is a
wing or cruciform wing alone at zero sideslip or if the configuration
consists of a monoplane or cruciform or interdigitated wing-body. This
option is governed by control index LVSWP. Angles SWLEP, SWTEP, SWLEV,
and SWTEV need not be specified if LVSWP # 0.

Indices NCPOUT, NVLIN, ITAIL, JCPT play an important part in the _
procedural use of program DEMON2 as described in section 5 in this report.
Quantities FKLE and FKSE are the vortex lift factors discussed in Appendix
C. The axial location of the moment center, XM, must be specified in the

body coordinate system with origin at the nose.
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Angles PHIDIH and THETIT are indicated on figure 3 and apply to
monoplane and interdigitated lifting surface configurations. Note that
the correspondence in designation between interdigitated fins and cruci-
form fins is indicated in figure 3. It is also referred to in connection

with the fin deflection angles listed under item 2.

Item 3 4

This optionai input is required when there are breaks in the wing
sweep or if the constant u-velocity panel side edéeé 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 rootchord 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 wing-body com-
bination with breaks in leading-edge and/or trailing-edge sweeps. Also,
this input should be used for this configuration if the constant u-veloc-
ity panel side edges are to be laid out with user-determined unequal
spacings. Variable YRT is the distance from the wing rootchord to the
outboard constant u-velocity panel edges on the right wing or fin. The
first value should equal 0.0 and the last value for YRT equals the semi-
span, B2; the latter is specified in the namelist SINPUT. The sweep
angles are positive for right wings or fins with sweptback leading and

trailing edges.

Item 5

This optional input accompanies Item 4 and is associated with the
ieft wing or fin. Variable YLT is the distance from the wing rootchord
to the outboard constant u-velocity panel edges on the left wing or fin.
The first Vélue should equal 0.0 and the last value for YLT equals the
negative semispan, -B2. The sweep angles are negative for left wings or

fins with sweptback leading and trailing edges.
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Item 6

The information in this optional item accompanies Items 4 and 5 if
the configuration is a cruciform or interdigitated wing-body combination.
Again, this input should only be used if there are breaks in the winé or
fin sweeps or if the panel side edges are to be laid out with user-
determined unequal spacings. Variable 2UT is the diStance from the wing
rootchord'to the outboara constant u-velocity panel edges on the upper
wing or fin. The first value should equal 0.0 and the last eguals the
semispan, B2V. The latter is specified in namelist SINPUT. The sweep
angles are positive for upper wings or fins with sweptback leading and

trailing edges.

Item 7

This optional information is the last of four inputs associated with
a cruciform or interdigitated 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 determined spacings; see Items 4 through 6. Variable 2DT
is éhe distance from the wing rootchord to the outboard constant u-veloc-
ity panel edges on the lower wing or fin. The first value should equal
0.0 and the last value for ZDT must equal -B2V. The sweep angles are
negative for lower wings or fins with sweptback leading and trailing

edges,

Item 8

This item is concerned with the specification of the layout and
strengths of the planar source panels employed to model thickness of the
lifting surfaces. If the case at hand involves interdigitated lifting
surfaces, this item must be omitted in the input (NTDAT=0). Basically,
the planar source panels are laid out in the same manner used to layout
the constant u-velocity panels. However, in this case the distance out
to the outboard panel edgé is now measured from the body centerline not
the rootchord of the lifting surface under consideration. Breaks in
sweep are handled by control index LVSWT.in the same way control index

LVSWP handled breaks in sweep in the laYogt of constant u-velocity panels.

.The strengths of the planar source panels are related directly to

the streamwise slopes and must be specified a priori. An example of such
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a specification is shown in section 6.2.. Note that quantity THET is in

fact the tangent of the thickness envelope angle, tan es.

Item 9

The input cards for this item form the namelist $BODY which is
required only when a body with circular cross section is part of the con-
figuration under consideration. If the integer NBDCR in namelist $INPUT
under Item 2 is specified to be nonzero, and RB equals RA, a body with
circular cross section is present. The information in this input includes
sbecification of body geometry parameters and is read in by subroutine
BDYGEN. The length of the nose, LNOSE, determines the body length over
which the radius is changing as a function of the body axial coordinate.
The actual nose configuration is governed by control index, BCODE, which

selects preprogrammed forebody shapes described above in this appendix.

No;mally, the body length, LBODY, should at least equal the axial
distance from the body nose to the trailing edges of the lifting surfaces
under consideration. If the trailing edges are sweptback, length LBODY
should be taken to include the trailing edge of the tip chords or side
edges of the lifting surfaces at hand.

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 rootchord (or length of
wing-body junction). Ther, number NXBODY equals the density times body
length.

Item 10(a)

This input is required only whén variable NVRTX specified in namelist
$INPUT, Item 2, is nonzero and if the body is circular in cross section.
In fact, NVRTX is the number of external, two-dimensional vortices whose
influences are to be includéd in the pressure and loading calculations.
Each vortex is assumed to be infinite in length and to be parallel to the
body centerline. Therefore, with each vortex there is associated a non-
dimensional strength, GAMMA, and nondimensional crossflow plane coordi-
nate, YVRTX, ZVRTX, given in the body or wing coordinate system shown in
figure 1. These quantities are input in subroutine VRTVEL.
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Item 10 (b)

This input is required only when variable NVRTX specified in namelist
$INPUT, Item 2, is nonzero and if the body is elliptical in cross section.
As in item 10, each vortex is assumed infinite in length and to be paral-
lel to the body centerline. In this case, the strength GAMMA is T/V_,
and YVRTX and ZVRTX are the coordinates expressed in the wing coordinate
system for each vortex. This information is read in by main routine
CRFWBD. ’

Items 11, 12, 13, 14

The information specified in these items pertain to leading- and
side-edge vorticity characteristics. If specified in the input, their
influence would influence the pressures and loads on the lifting surfaces
and the interference shell under consideration. Presently, it is not
recommended to include edge vorticity effects associated with a'lifting
surface in the calculation of the loading acting on the same lifting
surface. Thus, a blank card can be inserted for items 11 and 13.

Item 15

This card ends the proces. of reading in data for program DEMON2.
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.

INPUT VARIABLES, PROGRAm DEMON2

The terms "right and "left" refer to an observer looking forward.

PROGRAM ALGEBRAIC SYMBOL

VARIABLE (IF APPLICABLE) COMMENTS
D ' . :
MSWRP (Number of chordwise rows on right wing)
+ 1; MSWRP = MSWR + 1.
MSWLP (Number of chordwise rows on left wing)
Definitions of + 1; MSWLP = MSWL + 1.
: terms used below
MSWUP (Number of chordwise rows on upper wing)
+ 1; MSWUP = MSWU + 1.
MSWDP {(Number of chordwise rows on lower wing)

+ 1; MSWDP = MSWD + 1.
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PROGRAM
VARIABLE (IF APPLICABLE)
Item 1 (20A4)
Item 2

CRP cr,H
SWLEP ALE,H
SWTEP. ATE,H
NCW

MSWR

MSWL

MSWU

MSWD

SWLEV ALE,V
SWTEV ATE’V
CRPV Sp v

APPENDIX J

COMMENTS

Any alphanumeric information may be put on
this card for identification of the cal--
culation.

Namelist S$INPUT.

Horizontal wing rootchord, dimensional.
Horizontal wing leading-edge sweep angle
measured in wing planform, positive for

sweep back, degrees.

Horizontal wing trailing-edge sweep angle

. measured in wing planform, positive for

sweep back, degrees.

Number of chordwise constant u-velocity.
panels on the wing. .

Number of spanwise constant u-velocity
panels on right wing; 1 < MSWR < 19.

‘Number of spanwise constant u-velocity

panels on left wing; 1 < MSWL < 19,
default is 0.

Number of spanwise constant u-velocity
panels on the upper wing; 1 < MSWU < 19,
default is 0. :

Number of spanwise constant u-velocity
panels on the lower wing; 1 < MSWD < 19,
default is 0. .

When running symmetric case do not

Note: do not
include vertical surfaces. Set
NCRX = 0
MSWL = 0
MSWU = 0
MSWD = 0

Vertical wing leading-edge sweep angle
measured in wing planform positive for
sweep back, degrees, default is 0.0.

Vertical wing trailing-edge sweep angle
measured in wing planform, positive for
sweep back, degrees, default is 0.0.

Vertical wing rootchord, dimensional,
default is 0.
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PROGRAM - ALGEBRAIC SYMBOL .

VARIABLE (IF APPLICABLE) COMMENTS

B2 pH/Z ' Exposed horizontal wing semlspan,

dlmen51onal.

B2V " bv/2 ' Exposed vert1ca1 wing semispan, dimen-

: sional, default is 0.0.
RA , _ b Vertical semi-axis for body with elliptical
) cross section.
RB a Horlzontal semi-axis for body with elllp-
tical cross section. v
ERATIO a/b Ratio of RB over RA
Note: If body has circular cross section
set RA = RB and ERATIO = l 0
BIL E Length of body influenced by fins to
account for interference. For fins with
delta planform and for wing-alone cases,
‘BIL = CRP.
NFVNPR NFVNPR # 0 Print influence coefficient
- : matrix FVN for debugqlng,
default is 0.0.
NOLINP NOLINP = 0 Loadings calculated on the
‘ basis of linear pressuresu-
only, default value.
NOLINP = 1 Loadings calculated on the
' basis of linear and Bernoulli
_ pressures.

NOUT NOUT # 0 Print large amount of output
for debugging, default is 0.0.

NPR Same as NOUT, default is 0.0.

NDRAG NDRAG = 0 Omit calculation of in-plane
forces, default value.

NDRAG = 1 Include calculation of in-plane
forces. Use default value
.when treating interdigitated
tails.

FAC - FAC = 0.95 Fraction of the constant pres-
sure panel chord (which
contains the centroid) where
the control point is located.

TOLFAC . . TOLFAC = 1 Multiplication factor used in

the evaluation of the toler-
_ance, TLRNC, used in subroutine

VELO.
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VARIABLE - (IF APPLICABLE)
NPRESS '
VRTMAX

NVRTPL

NAGAIN

DELR .7.::" SH'R

DELL - 5H,L

DEPU 6V,U

DELD 6V,D

ALFAC a,

APPENDIX J

COMMENTS

NPRESS = 0 This value insures that load-
ings are also computed on the
basis of the linear pressure
relationship in addition to
the Bernoulli pressure rela-
tionship.

Maximum magnitude of vortex induced veloc-

" ities ' included in flow tangency condition,

default is 0.35.

0 Component of velocity parallel
to fin induced by vortices not
included in Bernoulli loading
pressure, default value.

Loading pressure calculated
including parallel component
of vortex induced velocity.

NVRTPL °

il
=

NVRTPL

No use made of buffer to save
aerodynamic influence matrix,
FVN, after triangulation,
default value = 0. '

Buffer out FVN array. For
succeeding runs, keep NAGAIN
= 1.

T
o '

NAGAIN

It
H .

NAGAIN

Deflection angle of horizontal right wing.
Positive: trailing edge down, degrees,
default is zero.

Deflection angle of horizontal left wing,
Positive: trailing edge down, degrees,
default is-0.0.

Deflection angle of vertical upper wing,
Positive: +trailing edge to right, degrees,
default is 0.0.

Deflection angle of vertical lower wing,’
Positive: trailing edge to right, degrees,
default. is 0.0.

If case involves interdigitated fins:

GH R applies to rlght upper fin, tralllng
! edge down is positive.

6H L applies to left lower fin, trailing
! edge down is positive.

GV U applies to right lower fin, trailing
' edge down is positive.

GV,D applies to left upper fin, trailing

edge down is positive.

. Included angle of attack, measured between

free-stream velocity vector and body/wing
centerline.
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PROGRAM ALGEBRAIC SYMBOL
VARIABLE (IF APPLICABLE)
PHI ¢
FMACH M
[« 2]
LVSWP
NVRTX
NCRX
NBDCR
NCWB
SREF S ef
REFL L ¢
ITAIL
NBDYPR

164

COMMENTS

Angle of roll, measured from the plane con-
taining the free-stream velocity vector
and the body/wing centerline to the upper
wing, positive clockwise looking forward,
default is 0.0.

Free~-stream Mach number.

LVSWP = 0 No breaks in wing leading or
trailing edges, or equal span-
wise spacings of panel side
edges, default value.

LVSWP # 0 Up to 19 breaks in wing leading
or trailing edges or up to 19
unequal spanwise spacings.

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

NCRX = 0 Horizontal wing only present,
default value.

NCRX = 1 Vertical wing surfaces in
addition to horizontal wing
surfaces present.

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 over the body interference length
BIL, default is 0.0.

Reference area used in load calculations,
default is 1.

Reference length used in rolling-moment
calculations, default is 1.

ITAIL = 1 Tail fins to be considered,
default is 0. If case involves
interdigitated fins mounted
on body with elliptic cross
section set ITAIL = 0.

NBDYPR = 1 Pressures'to be calculated
along body meridians, default
is 0. T
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PROGRAM ALGEBRAIC SYMBOL
VARIABLE (IF APPLICABLE) COMMENTS

NTPR NTPR = 1 Print debug output from subroutine
THKVEL, default is 0.

NTDAT Number of sets of thickness data to be
input. Set NTDAT=0 for cases involving
interdigitated fins.

NTDAT = 0 No thickness input data, default

value.

1 For horizontal wing, symmetric
layout or for cruciform wing,
symmetric layout with layout on
vertical wings same as on
horizontal wings.

For cruciform wing, symmetric
layout. Vertical wing layout
different from horizontal or
for horizontal wing alone
(delta wing) with asymmetric
layout.

For cruciform wing alone (delta
wing) ,  asymmetric layout.

NTDAT

1l
N

NTDAT

It
>

NTDAT

NCWT Number of source panels in a chordwise row,
-default is 0.

0 No control point coordinates
written, default value.:

1 Write coordinates (in wing
coordinate system) of control
points on fin and body inter-
ference shell in data set
(TAPE4), and continue the run.

2 Write coordinates (in wing
coordinate system) of control
points on fin and body inter-
ference shell in data set
(TAPE4) and stop the run
(sTorP77).

NCPOUT ' NCPOUT

NCPOUT

NCPOUT

0 Do not read in velocity com-
ponents induced by moving
vortices.

1 Read in velocities induced by
moving vortices (calculated
by program VPATH2 or VPATHL)
from a data set (TAPE7),
default is 0.

NVLIN | NVLIN

n

NVLIN

XSTART . Axial station aft of which body pressures
are to be calculated. If case involves
interdigitated tails on body with ellip-
tic cross section, set XSTART = 0.0, default

is 0.0.
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PROGRAM ALGEBRAIC SYMBOL
VARIABLE . (IF APPLICABLE)
JCPT s

HuA
FKLE
FKSE
XM
ZM
PHIDIH $p
THETIT 0
XWLE
Item 3 (3F10.5)
YR(KJ) .yw'R(KJ)
VSWLER (KJ) ALE,R(KJ)
VSWTER (KJ) ATE,R(KJ)
Item 4 .(3F10.5)
YRT (KJ) yR(KJ)
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COMMENTS

Number of control points and body pressure
points calculated by subroutine BDYPR and
printed .in output. This number is required
when NVLIN = 1 and ITAIL = 1, default is 0.

Fraction of leading-edge suction converted
into normal force, default is 0.5.

Fraction of side-edge suction converted
into normal force, default is 0.5.

x-coordinate of moment center in body
coordinate system, default is 0.0.

2-coordinate of moment center in body
coordinate system, default is 0.0.

Dihedral angle associated with interdigi-
tated fin, default is 0.0, 0 < ¢F < 90°,

Location angle associated with interdigi-
tated fin, default is 0.0, 0 < 6 < 90°.

Axial location of wing rootchord leading
edge measured from body nose, default is
0.0. .

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

Distance from wing rootchord to the con-
stant pressure panel outboard side edge
on right wing, 1 < KJ < MSWRP,

(MSWRP < 30), YR(1l) = 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(1) = 0.0. '

Trailing-edge sweep of wing between YR(KJ-1)
and YR(KJ), positive for sweep back,
degrees. 1 < KJ < MSWRP, (MSWRP < 20),
VSWTER(1l) = 0.0.

Optional input for wing-body combination.

Distance from wing rootchord to the con-
stant u-velocity panel outboard side edge
on right wing, 1 < KJ < MSWRP,

(MSWRP < 20), YRT(l) = 0.0, YRT(MSWRP) =B2.




PROGRAM
VARIABLE

ALGEBRAIC SYMBOL
(IF APPLICABLE)

ALE,R(KJ)

COMMENTS

APPENDIX J

Leading-edge sweep of wing between

VSWLER (KJ)
- (YRT(KJ-1) and YRT(KJ), positive for sweep

back, degrees, 1 < KJ < MSWRP,

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

Trailing-edge sweep of wing between )
(YRT(KJ-1) and YRT(KJ), positive for sweep
back, degrees, 1 < KJ < MSWRP,

{MSWRP 20), VSWTER(1l) = 0.0.

VSWTER (KJ) (KJ)

ATE,R

Item 5 (3F10.5) Optional input for wing-body combination.

Distance from wing rootchord to the con-
stant u—veloc1ty panel outboard side edge
on left wing, 1 < KJ < MSWLP, (MSWLP < 20),
YLT(1) = 0.0, YLT(MSWLP} = -B2.

YLT (KJ) L(KJ)

VSWLEL (KJ) L L(KJ) Leading-edge sweep of wing between
! YLT (KJ-1) and YLT(KJ), negative for sweep
back, degrees, 1 < KJ < MSWLP,

(MSWLP < 20), VSWLEL(1l) = 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.

VSWTEL (KJ) (KJ)

ATE,L

" Optional input for cruciform wing-body

Item 6
combination.

(3F10.5)

" Distance from wing rootchord to the con-
stant u—veloc1ty panel outboard side edge
on upper wing, 1 < KJ < MSWUP, .
(MSWUP < 20), 2ZUT(l) = 0.0,

ZUT (MSWUP) = B2V.

ZUT (KJ) U(KJ)

VSWLEU (KJ) U(KJ) Leading-edge sweep of wing between

LE, ) ZUT(KJ-1) and ZU(KJ), positive for sweep
back, degrees, 1 < KJ < MSWUP,
(MSWUP < 20), VSWLEU(l) = 0.0.
VSWTEU (KJ) (KJ) Trailing-edge sweep of wing between
TE,U ' ZUT(KJ-1) and ZUT(KJ), positive for sweep
back, degrees, 1 < KJ < MSWUP,
(MSWUP < 20), VSWTEU(1) = 0.0.
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PROGRAM ALGEBRAIC SYMBOL
VARIABLE (IF APPLICABLE)
Item 7 (3F10.5)

ZDT (KJ) ‘ZW’D(KJ)
VSWLED (KJ) AALE'D(KJ)
VSWTED (KJ) - App,p (KI)
Item 8

Item 8 (a) (3I5)

MSWT

LVSWT

NUNIS

Item 8 (b) (3F10.0)

YTH(1,J)

168

COMMENTS

Optional input for cruciform wing-body
combination.

. Distance from wing rootchord to the con-

stant u-velocity panel outboard side edge
on lower wing, 1 < KJ < MSWDP,

(MSWDP < 20), 2DT(1l) = 0.0,

ZDT (MSWDP) = =-B2V.

Leading-edge sweep of wing between

ZDT (KJ-1) and ZDT(KJ), negative for sweep
back, degrees, 1 < KJ < MSWDP,

(MSWDP < 20Q), VSWLED(l) = 0.0.

Trailing-edge sweep of wing between
2DT(KJ-1) and 2DT(KJ), negative for sweep
back, degrees, 1 < KJ < MSWDP,

(MSWDP < 20), VSWTED(1l) = 0.0.

Optional thickness input data when
NTDAT # 0. If case involves interdigi-
tated fins, this option is not used.

Information in items 8(a), 8(b) are read
in by subroutine THKIN for the right
horizontal wing.

Number of source panels in the spanwise
direction, 1 < 19 < MSWT. -

LVSWT = 0 No breaks in wing leading or
trailing edges, or equal
spanwise spacings of source
panel sides, default is 0.

Up to 19 breaks in wing lead-
ing or trailing edges or up
to 19 unequal spanwise
spacings.

I
[

LVSWT

Thickness distribution varies
over the span.

Thickness distribution constant
over the span.

]
[

NUNIS

]
[=]

NUNIS

Optional input for LVSWT = 1.

Distance from body centerline to the
source panel outboard side edge,
1 £ J < MSWT+1.
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PROGRAM ALGEBRAIC SYMBOL

VARIABLEl (IF APPLICABLE) COMMENTS

SWLET(J) Leading-edge sweep of wing between

: YTH(1,J-1) and YTH(1,J), positive for
sweep back, degrees, 1 < J < MSWT+1l.

SWTET (J) o Trailing-edge sweep of wing between

: ' YTH(1,J-1) and ¥YTH(1l,J), positive for
sweep back, degrees, 1 < J < MSWT+1.

Item.8(c) (8F10.0) ' . Optional input specifying streamwise
thickness slopes read in by subroutine
THETIN.

THET(K) tan 8 .- . NUNIS =1 K =1, NWCT

S NUNIS = 0 K = 1, (NCWT*MSWT)

Item 8(d) : e :Optional input for left wing when body is
not present and if geometric yaw angle
is accounted for (skewed panels). All
input same as for right wing above,
items 8(a), 8(b), and 8(c).

Item 8(e) . ' Optional input for upper wing if NTDAT = 2

: or 4 and NCRX = 1. Same input as for
right wing, items 8(a), 8(b) and 8(c). -

Item 8(f) ) Optional input for lower wing if NCRX = 1

, : : .and body is not present and if geometric
pitch angle is accounted for (skewed
panels). All input same as for right
wing, items 8(a), 8(b) and 8(c).

Item 9 P - Namelist $BODY read in by subroutine
BDYGEN. Optional input when body with
circular cross section is present,

NBDCR # O.
NXBODY " Number of line source/sinks and line
SR doublet singularities distributed along
body centerline.

LNOSE : Length of nose part of body measured from
nose tip, dimensional (real variable).

LBODY ‘ Length of body, dimensional (real variable) .
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PROGRAM
VARIABLE

ALGEBRAIC SYMBOL
(IF APPLICABLE)

BCODE

Item 10(a)

GAMMA (I)

YVRTX(I)

ZVRTX(I)

Item 10(b)

GAMMA (I)
YVRTX(I)

ZVRTX (1)

IJtem 11

MLEVR

MLEVL

170

(8F1Q.5)

(1)

2mV_a
y(I)
a

2 (I)
a

(3F10.5)

I‘ .
v: (1)

¥, (D

'zw'u)

(8110)

COMMENTS

Control index (integer) for specifying
forebody shape.

BCODE Parabolic
Sears-Haack
Tangent ogive
Ellipsoidal
Conical

N n
=W -O

Optional input read by subroutine VRTVEL
when the effect of fixed external vortices
are considered, for bodies with circular
cross section only (RB = RA),

1 < NVRTX < 10.

Nondimensional vortex strengths, a is body
radius RB, 1 £ I < NVRTX.-

NVRTX.

A

Nondimensional y-coordinate, 1 < I

Nondimensional z-coordinate, 1 < I < NVRTX.

There will be NVRTX sets of vortex inputs..

Optional input when the effect of fixed
external vortices are considered, for
bodies with elliptical cross section
only (RB # RA), 1 < NVRTX < 10.

Vortex strength divided by free stream
velocity, 1 < I < NVRTX.

y-coordinate in wing coordinate system of
I'th vortex, 1 < I < NVRTX.

z¥coordinate in wing coordinate system of
I'th vortex, 1 < I < NVRTX.

There will be NVRTX sets of vortex inputs.

Number of leading-edge vortex information
stations for the right horizontal fin.

Wumber of leading-edge vortex information
stations for the left horizontal fin.
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PROGRAM
VARIABLE (IF APPLICABLE)
MLEVU
MLEVD
Item 12 (6F10.5)
XLE (IFV) Xy, LE
CGLOC (IFV) Yip' 2L
Tie
GAMLE (IFV) v
) o0
Item 13 (110)
NSEV
Item 14 " .(6F10.5)
XSE (JSE) Xy, SE
CGSELC (JSE) Ysgr Zsp
o rSE '
GAMSE (JSE) v
Item 15 (20a4)
72222

APPENDIX J

COMMENTS

Number of leading-edge vortex information

stations for the upper vertical fin.

Number of leading-edge vortex information
stations for the lower vertical fin.

Optional input concerning leading-edge
vorticity when MLEVR+MLEVL+MLEVU
+MLEVD = N&.-’V # 0.

Wing x-coordinate of staticn of fin leadihg
edge.

Center of gravity of the leading-edge
vorticity distribution.

' Strength of the vort iLity distribution at

~XLE(IFV), 1 < IFV < NEDGV.

Number of fin side-edge vortex information
_stations. Same for all fins.

. Optional input concerning side-edge

vorticity when 4 (NSEV) = NSIDGE # 0.

“Wing x-coordinate of station on fin side

edge.

Center of grav1ty of the 51de—edge
vorticity dlstrlbutlon

Strength of vorticity distribution at

XSE(JSE), 1 < JSE < NSIDGE.

End of information.
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Description of Output

This section gives a summarized description of the output generated
by program DEMON2 for a typical case involving one set of lifting surfaces
on a body. 'Sample outputs are shown in connection with the discussion of
2 sample cases in section 6. In the following, the important items of
output are described. Note that if print control indices NOUT and NPR
are not set equal to zero in namelist $INPUT, very large output will be
generated. As such, this additional output serves to aid in debugging.

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 the input.

On the next page, the wing geometry and flow conditions are listed.
The quantltles ALFA and BETA correspond to angle of pitch, o, and side-
slip, B, respectively, calculated by the program, using the pitch-bank
convention'descfibed in section 4, from the angle of incidence ALFAC and
angle of roll PHI specified in namelist $INPUT. Information concerning
the geometrical layout of the planar sdurce panels used to model thicknesé
of the lifting surfaces is then shown. On the next page; the specified
streamwise slopes are printed. No thickness is accounted for for cases

including interdigitated lifting surfaces.

4 If the body is circular in cross section, the next page shows name-
list $BODY which was read in by subroutine BDYGEN. It is followed by the
program calculated cylindrical coordinates of the body definition points

~and streamwise body slopes. Together with this body geometry output,

the origin of each line singularity (line sources/sinks and line doublets)
are given dnder the heading TX. All axial coordinates are in the body
coordinate system with origin at the nose, refer to figure 1. The
strengths of the singularities are given by T(I) for the line sources

or sinks and by TC(I) for the line doublets. On the next pages, the out-
put shows the pressures calculated on the circumference of the body with
circular cross section. This information is calculated at axial loca-
tions under the heading XB in the body coordinate system. Each circum-
ference or ring is given a BODY RING number which is written on top of the
pressure point coordinates, the velocity component involved, pressure

coefficients, body slopes, and pressure ratios. The pressures are
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calculated by subroutine BDYPR on the basis of the linear and Bernoulli
pressure-velocity relationships. The latter is given by equation (10) in
this report. 1If the pressures are calculated on the forebody, body nose
shed vorticity characteristics can abpear in the output if the. included
angle of attack is in excess of about 5°. The vorticity is represented_
by 2 concentrated vortices located symmetrically with‘respect to the
crossflow free-stream component vector (unfolled coordinates). The
vortex coordinates are also given in the body coordinate system (rolled
coordinates) nondimensionalized by the local body radius. The calculated
pressures include effects of the body nose vortices, if present. At the
end of the print out of the pressures acting on the body, the number of
contrdl points, JCPT, is written. This number must be noted for runs
involving the afterbody and tail fins, refer to sections 6.1.3 and 6.1.4.

'For bodies with élliptical cross section, the horizontal and vertical
semiaxes are printed immediately following the print out of local sur-
face slope of the thickness distribution. Pressures at.points on the
surface of a body with elliptical cross section are calculated by program
WDYBDY descfibed in Appendix'K.

The next pages of output contain the velocity components induced by
external vortices, if applicable. They are calculated by program VPATH2
for axisymmetric bodies or by program VPATHL for bodies with elliptic
cross section. Both programs are described in Appendix L. These programs
compute the paths of the vortices and then proceed to calculate the vortex
induced velocity components at the control points given under the headings

XCP, YCP and ZCP.

The next page in the output lists the calculated control point
coordinates (xw,yw,zw) in‘the'wing coordinate system shown in figure 1
for the constant u~-velocity panels distributed on the lifting surfaces.
Perturbation velocities, in the wing coordinate system, induced at these
points by the body and external vortices with their paths fixed to be
parallel to the body centerline are also shown. The quantities BU, BV,
BW and VVRTX, WVRTX, are due to body singularities and vortices specified
in Item 10(a) or 10(b) of the input. The velocity components inducéd by
the body singularities are calculated by subroutine VELCAL if the body is
axisymmetric. For bodies with elliptic cross section, they are computed

by program WDYBDY, stored on a data set and read in by subroutine BDYRD.
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Coordinates of the control points associated with the body interfer-
ence panels are given on‘the next page. They are expressed in the wing
coordinate system. Velocity components THU(J), THV(J) and THW(J) are
induced by the planar source panels on the lifting surfaces used to model

thickness.

Loading information is printed on the next pages. First, the load-
ings are based on linear pressure loadings. For each lifting surface
the force and moment coefficients, spanwise loading and suction distri-
butions and distributions along the side edge of suction force are given.
The heading specifies flow conditions and reference quantities including
the moment-center coordinates in the body system. It is followed by a
list of the deflection angle, thrust coefficient, CTHR, acting in the
negative xp (or xw) direction, .force coefficient C2Z in the Zg (or zw)
direction, force coefficient CY in the Yg (or yw) direction, pitching
moment CM (nose up positive), yawing moment CLN (nose to right positive)

and rolling-moment CLL (right wing down positive) coefficients.

Force coefficients CZ, CY and moment coefficients CM, CLN and CLL
are also printed for the interference shell which covers the body over the
length covered by the lifting surfaces. They are only representative of
the lift carryover or interference from the lifting surfaces. If actual
loads acting on this section of body are to be computed, the pressure
distributions mentioned at the end of this section must be integrated.

So far, the loading coefficients have been expressed in the body
axis system. For convenience, the positive directions of the forces and
moments in the body coordinate system are indicated in the following
sketch together with the body and wing reference coordinate systems.

The loading information is also specified in the wind axis system,'refer
to section 4.2 in this report. All. force and moment coefficients are
then based on a coordinate system with its longitidinal axis aligned with
the free stream vector. Under the heading SPANWISE DIStRIBUTIONS, the
quantities of interest are the span loading CN*C/(2*B), thrust distribu-
tion CT*C/(2*B), suction distribution CS*C/(2*B) and the calculated
leading-edge vorticity strength GAMMA,LE/VINF with its spanwise location
YBAR. Quantity XLE is the axial coordinate, in the wing system, of the
leading edge. The sums of the in-plane forces in coefficient form are
then printed. Precise definitions of the terms SUMFX, SUMFYl, etc., are
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Moment center

given in Appendix .C. Along the side edge, the distribution of suction
force per unit length divided by the dynamic head times the tip chord is
given together with the strength GAMMA,SE/VINF of the side-edge vorticity
and the spanwise location YBAR. . Quantity YBAR lies along the Yw coordi-
nate. Finally, for the lifting surface at hand the strength(s) and span-
wise location(s) of the concentrated trailing-edge vortex (vortices) are
printed under the heading T.E. FIN INFO.

After displaying the loading information and spanwise distributions
for all the lifting surfaces, the output of program DEMON2 proceeds to
specify pressure distributions on the lifting surfaces calculated on the
basis of the Bernoulli pressure expré;sion, equation (10). PRESSA is the
pressure coefficient acting on the upper side and PRESSB is the pressure
coefficient on the lower side of the horizontal lifting surface. For a
planar (monoplane) and cruciform fin or wing configuration, the horizontal

surfaces lie in the Z {or zB) = 0 plane. For interdigitated fins, the

" horizontal fins are the right upper and left lower fins, refer also to

figure 3 and the sketch in Appendix D. Coordinates X(J), Y(J) and Z(J)
are in the wing coordinate system. The same pressure coefficient infor-

mation is given for the vertical fins. For a cruciform fin configuration,

_the vertical surfaces lie in the Y (or yB) = 0 plane. For interdigitated

fins, the vertical fins are the right lower and left upper fins, refer to
figure 3 and the sketch in Appendix D. The loading pressures coeffi-
cients, DELTP,LIN. and DELTP,BERN., pertain to the differences in
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pressures acting on the lifting surfaces based on linear and Bernoulli

pressure expressions, respectively. ’

The loading calculation is then repeated using the Bernoulli loading
pressures. The next pages of output contain the same loading information f
described above but all results are now based on the Bernoulli pressure (

equation.

The calculation of loading information based on linear pressure load-
ings and Bernoulli pressure loadings serves the following purposes. It
should be noted first that the linear loading pressures are directly
related to the constant u-velocity panel strengths in accordance with
equation (C2) in Appendix C whereas the Bernoulli pressures are computed
from the velocity components, included angle of attack and roll angle as
indicated by eguations (9) and (10). Fin forces, moments and trailing
edge vorticity characteristics (related to span load distributions as
shown in Appendix B) should be taken from the loading information calcu-
lated with Bernoulli pressures. At low angles of attack with zero roll
and in the absence of external vorticity, the loadings based on the two
pressures will be comparable. However, any loading increment due to lead-
ing- and side-edge vorticity calculated with the Polhamus analogy must be
taken from the loading information based on linear pressures. This is
based on the fact that the characteristics of the leading- and side-edge
vorticity are related to the suction distributions which is calculated
using the constant u-velocity panel strengths as described in Appendix C.

Finally, the pressures acting at the control points of the body
interference shell are printed out. They are a continuation of the pres-
sures, deséribed at the beginning of this section, calculated at points
on the body ahead of the wing~body section at hand. The same remarks
apply. The pressures include effects of body singularities, external
vortices, planar source panels on the lifting surfaces, and all the con-.
stant u-velocity panels on the lifting surfaces and body interference
shell.

Program Listing

The wing-body program DEMON2 is written in FORTRAN IV (029 punch)
computer language for the CDC 6600 machine. The program consists of a
main routine, CRFWBD and 32 subroutines. Their listings are shown on

pages indicated below:
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ROUTINE

CRFWBD
BDYGEN
BDYPR
BDYRD
BDYVTX
BODYR
DBLU
DOUBLT
DSD2Z
EDGES
EDGVOR
LAYOUT
LINEQS
LOADS
our
ROTATE

'SOLVE

SOURCE
SPECPR
SPNLD

THETIN
THKIN

THKLYT
THKOUT
THKVEL
TRBIPW
VELCAL

- VELNOR

VELO
VELOTH
VRTVEL
VVELS
Z

PROGRAM DEMON2

ADDITIONAL
ENTRIES IDENTIFICATION

Cols. 73-76

DMNO1
02
BDYAFT 03
04
05
06
07
09
10
11
12
13
SPECLD 14
15
ROTWF , ROTFW 16
17
18
19
20
21
22
23
24
25
TRWBIP, ROTBW, ROTWB 26
27
28
29
VORTEX 31
32

Y33
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196
201
207
208
209
210
211
212
212
212
216
223
224
235
235
236
236
237
242
253
254
255

- 258

260
266
267
268
276
279

282

284
285
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NaNa N3 XaRs NaXal

(2]

PRNGRA4M CQFWBD(IﬂbufgﬂUJPUToTAPESaYﬂPE5ﬂINPUf.flpszﬂuypufo OO0t

1 TAPEW,TAPET) pvoy
nMo g

VERSIININEMONZ, DETIR]
: LI

PLANAR NR CRYCTFORM WwING=HODY PRNGRAM, SUPERSOMIC FLOw nMo g
SET UP GEN“ETRY, COURNINATES, ALRODYNAMIC THFLYENCE CREFFICIENT 0101
MATRIX, SOLVE FNR CUNSTANT UaVELOCITY PANEL STRENGTHS, LI
- . pMO Y
DIMEMSL TN QHS(2S0),YR(2C5 o YRTI20)»THULINO0) , THV(100), THU(1DUL), DMy
1YLT(20),HEAD(R20),20T(20),20T(20) puo1
D0t

LOGICAL ASYM,BNOY,DELTA,TRUSYM,NOSYM,DELTAS, TATL,A8YMT DMOY
. DMo 1

COMNMnN Fun(l) ) D]
COMMON/NNE ZCIRE(250) ,NELTR(250) ,FN(250),PNLC(C2%0),SWPPLE (250), oMO1

1SwPPTIE(P29G) s VNDR(250),XBAR(2S0) LBAR(2S0) ,XCPT(250),YCPT(250),2CPTNMOY
2(2S5N) yXLF (25%0),XLH(250) , XVF (2501, XRB(2%0),YLC(250),YRC(250),ZLF (25D 01
30),ZRF(2S0),ZLB(R250),ZRHU(ES50),8NT(125),C8T(125),8MT2(1251,CST2(125D0%401
Y, IP(300)Y XFAIPCLUO) ;4,8 LFA,ALFR,ARYING,H2,ROV,6ETA,BETAR,CONST, DVO1
SCOSALF yCNSBETCNIDXIEV,FMACKH,RCIR)SINALF ,SINARPT,SLOPE,TLRNC, TIPY, DMO1L
GTOYLQ,U,)VeNpUCKHK g VEHK ,wCHR , aBIP X oY o2, IV, IF, 1 ,JV,MSUR,MBWL ,MSW1}, DMOY
TSRO, NRBIB,NCRY,NC W, YDRAG,NRP NP, NRP,NIP,NOCPT,NOLINP,NNUT,NPANLS,0M0

ANPRESS,NwRP )ASYM,BOVY,DELTAS,NUSYH : DMOY
COCOMMONM/THREE/ANGLR)ANGLL g ANGLYIp ANGLD ,DELR,DELL UELY,DELD,SREF,REFLDMOY
CUMMNN/SwEEPS/VEnLER{2GI,VERTER(20),vSLEL(20),VSATEL(20), DMOY
1 VSWLEUC20),VSWTEU(22),VSWLEDN(20) s VSWTEDI20),LVSWP,LEFT,FAC,NC4B,DM01
2ARPHL(250),410Tr(2%)) ’ DMO
COMVONM/ZKVEL/nDGCLI50) . HOV150) ,80W(150),XFLOP(IS0),YHLUP(150), oMot
1 ZFLDP1150) LEYX]
CUMMOMN/SPSANG/SIMALC,CISALC,SINPHE,,COSPHT DMO1L
COMMON/VRTXV/VVRTX(180),WVRTX(190) ,NVRTPL,MVRTY,VRTMAX nMot
COMADNNZWHTR/ZTHTI(129), XL E LETR]
COMMNON/THKDAT/NTDAT )NCWT , NTPR , MSWT (U, NRPT , NPT NYPT ,NTHP,88Y1T, DMD{
1 NVERT,,SWLET(29,4),8+TET(20,4),YTH(20,0),THETAL (400) D01
COMHMAN/THVELD/TRETA, TTLRNG, TRTSH D0y
COMMUON/TCVEL/UTCHK VI HK ,wTCHLCp $IT,1F T, 40 DMoy
COMMON/TIPANS/SPANR, SPANL 4 SPANU,8PARD,SWPLER,SWRLEL,S4PLEY, RLUM S
1 SHOLED s SWPTER,SPTEL ,SWPTEULS4PTEN, RAND DETLBY
COMMONZVRTHVLZVVEL(S0N) hWVEL(S00) ,JCPT,,NCPALIT ,NVLTIN LETRY
COMMON/VARSPC/GAMMACTI0) , YVRTIX (10, ZVRTX(106)Y,RILOC DMoy
COMMON/F INLE/XLE(B0) ,CGLOC(BOYsGAMLE(RNY,FKLE,NEDGV,MLEVR,MLEVL, D401
1 MLEVI, ML EVD : : MOt
COMMON/F INSE/XSF(B0),CGSELC(AN) ,GAMSE(RBNY,FASE,,YSINGE,NSEV DL
COMMNN /R LIPS/ RA,RB,ERATII hETB
CNUMON ZINTRDT, PRTIIH, THETI T, YA(ID, ZBNN, PHIFR, PHIFU Dot
COMMON/NAFM/XY, 24, E2008,CYNA,CHMUAL,CLVDA,CLLNA nMoy
DEDD)

D401

DATA BI/35, 161592658590/ D401
DAY NUITZUNL22L/ DETBY
. 0401

NAMELTSTY /INPUT/CRP,SALEP,SVTERP ,NCw,MSWR , MBSkl ,ALFAC,PH] ,H2,F1aCH, DM)
1 Lvsap, Fac, nFVNPR, TIOLFAL 18w, M34D, SALEV,S~TEV, DMnyg
1 CRPV,RPV,NCAX,RA,RA,ERATIO,NBNDCR,NDELRIDFLL ,DELLUSDELD,SREF,REFL, D401t
1 PHINTIH,THETIT, x»LE, PETA
1 NOULINPLNNUT  APRYMDRAG ) MVRTX JNPRESS, VRTMAX ,NCWB,NAGAIN,HIL, DMO 1t
1 ITATL,NVRTPL, NBOYPR,NTPW, nMot
PNTIDAT NCwT  NCRPOAUT ,NVLIN  XSTART,,ICPT ,FKLF ,FKIF, XM, 2™ oMo
140§

. DMy

t FORMAY (20484) - DMOY
2 PURMAT (1H1,20A4) D™MO

O BN NE &
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703 FURMAT(Inml,14X,4%2H

70y FORSAT(Imt 20X, 1 SHAING GEOMETRYZ// HALRI

3 16X,124T1P CHNRD 3 ,F10,%/7/ DMy
G 17x,33HRNUT CRUORD 3 ,F10,%// V401
9 fd¥,16HWING SEMISPAN 3 ,F10,5//) LA

702 FORMAT (//720X,§SHFLIW CONDITIONS//SX,7HMACH 3 ,F10,5,0xX,8HALPHACS OMOT
1 sF10,5,UX,7THPHL 8 ,F10,5,4%,75ALFA 3 ,F10,5,u2,THUEETA 3 ,F10,57)040¢
PANEL CHORMER CANANINATES FNR ~ING PAAMAY

INELS)Y . LETY]
704 FORMAY (1M],10X,30MCONTROL POIRT CONRNIMATES FAR ,I2,14M CAURDWISEDOY
t BY ,12,32r SPANWISE PANELS-ON wING | OR R, 22%,12.5%, DMOy
123HSPANWISE On w[HG 2 OR L, /53%, 3HaND, T2, §1H SPANW]SE PAMELS ONDMOI
IwING 4§ 1R L,1x,12,5%, 25HSPARWISE OM WING 4 NR D, /7 0401

a4 SX 1R y0X o UHYCTY LAY, UHY(JY,RAX,dnZ(JY, oMot

S  TX,SHRUCJ) s 9XsSHBV D) s IX, SHRWIJ) 10X, SHVVP T, 10X, SHaVRTY, /) nu4g1
708 FORMATIIX,I1S02XeF10,5,2XsF10,5,2X0F10,5,2%0F12,5,2%,F12,5, DLIWRY
1 2Y,E12,5,2X,612,5,200E12,%) DMy
The FORMATEIX,,T1303%X)F9 4,1%,FO,4,1X,F2,0,11e,F9,4,1%,F9,4,1¥%,F3.4, LETR
1 IR, FQ, U1 X, FO Uy IX b O e lMn,FO U, 1X,FO,d,1X,F9,4) hUTY]
707 FORMATCIW1 50X, 20H]INFLUENCE MATRIX FyN/Z/Z) OMO1
708 FORMATC/1X 58 (tHm) 1 84nING | PANELS 159 (1HeY /) B LTY
709 FORMAT(/1X,S8(1He),134WING 2 PANELS +59t14e) /) D0y
710 FORBAT(/1Xx,5R(1He), 13HeING 3 PANELS ,59(1He) /) . 00t
711 FORMAT(/1X,58(1He),13HwING 4 PANELS 159(1Ha) /) DMO1
712 FORMAT (A110) LETT
713 FORMAT(3510,5) . : DMOY
Tig FORMAT (eF10,5) - DMOt
715 FiRvAT(//7  50X,15HPaRAMETESS 1ISED// hEBE
1 12X 7HESYM 3 S 8/712Y,BRILARNC 3 ,£12,5/712X,PHLEFT 2 ,L3/ DMt
218X, THRODY B W 3, 12X,R%DELTA B8 ,LS5,11X,9RTRISYY 3 ,| 3, VR DR
312X AHNNSY™ 8 L 3//7) DEL
717 FORMAT(IM1,30X,21nSLOPFS OF PANFL FENGESR//6X,1HI,GX%,10KL ,E, SLNPE, DHOQ
1 SK,10WT,E, SLOPE/) . DMoy
Tie FORVAT (18%,12, 8X,F10,5, LIX, F10,5, 9%, F10,5) m01
718 FORMAT(SX,I3:5Y,F10,9,%X,F10,5) Nt
719 FORMAT( OX,21HLEADING LOUGE SWEEP 3 LF10,5,2Y,TRDEGRFES// o401
2 AN, 22HTRAILING BUGE SVEER 3 ,F190,%5,2X,THDFGREES/) DRI}
720 FORYAT(1rl, SX,81HCONTROL POINTS “xITTEN ON TAPEY /7 HENY]
» X, 1HT S UL, URKCPT ,RX ,URYCPT,BX4nZCPT) oMY
721 FIIRMAT(9X,BHCRPTV 3 ,+10,5//) om01
722 FURMAT (//710X,28mKIGHT «ING PART SPAN 3 ,F1d,8/ OMO
110¥%, 234 LFFT aIMG RPART SPAN 8 ,F10,.5%) . DMt
"92% BNAMAT(//10X,7HCRPT 3 ,F10,5) BETY|
720 FURMAT (1n1,19X, 7SR T<i) PDI#ENSIONAL VNRTEX STWEMGTHS ANC FIXED COODMOt
{RANINATES Iy CRNSS FLUN PLANE// oMot
213X,5H1VRTX, bX, {IHGAMHA/VINE, 19X, oMOy

3 SHYVRTY,10X,5HZVRTX/ /) OMO1
725 FORMAT(1=1,30X,dBHCINTRAL POINT CNOINDINATES FNR RIPe§ («InG FRAYE)DMOL

! /75X 1RT, O dRX(T) o 8K, unY (J)s8X, GHZ T, A, 6HTHULIYWBX, oMot
2 GHTHVIJ)  AX, arTHN(TY/ /) Dvo1
726 FURMAT(///25%,38HKTR CORWER COURDINBTFS IN SING FRAUE) nuoy
727 FORMAT(10x,25HiPPEQ wING C4KT SPAN 3 ,Fta,%/ Mgy
1 10X, 251 0wER wIMG PART SPan 3 ,FINn,5/7) nDU0y
728, FORMAT (1M1, 50X%,22HRIGHT manD S.xI)E VECYQ‘?//UX.IHJ'GX,hHRNS(J)//) oMoy
729 FORMAT(2%,13.2x,12,9) M0
781 PORMATCIR1, 30X, 19RPRESSURE 1IN PaNEL J//78Y,14],8%9anP(J)/ /) LEYO
7030 FORMAT ( J/5¢, 1 HI 153, 25LF 15x, DOy

T O Ha 12X, 2HLR, 15X, 11, 120, 2HKF, 15X, 1He, {2Y,2WRR/Z12X,1HX, 9K, 1KY, M0y
2 QX,lHI,S“l“t,s‘,l”!:qlleV,Qlyl“l;sl.l"’c $x, l“"qxl,""q!nl“ZI')"ol
J OO, Hw, S g AN O G IRY 99X, IHZ /788X, 114, 20X, 1 e, 29, JHx/130(11Re)/ D40y

U XBX i, 29K, 1 M8, 29X, 1K#) DLUR
782 FOAYAT (3, 094SPECIFIED SPANWISE LNCATTINNS NF OUTHCARE PANEL ELGESOMOY
1 8D SWEEP &HGLES//2X,1M4,dX,05Y PR 7,79, 104§, SwEEP,4%1, DRI
20T F, e FEP/2V, NHANGLE 10, SHANGLE///) NS

112
113
114
t1s
116
117
114
119
129
121
122
123
124
129
12n
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733
T34
715
73&
737
Tdag
748
Tde
Tay

949

FORMAT (1%,12,2X,F10,5,2(5X,F10,5))
FORMAT (tM1,0X,14HwING | SURFACE //)
FORMAT (1M1, 4X,14H4ING 2 SURFACE /7))
FORMAT (1ML, 4X,1494ING 3 SURFACE //)
FORMAT (1M1 ,4X,14HWING 4 SURFACE /7)
PORMAT (1M1, 4%, 12HwING SURFACE//)
FNRMAT (15,3612.5)

FOQMAT (1S,5812,%)

D40}
DMU 1
LI BY
D0
DMO Y
[ALAUR
DENIEY
DMO 1

FORMAT (1H1,10X,B83HPOTNT COURDINATES AND PERTURBATIAN VELUCITIES CDMO1

LALCULATED WY PRUGRAM vPATH IR VPATHL,//,

2 SXp2HIC,5Xs3IRXCP, 9K, IHYCP, 9%, IHZCP ,AY ,AHVVEL (1C) )Y, RMuvFL(IC) /)

CONTINUE
NEFAULT VALUES FOR NAMELIST IaPytT

ASyMme FALSE,
AILE0,0
BOLY= FALSE,
52v80,0
CRPVEN, 0
QL R=0,0Q
nELL=20,0
DELU=N, 0
DELDa0, 0
FRATIN=21,
FAC=N,0%
FX{_ En0,S
Fx8kz0,8
ITAIL =20
JCpTao
LVSWPSO
48wl al
MSwDe0
MS8wliiz0
NALATNSO
MEDCREQ
MEDYPREO
NCROTRD
MCRXaG
HEwRAO
NCwT20
NORAGSO
NFVMPHRED
HiLINPRO
rTs0
PRaOD
NMPRFSS=0
HIDATEN
uTPRa0

MV INRO
LvaTeLan
NVRTX=0O
PHIZO,0
RinQ,
RBE0,0
REELE1,0
SREFs=(,0
S¥| EP20 N
SeLEVEQ,O
SWTER20,0

(X1 3]
LYY
MO
OMO 4
MOy
b~01
NMoy
nMo 1y

Mot

MOt
DMOY
D0y
DMO1
DMO
Dm0
DHO1
o401
DMO Y
DMO 1
DHOY
DMO Y
DMO |

DMOY

NMO 1
D40y
DA
Dy
DMOY
o401
D401t
DMo
LIS
bMO
DM
pmMo
OMOy
DL
[PEX R}
DMy
DMOY
pHot
Dm0
D401
DAJRY
DR
oMoy
oMOt
DHot
uMot
LELE
NMO
0“0
nMo 1
DMO )

127
123
129
130
131
142
134
134
115
134
137
138
139
140
141
1ue
143
144
{145
146
ta7
1 4R
149
150
151
{52
154
154
159
156
R
158

l

159

ton
1614
162
103
164
165
166
187
164
169
179
17¢
172
173
174
175
176
177
178
179
189
131
182
1838
18y
185
{86
187
{8A
1R9

181
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THE EDLLUaING FT6 NRIEMTATIGY ArGLES AND TRIG,
THE OEFAULT vaALHES PR CROLTEDIM FIN CASF,

prHiFQzn, 0
PHIFL30,"
PHIFUS9),
PRIEDZIN )
THETRSL, N
THETLRO,O0
THETUZON N
THETNZ9N 0
PHINT=30,9
THETIT=20,0

SET CNRE REQUIREVENT RASED O'n FYN(])

LFLED
CaLL NEQFL(LFLY

v

FUNCTINNS ARF

Do
OMQt
GLTRY
LK
MOt
LEDA]
LR
My
Dvot
oMo
nMO |
neoq
DMO0 1y
040
no Y
DLTRY
nMoy
DMOY
MOy
C401y
LET R
D2113)
DLI'A]
DL
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LETE

n401
MOy

envQ
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mING RENWETRY SPECIFIFN IN PLANFURM,
GEOMETRIPALLY SYMMETRIC ~IKGS ONLY

READ HEANER CARD

READ(S,1) »EAD
IF(HEAN(I) ERAULITY STNP

READ NAMELIST IMPUT

RQEAD (S, T1:PUT)

ANGLE NF aTTaCx AND STDESLIP ARF CALCULATED TN ACCORDANCE wlTH

PTTCHeRNLL TRANSFORMATION,

NTOHPEPT/1R0,0

A baCumal FACeNTOR
St el CsST (ALFACH)
CHSalCs'StalFACK)
PHINaPu]«NTIR
SIHPHISSTS(PHIR)
CUSPHlaCnS(PHIw)
SIMALFaSTNALC2CIISPMH]
ALFRSASTH(SIMALF)Y
CSALFSCNS(ALFR)
SIAMFToSINALCRSINPN]
BETARSAGTIM(SINRET)
COSKE TSNS (3L TAE)
RETAYEZAETAN/LTNIN
AlFASALFQ/DATOR

SEE MIELSEN PAGE S,

OM0y
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nnoy
nMyy
nMoyg
D401
oMoy
Doy
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DMot
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DmMOt
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nMoy
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nHot
ekt B}
Detn g
D»0

199
tat

192
193
194
195
194
197
194
199
2o
201

202
295
204
208
204
207
20A
209
210
211

217
215
214
215
°l6
217
213
219
22N
221
222
223
een
22%
2es
227
228
229
231
231
232
233
234
23s
245h
257
23A
239
a4n
241

ouz
24}
2ui
24S
2ub
2u?
2u3
249
250
251

25¢




[aXa¥al

s NeNaXa) OO0

s NaNaNeNaleWal

o000

(s NaNaNaRaNe NalelNa)

MOTES IF IMTERDIGITATED FINS AhE UNDER CNNSINERATINN, THE FOLLOWING

FIN ANGLE PRUPERTIFS

SLPWLERTAN(SALEPDTNRY
SLPWTERTAN(SKWTEPADTIIRY
SLOVLESTAN(SHLEVEDTORY
SLPVTESTAN(SATEVeDTAR)

CHECK FDR INTEROIGTITATED TAIL OIHFDRAL ANGLES

CORRELATION ) DS,

RIGHT 'WRER FIN,,,, FIGHT OR )

LEFT LNwER FIN,,,, LEFT OR 2

QIGHUT LOVER Fltig,,,8!'PPER R §

LEFT yPPER FIN,,,,,LIOwER OR DOWN (R o

THIS OESIGNATINN ESTARLISHES CURKRESPOMDENCE RPTWEEN CRUCIFOAM anND

TYTERNIGITATED FING,

NATE S THE DIHENRAL ANGLE OFFINED AS THE CANT ANGLE HERF,

22

28

IF (THETIT,LE,040 (OR, THETIT GF,90,) G TO 22

DL
om0t
Dyt
Duny
Dmot
DETAY
OMO0
oMot
D01
DvOY
nMo |
DMO Y
DMO 1
DMO}
NMo
D0y
DLYRY
OMO Yy
Duoy
DMO0 Y
om0y
DMOy
DLYR]

PHIFR 3 (PPER RIGHT CAMT ANGLE, PHIFL 3 LNAFER (EFT CANT ANGLEOMOY
PHIFU a LOWER RIGHT CANT ANGLE, PHIFD = UPPER LEFT CANT ANGLENYOY

PHIFRs PHIDIH
PHIFL= PHIQIN
PHIFUSePMTINIn
OMlfDEePRID]IMH

TNETR,THETU DEFTINE LOCATIONS NF RHS FINS NN AODY CIRCUMFERENCE
NEASURED PNS, FROM +YveaX]S CNUNTERCLOCKWISE,

THETL,,THETO DEFINE LODCATINNG OF LAS FINS U4 BNANY CIRCU“FERENCE
MEASUREY ©()§, FRNOM aYwedAXTS COUNTERLCLOCKWISE,

THETRZ THETET ' .
THETL=E TWMETITY
ThiTUBeTHETIT

THETDzaTHETTT

CONT INyR

ELLIPSE PRUIPERTIES
RA .4 e™MNIZONTAL SEMI=aX]S
RA,, VERTICAL StmTedx|s

IF (RA RGN, LAND QR ER,0,) RO TO 23,
IF (RA,F,0,) RASRH/EPATIO

[F (RH,EQ,U,) WNASRA*ERATIOD
ERATINSRI/RA

COMTIMLIE

RCIRESNRY (RANRR)

QNMNNaRA

LOGICAL vawlAHLE aSYM GNVERKNY LAYOUT NF SKEWEN PAVE([ S WHICH
INLY CAN RE DDNE SMEN THERE 18 ND HONY PRESENT,
PRESENTLY,PLANAR DELTA ~INGS NNLY,

LUGICAL vaRIABLE TRUSYM MAKES USF UF GEDMETRIC AND | DADING
SYHMMETRY DRIPEQTIES

0M0Y
0401
DAY
DTS
D10y
DLIAY
DL
DMO
010y
DMO1Y
DH01
D¥O 1
DMO Y
HEDLY]
nNot
OMO g
DLIR
OMO1t
LETRY
DLIRY
oMot
D~O
DMOY
ovot
pvoy
DM0y
OmMQt
LD
Du01
NMoy
Doy
Dot
DMOY
neo1
0“01
DAUR!
AR T\RY
not

253
254
2%%
248
257
28n
259
260
261
262
263
264
268
2nb
267
2hd
249
270
2N
272
273%
274
275%
27s
217
278
2719
280
13!
282
283
284
28%
286
287
284
289
290
291
292
293
29u
295
2964
297
208
299

300

$01
3n2
303
3ING
3as
306
507
308
500
3tn
3
512
313
314
318

183



184

FI'R THTS CASE YW(RJ) «~EASURED PROM «ING CENTERLINE,

ASYMBS(BETAY ,NE,0,0) A0, (HADCPR,EQ,V) nuoy
ANBYZNANCR,4E .0 DM
DELTASDELR NE (04 oMRIDELL ¢“E 0,4 ¢NRDELUGNE (N, MR, DELN,NE 0, PMgt
DELTASEDELR G NE DELL DR, NELUGNE L0, (IR, DELDNF 9, DI}
TRUSYMIHETAY BN 0,04aMD  NUT DELT14Y DMO1
NSYMzE  NOT, TRUSYM DMOY
TATL=ITALL ,NE, O LT3t

c 0401
Ti1PYau? pmot
NRPSNCA*MSHR N401
NRPlaNRPet OMO1
NHPENCwue (MSeNevSwl) [LETX}

NHP I SNHPe ! MO
NIPNCwa (MBWl ¢MESWReM§uli) .- . ELX

NIPg NP4t oMo
NPANLSSMCWalMSWREMS A 4MSWUeMS D) LTS

1F (TRU3YM) NPANLSEMRP DMO1

IF (TRUSYM JAND, TWETIT GT, 0,3 NVRANLYGSNCwe (MSWReMSHWII) DMO

NPAN| PENPANL S+ DLIDY
MRIPSHUCVHRANNDCR M0

1F (TRUSYY, AND HODY) MbIRaNKIP/2 nMoy

NARPZ IPAM_SeNH]IP nMot

1F (NwRP GT,8) NPkzO M0

c OMO1
WwRITE (6,.2) HELD DR

c MOt
c nMot
c ANGLES ANGLR,ANGLL,ANGLUL,ANGLD GNUD NMLY FOR CRUCIFNRM FINS OW D1y
c MONNP_ANE WING, D401
c 0OM01
RUELREBOELR#DTOR HET/ 3
ANGLWNBRDELW ¢ ALFK DMO
ROELLSDELL«DTOR nMot
ANGLLSALFRewDE L nMo1
ROELURDEL YeATOR DMOL
ANGLUIZHE TARSRDEL Y MO
ROELDSDELNeDITOR nN401
ANGLDIRETANSNOELN oM01
RFETASSORT(ARS(F™ACKRF~ACHe] Y ) nMot
TLONCS(R241S EaS)na2aTOLFAC oMo
TOATLRB2,02TLRNC MOl
CONSTE 4, 0nP] NM01
THETASHETA om0
TRTSORUETARETA MO q
TTLRNC2T| RNC Dm0t
NVERTENCRY nMnt
ASYNTEASYM LB

c DMOY
c NMOt
WOTTE (&, INDUT) nMo g

IF (NAGATN,GT,1) GO Tn S3 Duoy

c DMO01
¢ LETQ!
AN RN E R R IR AR DA R RAR KRR AP A A SRR AR R NG NN RS bt AR RN R ARt AN AR ANk nt M0
[ UP TN STATEMENT a9 I8 FOR wING ALUNE CASE om0
Cit‘t.ttttﬁtttt"'ltti_ttt‘.tt.tt.t't't.t.ttiﬂ'tt'i.Qtitﬁt'ﬁt""tﬁ'tttttf)-‘lo1
[ NOTES IF WORAGa1, USE A MaxXTHMUM UF 140 PAMELS LRIB
c nMoy
IFLASYM (1R HODY ,UR FCRX,NE L, 0) GO TU 9 DMO Y
MSWRPaImM{NRe nMng
IF(LVSwP Ehi,u) GU 11! 2% puoy

c nuoy
T pMOt

31e
3w
3148
319
$20
121
827
328
24
328
32A
327
32e
329
340
331
332
133
331
53S
33n
137
$4A8
339
140
341
342
343
344
345
3un
347
34A
349
859
351
352
3s3
354
388
3Se6
157
(3L
359
In0
§61
162
1638
LYY
365
E1-Y.)
367
J6H
369
370
bRA
372
373
374
378
$7h
377
37A



oo

OOOOOOO0OD

c
?s
110
26
3
[
c
c
T4
Ta
C
¢
C

:EAD(Q,?!S) (YR(®J)aVSnLER(RJYpVSATER(KT) KiIz21, 'S RPY

Su DL FI=vELER(MSHIP)
S PTEAGVSATER(MSaNP)
N TY 28

LeY IT T~k SPAan=ISE LOCATTUN Db PANVEL WHS, yQ(I)In THE PLANFNOR®

O aHE
15 TWEY «FiE NOT READ IN ALFEADY

Ye(1)=z0,n
yYR{meseupPyzk2
DYSRR/MS» 2
Y10 1s2,u8aR
Alz=T=t

YR(1)s YR(1)eDyed]
SaPILPRz5eFP
8»PTEI2STEP
SPANRzZN?
CRPTz(WO

G TN &R

I6 «ITh STLESETF AND &ITAQUT 300Y,

Tra

YAAEN w[MA CEOMETRY LA it SELATIVE T LTHE BORMED BY

TUTERSECYIO (JF STREAMWISE B anE THEOUGH wI4G ROOT CHARD LR AKD

Wl OLANEIGa PLANE (A STQE Ama [SE LINF)

THIS bReoipkas OO gav ALY 9k U3ED FOR PELTYS

wlTwour oncy,

C T IHig

MIARPSUSaNed

> SalOzvSai sl
MSaP M S iet

MO eNPsMSANe

IF (=2DY) w T 74

TF (AT, 88Y1) G T9 74

TF (L uSak sk ey 1) T 50

SeRLERzSwi bPeAETAY

SAPTERZSaTEPeRRTAY

SePLELSS# EP+KETAY

SrRTEL =SwTEPeHETAY
CTP=CRP e+ (SLPLEs3I PwTEY

COPT2 CHPe(CISHETHSINRF TaTAM(SARTEL ¢NTNRY)
SPANILE (“2/CNG3A4LEPANTIRIICNS(SAPLELALTNARY

SPANBZ (R /0B (SALEPHNTAR) I #(NS(SWELFRADTARIACTPSINHET

GIY Ty Th
SET P GEAMETRICALLY AYMAFTRIC LAYeWT,

AP EITHALES
SRPTFUZSuTRD

§UPLEL 2Sat b O
S+PTFL=SwTED

f-8YzCup

SFAOzZRe

SPan 3x?

Cr-NTIVvuF

TE(NCOY 8N, 0) 6D T 7Y

CASE ENR VvERTICAL ~TING PANELS

16 (ANYY Gio T 715

naey
MO
DElIB}
nmoy
neey
Nany
Moy
DV
D01
Cwoi
nway
DEDR]
nray
PRA]
BRI |
0y
Huing
[BATIBY
HRDEL
DEXIBY
PDang
Dot
N0y
Duny
nmoy

M

D0

MO

Mot
DUy

Nuiy

Du0y
Nwy
RETTAY
D0y
RITE
[DRX(BY
DRIV
Dy
.)!40‘
RIZXB|
cuot

LR

DY
nMot
[NV |
IR
DARAI
o1
ar 0
[P LXER]
huny
ALVA
Dhay
RS
Dyot
Dvny
Neng
De0y
DLEIRY
BELY!
0001
hun‘

1719
150
&y
3K2
IR}
$44
85
33m
L57
4da
LR
39
3at
162
193
194
3193
396
§97
§98
399
TR
unt
a0
403
a0
qus
dyn
an?
R
409
410
411
412
413
41
dis
@114
u17
18
410
420
u21
ule
428
agd
u?2s
uee
427
428
429
$30
431
R Y
433
4su
435
43n
437
433
439
aan
gy

185



186

s NaXaNal

OO

IF (NOT ASYM) GO TU 7%

SwPLEaSwlLEVeALFA

S*PTEUSSWTEV+ALFA

SwPLENESwEVealFA

SwPTENaSwTEVealFA
CTPVBCRPVeH2VH(SLPVLESLPVTE) .
CRPTVICRPVRICNSALF4SINALFATAN(SAPTRUADTOR)Y)Y
SPAMUS(RAV/LOS(SWLEVANTOR) ) 4CNS(SWPLEUSDTNIRY

SPANDS (BRV/LLS(SHLEYaNTNIN) ) &xCOS(SHPLEDDTNRY4CTPVESTINALF

T8N T0 77

AT

T

hy

&n

61

sS

‘§4PLEUBS®wLEYV

SAPTEUBSWTEV
S~PLEDRSALEV
SEPTENaSATEV
CRPTIVECRPY
SPaANUSHY
§PAND=82YV
CONTINYE

"SLPWL Rz TAN({S«PLEReDTNR)

SLPWYRA TAN(SWPTER*DINR)
SLPWLLa Tan(SwpLEL®OTOR)
SLPwWTLs TaM(SWPTEL+NTOR)
IF (NCRX ,Ff,0) GO TU 44
SLPwLUaTAN(SwP L EUsDTND)
SLP4LNeTA:(SWPLEDRRDTYR)
SLP4TUSTAML(SWPTEU*DTOR)
SLPWTNETAN(SwPTEL«NTOR)
1F (LV84P,EQ,0) G} TO 6%

KEAD IN NON UNTFURM DTISTANCES TO PAMEL DUTHOARD znrrs,
1F ATTH A BODY, MEASURE FROM FIN RODT CHORD, )

READ (S,7138) (YRT(KI),VEWLER(KJI),VSHTERIKI),XJ31,“SwRPY
SYPLEQEVSALER(MEWRP)

SAPTEREVINTER(MSWRP)

S#PLEURSwPLER

S*PTFUESWPTER

SPANREYRT(MIwRPIYRT (1)

SOANLBSPANR

SPAMUSSPANK

IF (TRUYSYM AND, THETIT LE,D,) GO TO 68

1F (TRUSY™) G601 TN ol

wEAD (S,718) (YLT(xkJ), vSHLELlV').VSwTEL(KJ),xJ::,As»LP)
SwPLELsaySr LEL (MSHLP)

S«PTELE=VSHTEL (MSwLP)

SPAN{ Sea(YLT(4SWLP)aYLT(1))

IF (NCRX,EG,0) GO TU 48

TF TRUSYM™ 1S TRUE aND [kTERétGITATEO TATL IS YQEAYEO.-
0ATA 1S EXPECTED FNR THE KIGHMY UPPER AND LOIHER FINS

READCS,713) (ZyT(KI),VSHKLEUCKI),VSmTEL(KJ) ,xJnt,3%1P)Y
SAPLEUSVSWLEU(MSWIPR)

SWPTELUSVSeTEU(MSHUP)

SPANUSZIT("SwUP)e2UT ()

1F (TQuSYM) GO T 68

PEAD(S,718) (20T(xJ),vSwLED(XJ)sVS~ 1E“(KJ).‘III-“S‘DP!

SwPLENevS*LED(MSWDP)
SWPTEYZSwvlaTED(»SVDP)
SPANDTe(ZVT(MSWDPInLDT (1))
LN 10 &8

CONTIHLE

oMot
IM0 Y
Mot
NMot
oMot
oMo
Moy
D401
nDwot
DETR
V401
Dm0y
DMOY
DuOt
OHot
NDMO1
oMot
OMO01
OMO1

BV L

DrOY
MOt
DMO
DM0 1
oMo
DIItEY
oMO L
DMO\
D%0 Y
D“01
LIRY
nuo1t
DMaOt
Mot
Duat
pDMOt
DRJIAY
Moy
401
D¥ot
pMOt
DMOt
NMot
DI
DL
DMO L
DR
OMO1
nmot
DMOY
Moy
DLIVA!
Omay
DMO1
[PLD X
Nnuot
DLIAY
onet
PRI
DMy
DRI
DADR!
DLTRY

4q2
443
4ay
4as
ade
uu?
d4dA
449
4s9
a5y
452
us3
4S4
45s
45s
ns7
4S4
459
460

4ot

dn2
ueld
dod
465
466
487
VLY.
4h9
479
47y
4r2
4713
474
a71s
47n
4r7
478
479
48y
481
uap
4ny
4Ry
4as
484
487
48A
B9
490
49y
492
'CXY
494
495
49e
u9y
49H
499
S0n
501
502
S¢S
S04



[2 N aNaXyl

ano

S5t

52

7

b4 2

5S
68

29
2R

Ro

L3}
84

LT

8

EDUAL SPANWISE wIDTWS, CONSTANT SwEEPS
PANELS IN HDRIZONTAL wING SURFACES

CYRT(1)e0,0

VRT(MSWRPIBIPANRGYRT (1)

DYRBSPANR/MSWR

00 51 Im2,nSWR .

Alaley

YRT(T)sOYQwalevRT(1)

IF (TRUSYm  AMD, THMETIT,ER.N,0) GU TO 68

IF (TRUSY™M) GD TO &7
YLT(1)=20,0
YLT(MSWLPIB®SPANL+YLT())
NYLBSPANL Z7HSW|

0C §2 132,M8nL

alzlet

YLT(T)3aDYL *AT4YLT(1)

IE (NCRX,FEA,0) GO T pé

PANELS Iv VERTICAL PLANE

T(1)=c,0
ZUT(MSWIIP)2SPANUCZUT (1)
NZU=SPAMLIZIISWUY

DN SU I32,M8WU

Alelet
ur(raanzuaﬂlozurtx)

1F (TRUSYM) GO TU 68
I9701)=20,0
INT(MSuNPYs=SPAMNDGZDT C L)
DZIDSSPAND/MSwD

N Y% (g52,m5+D

Alzlel
INDT(1I=eDNZD*ATSZDT (L)
CONTINUE

1F (LVSWP £8,0) 60 TQ 79

TF (aSYM OR,BORY, (R NERX,NEL0) GO TQ 28
*PITE fa,70u)

wRITE (&8,7%2)

N 29 K=1,M8nRP

WRITE (6,733) X,YR(X), VS~L59(K) VSWTIFR(K)
Gn T 719

WRITE (6,784}

“PITE (6,732)

PO RO Km1,MSWRP

YRITE (6,733) KyYRT(KY,VSSLER(K),VILTFR(K)
IF (TRUSYM aMND, THETIT LE.0,) GO} TO 79

1F £TQLISYM) 6N TU 84

ARITE (6,735).

DL B1 K=1,M8aLB

WRITE (6,738) KyYLT(RY,VEWLEL(%),VSWTEL(K)
I¥ (NCRX,EGC,0) G TU 79

wRITE (&,7386)

DG B2 xet,~3alp

«RITE (6,733%) Ky ZUT(KY,VSWLEUIK) ,VENTELI(K)
1f (YRUSY“) GO T 79

WHITE (6,737)

ne 84 xst,%8wDe

WRITE(6sT738) X, 20T (%), VEaLEN(X),VEnTEN(K)

o“01
D01
D401
DMO Y
oMo
DLIIRY
LLTEY
oMUt
DMO

T OMOt

HETRY
OMD Y
DMO L
bDMOY
DMO Y
DMO01
OoMQ 1
Mot
LIS
Dm0
DMO
Mot
DL
NMO1t
OMO L
DMO Y
nMot
0m01
PLTIRY
oMo
NDMO t
DMO1
DMO 1
oMot
NHOot
DLV
NMo
DL
oMO
DLIA]
DMOoY
DLIVBY
OMO Y
D™D
0OMO
[P}
DMOt
BLA'BY
DMO}
OMO Y
DMO1L
DLIA
Mo
DHUY
oMO0
oMY
oM01
MOy
DLUB!
LET ]
DMy
DELEE
om0t

‘520!

S0S-
504

So7

8§13

509

510;
S1t
512
513
Sta:
5158
S16
517
S14
519

St
522
523
$24
52%
%26’
5eT:
Seal
529:
S3n
531
542
533
S34
535
534
537
538
539
sS40
Q41
542
$43
S4u
545
S46
547
S48
Su9
550
551
552
551
554
555
556
557
554
559
S60
561
562
563
564
S6e8
566
567

187



188

s XaNaNel

(s XaXaNeNaNale ol

aon

79 CONTINUE

LAY®QUT BLEMENTAL PANELS NN wING ALDNF,

IF(ASY™, 08, 40UDY ,UR NCAX NE 0) 6N T §0

CALL LAYNUT(SLPWLE ¢SLPWwTF YR ,»8uRP,(RP,1,LTP,PNTE2,THETIR)

1F (NOUT EQ, 1) wRITE (6,715) 83YM, TLRNC,LEFT,RODY,NELTS,TRUSYM,
NUSY™

G Ta 53

LAYeNUT FLEMEN fAL PANFLS 08 THE FING,

NOTES NIST2nCES YRT,YLT,ZUT, DY AxE “EASUKED Funm THE FIN QiINT

CriIANS 18 BODY IS PRESENT

§0 CALL LAY(WUT(SLOWLR,SLPwTIN,YRT , MEaRP ,CFRPT, 1,010 ,PH]FR,THFTR)

1F (NOUT EQG3Y WRITE A, 715) 8SYM,TLRNC,LEFY,RANDY,NDFLTA,TRUSYH,

INDSYN

16 (NCRX NEL0) CTPVaCTP
IF (TRUSYY AND, THETIT,LE,0,0) 6d 0 a2

IF (T9USYM) GO TO A3
CALL LAYNUT(SLPALL,SLOwTL,YLT,»SwiP,COPT,2,CTPL FHIFL,THETL)
1F (MNOUT,EQ 1) “RITE (5,715) ASV“UTL””C’LEFY'RHDV'DELTAnYFUSV“O

fHNNGYM

1F (HCRY,EQ,0) GU TIY 42

63 CALL LAYNUT(SLPALU,SLRATH,ZUT , MSwUP,CRPPTV,3,CTPV,O0HTKU, THETL)

1F (NOT  kR,t) »RITE (5,715) ‘SVP TLRMC, LtFY,“ﬁhV.DﬁlTA TRUSYM,

1HOS Y

1

1P (TRUSY™) GU TO &2

CALL LAYNUT(SLPNLD,SLPWTD,ZNT MSalP,CVPTV,U4,CTPVD,PHIFD, TFETD)
IF (NDUTY BGel) WRITE (6471S) ASYM, TLRNC,LEFT UODY(DELTA, TRUSYM,
MG YN

LAYeNUT HNOY INTERFEWRENCE PANELS

62 TH(MADECR,EY,0) GO TU 53

1

CALL LAVOU'(SLp‘LEcSLDWYEDO.OONRDCRcH'Lgﬁrogoﬁoon.)
TF (NOUT EGe1) #WITE (6,715) ASYM, TLAMC,LEFT,BUDY,NELTA, TRUSYN,
NOIGY N

S$ CONTINUF

Sk

1

*RITE(B,TO1) CTP,CFP,H2

1F (Lv5ub BN, Y) #RTTECH,719) SwLEP,SuTEP

SRITE (6, 702) FMACH,ALFAC,PHT,ALFA, L TAY

IE( NOT,ASY") GU T Se

WOTTE(A,722) 3PANY,SPAN|

TF(NEPY  NE ORI TE(8,727) SPANUL,SPAMD

CONTINUE

4&TTF (A, T723) COPT

TF(NCIN,NE L N) SRITE(A,721) CRPTV

IF (HMOUT “EL,1) G T1) 7813

WRITE(6,704)

wRITE(6,7030)

“RITE(6,708)

RITE(S, 7o) (J,XLF LNV, YLLC (I, zLF(J),XL“(l).VLC(J) ILB(JYKRF(JY,
YRC( IV, 2RE (1Y, xP8(J),YPC(J),LRK{J), 031 ,VRP)

> LI A
D0t
LA
nvoi
oMOtL
DLIBY
LAL
nvot
D101
BMOY
Duo01
DMO1q
DMOY
Doy
DRTTAY
Q1
MGy
NHO 1
oMyt
LT R
D"0t
0ovot
LLTRY
MO
BRI
Doy
0ot
nuot
nvo
DHO1
om0
DLRY
Duoy
nmMpy
DET
nunt
NMOY
oMO1
DETiX]
D~01
pMN Yy
DMOot
nMQ Y
Doy
D401
DR
NMo1
OM0t
Nn4ot
DL}
[Pl B
o~01
oMO
0401
MO
DLItAY
(VLR
Dm0
Nvot
[NLT/R]
N0
n4aty
DLYB

S42
5569
570
S71
572
57§
S74
574
S76
577
578
579
40

581 °
Rde
LE¥ ]
SR4
545

Sés
587
S84
S89
590
591
592
593
S9u
598
596
897

598

599

‘a0d

a0
h0p
603
60d
60Y
[ DN
a0T
608
609
610
511
512
613
6lu
618
6ln
h17
~L13
h19
hZn
LYY
622
n23
a2
625
626
627
628
529
a3n



(e Na X

(2 XasNaNaNal

OO0

1F (TRUSYM AND, THETIT,LE,O0,) GU 10 7%

IF (YQuUSYM) 6N TO 78

“RTTE(A)709)

ARITECO»T06) (JoXLF(JYsYLE(I) L ILF(I), YLE(J)-VLC(Jla7LB(J) XRF {J),
1 YRC(J)ZZRF(JVpRRBUJV,YRE(J) 0 ZRB(J ), JENAP L, 1P )

TF(NCRX,EG,0) GL 10 74

T3 #ARITE(6,T710)
WRITE (e T706) (JpXLFC(IY2YLCCI) hZLF (I o XLBCI) o YIL,CCJI S ZLB (I, XRF (J),
1 YRC(JVZRF(JY»2HB(JY,YRC(J),L/B(J),JaMuP 1, M4P)
IF (TRYysYM) GO T0 71 .

ARITE(S,711) .
4RITE(6,708) (JolLF(J1 YLC(J) ZLF(J) *LRCJ) YLCCI) , ZLB(J) L XRF (I,
1 YRE(J) S ZRF(J) o XRB(JY»YRCCJ),ZRB(J),JaN3P L ,NPANLS)

71 IF.(NBDCR,EN,0) 60 10 72
KRITE (6,726
wQITE(6,7039)

NRITE (6,700) CJsXLFCI)oYLCC(I)»ZLF (), XLB(JYYLE(T),ZLBLJI) »XRF (),

1V9CtJ).ZRF(J) XER(JY, YRC(J)»ZRU(J) »d= NPANLD.NNBD)
ARITF (6,71 T)
WRITE (6,718) (J,SwPPLE(S)Y, SwPPTF(J\nJSI.NwHP)
G T 7813 )
T2 WRITE(H,717)
JEITE(6,718) (J;SNPPLE(J).SWPPYE(J) Jcl.NPANLS?

TALS CONTINUE

Y

INPUT THICKNESS DATA, PRINT INPUT VALUES, AND LAY
(UT SUURCE PANELS ON FINS.
SURRNUTINE THKIN READS IN STREAMAISE THMICKNESS SLOPES,

TF(NTHAT EG,0) GO TU AR
CALL THKTIA

CALL THROUT

CALL THKLYT(CHRT,0)

TF(ASYK) CALL THRLYT(CRPT,1)

IF(uCaX,EN,0) GU TO AA

CALL ThLYT(CRPTV,2)

1F(ASYM) CALL THKLYT(CRPTV,3)
A8 CONTINMUE '

INITIALIZE HODY INDUCER VELOGITIES AND VNRTEX INDUCED VELOCITIES

Nl 10 KMzE1,150
VVRTXCKM)Z) 0
AVRTX(KMYSU 0
uOYCk™MYS0, 0
HDV(K*)=0,0

10 AdmIK4Y=N 0

N1t 161,590
VVEL(TI0)S0,0
19 «VEL(IC)I®mO0,0

weEN NEPOUT NOT ZERI),
PUT WING D@ FIN CONTRNL PNINTS AND RANY xnr;nrﬁb&nCF PANEL
ConTRUL PHIVTS IN DATA SEY N TAPE 4,

D"0t
MOt
oMo
oMO 1
nMo
Duo1
[DLE/B
DNO\
oqox
DH01
DLIB
nvoy
oL/ B
DMOY
Duot
DMOY
PLEX!
LB
DMO1

DRI

oMot
oMO0t
om0y
bMOt
oMot
LIS}

DHO1

Dm0
001
NMay
DMO
nMot
DMO§
DMOt
oMot
no1
Dm0t
oMot

nMot

DEXI]
OM01
DAY
oMO1d
om0}
DMOY
nmot
[AL/A
oMot
Moy
DLEB
D401
DMOYq
p~01
DL
oMoy
DY
n4oq
om0t
%0}
nmoy
0“0l
LR
oMot

b31
632
53%

634

635
636
637
658
639
H40
hut
LYy

643

[.Y'Y)
6485
17}
447
648
649
650
651
652
683
s54
85%
a%6
857
h53
659
XD
661

s6e

o6l -

664
h6S
.Y.X-
LY-X2
663
669
670
XA

hT2
673
674
875
676
677
678
679
~80
681

682
583
684
685
688
wl7
L1.1:}
689
w90
691
~9p
694
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ﬂ(1('nf\ﬂf\ﬂ¢ﬁﬂ(\ﬂ¢1ﬂf\ﬂf’ﬂ;fﬂ

c «anM0t
C SPECTAL PuURPOSE CORE ME~NORY ECONUMY SECTINN FNR HCS AHOD $OMO Y
c SET CURE RFNUIREMENT RASED ON LFL PLUS FYN(NWHP,NwHP) *DMO ]
c NOTES ALREADY SET FVN(LDY, LIS
c *DMO |
. MEL TOTSLFLeNWHPaNWRPe | LT

CaLl REQFLIMFLYUT) : Mot
[ ' LD LIVEY

_C'ifﬁ"‘.itt‘ttﬂttii""t.'ﬁﬁ'titt'i't!'tt‘t'tttt‘itﬁiiﬁiﬂliﬁ'iﬁﬂiit'ttibﬂo1

oMot

SET UP TNFLUENCE COEFFICIENT MATRIX D401

IT IS TwE (HS OF THE FLOW TANGENCY CONDITINN, Dvoy

NOTEY THe R,C, STATES THAT VELUCITY nMORUAL TO) THE PANELS uST oMUt

HE ZEHU. hEL R
THEREFOHE ALL VELOCTTTES ~UST BE TRANSFORMED INTO INDIVIDUAL DEL A

FLAP CNNDRDINATE SYSTEM, 0M0 ¢

. PRI

_ I 3]

CALCULATE TWHE INFLUENCE OF EACH PANEL N BAGKH CONTROL PDINY : oMO1 -

TI AND IF ARE ThE LIMITS FOR SUMMATION OF THE INFLUEMCE FUNCTION Dm0

IN SURROUTINE VELNOR Mot

1F 11 = 1F, VYHE INFLUENCE OF 4 SINGLE PANEL AT & POINT RESULTS Mo

AS IN THE COMPUTATION UF THE -ARRAY FUN, 1IF 11=1 4NN [FanwHP, DMO {

THE IMFLUEMNCES ARE SUMMED OVER ALL PANELS, A8 IN THE COMPUTATION 0ODMQYy
RESULTANT VELOCITIES BHELOw,, 44 DAL

bLI/RY

mee 1 1S THE JNDEX OF THE IMFLUENCING PANEL o DHO 1

ALD!

DMOYy

JJ=0 DMO 1
MOCPTS) nMot

D0 450 I31,NwAP - . DMO

1137 DMO L

1Fa} DMO 1

C ’ nHo
c J IS TWE INREX OF THE INFLUENCED PANEL,L,E, 1TS COANTROL POINT, Nyt
¢ - DHOY
0O 428 Jat,uwHpP ) Nt
JBeJeNPANLS . DHOY

CALL VELAORIXCRTEJ), VC”'(J).ZCPT(J)) .- .. DY01Q
JdsdJet DMO Y
TFLILENPANLEY GD T ut? LT R

¢ . : - DMO1
¢ TMFLUENCED PAaNFL IS 0N THE BODY INTERFERENCE SHELL, ) 1ot
.c DMU 1L
CALL ROT4R (VCHK,wCHK , YV, wa, JR) Dudy

GO T u1R 0101

¢ : LEDN]
4 IMFLUENMCED PANEL 'S NN A FIM, nMoy
c 0191
LT TP (J LE NHPY PHTFaRHTIFREDTNR DMOY
TP (JWGT, MHP AND J LE , NPALS) PHIFS purFU:DTnn - DbH0y
cagg QOT&F(VCHKoanK.vJ-ﬁwapﬂlF) : . buoy

W18 FVh(JJIraww : . OEDE
42% CONTINYE nuot
430 CUNTINUE ’ M0

c DME
[ DERUG NUMP NF THE FVN ARPAY NMo Y
c Mot
IF(NFVRNPR ER,D) GO TO 6tH . pMOy

wWRITE (5, 707) : nMo Y

CALL NUT(FVN,ANWRP) om0y

‘618 CONTINUE ; om0y

834
437
H3R
339
Y: )
s34
8u2
844
R4y
s84s
BUk
RU7Y
8uR
RU9
RS0
881
ase
A%y
RSy
855
1YY
A5y
R58
A%9
860
861
LY X
Re§
86y
ALY
866
Re7
RbAR
869
[ RD)]
BT
872
W73
R74
ATsS
ARTH
877
a78
R79
A80
AR
LY
AR



¢
c
c

¢

aconnnoaan

ocOoO00000

27

caLl LINBASINWBP,,FVYN)

1F (NAGAIN,NEL1) GD TN 9000
JHAXENWAP A2

REWIND §

RUFFE® NuT (3,1) (FVN(1),FVYN{JHEX))
NAGATNSMAGAINSY

1F (UNIT(3)) 27+27,27

CONTIMUF

GO TN 9000

CASE FOR NAGAIN GoT, 1, SET REQUIRED FIELD LENGTH,

30

9000

3880 JH4AXzMWRPawn?

MELTOTSLFLSAWRPENWAP e
CALL REGELC(MELTOT)

REWIND 3

BUFFER IN (3,1) (FVN(CL1),FYNCJIMAX)Y)
TE (UNITYE8Y) 30,30,3%0

CONTINUE

CUNTINUE

SET P SINGLE COLUMN MATRIX. RMS FOR RIGHT Hann SIDE
1T REPRESENTS THE EXTERNALLY INOUCED VELOCITIES AND ANGLE UF
- PITCH anp SIDESLIP EFFECTS 48 WiELL 48 FIM THICKNESS, :

"OYFI N} THEICKMESS EFFECTS ACCOUNTED FOR IF rnrrnnxGIrATeo FINS

1607

608

601

‘602

ARE COMSINERED,

1P (NVLIN,EQ,0,0R,ITATL,ER,1) GO TO 607
REwInD 7

wRITE (6,747)

CANTINUE

CASE FNR wING OR FIN ALL AT SAME ANGLE AS RNNY

READ IN VELODCITIES INDUCED HY MOVING VURTICFS (CALCHLATED HY

PROGRAM yPATHY AT AL COLSTANT UsVELOCITY PANPL CANTROL PRINTS,

LFEDELTAY 6D TN 627

D0 620 I=l:~N8P

1Cel

IF (NVLIN,EG,0,0R ,ITAIL,EA,1Y) 6O TO 608

READ (7,746) ICoXCP,VvEP,LCP,VVELLIC) ,AVEL(TIC)
wPITE (H,T7U%) IC,XCP,YCP,ZLP,VVELCIC) ,WVEL CIC)
CONTINUE

WEXT=SINALP+RADWII)eAVRTXLI)+uVEL (1LY
VEXT2=QINRETERDV(IY+VVRTX(TIY&+VvVEL(IC)

1F (1,6 ,8PAWLSY GO TR a0l

IF(ILE,1HP)Y GO TO 602

LF (T, ENPANLS) GO TN 604

Qn8(I1306,0

GN T 20

PHIFZPMIFR*UTIR

CALL RrTwk (VEXT,WEXT, vV, aw,PH]F)

T RMS(T)zeuk

&y

GO TP 20
PRIFZPNIEHADTINR
CaLl SOTwF(VEXT aEXT,vVyaw,PHTF)

ULIA|
OMO
LLTR
DMOy
LD B
LIRS
nMo Y
DLV
DLEE

'Ctﬁa.-gtoc'ggq.qcttngtﬁtttttttttatttttttt"'titihtiﬁﬁtttta.ﬁtiattﬂlt:ti-DMOI
LDLIRY

nno Y
DMO1
OMOq
D%01Y

nxD 1
LA B Y

(A Y Y Y Y AL I R T e R R Y R R N R R R e R R 2 AR R R L]

LR
[PET/RY
DMO L
DMO
DMO g
OMO 1t
DMO Y
DL
LA/ RY
Ny
DATIBY
PLUTIBY
DELB
DLIVE]
DMO L
oMot
DT
Mot
Dunt
LY B
0M0 ¢
OMOt
Omaoy
PMYY
LA
Mo
Dot
DM §
om0
DMO
OMO
LI R
Mot
DLYIRY
DMO1t
PLIBY
OMO ¢
DMOY
DMp Y
Dm0t
DMot
DMot
OMa
nuyot
Dot

884
a8y
LY
ARY
LY
agq
&890
A91
B9
893
A9u
A9

849

A97
898
899
909

90y

902

903,

Q04
905
904
Q07
V8
909
910
911
912
913
914
91s
91s
17
914
Q19
920
921
922
923
Q24
925
92s
927
928
Q29
930
9%
932
933
934
939
CET-)
9v7
3R
939
94N
941
94?2
Uy
Syd
94S
QUYs

193
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o000

SO0 0

2N Na Nyl

420

62?7

606

6%

[T R]

642

643

S4d

ads
646

90

LA

RNS(l)gaui
COLTINnE
GO Tn s4e

RIGHT ®AMD SIOF FOR WINGS NR FInS TILTED wITH RESPECT 1O HIDY

CONTVUE

M) €45 Ka),NaBP

TCex

IF NV IN EQO0,NR,ITALIL,FR, 1Y GO T0 606
READ (7,748) I1C,XCP,YLP,2CP, VWELLICY,WVELITE)
“RITE (6,70%) IC,XCP,YCP,ZCP,VVEL (IC),wVEI CTC)
CONTINUE
VEXToeSINHET4RNDV(K)SVYRTX(K)+VVEFL (IC) .
WEXTASINALF+RDW(K) emvaTX(x)ewVEL(IC)
IF (K GT ,NPANLS) Gf) Th @03

IF (M LE,NRP) GO TO 609

IF LK LE NHPY G YO edp

T (R LF ,N3P) GO T o4}

TE (X LE,VPANLS) 60 TD 44

RHS(K)E0, 0

60 TO e4%

PHIF=PHIFR4DTOR

CALL ROTAF (VEXT WwEXT,VV,ww,PHIF)
RHS(K)zwuveSIN(RDELR)

GU' T au§

PHIFSPHTH ADTOR

CALL ROTWF(VEXT,WeXT,yV,wiw,PHIF)
PRSIKYamuwweSINCRDELL)

GO TN 64y

PHIFaPWIFUISDTOR

CALL MNTWF(VEXT wEXT,VV,ww PHIF)

HHS (K )sewweSIN(RUELLUY

G TN sus

PHIFRPHIENADTOR

CALL RRTWF(VEXT,wEXT, ¥V, W, PHTF)

WHS (K zewweSIN(RDELNY

CONTINUE

CONTINUE

ADD IV PERTURBATION VELOCITY CUMPOMENTS [MDUCED HY FIM
SOURCE PANELS AT TWE RODY INTERFEREFCE PAMEL CONTROL PNINTS,

IFCHTNAT EG,0,0NR, (NOT KUDY) GO TU 91
1173y :

IFTantwP

D0 90 KaNPANLP,Nwlip

MJjak

CALL ThVvEL(XCPT(K),YCPY(K),ZCPT(K]))
KBaKeNPANL S

THU(KRY=TCHK

THV(KB)2VTLrK

THw (3 )zwTCHK

TNELUENCED PabglL IS & BIP, RESINLVE wINGeFRAME
VELNCITIES INTN BIP FRAME,

CALL RNTAR(VTEMK ) WTICHK 4 VT WwT,KR)
RHS(KIERHSIK)wwT

CUNTINYE

Gd T Q2

NN 9% waNPANLP ,MsHP

(HREKeNPANEL S

THU(XR)=N,0

TRV (KRYZa,0

HMJy Q47
DYy 944
DMOoY Ju9
Mot 9450
Dw0t1 981
Dngy 952
M0t 983
N8Oy 954
DHMOt 9545
0491 956
DMO1 997
NMQ0t 958
N«“0y 989
N0y 940
D401 9s1
ov01 962
Dm0l 963
Crot 964
OM¢tl 96S
DmMO1l Qbs
DM01 947
DOl 968
N+0y 969

~DA3L 97

OMO0l QT
N¥Yy 972
DMOY Q973
DMyl Q4.
DMNnY 975
DMOL 9Ts
oMol 977
401 97A
N0l 979
DM01 989

T DMDY 98

D10y 982
Nuat 983
401 SA4
DMy Q8S
N0y 986
) 9R7
D40t Q81
DMy 9809

- Doy 999

Droy 99
Droy 99
oMNy 993
nMot 994
DHat 995
"0l 994
Duny Q97
omoy 993
DM0} 999
nMot1000
OMO1L1n0Y
cHotinu?
DrMA1100s
DMQ11004
0Ma1tnas
DHa110as
DLLERYIT R
LGETIREIL

G ELIREY L)

LI RE BN



9y THA(KH)IEO0,0 . oMot1011y

aOO0OnD

oooOnonn

92 CONTINUE oMOtlo0t2

c bmMot101%
1F (NNUT, NE,0) WRITE (6,728) s b“p11014
1F (NOUT, EQ,0) GU T 648 OMY1101S:
WRITE(H,729) (K)RHS(K)sk31,NWBP) O~011014°

648 CONTINUE ’ nMoy1017
CALL SNLVE(RHS,FVN,NWRP) ' NHO1101R

1F (NOUT, NE,0) wRITE(s,738) - . LLIB BB R

DO 630 131, uwER ) o B ’ . 0M011020
DEMONPIRHS (1) *CONST s L . v . : : 0011021
PELTP (1)3DEMUNP . oMO0110622

IF (ARS(DELTP(I)) oL T,1,.,%E=10)" DELTP(I)HO O - . . NMO1162%

1F (NOUT,EQ,0) GO TO 430 . . . DMQLIN2d

’ LPITP(0.7£9) 1,0ELTP(T) :>v . - nvo1102%
" 630 CUNTINUE nNMOL1026
Ctttttcnataaa--tatttnﬁotttnoatanttattatt'-nt-t'tot*ttatetattataatﬁgaatttoﬂo1!027
c REDUCE RENUIRED CORE ALLOCATION BACK YO LFL S12¢ : . *0M011028
c : . . . ) *0M011029
CALL REQFL(LFL) . 0M011030
wDM011031
Ct-tﬁﬁntt'tt*tnttﬁttatttattgtt'tntttqtttﬁaititti-t*tgti‘faatt*atattao’atowoi1052
OM011033

PRINT CANTROL POINT CNORDINATES OF THE CONSYAUT U-VELOCITY PAMELS DMN1103d

(1N THE wING UR FIN SURFACES AND THE BXTERNALLY INDUCEC . DMO1103S
VELOCITIES AT THE CONTROL POINTS, ) DMO11086

: To9M0110387

. DMo11038

WRITE(A,708) NCW)MSWR,MSWL MSWY,M3uD oMN1 1039
WRITE(H,705) <J.xcpr(J).vcpt(J) ZCPT(J) BDU(J).“DV(J).B"W(J)o DHot10d0
TAVVRTX(JY, wVRTX(J) ¢ J31,NHPANLS) R puotioay
TF(NOT,ANDY) GO TN o%5 . . nmo11042
AaRITE(6,725) ] DMO1L1043

PO 650 KaNRARNLP)NwgP . oMOt1N4d

650 wRITE(6,705) K,XCPT(K),YCPT(K),ZCPT (K, THU(KeNPANLSY, 0MQ1194%
1 THV(heuPANLS) ) THW(KaNPANLS) DM011048s

655 CONTINUE . DpMOtl0uy
DMOtINYR

NM0110U9

: S ) nMO11050

CALCULATE LUADINGS ON THE WINGS OR FINS-WITH LIMEAR PKESSURE DM011051
LUADINGS OM011052

T DMG110S S

1F (NPRESS,.EQ,0) CALL LDANPS . : NM011054

. DMOI1GSS

* ovo110Se

\' NON LINEAR PRESSURE LNADING CALCULATION PDMO11057
NVRTBL g0 MEANS EXCLUDE VORTEX INDUCED VELONCITTIES PARALLEL TO »ING DM01105A
SURFACLES ' ‘nM011059

D01 1060

21011061

) oM011062

1F (NNLINP,NE,0) CALL SPECPR DU011963

S v ) ) DMO11004d

CHANTINOE CALCUILATIUN NF PRESSURES UN THE RONDY MERIDIANS IN THE DMO11065
BEGINY AFTY UF LEADING EDGES NF FIteRODY JUNCTIONS, nM611066
ROYAFT 1S ESTRY POINT IN SUBRIUTINE HDYPR DMO119067

‘ . . . DhMO110068

1F (BODY, ANDNBOYPR(NF,0) CALL BNYAFTCITAIL,YST4RT) . D“0i1n69
PHO1tOT70

. orottnTy

GO TD Q@9 DMnt1n72

END ) pDM011INT S
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O NOOOO

[g] N g 3N

o on

o000 0o,

[a Xe Xa)

QUHRALTINE HDYGEN DRDF4
) pLIJd

VERSTOMIREMONS, boMO2
0MO2

THIS SURROUTIME DETERMINES STRENGHTS DF SUPFRSOMIC LIMEARLY oM02
VARYING LINE SUURCES/SINKS And LINE DNUBLETYS TO MADEL A 80Ny NF DmM02
REVOLUTION AT GIVEN [NCLUDED ANGLE GF ATTACW AND “ACH NUWRER, M2
DroQ

NIMENSTION A(100) DMe2
. ' ’ 0pao?

LOGICAL ASY“,DUMBDY,DELTA,NNSYH D02
’ DMO2

COAPMNAN/NME/DUMY (0U02) ) ALF R, ARWING, B2, DUNR(9) ,FHACH,RR,DUME(D), D102
1 TLRNC, TIPY,1NTLR,DuUMa(18) , oMo
2 HRIP,DUMS(2),MDRAG,NUAE(Ud) ,NOCPT s POLTINP,NMIIT ,WPANL S, NPRESS,MABP,DHO2
2ASYM,DUMADY ,DELTA,NUSY™ BLA P

COMMNG/Ten/TX(161),UARCI0L),UBS(101), VANCINY Y, VHS(101),VIBOC101), D4n2
IXENDY (101, 7s0IDY(10]),RPROLY(101),DRPX(100Y,T(100),TC(1C0).COEFF .DMOR
2(S),BCONE ,BETASQ,HSA,RANTUS,REIRLD s PUMT L, v, VT, LNOSE,HALH,11ACHSE, DYOR

3BETA, XFTELDIX2,LBUNDY,NXBODY Dup2
COMMNN/WRTR/THTI(125), XulE 0m02
COMMON/SPSANG/STNALC, COSALC,SINPHI,CNSPHT , D02
COMMONZWHTRIZXF(100),%F (100) - DMO2
DMD2

. 0402

REAL MACH,HACHSO,LNUSE,LHODY, | BIDYR - . , D402
. o 0402

INTEGER BCODE DMy
. - DMDP

} D™D 2

NAMELIST/HODY/NXBUDY,LMUSE,LADDY (RCIUE o nHy2
D402

DMD2

nHo2

6 PURMAT(Jd,F9,4,10611,0) HELES

227 FURMAT(1wOD, 5s~v&anITrFs INDUCED OUN BODY BY RADY LINE szFULARI7I€DM02
19 FOR MACHS,F T ,U,SA,6HALFACE,0T,U4//720X,12KRNDY SOURCES,?S5%X, 13NANDYDHMO2

2 DnURLE'So//QxIlﬂllsxnlf‘U'lCX,lNV'l')XJe"‘VNpQXolHUoQKliHVoIO‘o DmQ2
3 2KMVT, 4Yx,2nVN/) 0MO2
T00 FORMAT(1x,e(1H=},22R3Nn0DY DEFTMITICH POIMTS,7(1He)  SX,10(1Ha), . . DM02
1 14HEOANTRNL POTATS, 90 1ha) /3, 1H],0X SHYSUDY, b2, 5HRANDY, 5., DHO2
2 AHRPRNODY s 12X, 2HXF y9X , 2HRF , 06X ,8KDR/DX/ /) IM02
TOL FORMAT(IN, T3, 10, F 10,0, 1X,F10,4,1X,F10,0,4X,F10 4, 1X,F1n,4,1X, DMO2
1 Flo,4) ' . DMo2
702 Fﬂnuar(?ox,aoua-nREVTan Lavnutﬁta/) hELYA
703 FORMAT(IHT) OmMQ2
704 FURMATY (//,3X%,54HR0ODY MERINTAN=YSUDY NNSF “aCH CONE INTERSECTION ATNMYQ
1 xis ,¢F10,57) 0402
790 FORMAT(1HY,H9MLHNYSICAL DIMENSIUNS LF RODY AnD LINE SIMGULARITY STRDMN?
1FHGTHS QEPRESENTING THE BODY AT MACHE ,FT7 _ 4,5, 7HALFACE ,FT,4/ nMo 2
2 OX,IHX, 12X 1N, 11X iSHDR/DX, 12X, 2HT X, 10X, 4HTCTY,10%,55TC(L)) - DMO2
a01 FORMAT(14,P9,4, 5615,%) ) OMo2

B02 FOPMAT (1A1,48HRUDY KALTUS TNN LLARGE IN RELATINN 1O RODY LENGTH//IDMOQ2
BOSY FOQMAT (/775X ,A3RMACH AINEenGDY ~MERINDIAN INYFQQFCTTPH MOT FOUND AFTNRMQD

1ER 100 TR1ALS///) . oMo
brM02

. DMo2

MACHBFMACH LTS
RaDTLISaRA Dm02
. . DM0p

READ MAMELIST BODY DLY P
E Ny

Cd NT & &




(2 2aNsRakel (s NaXs] [a XXX o)

(a2 Ny Na Nalal o000

Nz Xz Xz N3l

READ(S,BODY) puo2
DMO2
nHoP

WwRITE(H)HNDY) nmo2

TR (MXRODY JLE L0, UR AXBNDY GT,101)MXBODYSH Y oMQ2
Mo
or02

INITI4L1ZE DUURLET STRENGHTYS | D402
DMoR

. 00 103 1at.NXBOOY puo?
193 TC(IY=20,n nN4n2
N DM
CALCULATINN NF AERODYNAALC 0ATa DMO2"
o402

MACHSDBUACHEMALH NMe2

BETASRaMACKSOef 0 Droe

RETAZSART (HETASK) DRT P

ALPHAGASIN(SINALC) oMQ2

ALFACEALPHARST 2957795 D402

NaNYR(IDYw} DMO2

XanDY(1)=e0,0 DMO2

XBODY (NXBNDY)aLAQLY puMo2
DLY
nMo2

HatL ”HY 1+ mAacH CONE BHOM NOSE TIP (IFS IMSIDE THE E~TIRE LENGTH DMO2

nF THE BODY oMe 2
oOMge

IF (BETA#RALTUSGE,LANDYY 6N 10 200 Mo

GN 1N 204 DM

200 WR1TE (6'804) pMo2

ST0P oMo

200 CONTINUE N4o2
oMo02

SETUP N'F PNINTS 0OV BUDY Ax!S BY OIVIDING HODY LENGTH INTO N ETJUIAL oM02
SEG“E~78 T ) oMp2
. DMQ2

DELELANDY /N LEDY

DO 3% 1%2,M oMp2

$3 XAADY(I)=XWNOY(lel)+0EL pMOo2
’ DMoe2

' nNMo2

CALCUILATION OF BUDY RADIT AND STREAM WISE SLﬂPtS AT THE X«STATIOMSDMOZ2

A THE AXTS PNINTS, NM02

THMEY ARE THE COORDIVATES anD SLOPE- AT THE ANNY QEFINTTION POINTS 0OMO2

© DM

D0 34 1=t ,NXHDODY Mo 2

I8 CALL RODYR(XBODY(I) +RBODY (1) ,RPHODY(TY) DM02
’ o402

MW NETERMINE SLUPES PR/DX AT THE CONTROL SN11TS TAKEN MIDmWAY DM02

RETWEEN THE HNNDY NEFINITION POINTS ) nMo2
nMoe2

Df} 36 131, bma2

XF(I)e, 5« (XRUDY(I*1)4XRODY(I)) HMo 2

CALL BNDYR(XF (TR F()),nROX(T)) DMO2

36 COMTINUE DMo2

JF(rauyT Nk, 1) GU 10 9 om0 2

wRITE(6,703) o~d2

WRITEC(H,700) OMO2

WRITE(6,700) (1+XBUOYCLYRBUDY(I)sPPBNOY(T),XF(TI3,RF (T, ou02

I DROX(IY,181,N) DMo2

WRITE(B,T01) NXHONY, XANDY(UXRODY ) ) REUONDY(NXENNYY ,RPBNDY (AXBO0Y)Y nMo2

9 CONTINUE UMo2
. . NH02

102
103
104
108
104
107
108
109
110
111
112
{13
114
119
114
117
1148
119
{20
121
122
123
ted
12%

197



198

[aNalgKal

o000 (s XaKeNa

[aNaNeXel

MEXT LNNP DEYE

HM]~§S THE LUCATIUNS (i1F THE NRIGINS N+ THF LIHEAHLY

VARYING LIMF SOURCES/SINKS &ND DUUELETS,
TR STARTING PUIMTS aRE GIVEN HY TX(I)

10

37
3a

40

a2
10

3]

43

44

45

neo1e 181 ,NXBODY
TX(IYSYUONY([)=HETACRRODY(])

IF COMTROL PNINTS LIE UUTSTOE TWE »aCH CONF wWlTW ITS CRIGINM AT THE
S0DY NNSE, WEVISE LAY=OUT OF RUDY LEFIMITINN PRINTS ETC,

IFCBETAGFC1) (LT, XF(1)1IG0 T 199

DETERMINE XeSTATION OpF THTERSECTIUN NF HODY NNSE MACH COVE
wlTH REDY

NN 37 122,
IFCC(AETAMRF (1) wXb (1)) LT ,G,0) G TR 38
CUNTINUE

1AFT=3L

{nFRalet
PELYX:(XF{{AFT)-XF(IbFR))iu 1
1IRyY=0

YTRYzZXF (JRFR)

K»CNESXTRY/BETA

CALLL BNDYR(XTRY,R1,3LPE)
{TRY=Z[TRVYe]

EHRERTePUONE

TF(ITRY (GE,L100) GO TN &2
IF(REPR LT,V0,0) GO T 39
XTRYEXTRY+LELTX

GO TN 4o

wHITE(6,R03)

STP
IF(ABSCERRI LY, (,018RT)) GO TN 4t
YTRYSXTRYeELTY
NELTXZ0,1¢NELTY

G0 TN 4o

XI=XTRY

REVISE LAYGUT (1IF BNDY DEFINTITION POINTS, CONTRAL PQIMTS, AND
ORIGINS CF LIME SIMGULARITIES

LHNDYRaL ANDY=XY

DEL 3LANLYI/N
XHNDY(2)sX]+DEL

NN 43 133,N
XBO0Y(1)=xBN0Y([=1)+0FL

DD 44 I31,MXBONHY
CALL RODYREXZUNY(I),RRUDY (T}, WPHOLBY (1))

XF{1)30 S« (X[eXHODY(2Y)

CALL Hnovn'xF¢11.9:}11.0H0x(1))
oNn 48§ =2
XFL1)12n,5¢(XBODY (L) +XANDY(T+1))
CALL RNADYHR(XFCT),HF(1),NROX(TY)
CONTINUE

TR (MOUT B4 1) GO T} 48S
WRITE(6,703)

wRITE(6,702)

wRITE (m,704) Xl

¥PITE(6,?00)

DMO2
Dm0 2

DHo2
DHoe2
D02
o~ee
H~02
nnog
oMn2
DMo 2
MR
Qe
DR
0P
hih¥d
DroR
nMo2
DL ¥
D02
oMo2
DMO2
oM02
DMou2
D02
N™Mo2
DM P
nMo2
D402

D02

nMo2
0DM02
DMQ2
oMo
N2
M0 P2
puo2
DM
nDMo2
nMoe
nMoe2
nug2
nvo2
')'“02
Mo
oMo2
NHO2
Duge
0O4op
X4

w02

DMO2
Nuoe
nMp2
vMo2
D402
QP
M0 2
puo2
Dro2
Nmo2
amn2
Drp2

124
127

124
129
132
1481

182
143
134
135
186
137
158
139
1490
14y

142
143
1474
t4s
1d6
147
14
143
150
151

152
153
154

155

1546
157
t5R
159
160.
161

162
163
th4
165
tob
1Ah?

thA
X
t7o
171

172
173
174
175
176
117
1748
179
180
[Ral
182
183
144
185
18Bn
187



s XaksXakaka)

[aXaXs

2z EsXaNa Xx!

c
c
¢

WRITEC(A,TA1) (ToxBANY (TN, RB0O0Y (T PHADY LT, XE (), 95 (1),

1 ChnxCIY,I21,%)

WETTE (8, 701) SXAUNY, KANDY (NNBUDYY g XMGNY (N YHTDYY, RERNDY (SXA J5Y)

48Y CONTIADE
T¥(1})=0,0
Ot ug I=<‘o\-'l£!‘j-’.7¥

ge TX(I¥IsxnOnY()eBETACRANDY(])

199 COMTI~HIE

NETER=TraTINA (F SOURCE STREMGTNS AT COMTRA ANTHTS MINa8Y “ETwEE"

EQPY DERTMTITION POINTS,

CALCULATYON OF THE FIRST SHuRCE §TRERGTH,

XETELNZXF (L)
QFIFLn=p;(1)
SLORErONX (1)
RSGIHETASUERF [FLDRFTELD
XEEXFTEL HalnuDY

‘caLt snueRchl)

A(l)=veS| NPEwy

TCIs0R0X (VY74

CALCULATTIN PE THME REST fF SOURCE STRENGTHS,

DO 210 1s2,%
XE1ELD=XE (1)
AFTELNsRF(T)
SLUPE=neiX(T)
RSUCHETASOaRFTRELD=RFIELD
Xe=xF 1o el MDY
nr 204 Js1,1
‘caLL SNURCE(Y)

208 A(J)3VvaSLOFERY

) 8z,
{*1cT=t
DIt 201 Jzi,1M)

201 SUFETCIIxA( J)eSiM

210 TCII=(DROX(1)aSUMIZACT)
T(NXRODY Y0, 0

PETERMIRATION NE DOURET STRERGTHS AT CONTRAL £1]%TS MT[:aAY

SETwkEr: ALy DEFINITION POINTS

CALCULATIIN (+F THE FINST NUUBLET STRFIGTH,

A (““S(QLD““.LYQ‘IOE“\).‘JQ.RB.L[.(0'!.He‘\ {“.'[ Tt 793

xFItLrexs (1)
PFIFLNERE (1)
3LNPE=nxDX (1)
RSUSHETASACRE IF LDRFTELD
X2z XFIFLDm| 40Dy

CaLt PouR T
ACYYSSLUNE aUmy
TCC(l)=atPrA/ZAC])

CAICULATIAN 11k THE REST (F Tk

DIt 21% Is32,N
XFIE(reXs(])
REIRLPERE )
SLUPEzNPNX(1)
REGENFTASHeNP TELDeRFTELD

COnkLE T

BTRENGTHS,

DEN P
N=0e
|').‘4()z
L)
HEDE
2une
LEI]
nw4ap
U2
N102
HMn
i)-:()a
nMo P
D2
PR tY
o2
nog2
nMpe
nup2
[EXIrd
1y402
DMy
neo2
ey 2
')"OP,
pMO2
Dup>
Dun2
or~ae
DMy 2
oMo
nMo2
N9

S ong2

DMy 2
nMo2
pMo2
nung
0¥02
nd2
bLYs Iy
N“op
nvnz2
HmQ P
nuie
LRI
DAL
DHMQP

ToM02

poz
n~02
Danp
nrQR
N0
0402
Mo 2
(M2
D402
pung
G2
NG 2
n»a2
g2

128
R ]
190
1914
192
193
194
tes
194
197
194
199
2600
20l
ee?
203
201
208
204
PR
201
209
210
211
212
213
214
el
2ln

P Kol
219
een
22!
222
22y
274
22s
-4
227
228
2,9
233
e
252
2454
2%y
235
234
23
23R8
rAX
249
24
2ue
2ns
2464
247
2do
su7
2uA
249
259

199



200

anooon non

OO0

(s NaNeNal

(s NeNe NNz Nal

212

203
215

X2=XF TELD=LRNDY

no 212 J=1,1

CALL DOUBLTLD)

A(  J)=SLNPEsllev
Surz0,

[“12] =t

DO 203 Jst, 1My
SUMSTC(JY)«A( J)+Su?
TC(TY2rALPHASUMY/ZA(])

T YCLHYRONYYSO, 0

798.

CONnTINUE

PRINY QUT NF A0LY CHARACTPRISTICS

800

ARITE(6.799)mACH, ALFAL
DN ANO Tsi,NXRODY .
wQLTE(6,801) J,XB0U0Y(T),RB0ODY(L),RPRODY (I, TXCIY, T(1),TC(1)

CNMPUTATION UF VELNCITIES IHMOUCED UN BONDY HBY HNDY SNURCES. AND
DAUBLETS AT ROUY NEFIMITINN PUINTS, THTID ORGR, MFAMS LFEWAEN STDE

I1F

TE(NNUT FQ,D) RETURM
wRITE(h,227)MACH, ALFAC

COSTH,STINT™ ARFE COSINE 840 SINE,KESPECTIVELY, NF THE STPEA“W]SE
BRODY SLAOPE ANGLE,

DO 225 Tei,MXRNODY
COSTH2SORT(1,/(RPANDY (I #a2¢1,))
SINTH=SURT(1,eCOSTHACNSTH)
XFIELO=XHIDY(])

RFETELD3RANDY(])

IF(RFIELD,GT N, )G YO 214

The FTIELN PUINT I8 ON TNE AXIS, THENS wb SHIFT DuUT 1N AvDID YﬁE

SINGULARITY IN THF VELOCITY FUNCTION N THE AXIS,

221
dtu

TF (T FQ NXBOUYIGO TN 221
RFEIELDSRROCY(I41)/10,
XFTELD=XFIELD+(XBODY(1+1)exnIDY(1)) /10,
GO ™n 214

RFIELD3RROOY (11} /10,
XETELNSXFTELDe(XHODY (1) =x0DY(Iml)) /10,
HSOHZRETASA#HFILLOD&RFIELD

x2sYFIEL DeLBIDY

VELOCITIES UD,VvD ARE CALCULATEDL UN THE BONY OPPNSTITE TWE CNOSS
FLO® STR&AM VECTHR (LFEwARD SIDE)

VELUCTITY VTN 1S CALCULATEDR AT 90 NEGREES FRAM THE CRNSS FLJw
STRHEAM DINECTION ’

J8a0,

vS8sa,

1Nzo0,

vizo,

vib=zo,

Nl 218 J=1,!
CALL SOHRCECS)
USauUS+T(J) ey
VSSVIeT(J) eV
CALL AR T(d)
HDENeyYsTC ()
VUEBVDeV*TC(J)

Vo2
Duo2
DAQ2
nDHO2
DMO02
DLV
o102
oM02
DAL P4
OHOe
nMo 2
DM02
D02
n4oe
Dra2

-brio2

omMo2
NMa2
DHOR
0“02
N0
DLIF]
nMn2
omM02
HMo?
D402
oMQ2
nMe
DMO2
oM0p
Dmo2
DL
n4o2
OMo2
n»o2
D02
D02
DMg2
pESF
HLIP]
mMyp
nMo2
npag
DIV
omonp
[N ¥]

Dm0

nu4o2
HMn2
Dnuo2
DL P
DM02
cM02
DHo2
DMo2
0402
D02
0M92
D2
(R AR ]
NHop
nmoa
nmMy2

251
252
253

2%4

255
25n
257
258
259
260;
261!
26¢
26,
264l
265;
2h6;
26 1
268
2h3
270
271
272
P78
274
278
276
277
278
279
280
281
282
2R3
284
28y
280
287
FLY:)
2u9
290
291
292
293
294
295
29»
297
293
299
3uo
301
302
303
304
30S
305
3n?
3014
3073
316
31
tt2
31



s e XuNsNalal

(g X g} [x Ng) (s Bz NaNsNaNaNaNoNaNaNaloReNeNe NaXs Ne Ny Kyl

NOT

214

220
222

225

VNS, VND ARE INDICATURS OF (EAKAGE THRQOUGH THWE 8NNDY SURFACE Mo
AT THE BONDY DEFINITION POIATS, DMO2
€3 THE HOUNDARY CONDITION 1S SATISFIED 4T THE CNNTROL POTNTS 1IN oM02
HETAEEN THE BODY DRFINITINN POINTS, DMO 2
o~02

vIDsVInevTaTC(J) oMO2
IF(RPHADY(I),LT,0,)G0 TU 220 DMO2
VANSSVSsCNSTHe (] ,¢US)#SINTY oM0Q
VND2 (VL +aLPHAYACOSTH® D#SINTH o402
GO "TO 222 om02
VASSVSaCNSTHe (1 ,+USIASINTH puog
vaD2(VvOIALPHAY®CUSTHOUSHSINTH : omx02
UBsS(1iaus nmMo2
VRS(TI)aVvs : Duo2
GHP (T ) =UD ) oMO2
© VADCTYaVD ’ : HEDY
‘VTRD(I)=VvTD IMO2
WRITE(6,6) 1,X80DY(IY, U8, V3,VN8,UD,VD,VTD, VNP nMo2
RETURN ’ ' pDMQ2
END hmo2
SUBRRNUTIMNE BDYRRIITATL ,XSTAKRT) ' LK
DMO3

VERSIONENEMONZ oMo
S DMO 3

TH18 SUBRQUTINE COMPUTES LINE&R AND BERNAULLY PRESSURES AT POINTS DMO3
NN THE 400Y SURFACE, DLX R
THE POTHTS LIE On BODY MERINIAMS, THEIR X«CHORNINATES ARE & SUBSETDMO3
CF THE Xw(CODODRDYIMATES nF TrE BUODY CUNTRUOL PHNIMTS (XF(T),RF(I)) DMO3
DETERMINED IN SURRNUTINE HDYGEN, DMO3
THE DEMSTITY OF THE POINTS 15 TAKEN a§ HALF THE DENSLTY nF DM S
THE BODY SINGULARITIES, .- . OMO3
‘WHERE THE B80ODY . DMoy
18 COVERED wITH INTERFERENCE PANELS, THE POTMTS COINCIDE wITw OMO3
THE PANEL CONTROL POIMTS, THE HOLY MERINIANS NV wHICH THE oMo
POINTS LIE PASS TRRULGH THE CONTROL PNIATS GF THE HNOY D™M03
INTERFERENCE PANELS, THE NUMARER NF BODY MERINIAMS IS EQUAL T DMoy
“NHBDCR, TWaT IS, THE NuyMBER OF HOODY INTEQFFHEMCE PANELS On THE HEDR
HUDY CIRCUMFEREMCE, Um0 3§
: HM03

LK}

. DETR
DIMENSION THETH(100) SR - .. DMO3
' : : pMO3

’ ' DM03
LOGICAL BNDY,NOSYH (WK
. D403
Moy

CPNMMNNNME JCTRE (250D, DELTP(2%50),FH(250),PNLE(250) » SwPPLE (250), DKo}

LIPS

18WPOTE (250 VNOR(250), YRAR(250), ZBAR(250), XCPT (2509, YCPT(250),2CPTDM0S
20250, XLF(29N) , XLU(2F0), XNRF(250) 2 XKR{2S501, YL (250),YRC(250), LLF(25NMGS

T 30),ZNF (250, ZLH(250),7FRH(250),8NT(125),C8T(12%),5%72(125),0S5T2(125nh«03

4)eTP300)1,XFBIP(100),a,aLFA,ALFR)ARW]ING,R2,R2V,RETA,HETAR,CONST,  DMO3
SCOSALF ,GNSHETY ,, CN UX B, FMACH,RCTIR,SINALF,31HHET, SLOPE, TLRNC, TIPY, DM0%
STOTLR U VonpUCHK VEHK  wCHU g #RTIP X oY 2,1, 1F o 1T1,J,M86R,M8ui, ,HM3uls, nua3
TUSWD, NRIP,HCR X, MW, NDRAG, NHP ,NRR , NRP, N3P, LICPT, unLer,nnut.~PA~Ls,nuo3
RNPREsq VaRP,a3YMRADY,DELTAS,NDSYM nMo3
ccunnn/s~£tPS/VSWL=Q(?n) VE=TER(20),VSwLEL(20), vs~rcL(an). < oMO3
1 VSWLEN(20),VEWTEU(20),VSHLED(20) ) VSWTED(2N) | VSAP,LEFT,FAC,NCaB,0¥03

514
518
315
317
318
31«
320
321
322
323
3e4.
128
326
327
32w
329
33n
331
332
3133
LETE

VP NFSE N~



202

[a XaNa) o0 [a X gl

[sTe Kg

2ARPNL (250),+]1DTH(250) pMa 8
COMMAON/ZRVELZRDUCISN)Y,RDOV(150),80w (190, XFLDPCISN),YFLDP(1%0), Ny

1 ZFLNP(186) oIl
CO"“HV/SPSA“G/SINALClCUSAgC.SINPHI;CUSPHI Dro s
CCHMMONZLRTR/TRTI(129), x 0 E ™G3
COMMON/TO/TX(101),uBR(1O01),URSCINLI, VEDCL01),vESCLCY),VTIRD(LO1Y, DM
LXBODY (101 ) s RBOADY C101) ,RPBRODY (101 ,URDXC100),T0100),TCEI00Y,COEFF D03
205),ACONE ,HETASO, B8, RADTUS, RFIELD,WNOSE,DUNVFL ($),LNOSE, rAcu, T oDM0d
INACHSNI,DMBRETA, XFTIELD, X2, LAUDY, NXBODY HRDR]

;. CORMON 7wHTRIZ XF(100),RF(100) DUO3
3. COManN/YRTXY /R EXCLS0), aVRTX(I1SC), SVRTPL ,NVATX, VRTHAX Dwg§
COMMONZTHEKDAT/NTDAT ) NEuT ,NTPR,MSnT(Q) ,KRPT ,NHPT ,u3PT , MTHP,A5YMT, 003

i MVEHT, SwLET(20,08),S<TET(20,4),YTH(20,4),THETAL (100) nMa3
COMMOMITEVEL ZUTCHK ,VTCHK ,WTCHK ,TIT, Tk T, 1 nMng

T COMMONZVRTHVL/VVEL(S00) ,»VEL(500) s JCPT,NCPNUT,NVLTH nMn 3
COMMAN/VORSPC/GAMMALIN) , YYRTX(10),ZVRTY¥(10),RLNC Do}
COMMNN/ELLIPS/RA RB,ERATI( ULIR

. Nn404

D103

REAL LAamnpy ' oMY

' no3

DMO%

DATA RADTNN/ST 2957795/ NMOY
nDKO3

DHO}

[PANR )

TOO FORMAT(1IME,25X,49MPRESSURE CUEFFICIFNTS AT POINTS COF Bunv ﬂLRIDIAmnnos
1377) nMog
701 FUOKMAT (//745%X,{0HRODY RING2,1X,13/) 0403
702 FUORMAT(1x,13,12F10,5) . . T D40y
03 FORMAT (22X, 1HJI, X, 6NTHETA, ,AX,21X8, A%, 2HYH, KXY ,2HZB ,RX,, 4H1ITUT,6X, D103
1 UHVTOT,aX ) dMwTUT o4, THCP L IN, s IXBHCP,BERN, , 3X,5HDE/0X,5X, DHo3

@ THP/PINMF Lo 3X )y THP/PINE (/BX g UHDEG, 99T X, SHBERN , ,SX, UKL Ty /) D403
700 FORMAT (1K1,10601H#) /1%, 3874arT PF LEADING ENGR OF FIN ROQOTCHORDS) 0403
706 FORMAT (1X,15,3(2%X,F10,%9),2(2%,612,5)) nung
7ok FORMAT (740X, d6MRIGHT VORTEX STIENGTH GAMMA/Z(2+PI#RLEC*VINEYIS Dmo3
1 F10,5/ nmo3

2 4iX, UaHRIGHT VIRTEX Y(RULLED COORDS,)/RLOC 3, DMOS

3 Ftlo,5/ S ’ ‘DMO3

4 Q0K UGHRIGHT VORTEX Z(RULLED CNORDS,Y/RLDC 2, nwoy

5 F10,5/ ‘ , nuo's

5 GOK,GaHLEFT VIIRTEX STRENGTH GAMMA/C24PT#RLNAC*VINF) = , o~03

7 Flu,s8/ ] ) D103

el 40X, 86HLEFT VORTEX Y(ROLLED CONRNS,)/RLOC a , n“oy

9 F10,5/ . . . ) pNoy
l;' UOUX,unHLEFT VURTEX Z(ROLLED CONRNS,)/RLOC 2 nMoy
2.F10,5/) ‘ proy
T4& BOPMATY (15,8E12,5) nMnyg
TUp FRMAT (19:,5F12,59) . nM03
TuY FORMATY (//7/710X,3BHTOTAL NUMBER UF PRESSURE POINTS,JCPTs ,14) pMO3
TGH FORMAT (1H1o10%,73HPOTRT CLORDIGATES AND PERTURSBATINN VELNCITIES CHMOT
LALCINATED RY PRMGRAM VPATH//Z, D~03

2 SX,241C 5Xe3nXCP,9Y,4nYCP,9x,3HZCP, ax.anvvFL(tC1 Y, HHwVEL(IC)/) DMOZ
D~MO3

[PLIR

Mo 3

IF (NOAT RLDY) RETYRN LRI
FAcTnigl,u2657|a29/(ruAcM-F~AcH) DETR
FACTR230 ,2¢FMACH2FVACH n“o3
nEGTuQ=1,0/°ADIUD O RS
ALFACZASTIM(SINALC)#RADTCD DM03
THETAMGATAN(KORODY (1)1=R40TOD Du03
FIrFztwE/Z(2,0eRR) D*0%
DM §

XAZX«LF /PR

99
100
109
102
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(s X g Xa XeNgl

NNTE g
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.21
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NICP TR

HODIES NnLY,

SEY UP ARSAY 0F CUNHDIMATES IN wING CNNRDINATE SYSTEM #08
THE PRESSURE POINTS AWk A JF THE wlrnfGe NR FIMeRADY JUNCTINN,
CALCULATE VELUCITY COuPLINENTS IN ADDY CNORDINATE SYSTEM,
THEN CALCHILATE PRESSURE COEFEICIENTS,

READ T6 PERTURRATION VELUCITIES CALCULATED RY PROGRAM VPATH2
16 wyLIN TS NOT ZERU,
ONLY APPLICAKLE wMEN TATL 1§ UNDER CONQIOERATInN

1F (uvL1~ £9,0 JUR LITAILLE@,0) GO TR 8

REWIND T -

«RITE (&,748)

Ny e 1=3,JCPY

READ (7,74808) ICIXCRYCPLICP,VVEL(ICY,wVEL(IC)
wRITE (5,70%) 1C,XCP,YCP,2CP,VVELIIC), wVEL(TL)
CONTINDE

wRITE(6,700)

WRITE (4,703)

NRIMGRNBIP/NCWER

NHIEGOS2 e NRING

IF ( nnT HOSYMY MRIGGNANRINGO4]
MHALFEMXRNDY /2

TPTHETARTHTIC(1) /2,0

ANRCIDYSNYRODY
NELYSLRODY/Z(ANR(IDYel ,2)

CTE (TTATLEQ) G T S

Jtprzn

187ARTYI

L=t )

GO T b

JCPYRNWRP .
TSTARTa(xSTART/(NDELX®2,0))¢2
CONTTNUE

wRITE (ATA=SEY CUNTAINIMG CONTHOL POINTS,

TF CITATL BN, N, ANH,NEPOUT,EQ,0) GO 1O 7

ng 21 1Xgtats IS‘A&Y.N“A(F
ICPTE(IXSTATe] ) #24}
XPTexf (ICPTYwxwiE .
1F CXPT,GELU,01 G (0. 22
nn- 23 Jst,n"INGD
JEPT=2JCP Y4

CONYTINE

COUNTINUE

wHITEC(R,T87) JCPY

REwING 4 .

WRITE (4y 7asS) JCPI
WRITECG, TGS (J.xCﬂf(J).chth).tCPY(Ji.J-1 NwhP )
JCPTsNwhP

CONTINUE

NO 1w TXSTATITSTART, NiaLE
ICPTal1r8TATel )22+
YPTaxF(IrPTYexwlt

HUP TN ENTIY WOYART,FOLLIWING 2PPLIES T CIRCULAR CANSS SECTIOM

om0y

neoy
bl iR }
D403
oros
HPMOY
nMod
Mo s
BLUR S
oMo
DLIX)
OuMg}
DMO S
D03
DHO3
DMOS
0103
0OMO3
0oM03
oMol
D03
DMO0§
D403
NMa 3y
DNy
Dy
LR
oMoy
nMa s
03
DM Y

N403%.
003

HETDY
DT
HETE
LT
DMOs
BRENXY
nuoy
nMo3

nMO3

(Mag
nMo3
OMO3
nuos
Mol
LK}
nMu3
nun3
DH03
oroYy
puos

‘nnny

AM03
DMGS
NMo3
M0 §
Dm0 8§
Dugy
M0 3
unngy
LR
[DETR

tnd
104
10S
108
1h?
108
109
1190
i1t
112
11
{14
115
110
117

11

119
120
r21
12:
123
124
125
126
127
124
129
139
131
132
133
184
1315
134
137
138
139
140
1oy
1u2
143
164
1us
14a
14)
14AR
tus
159
151
152
154
154
15%
154
1S7Y
158
159
160
161
162
163
164
1 A4S
164
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204

o000

(2N XaXe]

oo aNsEaNy)

[F(XPT GE,0,0) GO 1 13
wRITF(e,791) IXxSTAT

DOy JRNLARS Y ARING
JOBLESJPON AR2

BULAE NLLIN X 3}
THETNCJOMTIISTHTII(JPLL AR I=)THETA
THETIDCIDHRLEISTHTIC(JIPNO AK)
THETEVTHETDCJNBLEY*OEGTUR
THEETODRTHETN(ID ) «OELGTRR
YPTIEVSRFCICPT)I«(US(THFTEY)
YRPINDERF CICPATIACUS(THETON)
LPTEVERE (TCPT)eSINCTAFTEY)
ZPTOOZRE CTCPT ) SIN(THETIID)

NNTEL XFLN2, YELDP, LFLNP sRE [H ThE wIntG COORDINATE SYSTEY,

1

XFLDPCJOMY Yz2RY
XFLDP(INKLEIRXPT

YFLNP(JOM]1)EYRTIOD
YFLOP(JORLEISYPTEY
LRLAVINAE)32ZPTOD
ZFLGP (INRLEISZPTIEV

IF TRUSYY 18 TRUE, -ADD FIELEPDINT AT 270 DEGREES
TO CNGRDINGTE ARRAY3,

IF(NASY~) 6D T 29

Ml 20 gzt HING
JJIEHURTNGDa] :
XFLNP(JI+1ISXFLUP{J)
YFLDP(JIJet)SYFLDOP(JI)
ZFLOP(JJI+1)Z2FLLR(JJ)
THETD(JJ1IZTHETD(JY)
[ 2170 & YT 3
XFLDPINRINGL)RXPT
YELDP(ANRTNN$1Y20,0
IFLOPINRING# ] )z=mkF (lCPT)
THETN(NRING#1)2270,0
CNONTINUE

CNMPITE CANTRTIAUTION T VELOCITIES FROM RNNDY SINGULARITIFS,
KDL, ARV, KDW,

CALL VELrAL (MRINGD,ALFR,HETAR,])

NOTES AWEAD NF THE FINeBODY JUNCTION,N1 INFLUENCE FROM CONSTAST

1

UeVELDCITY PR SOURCE PamELS,

ADD CONTRIRUTINM FROM NAOSE VORTICES IF APP| TCARLF,
THETIR INELUENCE IS LIMITED Tn THE DISTANCE a1 0MG THE KNDY UP TO
T~E ROOTCHURAN LE OF TWE CANARDS,

IF (TTATL,EQ.1) GO TO 19

IF (aHS(ALFAC) ,LE,4,0) GO TO 319
XGAMNIXF(ICPTY/RA

PLDC=RF (ICFT)

CALL BAYVTX (ALFAC, THETAN, B INE (XA F A0H, GAMN, 1, XAV, YGAMN,
1GavN,xSA,I0)

1F (GAMN,FGL,0,0) GN T 19
MVRTSUVRTX

MYRTX=2

RAMMA(])3GAMN

GaMMA(R2)zaGaMy

nMos
HEDRS
Mo s
403
DEJIRY
DMOY
LI XY
nmo 3
FETIR)

neoy

M3
DLV
DMO 3§
oM03
0OM03
AL TR
n1o3
neng
DLITR
n~pg
D403
nuQ3y
DMO §
Dvo3
[PEIVE]
DHD3
003
oMy $
oMo 3
vM03
oM03
DMO3
DMO 3
Nu03
DMO3
DoMUY
DpMO3
D40y
HENE)

DMl

DEDKY
nHog
om0 3
D403
N40%3
DK
It )

[VEALAVE
nMo3
DLYR Y
N0}l
0OMO3
DY
DM03
HETRI
oM03
nun}
DYl
D03
nMos
BT
HEXIX
n-493
DELNY

167
168
o3l
170
N
172
175
174
179
175
177
178
179
180
181
182
183
184
[E-F}
184
187
188
189
190
191;
192i
193
194
195
196:
197
198:
199
200
201
2neé
203
fNd

-]

fle
207
204
209
210
i
212
213
Tae
21s
21m
217
218
219
2en
28:
222
223
224
228
226
227
P2R
/el
28



19

(s NaNale]

OO0ODOOOD

OO0

YVRYIX (1)2=ZGAMNRSINPHT4+YGAMMRCOSPR]
YVRTY(2)8eZGAMN*SINPHTwYGAMNSCOSPH]
ZVRTX(1)2ZGAMNACUSPH]T 4 YLAMNRSINPH]
IVRTIX(2)2LGAMNRCUSPHTIaYCAMNKSTINPH]

CWRITE (6,700) GAMMA(LY,YVRTIX(1),2VRTX(1),
1 GAMMA (), YVATX(2),ZVRTX(2)
NIOCPTay

CALL VNRTEX (1 ,NRINGD)

MVNYYSNVRT

CONTTNLE

PRESSLaL INEAR PRESSURE COEFFICIENT
PREGSHaRERNDULLT PRESSURE CUEFFICIENY

PO 12 J31,NRINGD

JCPTajcPT !

IC=gcPr

XYhvexF L OP(J)eXWLE

I1F (NAUT NELU) : )
1wREITE (8,702) JoTHEIDCI) o XBLY,YRFLUP(JYLZFLAP(JY, mDULJ),B0VEI),
{ 8D« (J)

L UTDT2RNUCT)

VIOTSRDVJI+VVRTX(])

WINTSRNAW(J)+WVRTIX(J)

IF (nNiluT,NE, Q)

YHRITE (A, 702) JeTHETD(J) »XBOY,YFLOPCJY, ZFLDP LIV A UTAT,VINT ,&TOT
VINTsvTINT+VVEL(IC)

wTGTSwTT+aVELCIC)

IF (nOyT Nk, 0)
1RPTTE (b,Tu2) JoTHETD(JY »XADY,YFLDP (I, ZFLODP(I),UTQOT,VTUOT,wTOIT
PRESSLze2, 020107

30uUSAEHTNT.LITOY

ADVSQAVTNTAVIOY

ACWSHZWTOTHATNT

HRARZUTNTACNSALCaVTIOT+SINRETHATOTRSINALF

ARG=1 0=t ACTRZe(2,0*%URARSGHDLISA4BNVENRDWSNA)

PRESSRzeF ACTRY

TF CARG, GE,TOTLR) PRESSASFACTRI#(ARG*e3,5«1,0)
POPINF=RFESSB/FACTRL+1,0

PLTNOPSPRESSL/FACTRISY O

WRITE(R,T02) JyTHETD(I) o XUDY, YRLOP(JY, LFLNP Y, UTAT, VINT, 10T,

PRESSL,PFESSB,ORDX(ICPT),PUPINF  ,PLINOP

FINTSH WRITING DATA®SEY wITH RODY PRESSURE POINTS,
APPLICARLE ONMLY WHEN TTALILZY AND NCRONT,NE 0,

NOTEY THEY ARF SPECIFIED 1M THE wING CUURDINATE SYSTEWM,

©IF (TTATL B T41 JAND NCPOUT  NELO)

12

13

! WRITE (4, T4%) JCPT,XxFLOP(JY,YFLDP(J),2FLOP(J)

VVRTX(J)=0,0
AVRTX(J)=0,0
CITIOUE

CONTINE

CONTINVHE

“RITE (6,747) JCPT
QETURY

CALCULATE MRESSUKE COFFFTCIENTS AFT 00F 1 FADING ENGE OF FIh&HDY

JUNCTINY AT CONTROL PATMTS NF BODY INTERFERFNCE PANELS,
CONTROL BNINT CONRDINATES -ARE In WIAG SYSTEM,

0M03
ATV
DED)]
[VRIR]
DLIE
0403
[VELE ]
NMO 3.
DM03
Dm0}
AR}
nvnyg
13403
oMo 3
DK
nMyd
DH)3
408
oMo 3
OMO3
npMO3
dM03
DLER
om0}
HETE
0103
DR XY
dM03
nu)3
DMO §
DMo%

DM03

001
0M03
o“03
Dm0y
PRIV )
puny
neos
n¥g3
DuG3
nvo 3y
oM03
o403
DM 3
oMo 3
D4n3
D40 8
oMO03
DASEVE
oM03

D10y

0-03
303
DHo3
nM03
huo}

DUy

[PETRY
DUu s
nMN g
DOl
3403

231
232
233
244
235
23s
237
23R
249
24
241
2u2
243
244
245
245

267

248
249
259
251
252
253
254
255.
256
257
258
259
26O

‘261

262
263

264

255
2h6
267
263
269
270
ER At
272
213
214
278
276
217
2713
279
2H0
241 -
282
2n3
2Ry
QA
28s
287
2RR
289
290
291
292
293

205



c D~08 294|

EMTRY BDYAFT DUy 295

¢ D03 294
wRITE (k,704) 0%03 297

WRITE (6,709) n¥Q§ 294

WRITE (6,703) nMos§ 293

N 14 IHNS),NRIP n4oy 300
JEDSTRDeNPANLS D46y 301
XFLDOP(160)SXCPT(JHD) bH03 302
 YFLUD(THD)IEYCPT(JAD) n#03 303

14 ZFLDP(IRD)ISZCPT(JED) nMo3 304

¢ nMo3 304
¢ COMPUTE CONTRIBUTION TO VELOCITIES FRNM BRODY SINGULARITIES, vOU, 003 304
c an' ,‘\f)ﬂ. DMOS 507
¢ IF HO0DY HAS ELLIPTICAL CNUSS SECTIUN,RDU,HDV,uDw aRE ALREAUY READ DMOJ 303
c IN HY ROUTIME CRFWAD FROM A DATA SET,(SEE SUMPNIITINE RDYRD) huo3 309
c , UM03 310
1F (RA,EQ.KB) CALL VBLCAL (NBIP,ALFR,BETAR,1) 0:03 311

c o403 312
¢ oMO3 313
[4 8D EFFECTYS NF 2en TYPE VORTICES IF APPLICARLE oMO3 314
c THEY 4avE REEN CALCULATED ALRFARY [N CRFWAD, DMNY %15
¢ (8Y mEANS UF SUBRUUTIME VRTVEL OR VVELS): D803 316
C ' nmMoy 317
D 1A X=1,NBIR . NMo3 318
KKSKeMPAN( S Moy 319

1F (Ra,E0,K4) GO TH 14 0M03 320
HOU(KIgRDIH(XK) . Dred 321
dOV(K)I=RDV(XK) DMp s 322
ROW(K)IaHRNW(<K) . oMOY 323

16 BAVIX)IZADV(K)I+vVRTX(XK) pHOY 324

18 HBDW(K)ZHDRA(K)ewVRTX(KK) D403 325

c Ha3 324
c ADD CONTRIAUTINMN FRUM SNURCE PANMELS ON wWINGS DMos 327
¢ 003 328
IF(NTDAT EN,O0) GO T 38 D~03Y 429

117214 DM d 380
1FTanTHP ’ Dund 331

RIANR TS S LD 84 D»03 $380

VJ:N 0-“03 553

CALLL THXVEL{XFIDPIK), YFLOP(XY,ZFLEP(K)) DMOT 434
BOUCK)=HDU(x )+ TCHAK nvos §35
BOVIKIZANV K14y T . oM §3s
RDW(k)gRPw(K)ewTCHK DMn§ 337

1 30 CUNTINUE : D404 334
I8 COMTIMGE ovod 333

c NMO3 840
c CALCULATE CONTRIBUTION FRUM CONSTANT USVELORLITY PANELS ON HODY D0y 344
C INTERFERENCE SHELL AmD WINGS NR FIMS, Dm0y 342
c ADD I~ VELUCTITIES INOUCED HY MOUVING VORTICES(TF APPLICARLE), OMo$ 3458
c 0403 Y4y
C D»03 345
18020 OMU3 346

11=1 ’ NnHoY 347
1F2Nwrdp NMOY RJUR
MOTNGENRIP/ZLCWR D03 349
NTHETAZTWTI(11/2,0 Nuoy 450
FACTRIg] ,42H571429/(FMACHAFMACH) DMO3 351
FACTRZ2E0,2%FMACHeFMACH DOy 352

ND 1S IL=at,NCHWB D¥03 3143

ARITE (6,701) L ' D403 354

DetT JLel,NRING DvO 455

THD=IRhe | D40 § 394

206



IC=tPANLSHIRD om0y 187

D T S

S THTSDITHIT(JL)=OTHE T 0¥03 358
XxBDYSXFLDP(IHD Y+ xWLE . . oOMOY 359
IF (MOLT ME L 0) NM03 360
twRITE (4, 702) JLo THTSN, XRDY, ernP(IROI.ZFLOD(IBDJ APuCIAD), hELE BT Y
L BROVTRMN ,HDA(TRD) NHO3 142
CALL VFLNOR (XFLDPIBN),YRFLOP(IND),2FLDPLIAD)YY bMOY 363
QTOTSHUCHK+KDU(TED) NMO3 Zsu
VICTaVCHR+BOVIIRD)AVVEL(TC) DMOS a4
wINTswCRKeBOW(IBD)+aveLID) . DMO3 366
TF (NnuT NELU) : DMO3 ¢b7
$WRITE (8, 702) JL,TRTISD, XxBDY,YFLOP(IBN) ,ZFLAR(IBOD)LTQT,VTIQT, DM03 348
1 ~T071 . 0M0Y 369
PRESSL zw2, ,0%UTOT DMey 370
HOUSASUTOTAUTOT ’ N¥IE 37t
ADVSASVIAT#VTAT : 0M03 372
BOWSREwTNTAwTOT ’ C pMO3 373
UBARZUTNTACOZALCoVTIOT o SINHETHRTNATSINALF 7 POy 374
ARGE]  NoFACTRZe(2,0+URAR+HDUSA+ROVSER I4RONSEE) DMy 375
PRESSB=-FACTRl ' DMOS 374
1F (ARG ,GE,TOTLR) PRESSBRFACTRIA(ARG#43, Ml 0) ’ DMO3 877
pﬂPIM&-DkEhbh/FACTRl¢t.u . 0403 378
PLIMNP=PRESSL/FACTRI+1,0 NMO0% 379
sLP=20,0 ) . nMos 38n
ARITE(O, 2N2)YJL, THTISD, XRDY, . L YRLRP(IHD)YZFLOP(180),UTUTDOMO3 141
tyVTOT, W07, PREGSL,PRESSH,BLP,POPINE ,, pLINOP - PMO3 3IRP
17 CONTINUE . ) a7 DmMO03 383
1S CNNYINUE . ’ . . . B © DMODY 384
RETURN - D03 3RS
. END . - . DHOY 38s)
SURRMVITINE ROYRD(HOU, ROV, 9D, NwhP NPANL S, NAGATINY ’ ) nHoy
¢ ’ ) ' OMOd
[ VERSINNG DEMON2 . . . . oM04
c oMo4
C 20TIME T READ ELLIPTICAL CHOSS SECTI'n ARODY INNUCED VELGCITIES ATV
c AT wiNG AND BODY INTERFEFERENCE SHELL, © DMOuY
c THEY ARE READ IN FROM TAPEW4, DMOY
(4 . : ; DHOU
NI“ENSTON BEDUINWEP) ,8NVINWAP) ,A0w(NeBP) . . D™o4
[ D404 1)
: CUMMON/ZELLIFPS/RA,RB,ERATIN ] . DMou 1y
¢ oMO4 12
700 EORMAY (/2//77:5XeSURBONY JNDER CONSINEPATINN wa8 ELLIWTICAL CRNOSS SOMO4 13
tECTION,/ OMO4 14
s 5%, nuMINTtPFFRFNCE SHELL MAS FULLG»ING PPﬂPEPTIFS!/ nMoa 15
3 SK,23INHORILONTAL SEMTI=AXIS = ,F10,5/ . . DMO4 1e
4 SX,24WVFRTICAL StviwaxIs 3 2 FL10,5//7/4) : - oOMOou 17
748 FORMAT(IS,3R12,5) HMou 18
750 PORNAT(// /410X, 2dMWARMIMNG B NaCPT MNF NWRP, TRY, 12H2 N RPYPO «x //y OMO4 {9
» TH NWCPRPT=2,1%,7H XMACHZ,F10,4,TH A[?HA Fi0,0) DHou 20
c nMou 2%
C . READ PAST CONTROL PUIINT CLURDINATES, : DmMoy 22
c ’ ' nioyw 23
IF fHAGAINGLE0) REWIND 4 ) omMou 24
1F (NAGATIN,LEL0) RESD (4, 7u4y) NOU™ : Dr04 25
IF (NAGAIN,LE,0) RRAD(G,T749) (1,XP1),YPT],2PTT, JalpﬂwRP) OMou 24
mRITE (6,700) RH,Ra. nMbu 27
c ’ . nMon 28
o - . OMOu 29



208

c
c

(o] OO0 ., -

REAN VELOCITY CUMPUNENTS

READ(U, T45) NWCPT,XMACH,XALPHA
IF (NWCPT NE  NWHP) ARTTE(&;750) -NWCPT,XMACH, YALPHA

 READ(Y, T4S) C1,8DUCIY,ROV(J], BOW (I}, Js 1, MKCPT)

“

1

RETURN
END

SUBROUTTNE RDYVTX (AL BHAD, THETAM,FTINE, XA4,LMACH, GAVN MG,
NGAMN) YGAMN, ZGAMN, ¥SA, TL)

VERSIONS DEMUNZ

FO&K HNDIFS «1Tw CIRCUIL AR CROSS SECTYIOM NNLY

THIS SUBRAUTINE COMPUTES STREMGTH AMD PNGTITION IN THE CRUSS FLOW
PLANF 0OF THE BpDY ~OSF VORTICES A8 4 FUNCTION (F AxJal DISTANCE,
THE METHUD USED 15 BASED 0N EXPFRIMENTAL DATA,

REFEREMCE 18 NASA CRe2473,197%,

DIMENSIAN XSTCL1),Za1 (1), YA CL1),Ya2(¢11Y,G8MT (1Y)

0ATA X8T/0,0,1,002,0,3,0,4,0,5,00b,0,7,0,8,0,9,0,10, 0/
DATA GAMT/O 3:0 32,0,34,0, UO (U1 0 62,0, 77 0,90,1, o 1, 0&,1.15/

oM0d
nuea
nmny
HDMod
DMO4
DMO0Y
nMoYy

DMOY
nmMos
oMOS
DMOS

‘DMoS

nHOS
LEDEY
nNDM0S
DHNY
OMO0S
D405
040%
DMOS
DMOS
pDMOS

0ATA Yay/, u5..uo$;.“77;.0920.50500 S?u.S}“ 2. 55.0 565 0 +575.0,585/0M0%

D4TA YAZI.QS-.QG».aSS.;605..676..09..7..715..725..735..7u/
NaTA ZA\/’.I“:!.ZG,I.35:1.501.61501.7551.ﬂﬂ,].95;2.05:2.1“!2.20/

omMQ5S
oM0S
DMO%

701 FORMAT (//1XKSHawwwa, 3Y62HASYMHUETRIC (R (NSTEADY BUDY VOPYEX‘SEPARADMOB

1

TIOM POSSIKLE sRaNA)/)

C 702 FORMAT (UO0X,d{HRNDY NPSE SEPARATION AT XR/RR = ,F10,57
1 40x, GEHVORTEX STRANGTH GAMMA/(2AHT*R{(ICEVINFY & ,F10,5/
2 UWOXLUSTHVORTEX Y/RLOC C(UNRODLLED COURDS) £ ,F10,5/
3 UoX UIHVORTEY Z/RLOC (UNROLLED CUURNS) 2 F16,57)

(a2 aNe)

oan

to
13

tF (1L,GE,1) GO 10 1e
BDYVRT=1,0

NTARLEBY Y

NELTAZO,0

Fs1,0

1F (ALPHAO LT, 0,0) Foal,0
ALPHASGE na| PHAD

XSASXSEPARATION/NB

16 (THETAN,LE,30,0) Gn TN 10
X84210,/(ALPHA #8,0) + 2,0

GN 19 3§

X34232,0 = suny(xoau Na{aLPrHA 4 0)/(THE TANwY, 0y -,
TF (x84,.7,7,0) x5430,0

ILalL+t

T1FOXSA,GE,XA) ROYVRTEO,U
IF(RDYVRT EQ,0,0) G TOU 3%
1F tX32,GE,Y¥a) GO TO 3%

COMPUTE URPPER LIMIT FOR SYMMETRIC VORTEX SFPARATICN

ALMYZ((FINE=12,0)042)73,57 + 12,0
1F C(ALPHA 5T,alM™T) wRITE (0,701)
SNALPSIIN(CALPHAD/ST 2957795 #F
CONTINUE

IF(SDYVRY Ef,0,0) GJ T 31

DMOS

oMoy
0108
DMOS
DMOS
[0 LA
[P LYl
pm0g
DMOS
oMOS
Mos
OnoS
nMOY
DHOY
DMos
DMOS
pmng
OmM0S
pmos
nMes
DMOS
DMOS
DMOS
oMOS
OM0S
DMOS
Dit0%
oM0S
OMO0S
LI
HMOS
DMOY
n-40%

30

32
33
34
35
36

_
~ D OPNOGUVIE e e

-

— . o n - o -
O ~NTFTNE Wi

NN
D

wN NNV N
SOVOPNFVE W

4



XPARZ(XGAMNeXSA) #SNALD . 5105 Sa

1F ¢xoaR .1 G (

c < AT, 0,0) 60 TH 34 DYOS 4%
c INTERPNLATE IN DATa TAMLES FOR TME xeSTATINN YGAMM oHOS - Se
¢ GOMTRGANMA/ (20D ARLAC SV INE ASTNCALEAYY | /R anos 26
vat{,vaz,za ; n :
c 1.Y42,281 ARE OIVIDED Ky RLNC, oM0S 59
B0 20 Jei,NTaH ' nMes 69
Kag JEt LE DMUS 6]
1F (XPARSXST(J)) 22,23,20 0105 42
20 CANTINUE pedec Dn0§ (%3
23 Gamy 2GAMT(K)xSNALD D“0S 64
Z6AN  B2A1(X) oraS 65
Yisvatl(k) . MDY e
y2zvae(x) oM0S a7
61 10 30 A LY
22 NDELTAS(XDAR®XST(XK®1))/(XST(K)aXST(ne))) 2:32 g:
GaMh .  3GA~T(Me]l) ¢ PELTAC(GAMT(K)=Ga ot : O
GAMNZGAMNGSMALP ' ( AMT(X=1)) DLIVU S B
LGAMN SZAt(xw)) ¢ DELTAN(28)1(K)nZ41(Kml)) 3:05 72
:;:VA\(K-l) ¢ DELTA®(YAL(K)aYAL(Kal)) 0*22 ;3

, TYA2(Rel) ¢ DELTAR(YA2(XK)wYa2(he : o
30 YGAMN Yy ( evaz(hel)y pMos 7S
TP (EMACH (6T, 1,0) YGAMN DMOS 74
Gamnztamuar L T o e D405 77
2GAMNZ 2GAMNF ’ oMoy 78
GN 1N 82 : puas 79
31 GAMMZO, 0 ] ) . oM0s 2o
32 CONTINIE : ' 8”32 o
TH (GAMN, NE O wR G . “ g2
QETU;M o NEL0,0) ITE (6,702) XSAGGAMN,YRA&MN,2GAYN PUOS A
£ n4os 8¢
) : DHOS 8BS
c SURRNUTINE BUDYR(X,R,0PRI%E) . 6“0& \
c VERSTANE NEVON pupn 2
< StNug NEvUNY DMO6 :
C SURRNPUTINE FNR TWE CALCULATINS QF B30DY RANILI avn S nuak 4
LA " Y SLMPE THFE J~TERER ' ;
C VARIABLE aCiOnE CUNMTROLY THE TYPRE NF nHOZE NEFTNTTINN ¢ 1nTEGE g:g° 3
c KCODERO  PARARNLIC BALY guds 7
c BCNDF =1 St ARS®HAALKaANAMS BODDY PEDY R
[ eCQpE =2 TANGENT QGIVE ‘ oM0b 9
(4 HCODESS FLLIPSUIDAL HUDY . DMa6 10
c HWCODE3UY CONICAL AvDY DMOA 1Y
¢ . bMOs 12
CON"U”/YMOI“U41(l?l“).KCUDE.BETASHoESﬂ.HADTHSnPFTFL“.DUFS pUaV,VT,DM06 13
1LHUSE-OU"E(5)-L“UDY&N!RUDY DunA 4
¢ A oMO6 1S
’ REAL LAOSE,LBUCY DHO6 14
INTEGER RCODE nune 17
c puOs 13
IFEX LE LNOUSE) 6O 10 20 DMOs 49
c 404 208
C cYiI INDRTICAL SECTION OF BODY pDMOs 21
c ‘ Dr0e 22
R2RADIUS D046 23
RPRIMEZ], pvon 24
RE TN DMK 28
c Dnos  2»
) DmnA 27

C ~nNsE StCTinM

209



¢ .
20 XY= (| NDSEeX)/|»ISE
RRRANTNS
) IF(RCICE,GT,0IGN TN 22
¢
C PARAHIILIC NMOSE
[ ' .
R= RAWN(] ,mXXWXX) ‘
OPRIMEERR /L USE*E, 4 XX 2
RETURN
22 GO TN(R23,2442%9,26),8CNDE )
¢ : | B
C SEARSemAACK=ADAMS FGREBNIDY _
c ( M- .
23 TF(XX GT,9,999F=1) G0 TU 2273 : A,

XYB] ,=XX#XX
PHIZXYwe 75 .

RS kRaPHY
RPRIMEEGRR/LNDSEN]L (SAXXRPHI/ XY
RETURN
223 W=20,0

RPRIMEz] £Q
RETURN

c ' .

¢ TAMGENTY OGIVE NOSE

4

24 RLSPRR/LNNSE
FLLS ,Sell ,+RL#RLI/RL
XYSSART(ROLARDL o XX&XX)
RERADIUSeLADSEx (RDL =XY)
RPRIMEEYX/XY
RETURN

c

C ELLIPSOTIN FORERIDY

c

25 IF(xX,G7,9,999€%1) 6O TN 229§

PHIESSHRT () ,oXxXaXX)
Rz RRsPH]
RPRIMESRR/LNUSERXX/PHT
RETURN

COME FNRERQODY

(s Nalal

26 Rs QRe(],»XX)
PPRITMFZRR/LNDSE
RETURN
END

COMPLEX FUNCTION DBLUCZ)
_VERSINNI DEMONY
THIS FUNCTINN SUBRNOUTINE CALCULifEs THE INTERAEDTATE TRANSFORM

VARTARLE » FOR THE CONMFORMAL TRANSFORMATION NF AN ELLIPTICAL
BNDY wITH wINGS

fonNo00o

L COMMON/CNMEZA2,RE,R2
. ClMMONgCOmS /TR, L]
cnrmnncMS/7Can

CUMMONZCNMA/ 42, 4

210

nDHon
DAENT
Neti g
N*0h

© DHOY
DMy

CMOm
N404q
Nty
PrOA

C . huos
. DMos
. D~0a

DHOn
DMOs

" puos

>3]
D406
[PAJIVY

AR TV L.

DMOA
bDv 0%
0406
DMO6
Duisn
D406
DL
R T

IETT

DMoe

SRHET 7Y

DMQs
0M0n
DM0o
DMOo
D"0eo
DrOA
DL
omM0O6
bLIT

D™06

Du06
LY
DMOM

Du0s

D™0a

UL )

R R
Dvo7

" owvo7

nLoY
o407
oMO07
0M37

om0y

DMy

D407

Negy

nup?

23
29
LR
3t
32
14

3
In
37
LL]
39
an
4
4z
43
uy
4s
db

48
43
50
51
52
53
54
55
%%
57
54
59
an
61

62.

63
od

66

o7
Y
69

73
RA
72
73
74
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e e ——— e

c . ELN
CCOMPLEY 2,229DaD2pssmd,ww - NuQY
4 nMoy
72=lel Q7
IRBREAL(Z) n“o7
213a1IMaGL2) noY
IF (2R NEL,0,0) ZR3ZR/ARS(ZIW) DMOT
TFCZT ,NE,0,0) 21%221/74RS(Z]) DMO7
22822=42+K2 oxar
YzatuaGg(z2) oM(7

AYEY O oMeY ¢

1F (Y, LT,0,0) Aysel 0 bror
AYZz1,0 oMO7
1FCZ21,1.7,0,0) aY¥Z3ael,n Dy 7
228C8SGRT(Z2)eAYRAYY n407
TECCARS(ZYIGLE 04CY AN (REAL(L),LT,0,0)) 228CHMPLX(eREAL(ZZ), L1
| ATHaG(Z2)Y) oMo
O~DZs0,5%(1,042/22) oMoY
wezl Sa(2+422) oMo 7
a2=!.0/v"klh'ﬁ' nDMoT
DRLUSKW bvoY
PETLRN OMO0 7
END OMO7
SURROUTINE DOURLT () Du0R
¢ i PDMYR
[ VERSIONT NEMONG D408
. MO8
‘C SURRNUTINE TN CALCULATE THE VELUCITIES DUE T A LINEAR 1INk DOUBLET OFDMOR
C UNTT SLUPF wlTH NRIGIN AT TX(J), DMOA
c n DMOH
IVTEGER HCNE LELE:S
COMMON/TS O/TX LN Y, DUPL(S08Y,22Cd03),TC100Y,TCC100),COEFF (N, DmMOB
|PC[!DE..ﬂ!ﬁTASE!,&SG.RM‘IHS,HFI‘.L-.‘..QNUSE.U,V,VT'H,l('..lD.RETA:XFIELDp DMOA
: 2X2 9 XA, NXHIDY nMoa
c , CMOA
100 PORMAT(IN0,SONFIELND PAINT IS “ITHIN TATL ™ACH CNONE, 1} AND. V SET TDMOH
10 ZERN,) . DMOA
(o . pMO 8
¢ nuos
r. . OM08
Ko IN THE FOLLOWING, U AND v SHOULD HAVE FACTOR COSCTHPLPHY FACTOR IN  DMOR
c FRONT, DMO A
¢ VT SHNULD NAVE FACTUR SIN(THRLPH) FACTNAR IN FRONT,DMOB
€. ANGLE THPLPW I8 MEASUREN CLOCKWISE FROM THE LEEWARD DIRECTINN wWEN DMOA
€ VIE“ED #OMfm THE KEAR, D~OA
c THE AMGUL AR OEPENDENCE NN ANGLE THPLPwW IS ACCOUMTEND FNR IN D04
c SURRGUTING veLCaL, ’ NMGB
. XIGRXFTELDaTX () MO8
HRRBRETARFIFLD PMOR
TF Y] LE AR 160 TO 10 omMQa
IF(X2,LE AR ‘)G!) m 2t NMQA
. WRITE(8,300) nega
21 XHRESX1/WR OMOA
XXZSART(XYRaXBRe] ) M0 A
USHETAeY X NMOR
CACOSHBALNG(XHReXX) PuY A
YYSXHIe XX DHO8

-

N DL BNV E v

211 .




212

c

VEe S4RETASQe (ACOSHeXX)
VTIs ,SeRETASGe(ACNSHeYX)
RE TURN

g FIELD POINT IS aMEAD OF HaCH CUNE FRUM DDUBLET NRIGTN,

OO0

o [a Xz e NaNeNeNal

OO0 O

| ¥

S0

Uao.
V=20,
vrso,
RETLRM
END

COMPLEX FUNCTION DSDZ(S)
VERSTONT DEMUNT

COMMON/CO42/8TGR M2

CumMmnN/CNMS /0D

COMMNN/COMG/62,061

COAMMAN/CNME /w2, K

COMPLEX wywesDuDZ,G61,52
DSDZ:O.Sﬁ(!.O-SIGEaHZ)t(l.0#61/62)*0*01
RE TURN

END

SUBRNUTIVE EDGES(MSwP,SPAN,RBOD, ANGLE , ANGTE , ¥, S%LF,8WwTE)

VERSIONS CEMONY

THIS RGUTIME CALCULATES BOUALLY SPACEND SIDFeENGES,
SwEEP ANGLE ARWAYS ARE SET EQUAL TN COMSTANT
LEADING EDGLE anD TRAILING EDGE VALMES,

DIMENSTION YC(1),SwLEC1)/S*TE(L)

NYRz3PaN/(MGwP=])
0 80 1=31,M84P
[RE DL
SWLE(1)=sanGLE
SwTE(T)3ANGTE
Y(I)=sDYRsAT4RBOID
CONTYNIE
SsLE(1)=20,0
S«TE(1)=0,0

RETURN
END

SUBROUTINF EDGVOR

VERSINNE DEON]

COMPYTE SFFECTS 4T (N4TROL POINTS 0N FING ANMD RODY !NYECFFRENCE'
SHRELL NF FIN LEADING anD SINE EDGE VORTICITY,

IMUB
L]
Dv08
nuna
JNQR
D08
Om0R
o~o08
NrQAR
DroRn
DL

DETIE
Dung
uv09
0M09
Nmo9
nnoe
nuone
DAJ
DM09
DM0Q
n=09

M9

oM10
DM~10
hLBEY
N1 o
DMy
DM1O
Dm10
PAARNY]
NM19
Nr10
nMtyQ
nv10
[ W}
DM10
ouin
DM
prito
Qri0
n-10
nM10
L]
oMi0

DMy
DLE R
BLED!
DML
BLB R
DLER]

BN A WiV .

VENT NC vy -

P N Y-



: LR
LGrICAL BODY DR
DML

COMMAN/ZONE/CTIRC(2S0),DELTP(250),FN(250),PKLCIRS50) . SWPPLE(250), RLBR!

1SwPOTE(250), VNIIR(250),XRAR(250),2ZHAR(250),XNPT(250),YCPT(250),2CPTDH1Y

20250, xLF (R50),XLE(250) 4 XRF(250) 4 XFH(250),Y1.C(250),YRE(250),ZLF (250411}

30, ZRF (250, 2LR(R2%0) ,2KA(2S50),SuT(12%),C8T(125),8%T2(12%),C8T2(¢128D"11
4),1P(300),XxFHIP(100),4,ALFA,ALFR,AR~TNG,R2,22V,RETA,dETAR,CONST, DH1{
SCOSALF (CASBET o CroUXsE gk HACH,RCIR,)SINALF,SINRET,SLOPE,TLRNC, TIPY, OM1Y
OTGTLR, ta v,y #gUCHK yVCHK ,WCHK ,wBTIP X s Y, 2,1,1F,11,J,45%WR,MSwl ,"3wll, DLEE]
THSWD , NRTP, MCRXpNCW, ADRAG, NHP , MPR , NRP N3P, NOCP T, NOL IND, NOUT , HPANL S, UML ]

ANPRESS, NWRP ASYM,BOGY,DELTAS,MOSY . DUyt
COMMANZVRTXV/VVRTX(1S0) ,wVRIX(1IS0) ,NVRTOI ,NVRTX,VRTHMAY Duly
COMMOMZAVELZBDU(150) ,ANVL1SN),B0w (190, XFLORPC1IS0),YFLOP(1S9D), DMlq

1 ZkLOP(150) DM1y
COMMON/FTHLE/ZXLECRO),COLOC(B0),GAMLE(R0),FxIE,NEDGV,MLEVR, ALEVL, LK1

I MLEVU,MLEVD DMEY
C”N“HN/FIVQE/xSi(dO)OCGSELC(BO)JGAMSE(SC)'FKS!aHSIDGE'NSEV oM
CNMMNM/VARSPC/GAMMA(1N), YVRTX(10),ZVRTX(10),RLNC DM1y
COMMNNZELL IPS/RASRH,ERATIU DMLy

DMy
DATA P1/3,101592053589/ DERR]
Dmiy

TU6 FORMAT (({WY1,15%pd3HFIN L E, AND S, E, EFFECTS AT CONTROL PDINTS/Z/ DMyt

(aFeXes NNyl

t 2X.lv«.Sl.DH!.CPn7X-UHV.CP,7X.0HZnCP.bX,hHGAMMAI,b)!.7HY,\/QTX/.UX,0M:1
@ THZ,VRYIX/,3X 6NV, VRTX ,SX,6HW, VRTIX/30X,11H2PTeRRAVINF,2Y,2MRH,9X, DMLY
3 2HRK/)Y LB

717 FORMAT (1%X,13,8(1%x,F10,5)) VML
AR

. DMLY

EFFEFT (18 FIN Loby VORTICITY AT THE FIN CONTRPAL POINTS ANMD THE DMLy
HODY INTERFENRENCE PANEL CONTROL POINTS, DMLY

, . ' _ LLERY

MOCOTaY OMIt
MVRTENVRT X LR

IF (NOUT,~E,0) WRITE (6,716) RLE R
JTIPLFENRPwNC W] o DMy
XTIPLESXRF(JTIPLE) - (LR
DEMOME2 ,0¢P ] eRR . DMLy
JTIPTEaN&P nMLy
XTIPTE=XRH(JTIPTE) DL B
0NN 83 K=y, vwhP oMl
XELDP(KIaxCPT(K) nMty
YELNP(X)aYCPT(XK) DLERY
ZFLCP(X)ISZCPT(XK) Dy

IF (NEDGV,ER,0) GO TO 34 DMLt
IFINg oMLt
K3TART3Y DM11
XULaMLE VR . RLER

$8 EOMNTINUE OoMit
1F (TFIN,EG,S) GO 1D 34 Dyt

IF (IFIN,EN,2) KSTARTSMLEVRe DMy
IF CTFTIN,ED 8% KSTARTaMmi EVReMLEVL ¢1 ’ LETE
IF (TFIMN,EGLU) KSTARTarvawouLfvL¢~L£vu¢1 DMy
DO 36 1+ vekSTART Xy DMLy
IF (XCPTEX) LT XLECXSTARTY) G} rv 34 DMl
JVEIFVel DMLy
1F (1FV,EQ,1) Jvsi . DMy

IF (XCPT(K) LEJXLECIFYY) GO T 37 : N8yt
36 CONTINUE ) LY
TF (XCPT(X),LE, XTIPLE) GO TN 38 DL B
6 TN 34 _ nMyy
37 xvz Vel oM

213



214

3A

32

L3}

21

$9

xisx{ E(Jv)

X2 XLE(KV)

NIEFzXPeXl

wli=s(X2eXCRT(R)I/DIFH
WTR2Z(XCPT(X)eX})/ZUFF

1F (IFINEN, 3 ORGIFIN EQ,U) G TO 39
YVINTER T 20 GLUC(IVY¢aT2aCGLIICIKY)
ZVHARZXCPT(RK)*TAN(ALFR/P,0)
GAMINTSwT{#GAMLECIV)enT22GAMLE (KV)
YYRTX(1YSYVINT/RHE
ZVRTR({1)sIVAAR/®A
GamMMA(LISGAMINT/0ENDM

GO T 3%

AMMA(1)=GAMLE (KUL)ZDENMM
GAMINTzGAMLE (XKUL)

JE CIFI%N,EQ 3,019, IFIn EJ,4) 6N TO 32
YVRETX (1)=COLOC(XUL)/RR
ZVRTX(1)SXCPT(K)«TANCALFR/Z2,0) /KB
YVINTZCGLUC(KUL)

2VBARSZVRTX(1)eRR

GN T 31
YVRIX(1)2aXCPT(K)oTAN(BETARI/RB
LVRTX(1)=CHLUCCRUL)/RA
YVINTEYVRTX(])aRB

ZVRAQZCGLNC (KAL)

RLOC=RH

NYRTXSY

TE (HNNY AND RAEQ,RHY Call VORTEY (¥,K)
YCPaYFLDP(K)

ZCP=2F NP (X))

THETPSATAM(Z2CP,YCP)
SINTHESSIN(THETP)

TCNSTHSCOS(THETP)

FCPTSSURT(YCPeYCP+ICP#ICP)
RHBGDYSSART(L,0/((SINTH/RA) #224 (CUSTH/RRYAn2)Y)
IF (RCPT LELKBOUY) Gy T 2u

RN TN 214

YCP2L ,01aRENDYSCOZTH

2CP=1 ,01aRARNDYSINTH

CR:TINUE

1F (RIDY AND  RA B HR) CALL VVELSC(l,YCP »2CP

1 GAMINT,RR,RA,VVRTX(KY,wVRETX({x),vrRT>Aax)

I[P (NOUT “E,0) “RITE (A,717) KyXFLUR(K),YFLDP(K),ZFLNP(K),

RAMMACLY , YVRTX (1), dVRTX (1), Vv RTX(K),wVRTX(K)
GO TO 40
IVINTawT1eCGLOC(IVI*wT220GL0C(RY)

C YVHARSeXCPT(K)eTAN(SETAR/2,N)

GAMINTSWT I 2GAM E(JIV)euT2eGAMLE(KY)
YVRTX(1)avYvAAR/H

ZVRTIXCY1)Y=ZVINT/RY

RAKMA (1)BRAMINT/ZOENIIM

RLOCSRE '

NVRTXZ

TE (HONY , 8NO,RAEG,RRY CALL VORTEX (X ,X)
YCP3YF| DO(K)

ZCP22F L DP(X)

THETPRATAMZ(ZCPIYLP)

SINTHZSSIN(THETR)

COASTHICNI(TREIP)
RCPT=SNRT(YCPey(PeICPAZCP)
RULDYSSNRT(L N/ ((ST1TH/Ka) e a24(COSTH/RM)ae2)))
IF (RCPT _ LL,=RODY) 6N TQ 22

GO TD 298

nHyt

0ty
DL RY
Dt
N1y
D™ty
OM1y
0OM11
DI R
nMy g
DARRY
)t
Ny
Duiy
DRI
0~11
DIAIY
oMl
DAS B!
[LERR!
LAY
DMty
Aol B
DMttt
D11
nmig
DLER
DMy
oMl
DAB R
bmig
Nty
DMLy
DLER
Myt
Dyt
Dm1
DMl
LR
DL BT

JYVINT, ZVRAR, DML

vl
LB
O™yt
DL B}
DR}
DLEB!
DXRR!

[LBR|
HERR!
oMt
DLAR]
Ny
DMy
nMyy
DENE!
Nyt
Dwiy
Dty
Dy
DL B
DLRS]
oMYy



(2 N NaNal

22
23

40

34

a?

49

dé

41

a3

YCPR2 1 01aRE0DYRLOSTH DR R
2CP=1,01#RHUDYRSIMTH DHY
[A1YS 8 &3171 3 Nuty
1F (HODY AND, RAGNE RBY CALL VVELS(1,YCP 1 2CP s YVRAR, ZVINT, DML
| GAMINT RR,RA,VVRTX(XY),«VRTX(K)sVRTHAX) DLAR
1F (NDUT, NE,0) WHITE (0,717) K, XFLUP(K),YFLOP(K),ZFLDP(X), DMLy
1 GAMMACLY, YVRTX(1),,ZvaTx (1), VVRTX(K),aVRTX(K] DMt
COUNTT itk DMY
TFINIFINney - IR BY
1F (IFIN,EQ.2) KULSMLEVReMLEVL DMLY
1 (IFIN,EQ,3) XKULSULEVRIMLEVLeMLEVD DM
IF (NCRX,EQ,0) G T 34 npML
TR (IFIN EG,0) KULSULEVR4MLEVIL 48 EVUSMLEVD oMLt
G TN 1% DMLt
CONTTNUE DMl
D1y

EEFECTS OF FIN §,E, VARTICITY a7 #{~ CONTROL PRIMTS anh «00Y LEERY
INTERFEWENCE PANELS, nHty
OM11

IF (SIDGELEG,0) GO T 48 nM1y
1P Phizy ‘ DMy
¥START=1 oMyt
KL sNSEV DMLY
CONTTHUE DMLt
IF (IFIN,EQ,S) GO TV u4A oMl
ST (1FIN,EQ,2) KRSTART=NGEVH) oryy
IF (TFIN FQ,8) RSTAKTaPanNSEVe] oMt
1F (IFIN FN,U) KRSTARTgswhSEVeL nMyy
N u4o JSESKSTART, <UL OMtit
1F (XCPT(®),LT XSE(KSTARTY)Y GO Ti) 48 DMLY
JV8F=jSEfe1 nMyy
IF (JSE(FI,1) JvSEst 011
TF (XCPT(k),LE,XSECJSE)) GO TO dp LERRY
CUMTINUE oM
IF (XCPT(K),LE XTIPTEY GC TU 41 oMt
GO TQ 4R PLER
CONTINUE N1y
xVSEsJVSE+l DMLY
xtsxSECJvee DL B!
X2uASL(KVSE) oMLt
DIFFsr2ex] MYy
wl1s(X2eXCPT(X))/DIFF neyy
w125 (XCPT(R)eX1)/DIFF [NLR
IF (IFIM . EQ 3, NRGIFIN EN,8) GO TO 45 NMyy
YVTMTawT 1 «COBSELC(JVSEY e« T2HCGSELC(RVSE) oML
ZVBARBXCPTY(K)*TAN(ALFQ/2,0) ’ pmyt
GAMINTIRT 1 aGAMSE(JVIE ) ¢wT2#GAMSE (KVSE) pH1 1
YVRTX(1)YaYVINT/RB oMl Y
ZVRTX(1)8ZVHAR/RB PV
GAMMA( S IMGAMINT/OENYM oMLt
69 To 42 Mty
GAMMA(1)3GAHSE (KUL)YZDPNOM 041!
GAMINTSGAMSE (WKL) oMiy
IF (IFIN,EN 3NN, IFIN,EN,8) GO T 43 UMYy
YVRTX(1)3CGSELC(XUL)/RB pMyy
ZVRYX(1)axCPTIX)TANCALFR/2,0)/RB DML
YVINTeChLSFLC IxuL) D1
ZVHAREBZVRTX (1) eRE Py
GO 1n 42 oMy
YVRTX (118 (eXCPT(X)aTAN(HRETAR/2,0))/RR DMyt
ZVRYX(1)3CGSELLC(KUL) /RR LEER
YVILTEYVRTX (1) enn D411
IvAsR=CGSELCIKUL) A

3%
134
145
{36
137
138
139
{do
14
CY-
143
144
14%
146;
147;
14A:
1449
190
151
152
153
{94
155
156
157
154
159
160
161
1o2
163
144
168
166
167
168
149
179
171
172
173
174
179
17A
117

174
179
160
181
182
183
144
185
184
147
1R3
189
199
191

192
193
194
195

215



216

1

I3

42 RLNDC=RA
NVRTXEL
IF (HODY,ANDRA

JEO,RRY CALL VORTEX (K,K)

b1 B
DLERY
oMyt

IF (SUDY AND  IAGNE (HB) CALL VVELS(1 YELDPIRY,ZFLDP(X),YVIHT,ZVBAR, DM

1 GAMTIMT, RN ,WA,V
1F (NOWT  NEL0)
1 GAMMA(L)Y,YVRTYX

RO TN 44

VRTX(K),~VRTX(K),VRTMAX)
WRITE (0271T7) Ko xXbLOP(K),YFINP(K),2F|.DP(K),
(1) o ZVRIX(1) 4 VVRTIX(K) , wyRTX (W)

48 ZVIMT=wT1«CGSELC(JIVSE)+#T24CGSELC(NYSE)

YVRARZeXCPT(K)w

TAN(HETAR/2,0)

GAMINTZST | #GAMSE(JVSE)+wT20GAMSE(KVSE)

YVRTX(1Y¥sYVHRAKY/
ZVRIX(1)=2VINTY
GAMMA(1)ZGAMINT
RLNCERR
NVRTX=2y
IF (RNDY, AND  RA

Ry
)
/DENUM

PRAR

JEUG,RR) CALL VORTEX (x,K)

DMy
DER R
D“1t
D1
[PLag R
Dy
DMyt
DLBR
vyt
[LLEBY
RLEW!
LEDBY
11y

IF (RONY, AN0,R8 NE,RBY CALL VVELSCL,YELOP(K),ZFLDP(K), YVRAR, ZVINT, O]t
1 GAMINT,RRA,AA,VVRTY(K), #VRTX(K) ,VRT*aYX)

1P (HORT  NELD)

WRITE (69717) K, XFLOP(X),YFLNP(K),ZFLDP(K),

| GAMMA(C]Y,YVRTIX(1),2ZVETX(L),VVRTL(K),WVRTX(K)

4y CONTINUE
IFIhs1FINel
1F (1FIN,EQ,2)
IF (IFIN,EQ,T)
IF (NMCRYX EN,U)
1¥ (IFIN,EG.,4)
G TN a7

4R CONTINLE

33 CAINTINUE
NVRTXEBNVRT
QRETLRN
E NP

SUBRNUTINE LAYNUT (3LPWLE SLPATE,Y,*SwP,CRP,NG,LTP,BHR],TRET)

VERSTINNG DEMONZ

TH1S SUSRNUTINE LAYS NUT AND DETERMINES RFOAETRICAL PROPERTIES
F THE COANSTANT U=VELNCITY PANELS (UM THE wI™G NR FIN SUKFACES
AND ON THE BODY UR FUSEtAGE WHERE MUTUAL WINGeHODY [NTERFERENCE

nCcurs,

DIMEMSION CSIDE

KUL32#nSEV
KuULBSenSEY
GO 1O u8

KULsdaMSEV

(20),NPD(3),Y(1)

LOGICAL LEFT,ASYM,BNODY,0ELTA, TRUSYM,NNSYM

COMMNNZONE/CIRCCR50) ,NELTP(2%0),FN(2S50),PNLCE250).SwPPLE(RS50),

DELERY
Duyt
My
DED S
DL NI
BLER!
o~ 1
LR RS
bERR!
oyt
oMY
oty
HHyy
DLt
Dv1

b2
D412
DMY2
DM12
DLW
oM 2
DML
nuy2
DME2

oML

OM12
Dmt2
OM12
D412

1SWPPTE(250),VNNR(250;; XHAR(250), ZRAK(250),XGPTC250),YLRT(250),2CPTONM]2
2(250) ) XLF(RS0),XLH(25N) , XRF (2%0),XRA(250), Y C(250),YRC(250),2LF(250%12
30),ZRF(250),2LR(250),7R3(250),8NT(129),LST(125),8NT2(125),C8T72(1250M412

) IP(3N0Y, XFRIP(100) A, ALFA,ALFR,ARWEING,RP,FR2V,HRETA, RETAR,CONST,
SCNSALF,COSBET 4 C4yDXsEM,FMACH,RCIR, SINALF,STHBET,SLUPE . TLHNC, TTPY,
OTUTLR, U V) # ) UCHK , VEHK (WEHK ) wHTIP , X 0UuMyY , 7,1V, 1F, 11,0V, o%id,M8u,

TMSWU, M8 N, NEIP  NCRXaNCH g NDRAG, NhF o NPR,NRP,NIP,NOLPT,NNLTMP, AOILT,

HNPANL S, NPRESI,NwEP,A8YM,BIIDY,DEL TA,NCSYM
COMUN Y /SwEEPS/VSWLER(20),VIWTER(20) ,VSWLEL(20),VvSHTEL(20),

I VSWLEU(20),VvSWTEU(2N), VSWLED(20),VSwTED(20),LVS~P,LEFT,FAC,NCaB

2, 8RPNL(250),wIDTH(250)

DMy
DMy
DMt
Dmt2
Dmie
DMy
D12
Duye

196
197
193
19%
200
201

202
207%
2ud
20S
206
207
208
209
210
211

212
213
214
215
216
2\?
213
219
220
221
222
223
224
225
226
227
224

- B s D gt Gl P B e s
ODNIF L E W~ O G DNP U E N

RN
N E - >



(e X aNal [a el

[a XsNaNaRalale

(2 ez NaNaNaNeRaNalNel

o000

COMMAMIVRTXV/DUMMY (301).1VRTX,VRTMAX
COMMON/WHTIR/ZTHTI(125),X4LE

COMMAN JBpLLIPS/ RA,RA,ERATIN

COMMON /INTRDT/ PHIDIN,THETIT,YROD,ZR0D,PHIFR,PHIFU

NATA PT/3,141592653%897/

EUNCTION DEFINING THE #ADIUS NOF aN ELLIFSE IN TERMS NF TuT
FRAD(SN,CS)E1,N/SART((CS/FB)nelde (SN/RA)#R2)

FYRNT(YPY 3 CUSINE#YP4YAND

FZROT(YP) & SINE  «YPeZniID

TRUSYMZBETAR,EQ,0,0,4%0,,M507 ,DELTA
ctor s PI/tBU,

NS(=IL+1) I8 ~ING RUADRANT [NDICATOR

Nsay, RIGHT FINB 32, LEFT FINS 33, UIPPER FINZ 34, LOWER FIN

ng2g, ANNDY

REFER TN ~alN PRUGRAM CRFWBD FOR CURRESPUNDEHCE BETWEEN FINS ON

CRYCIFNRE AND INTERDIGITATED CONPIGURATIONS,

IF N8,k ,S) GO TC 200

LEFT 8 N8, ER,2 JUR, NS, ER,U
ANCwgNEw

SLPDIFz SLPwWLE«SLPWTE
CSIDE(t)a CRP

HPD(1)sNRP

L NPR2)sNMP

MPD(3)aNiP

VERTICAL w1MG TWEATED IN THE SAME waY AS HORTZONTAL wWING
Y awn Z COORDIMATES ARPE INTERCHANGED FOR VERTICAL WING

LEFT STANDS FNR EITHER LEFT WOARIZDONTAL «ING OR FOR | DWER
VERTICAL wING

LOCATE (Y,Z) NF wING BUOY JUNCTION

1no

10¢

194

15 (THET,EQ,90,0) 60 tU 1CO
GU TN 101

€S=20,0

SNm1,0 .

6N Y0 104

CONYINUE

CS = CNS(THET#DTIIRY
St 8 SIN(THET&NTAR)
CONTINUE

RAND .2 FPRANDISN,CS8)
1F (LEFT) kADZeRAD
YHMD = RADRCS

ZRLD 8 RADRSN

NEFINE DIMEDRAL ANGLES OF F IS

1F (P41,£R,90,0) GO TN 102
GO TA 103

CSINEZO D

Sinkzt,0

TGO TN 10§

10%

CINTINUE

DLW
Dvy2
DHy2
bvie
DMy 2
DMy
nMy2
DLW
w12
DM12
NM412
DMi2
nMy2
DES R4
Dmi2
DM]Q
DML
Dute
DM12
Dmy2
NHwy2
DM12
oML 2
DERY
DMy 2
LAY
D2
cv12
DMy 2
DMy2
Dmi2
My 2
Dmi2
OM12
DLV
nMy2
Dmy2
Dryp2
DML2
DMy 2
DM12
nMyp
Nmtp
nMy2
OMie
DMi2
vM12
D412
DMi2
nvy2
nMy2
nDuy2
oMl2
My
My 2
DMy
DML
Duy2
nNvie
DML 2
LY
nMy2
Duy2
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41

30

31

44d

ao

s

COSINE = COSLPRI+DTUR)
SINE 3 SIN(PH]IADTORY
CONTINYE

INDEX | RUNS SPANWISE, K CHIORDRISE 4LNYG winG
CALCULATE LENGTHS OF NUTBOARD PaMEL SI0E,CS102 ”
J IS Twuk PANEL HNUMBER s

wLEXxz0,0
DN 140 1=2,¥Swp

1481 ' : . L .

LVSwWPy VARIABLE wING S=EEP. OPTION
LvSwPz0, GENERATE Y  ILTERNALLYSIN. CRFHRO-
LvSwPal, READ IM veS,

IF (LVSWP,ED,0Y GO TO 4o
G YO (42,41+30,31)eMS

CASE FNR YAAED wInNG, STREAMWISE PLANE PASSING THROUGM RNNTCHIND

LE INTERSECTS ~ING TF
TF SWEEPS MmAY varY 48 A4 CONSEQUENCE

PAMELS ON RIGHT HAND WwING

SLPwi F= TAN(VSWLER(I)ADTOR)
SLPwTES rA~(vSwYE“(I)aOYQQ)
GU TO 4y

PANELS ON LEFT HAND WING

SLPWLEz TAN(eVYSWLEL(IYaDTNRY '
SLPRTE2 TAN(=VSWIEL (1YSDTOR)
60 T 44

PANELS (N UPPER wING

SLPYLESTAN(VYSKLEUCT)*DTOR)
SLPWTIEeTAN(VSwTIEU(])#NTOR)
GO 10 au

PANE|ILS NN LIWER ~ING

SLPWwLEETAN(=aVSWLED(TY&DTOR)
SLPATE=TAN(evSWTED(I)«DTOR)Y

SLPDIFz SLPWLE=SLPWTE .
CSIDE(]%s CSIDF(IMI=(Y (1))=Y (IM))aSLPDLF o
IF (LEFT) CSIDF(IIBCSYDt(Iﬁ)#(V(I)-V(V*))'QLPDI‘

GO TQ 43

NﬂNVARVING LoE, anD T E, SwEEPS CNMSTANT valufs-dseo

CSIPE(I)=CRPe(Y (1))=Y (1)) *SLPOIF
IF (LEFT) CSIDE(I)E CRP4(Y(I)aY(1))aSLONTF
CONTTNMUE e

SHPPLE AND SaPPTE ARE PANEL L,b, 4NN T F . SuEEPS.
CALCULATE PANEL CORMER POINT COURCIMATYES :

I¥ (1,6R,2) GU TO 45
JLES(I=8)tnlaey

Dmy2
0v12

DUy

Dv12
Omt2
Dm~y2
D412
Dmy2
Duye
DL ¥
omMye
DMy

LW

nwMyp
nvi2
ov12
DKL
D4t
DMy 2
DMy 2
DESW-]
DML 2
DERW]
nMyp
Dmg2
DMy
LERY]
Nut2

oMy 2

oMt
Dut2
D12
nnyp
DM12
DL -4
DM12
Dvi2
omMge
on12
w12
nug2
Dui2
LR W]
DM12
nui2
D12
OME2
oM12
nmM12
oM12
oM1>
OM12
oM12
DMy 2
omM12
DNy
DM12
DED ¥4
o1
DM12

D412

OMte
DMy

89
99
91

93
.94
9s
96
97
48
99
100
101
102
{03
104
108
10hk.
107
108
109
119
111
112
113
114
115
116
117
118
119
120
121
122
1248
124
125
126
127
128
129
159
131
132
184
144
135
154
187
1484
t 39
140
141
142
143
tuy
145
1un
tay
14R
149
159
151
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IF (NS,GT, 1) JLesJLEsvpPD(NSey)
wLEXSYRFCILE)

1F (LEFTY wlLEXSXLF(JLE)
CGMTINUE

60 130 Kal,NCw

JE(1e2)aNCueK

IF (n3,GT,1) J=JenpD(HGe])

AKMaKeq

AKEX

SePPLE(JISSLPw EaaMaS  PDIF/ANCH
SwPPTE(J)=SLPN| Eeak aS PDIF/ANCH

IF (ARS(S»PPLE(J)II LE,0,N01) SwPPLE(JYIZ2,0
TF (ASS(S«PPTE(Y)) LBL0,001) I8wPPTR(JYZ0,0
IF (LEFTY GO To SO

PANEL LAY 0UYT FOR RIGHT QIGHT HAMD wInG COWNER PNOINYS,

THEY 8PPLY TO RIGHT AND UPPER FINS,

XLF(JIRAKMACSINE(IM) /ANCHOWLEX .
XLE(JISXLF(JI+CSIDECTIM) /ANCH
XRE(J1zakMeCSINECII/ZANCH (Y ()oY (IMY ) aSLPWLESWLEX
XPBCJYSARF(JISCSINECTYZaNCw ’

YLC(IYaY I

YRCEJY=Y (1)

6N TN 51

PANEL LAY 0OUT FOR LEFT MAND WING CNRMER pninrs,
<L THEY APPLY TO LEFT ANN LOWER FINS,

S0

CONTINUE
XLFEJ)sAKM4CSINE (1Y /ANCra(Y(T)oY (M) )aSLPrLF4WLEX
YRF(J)saAKMeCSIDE(TIA) /ANCASWLEX B

. XRB(Jrg XRF(JISCSIDE(TIM)/7ANCW

St

XLBC(JI)E XLFCJISCSIPE(T) /AN W
YLC(I)=Y (1)
YRE(IY V(M)

-CONTINMUE

ZLF(J)20,0
IRF(JIan,on
ILB(J)s0,0
ZNB(JI=20,0

CFIND YoCOCNROIMATE OF CONTROL POINT AND PANEL CENTHROID

AlSXRY(JImXRF(])
a2zaXLB(J)eXLF(J)
HEY(T)eY (1)

T YHARE(2,0#81482)aH /(3 0n(a]sa))

YCPTCJIISY(IM)eYHAR <
1F C(LEFT) YHARGe(2,00a2481) 0N/ (3,0n(814242))
1 (LEFTY VCPT(J)zv(IM)eYRAR

#IND XeCNORDINATE GF CONTROL POINT AND PANEL CENTROID
XPCLESXLF(J)*YHAR #SwpPPLE(J) .

XPCTESXLB(JISYRARNSAPPTE (J) .
I1F C(LEFTY XPCLESXRF(JIVIYBARASwPPLE(J)

"IF (LEFT) sPCTERXRA(JI+YRARASWPPTE())

PULCCIY=APrL TEexXPCLE
ACPT(JYISXPCLESHAC «PN C(J)
XHAR(JYIS(XPCTE+XPCLE) 2,0

nMy2
oM
oM12

omM12.
D12

DMy 2
DMy 2
Dry2
DMy
DMy2
oM12

0ML2

NMy2
oML 2
DMy
N~y2
Ny
nDM12
DLW
DMy 2
DMy 2
OMy2
bMi2
DLW
nuy2
oML 2
DMti2
nuy 2
DLIY-
DM12
D412
[BER W]

DMy

LW
oMt
DMy
DMy

DUy 2

DMt 2
Du12
but2
DM12
LLANS
DMy 2
OMie
oMt

LS

My
PMte
LS W4
DML
noM12
hL I
DMy2
oM12
L -
Duy2
oM12

LIZF

omrte
oML 2
Ny 2
nmy?2

152
153
154
155
154
187
1%8
1S9
160
16t
162
163
tod
145
166
107
{68
159
179
1714
172
173
174
179
17s
177
178
179
t8a
181
tR2
18%
184
189
.86
187
1848
189
19¢
191
192
193
19¢
1954
19s
197
198
199
200
201
202
203
20y
eo0s
206
207,
204
209
eln
At
212
213
214

219
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c nny2
2CPT(JIBO 0 Omie2
ZhAR(J)E0,D o412
IF (,NNT LEFTY GO TO 120 DER-4
IF (SWPPLE(J) EUW,U,0) 84PPLE(JISTLRNE DMy 2
IF (SWPPTE(J) bG,0,0) SwPPTE(JYSTLRAC Dute
S«PPLE(JY=eSwhpPLE(]) DED -4

. SePPTE(J)IE=SwPPTELJ) nmi2
1120 CONTINUE nu12

Co.i Duy2

¢ AREA aND wWlpTw NF PANEL IN LOCAL CONRDINATES DMy 2

c . Drye

121 ARPML (320, 5% (YRCOIIeVLC(IIIREXLBIIYeXLF (JY+XRACIYeXRF (J)) DM12.
wIDTHC(JISYRC(JYeYLC () - Du12

c , Ny 2

(4 TRANSFMQM FROM B It CONRNINATES TO THE wIMG QFFERENCE COOROINATE N=yt2

C SYSTEM XwyY«yplw, Ny

¢ DMy2
ZLF(J) =2 FZROT(YLC(J)aY (L)) Nut2
ZLHBCY) = 2LF()) Dnye
YLC(J) = FYROY(YLC(J)eY (1)) pML2
ZPF(J) = FZRIT(YRC(J)eY (1)) DMi2
ZEREIY = ZRF(J) M2
YRC(JY = FYRDT(YRC(JIIeY (1)) nMy2
2RARC(JY = FIROT(YCPT(J)wY (1)) DLRW-}
2CPT(J) a ZB&R(Y) - DMi2
YCPT(JY = FYRQT(YCPI(J)=Y(1)) N2

130 CGMTINUE M2
140 CONTINUE ! Dmnie
CTP=CSINE (MSwP) oMy
RETURN . DML2

c . DML

(o avsnsesssrttr LAY DUY BOUY INTEUFERENCE PANFLS wostarsrankensansanaDMD

¢ : ' nM12

200 DXsSCRP/NCUE D)2

4 My

c oMt12

c NDTF g MSWP IS ACTUALLY MADCR DM12

c M2
#SWh 3 Gaf{m3wbsy) DMt2
MSQ0 = M3wP/4 My
43180 & 244599 nMy2
MS270 =. Jam390 pMt2
MMSWD 3 MSwP DMy
IF (TRUSYH) “MSWPIMMEIP/2 Ny
NTHTDG 3 YUG/FMNAT(1890) My
DTHYS a NTHTIDG Or12
DYWTY 3 DTNTOG DMt

c DM12

c ITIT2,308,170,,,,INDBX DF INTEWFERENCE PANF{ IMMEDIATELY LIS P-4

c PRECEDING FIN LOCATINNS NN BNDY CIRCUMFERENCE, DB ¥

4 DMy

c INITIALIZE DEBY
171 =2 0 DLW
112 s 0 nDM12
1T3 3 0 D12
174 8 9 nM12
1 (THETIT GEL90, ,IR, THETIT,LELU,) GO TO 219 Nry 2

c . DML 2

C IMTERDIGITATEN TajL EX]STS Dut2

c Dwyp

c D92

[ PECALCULATE RANTUS AT aun VR, ZK COURLINATES NF FIN 1L CaTION M1

218
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217
°18
219
220
221
222
223
224
225
226
2et
228
229
257
231
232
233
234
23S
234
237 -
PAL]
239
240
2ut
PLY]
243
FYY)
P48
246
247
244
pus

249
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252
253
254
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294
2497
257
24%¢
L
261
26¢
26!
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26t
26
261
26!
e
27
27,
27
27
M
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44



c ON THE BNDY CIRCUMFERENCE FOR THE KRIGMT URDFP'FIN ONLY, Dnge 274

C » oMl2 279
CSSCOS(THETIT#nTUR) n~i12 280
SNESSIN(THETIT«DT(R) pu12 281
RANDEFRAD(SN,C8) Lo DMi2 282
YBRODERADKCS . nMy2 2R3
IBONRZRADASN ’ DM12 284

c , DMi? 28%

c CHECK RATID OF aPPROXIMATE ARC LENGTIN ON EITHER SIDE OF THETIT, OM12 286

¢ Du12 287

¢ . OM12 288
ANCUSSNRT(YRNODe 224 (ZBNDeRA) 2 42) ‘ DMLP 2R9Q
ANCSSSERT((RBeYRURI*2242800DRR) . V12 290
NARCz(AKCH4ARCS)/FLUATIMSYD) . ) DOML2 29%

¢ ML 292

[ NETERMINE MUMBFR DF PANELS BETWEEN YeaX1S amD FIN LOCATION ON THE DML2 293

c RODY CIPCUMFERENCE, | oy DMi2 294

¢ v DM12 29%
ITi= (FIXC(ARCS/DARC)Y40,S) . : DM12 294
TTi= ~MAXQ(TITL,1) DMy 297
IT sMINN(ITL)M890=1) . nMip 2913

¢ nuig 299

[ DTHTS IS JIMLREMENT BETWEEN PANELS NN RIGHT AND LEFT (o-THE717) nvy2 300

c DTHTL! I8 INCREMENT BETWEEN PANELS DN TNPP. AND BNTTOM (THETITe90)D112 301

¢ ‘ DM12 302
NDYHTS a THETIT/ITY Ovt2 303
RTHTL = (90,*THETIT)/(MS90=1TY) Dwi2 $nu
172 s “S1R0=1TY ’ DM12 305
T8 = MSIROSITH . DM12 306
1T4 3 “SwPelTy . . DMiz2 307

210 CLUNTINUE ' . . nMi2 308

¢ : nM12 309

c HERE K MAS OME VALUE-FOR EACH RING 0OF HIPwS nMi2 3190

C FOR EACH CIRCUMFERENTTAL HINGp THE X FRONT POSITINN, XFBIP(L) DMiZ2 311

[« 1S &4 CONSTAMT oe - ' bpMt2 S12

c XFRIP(L) IS8 THE xeSTATTNIN DF THME RODY RING IN WING CONRDINATES oMi2 318

¢ ' PMI2 414

201 Kxa0 . ) nvi2 315
: N0 230 Kel,NBIP,MU3AP nH12 %14k
XSakysnx : . nM12 317
KPEXoMM3aPe] : , DM12 $1b

¢ o nMl2 310

¢ L IS BODY PANEL INNDEX .- Mg 329

4 : ’ ' DvYi2 321
RO 220 LEK,KP . oM12 %22
XFHIP(L)2XS NMie 323

220, COMTINUE oM12 324
KERKYX4] } nM12 325

230 CIONYTHUUE - Dit12 32a

c . - DMi2 327

c CALCULATE THE TRIG FUNCTIONS DF THE ANGLFS ASSNCIATED wlTH EACH DMi2 328

c HIP, THIS LOOP EXECUTES NNCF FAR RACKH DIFFFRENT HIP RRIENTATIUN, DM12 329

c SETS THE FUNCTIONS FUR ALL KBIP#S THAY ANE AT THE SAME ANGLE, DH12 4§30

4 nHig2 331

c anG 9 THE ANGLE UF RNTATIUN OF THE HBIP wlTH RESPECT TO THE WING DM12 332

c CNOORNTINATE SYSTEM, OM12 338

c THY 1S THE PULAR ANGLE UF THE BIP «ITw RESPECTY YO THE WING YeaXIS,0Mt2 334

c DM12 345

c . . DM12 334

C - HADY PANEL MUMABRING WEGTIMS AT Z=0, YBRH AMD PRNCEEDS hMi2 3457

C. CAUNTERCLNCWWISE IN ANGLE , THEN INCREMENTED IN ¥, ™12 534

c nDMi2 349
Ix 3 0 : Nwi2 31un

221
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THTIDG = 0,0
yimi = RH
ZIMt =2 0,0

1 IS8 THE RUNNING INDEY OIN ThE BODY CIQCUMFERENCE,
DO 260 Isl,“5u4p

GENFRATE ANGLE TO HE INCREMENTED BETwWEEN TaIlL SEGMENTS
OTHT = NTHTS

TESYT FNF UPPER NR | NwER BODY PANEL WIDTH

TF (1.GTITL ,anD, T,LE,IT2) OTHYSDTHTU
TF (1,067,773 (aND, 1,0,e,1T4) DTHTISDTHTY
THIIGG = THIIDGHOTHT

1F (1,60,%8%99) TFTIDG=90,

IF (1,62,M5180) THTIpPGR=180,

IF (1,60,48270) THTIDG=270,

TF (1,F0,498wP)  THTIDAF360,

CoMPUTE GENMETRY QF ELLIPTIC KHODY AnND PRESCRIRED ANGLE,
THTSTHTINGHDTOR

CUMPUTE PROPERTIES OF ELLIPTIC BUDY
LAD 1S TWE LOCAL BADY RPaDIUS AS A FUNCTINN NF THT

THT IS TwE MERIDIAN ANGLE FOR THE PANFL MEASURED COUNTERCLUCKe]SE

FROM THE Y(aING) AXIS

SHNISIN(TKT)
C33C08(ThT)
YISFRAC(SY,LS)+(8
Z12bRAD(SM)CS)4SN

CHEC® FNR RNDY SYMMETRY

IF (1,6T,4890 AND, I LE NS270 ,AnD, TRUSYMY GO TD 250

1< 3 Ixe)

NDYaYlaylIny

NZslle21m1
wHIPESQRT(DZwNZIDY LYY
St2s DZ/4BIP
C323wny/u]P
AREAPRWRIPANYX

J 1S THE PanEL INDEX OF RIPS
K I8 THE PAMEL INDEX 'IF AING AND ROADY PAMELS

DD 240 J2IK,NKIP,MMSwp
keJenPANL S
THTI(J)2THTIDG
SNT(J)sSN

CS8T(J)I=CS

SNT2(.0)yzgHe
cST2(Jy=CSe

YCPT(K)=0,5¢(YI+YIML)
ICPT(x)mo b (214LIMY)

SwPPLE(K)a0,0
S PRYE(K)1=0,0

NML2
Duyp
oMg2
D-n‘?‘
Dayp
LT W}
DAS ¥4
oM12
oML2
Duyp
D12
NMy2
nMy2
nMy2
DA W
DUy 2
O™12
Uy

‘put2

bMte
LETW-]
DMy 2
DM12
(13 ¥
nMy2
oML 2
Nugp2
DMy 2
AL W4
OM12
DMy2
Dvt2
0OM12
Dumy2
Dm12
Dvy2
oMy2
DLEYS
DMy 2
Nmyp
DMy 2
HLE WP
DMy
Dm12
DAB Y-
oMt2
DMy
DMyp
oMy 2
nmy2
D412
nuy2
OmMt2
AR
Dmi2
ovie
DUy
n-l‘?
Quye
Ovy2
DMy 2
o~12
BIEW

LR}
3u2
d s
344
345
LYY
347
3UR
349
35n
$51
552
393
§54
3158
496
357
358
159
360
361
362
368
364
365
166
367
368
389
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374
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374
378
376
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378
5719
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LLB
482
383
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385
356
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R1.Y:)
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599
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194
95
396
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§94
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402
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NOTE em [N THE w#HIP®e SYSTEM, YLLA0 AND YRC3sKIP
NEFIVE RIP PANEL CORNER POINTS IN  WING CUNRDINATE SYSTEM

YLCtki=Yl

YRC (kY=Y
ILF(XY1=2T
ZLB(KIBZY

ZRE (KY=Z 1Y

ZRB (%1821}

XLF (KY2XFRIP(J)
XEF (kYSXLF (%)
XLR(KIBXLF(K)+DX
ARB(w)sX H(KX)

CUNTRNL POINT X CNORQIMATE IN wING SYSTEM

YCPT(I=xXFRIP(JYeFACHNX
CONTINIE

YIimizvl

FALETYA!

260 COMTINUE

aoaoaaaaaaan

[n]

OF.TYRN
EAND '

SURRAUTINE LINERS(n, Y
VERSIONS NEMUNL

TR1S SUBROUTINE TAKES IN SINGLE COLUMN MATRIX A(N&N), CONVERTS 1T
T JQUARE MATRTX A(Nen) abD

IPC400) REMEMAERS «HAT w&S DANE TN TRIANGULATE MATRYX &

1T 1S USED IN SULVE TP 0O SAvE tHING TN R

NIMENSTION A(NIN)
LOGICAL 48Y“,RONY,NELTA,NASYM

CUMMAONZDONE ZDUME (6000 ,1P0300),0uM2(100),DUME(54) SJASYM,BODY,DELTA,
1HTISYM k

IP(NYSY
i) & KBl,4N
[F (XK EQN)GD TN S
KPiaKel .
MzK
IPlK)am
TF (%, NF XY IP(NYReIP(N)
T2a(M,K)
(M, KYSA(K,K)
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TF(T,EN,0,)GU YO S
00 2 1sXPY,N-
2 AlT,xYzaA(],K)/T
PO U4 JEKPY LN
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b1y
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0!113
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n~13
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omM13
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2 XaXaXoXataXaNaXaXaXaXa)

(2]

& COMTINIIE : ) K]

S JFlatu,x) EQ,0 )IP(~)=0 : LT
6 CONTINIE M1
RETURM - OmMi3
END DML
SUHRNUTINE LLADS ' o DMLY
- o Dty
VERSIGNINEMUINZ, oOM14
. : . D“‘Q

THIS SuUBRMAUTINE CALCULATES FORCES AMD MNMENTS ACTING ON Thi oMU
-wINGS OF FINS AND THE IMTERFERENCE SHELL, nMy{g
~THEY ARE FIRST CALCULATED IN THE #ING REFERENCE COORDINATE SYSYEM (M14
TANND THEN TRANSFARMED T0O wINCwAX]S SYSTEM, DMta
DL Y

IMePANE FURCES FX AND FYl OR FZ1 ARE ALSO CNMPUTED, HEPE.FX nMyy
IS PNSTITIVE FORWARD PARALLEL TO HBODY CENTERLINE, T DL
INeP{ ANE FORCE FY2 IS CALCULATED IN SUBROUTINE 3SPHLD, Dmtd
' . _ ’ D414
NIMENSION BFY(100),BF2¢100) ' DMty
DIMENSION - XB(ISC)Y,YC(150),ZR(150) oMid
DML

LOGICAL ASYM,MNNSYM,BONY,UFLTA,ANY, ANYHMD . ey
) . . DMyu
COMMON/ZONE/ZCIRC(2S0) ,DELTPI250),FN(250),PNLC(250),SwPPLEL250), DES K

1SWPPTE(250) ) VNNR(250), X24R(250),28AR(250),XCPT(259),YCPT(250),2CPTNMTY
20250) yXLF{2%0),XLB(2S0), XARF (290),XRB(250),YLC(250),YRC(250),2LF (250414
30)0ZRF(250))ZLR(2S0)yZRAL2S0),,SNT(12%5),C8T(125),SNT2(125),08T2(1250M14
4)e1PC300), XFBIPCIV0Y,A,aLFAa,ALFR\ANIVING,R2,PRAV,RETA,HETAR,CUONST, Datd
SCOSALE,COSBET,(MyOXsEM,FMACH, 9C1903TNALFpSlNHFT SLOFPE, TLRNC, TIPY, DM1Y
AYDTLR,UsVew stUCHK s VEHK ywCHK aWRIP X3 Y, 7,1V, IF, 11, JV,%8WR, 13w ,48ulU,0114
TUSHN, NP, IR NCW ) NDRAG, NHP ) NPE NRP, MEP , NIOCPT ,NOLINP ,NOIT o~ PANLS, D14

© ANPRESS,NWRP,ASYM,RODY,DELTA,NOSYY Duiy
CUMMON/THREEZANGLR ) ANGLL p ANGLUANGLD ,NELR,DELL,NELU,DELD ) SHEF, REFLOMIA
COMMON/SWEEPS/VSHLERC20G) s VSWTRER(203,VSWLEL(20),V3aTFL(20), DH14
1 VSWLEU(20),V8wTEU(20), vSWLED(20)a VSWTEN(20) ,LVSWP,LEFT,FAC,NCwS DMid
2o ARPNL (PS50),#»IDTH(250) D1y
CON"nN/BvEL/aoutlso),aDV(lso) HOW(150),XFL35(1$0),VFLDD(1§0). LU
1 ZFLDP(150) DM14
COmMMIIN/SPCPRS/DLTP(150) ’ HESY]
CNMMNIMIVRTXV/VVOTX(IS50) , wVRTX(1SU) pNVRTPL ,NVATX,VRTMAYX M1y
COMMON/WRTH/THTT (125, X0 LE | LIS
MMM /FRCTIS/VNORNDS(190) ,FXC150),FY(150),FZ(150), 0L TRGCIS0O) ) ANYMODMY
COMHMON/VRTHYL /VVEL (500),wVEL(SO00),JCPT,NCPOUT ,NVLIN LEEY
COMMON/SPSANG/SINALC,COSALC,SINPHT,CNSPH] DHid
COMMON /ELLIPS/ KA,RH,ERATIN : DMLy
COMMAN/INTRDT/PHINTH, THETT T, YROD, 200D, PHIFR,PHIFY DMld
CNMMNN/NABM/XM, 24, CLNA,CYGA,CHD4,CLYDA,CLLNA DMyy
- oLy
DATA P1/8,141592653590/ LHLG
D14

prly

701 Fnﬂuar(|H\-ESx 21HwING PANEL PROPERTIES,//,2%X,1HJ«SY, THYCPT(J),3X,0M34
1 10HANORD THRU,HXpSHPANEL , 3X,BMMIDCHORD , 9, AHNELTA®,SX,SHFN{JY, /7 DM14
2 lsx.Bncgﬁlqnlo.ex.ansnAn.ux.10Hsugtp,okq.,7x,zucp,(/) OM14
Tn2 FORMAT(///7/725%,21HalnG PANEL PROPERTIES, /7/2X,1HSySX,THZCPT(J), 8x, DMiy
1 LOHCHARD THRIIL,UX,GHPANEL, SX, BHMIDCHORD, 9%, AHNELTA®,SX,5HFN(JY,/ DMid

2 18X, AHCENTROIN ) 6X,UHSPAN, UX, LUHSHEER,DEG,TX,2HCP,//) Nyy
705 FORMAT (BX, {8, 7X,F10,5,2%,F10,5:2X9F10,5,20,F10,%:2X,F10,%, nMig
12X,F10,5,2X,F10,5) nMyy
706 FNRMAT (1x,13,2014,F10,%5),5(2x,F10,5)) Dviy

37
38
39
a0
a1.
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707 FORMAT(1H1,20X%,31HBODY INFLUENCE PanklL PROPFRTYIES//2X,1%J,5X,
THYCPT(J),ux, bHLE“GYH.