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CALCULATIVE TECHNIQUES FOR TRANSONIC FLOWS.
"ABOUT CERTAIN CLASSES OF WING-BODY COMBINATIONS -’ PHASE -1

By Stephen S. Stahara and John R. Spreiter*
Nielsen Engineering & Research,.-Inc. -

. SUMMARY

Theoretical analysis and tne.development of associated computer
programs were carriedpout for the purpose of deueloping computational
techniques for predicting properties of transonic flows about certain
classes of wing—body combinations The procedures used are based on
the transonic equivalence rule and employ either an arbitrarily- spec1f1ed p
solution or the local linearization method for determlnlng the nonlifting
transonic flow about the equlvalent body. Theoretical results obtained
by using the 1ldcal linearization method are presented for surface and
flow-field pressure distributions for certain members of the general
classes of'configurations studied, for bothznonlifting and lifting
situations, at” M_ = 1. - . s - )

The computatlonaltprograms developed under thlS report are documented
and presented 1n a general user s manual 1ncluded as part of the

report.
INTRODUCTION

Stimulated by the need forvaccurate prediction of transonic flows
about realistic aircraft configurations recent Lesearch is producing
significant advances in the dblllty to predlct theoretlcally both two
and three-dimensional transonic flows_abOut a w1de variety of aerodynamic
shapes. While current emphasis seems to be placed on the development
of numerical techniques (refs. 1, 2, 3, 4, 5), it has become clear that,
although significant accuracy limitations need not exist for advanced
computer programs, these techniques do have cost limitations with regard

to both accuracy and the use of alternate methods. Consequently, in

*Professor, Departments of Applied Mechanics and Aerohautics and Astro-
nautics, Stanford University, Stanford, California. (Consultant at
Nielsen Engineering & Research, Inc.) :



order to enhance these computational éfforts;\the parallel development
of proven analytical and analytic/numeric methods to provide accurate
first approximations, for example, in the systematic study of a largce

number of configurations, is clearly warranted.

Previous investigations by Nielsen Engineering & Research, Inc.
(NEAR) in reference 6, where the.lOCal linearization method and the
transonic equivalence rule were applied to predict surface and flow-field
properties of several gencral classes of axisymmetric and nonaxisymmétric
bodies for both lifting and nonlifting situations, and in reference 7,
where those results were extended to include several classes of wing-
body combinations, have demonstrated the effectiveness of such a com-

bined approach.

While the ultimate goal of the present investigation is to ‘develop
computational techniques for the prediction of the flow field, pressure
distribution, and aerodynamic characteristics of three-dimensional, iift-
ing, wing-body combinations, the purposes of this study are to extend
the results of reference 7 to include a more general class of wing
planform shapes, specifically, wings haV¥ing (1) sweptback trailing
edges, and (2) finite tip chords. 1In addition, the computer programs
developed in reference 7 were to be further enhanced with regard to
minimization of computational time and applicability to wider classes

of equivalent hody shapes and equivalent body transonic solutions.

LIST OF SYMBOLS

a major axis of elliptic cross section of indented body
a major axis of elliptic cross section of smooth
sh . L
(non-indented) body
AR aspect ratio
b minor axis of clliptic cross section of indented
body
c equal to a? - b2
c wing chord
w .
Cc Euler's constant



Cr,«

cr,u

drag coefficient of equivalent body of revolution
Deb/qwsm eq. (22)

total drag coefficient, D't/qwsm

‘drag coefficient at zero_l;ft,_Da=O/qum

lift coefficient, L/qu'm
pressure coefficient, (p.- pw)/% Pl

pressure coefficient due to equivalent body of
revolution

pitching moment coefficient about nose, My/qwsmp
(positive nose-up).

wing tip chord

wing root chord

maximum diameter of equivalentvbody.of revolution
drag of eguivalent bédy of revolution

drag due ténlift

totél dfag

total-drég at ;ero lift

equal to M_Z(y + 1)/U_

bcompléte eiliptic'ihtegral of first kind

complete body length
1lift
exponent describing wing ordinates, eqgs. (8), (9f

lower critical Mach number on equivalent body of
revolution

upper critical Mach number on equivalent body of
ravolution

pitchinq‘momentgabout nose, positive nose-up



P,

1,492,493
d4,4s,d6

)

r

Ry

~

eb

wing“planfogm taper ratio, Qtip/cR

free-stream Mach number

exponent déscribing equivalent body ordinates and
related to location of point of maximum thickness,
egs. (11}, (12), (13), (14)

free-stream pressure

cqquantities defined by egs. (55), (56), (57)

free-stream dynamic pressure

_radial distance “in crossflow plane, \[y2 + 22

radius of indented body of revolution
radius of equivalent body of revolution

radius of circular body in transformed (o,) plane,
eq. (33)

semispan of wing which, depending on axial location,
represents either leading (s = g) or trailing
(s = st) edge

semispan of wing leading edge

semispan of wing trailing edge

~semispan of wing in transformed (o,) plane, eq. (34)

semispan of wing leading edge in transformed (01),
plane N .

éemispan of wing trailing edge in transformed (o,)
plane ©o ‘ o : '

area distribution of indented body of revolution

area distribution of equivaléht-body of revolution

“maximumn area. dlstrlbgtlon of equivalent body of

-revolution, 7D%/4

t

Vchturbdtlon velocity components parallel to the
XY, axes, respectlvelv



Uz BsV2 ByrW2 B

Uz £, V2

Vg, W

,ty‘_”2,t

Uz a,Vz, q-¥a,q

X)Y’Z

rle

Xrlei

Xrte

x|

rte,

smy

smy

”'perturbatlon veloc1ty components ‘associated with

solution for transonlc flow about equxvalent body .-
of revolution : !

perturbation velocity:components associated with two- .
dimensional incompressible solution of expansion or
contraction of .equivalent cross section in crossflow._
plane

perturbation velocity components-associated with two-
dimensional incompressible solution of expanding or
contracting cross section in crossflow plane

perturbation velocity components associated with two-
dimensional incompressible solution of translating
cross section in crossflow plane

free-stream velocity

complex potential describing two-dimensional incom--
pressible flow about expanding or contracting cross
section in crossflow plane

complex potential describing two-dimensional incom-
pressible flow about translatlng cross section in
crossflow plane

-body-fixed.Cartesian coordinate system with x axis

direction rearward and aligned with longitudinal
axis of body, y axis directed to the right facing
.forward, and. z axils directed vertically upward

location of point closest to origin where S;b(x) = 0
axial location of body base
axial location of wing leading edge root chord

axial location of point where wing leading edge
pierces body surface

axial location of wing trailing-edge root chord

axial location of point where wing trailing edge
pierces body surface

axial location of wing tip chord leading edge

axlal location of wing tip chord trailing edge

axial distance from wing leading edge



<

ﬁ:&l

Poo

1551

Teb

b2

¢2,B

(b?,t

b2 o

b

lateral distance from wing leading edge

wing ordinates, egs. (8), (9)

angle of attack

wing leading-edge sweep angle
wing trailing-edge sweep angle

ratio of specific heats
polar angle in crossflow plane

ratio of major to minor axes of elliptic cross
section, a/b

dumny variables
free-stream density
compleX'variable in crossflow plane, y + iz

complex varlable in transformed crossflow plane,
y, + 1z,

thickness ratio of equ1valent body of revolution,

D/ 2

‘thickness-to-chord ratio of wing profile, eq. (10)

perturbation velocity potential

perturbation velocity potential -associated with
transonic flow about equlvalent body of revolution

perturbatlon veloc1ty potentlal associated with two=
dlmensxonal incompressible solutions to translation
and growth of cross sectlon ln crossflow plane

_perturbation veloc1ty potentlal associated with two-

"dimensional incompressible solution for expansion:or
contraction of equivalent cross section in cross-
flow plane e

perturbation velocity potential associated with two-
‘dimensional incompressible solution for expansion
or contraction of cross section in crossflow plane ~

pérturbétion bélécity'potéhtialﬂéééociated with two-
dimensional incompressible solution for translation
of cross section in crossflow plane



ANALYSIS

General Considerations

Because the current work is an extension of that of reference 7,
the basic theory and equations used are discussed in depth in that
reference and their derivation will not be repeated here. For convenience,

however, those points relevant to the present work will be outlined.

The coofdinate system used for all of the three-dimensional flows
considered herein is a body-fixed Cartesian system centered at the
body nose with the x axis directed rearward and aligned with the
longitudinal axis of the body, the vy axis directed to the right,
facing forward, and the 2z axis directed vertically upward, as shown
in figure 1. For lifting situations, the free-stream direction is
taken to be inclined at any arbitrary small angle a to the x ' axis
and confined to the  x~-z plane so that there is no sideslip. The
governing partial differential equation for the perturbation potential

¢ 1is given by , : /

M _2(y + 1)

(L= M0 Oy * 02 = T o O Ok (1)

where M_ = 1is the free-stream Mach number, y the ratio of specific

heats, and U_ the free-stream velocity. The pressure coefficient

Cp in the above reference frame is given.by .

2 1 .
Cp = - [—J; (6, + ad ) - Uz (<by2 +' ¢22) | ) (2)

The transonic equivalence :ulé'enables the perturbation potential ¢ to

be expressed in the form
¢ = ¢2,(1 + ¢2,t _f(PZ,B +¢B oo g : (3)

where. each of the individual components has the meaning indicated in
figure 1. Since ¢ g, $o t, and b2 B satisfy the two dimensional
b

incompressible Laplace equation



(¢‘2,i) + (¢’2,i) =0 (4)
Yy ' zzZ

(where the subscript i depends upon the particular potential in
question), they are independent of Mach number, Hence, the only portion
of the solution aependent upon M_ is ¢B and thi; term representé

the solution to the full transonic equation (1) for the nonlifting flow
about the equivalent body of revolution. Because-thé.equivalence rule
places no essential ;estrictions on the mefhods of calculating' QB’ its
solution may be determined in a variety of ways. For example, it can

be given by an exact numerical solution, by experimentél data, by an ‘
approximate analytlc solution, or by a combined analytlc/numerlc solutlon
such as the local linearization method. One of the tasks of the

present work is to extend the applicability of the computer programs
developed in reference 7 to include general, arbitrarily-specified
solutions for ¢B’ and the method'of doing this is detailed in the

user's manual. If the local linearization method is used to determine
¢B’ or more convenlently, up = (¢ ) o’ then oﬂe of the followihg.set of
three first-order nonlinear dlfferentlal equations must be 1ntegrated

or M < M, where M

cr, £’ cr,u cr, £’

Mcr'u are the lower and upper crltlcal Mach numbers ~ respectively.
1

according to whether M~ 1, M < M

Thus, for accelerating flows with M = 1

' In 2
2 ()-8 (5t [0 —=—— -
dx \U RUENEDY eb () [ Y "M 2y 4 1)

“ , - C X " "
) Seb(x) In MmZ(Y + 1)Seb(x)e _ 1 Seb(x) - seb(g) g
an 4mx 4T X - € >

°
(5)

)

1 .
for purely subsonic flows (M°° < Mcr,z



o

u S™ (x)
da( BY_. _eb "~ - 2 .
o <U ) = e ln (1 M kuB)

(1] ‘z [} -— 1]
+ a Seb(X) in Seb(x) +.J; Seb(x) Seb(g) ag (6)
dx 4T 4Tx(f = x) 4T 'x - g| >
(o)
and for purely supersonic flows (Mcr u < M)
b
u S™ (x)
4 (B\_. “eb 2 _
ax (Uw = Thar o In M7 -1+ kug)
" x " - 11}
a [Sep®) Sep(X) Sep (X)) = Sp(8)
Y ax | Tar o In * 3r e ag (7)
! 4Tx2

where C in equation (5) is Euler's constant z0.577, k 1in equations (6)
and (7) is equal to M _Z(y + 1)/u,, Seb(x) represents the area distri-
bution of the equivalent body, and primes indicate differentiation with
respect to the appropriate variable. These differential equations have
been prograhmed for computation in reference 6 where details regarding

starting conditions, numerical techniques, accuracy, limitations, etc.
are provided.



Wing and Body Geoinetry

The classes of wing-body configurations examined in reference ‘7 -
and in this study are composed of finite thickness wing and either
circular or elliptic cross-sectional bodies in which”thé'bédies are
area-rule indented along the Wingébody junctibn in suéh a manner that
the total cross-sectional area distribution (body plus wing) remains
identical to that of a smooth body having a certain specified profile.
The general class of wings considered have symmetric planforms consisting
of straight leading and trailing edges, swept at arbitrary angles ﬁﬁe
and Bte respectively, to the vy axis. 1In reference 7, the planform
shapes were restricted to wings having either straight or sweptforward
trailing edges and zero taper ratio. This work extends that class to
wings with sweptback trailing edges and taper ratio between zero and
one, as shown in fiéufes.Z énd 3. The wing profiies are represented

by expressions of the form

VA T m ‘ — —\m . .
W (X (X - (8)
Sy . 2(m - 1) c, c;> - A
z c m(m/m-1) _ —m SR
-~ (1 - X . 5 (9)
Sy 2(m ~ 1) Cy Cw

where Cuw is the local chord, X the distance from the leading edge,

or

m 1is a constant > 2, and Tw is the wing thickness-to-chord ratio.
In addition, the wings are assumed to maintain a constant thickness-to-
chord ratio across the span, with the consequence that the wing profiles

at all spanwise locations are geometrically similar. Thus,

Iﬁ = (Zw(x’y))max - (zw(x’o))max (10)
2 cw(y) CRt

wher:z CRt is the wing root chord.

10



Two categories of body shape are considered. Figure 2(a) and (b),
illustrates two members of the first category which have indented bodies
that are circular in cross section, while figure 3(a) and (b) illustrates
two members of the second category which have indented bodies that are
elliptic in cross section and that maintain a constant ratio A(=a/b) of
semimajor to semiminor axis along the entire body length. 1In reference 7,
the profiles of the equivalent bodies of revolution of the wing-circular

body combinations are described by the expressions

n/n(n-1) :
eb _ Teb" X §_>n (11)
£~ 2(n-1) [ '.(12

where the exponent n is given in terms of the location of maximum

ONEORN

max

radius by

or

el e

SN ES

where

] 1/ (n=-1)
0, -
\ R n
max '

while the equivalent bodies of the wing-elliptic body combinations are
‘parabolic-arc bhodies, i.e. equations (11l) or (13) with n = 2. This

work extends the class of equivalent body profiles for both the circular
and elliptic body shapes to include arbitrarily specified functions
subject to certain closure and continuity restrictions on the derivatives
that are discussed in the appropriate section of the included user's

manual.

11



" Straight or Sweptforward Trailing’
: Edge- Planforms

Circular bodies.- For finite thickness wing-circular body combina-

tions haVing wings with finite tip chords and trailing edges that are
either straight or sweptforward, the complex‘potentials,‘wz,a;'wé,t, and

Wp B can be readily determined from the work of reference 7.

, 5 o 5 1/2 :
Wy o = -iU.a {jﬁo + Rg )2 - (s + Rg )2} - %} (15)

Rb4
S o
Wa t oy . dZ - (x,E) . (62 - £7) (02 = 7). o
— = = ———— In = at
U m dx o®
) R
- d
1 [, Ry
+ or LSeb(x) + 4 Zw(x,Rb) dx] iIn ¢ (16)
W2 B - S! (X)
3 _ eb

U - T o no , (17)

0
where ¢ 1s the complex variable in the crossflow plane

0=y + iz (18)
Ry is the indented body radius, 's - depending upon axial location -
represents the local wing semispan of either the leading (s = st) or
trailing (s = St) edge, and Z, represents the wing ordinates. The
velocity components assoclated with these potentials can be found by
substituting those expressions into the general formulas:
Sz i Wp | j .
LETE S S R.P. 5% (19)
aw, 4 _
(v =wy j = (¢>y - 1qb2)2 T Tdo (20)

12



where the subscript i depends upon the particular potential in question

and R.P. signifies the real part of a complex quantity.

These operations have been carried out and the resulting expressions,
which are quite lengthy, are given in reference 7. It should be noted
that, in the evaluation of the-veiocity components associated with the
thicknésé problem (Wg’t), different sets. of expressions are necessary
depending on whether the point of interest is (1) at a general location,
(2) on the wing surface, or (3) at the wing-body junction. These
~ distinctions are required in order to account properly for the Cauchy
singularities which appear in éeyeral of the integrals associated with
the thickness velocity components. No such distinctions are required

for the 1ifting (Wz o) or equivalent thickness (Wz,B) problems.

Because of the symmetry of the class of wing-body combinations
considered, nonlifting flows will produce no lateral forces or moments.
The only force will.be the longitudinal drag force which can be

determined through the general formula,

poo ad)z,t a¢2’B'
Da=o = Peb ~ 3 $2,t T3n 9o - ¢2,B —3n 993 (21)
e . “B
where Deb represents the drag of the equivalent body while the other
two terms involve the line integral along their respective contours
(Cy
combination while C_ .is the contour about the equivalent area circular

B . . .
cylinder) of the product of the appropriate velocity potential and the

is the contour defined by the cross section of the wing-body

normal velocity associated with it. We note that the drag indicated

by equation (21) refers to the inviscid drag of the configuration minus
the base pressure drag. As pointed out in :efereﬁce 8, there ‘exist

many shapes of aerodynamic interest for which the two integrals involved
cancel. 1In particular, we note that if the equivalent body and the .
original body have the same shape and surface slope at the base, as 1is
the case for configurations studied here, then since both integrals

are carried out over the same contour along which ’¢2,t‘= ¢2;B and

a=o0 = Deb' If we

define a drag coefficient Cp based upon the maximum cross-sectional

8@2,t/6n = Oy, p/on, 'the integrals cancel and D

area of the equivalent body, Sm, then

13



' Deb 1 b | | .
CDa;.o = CDeb = r—' = g—n; f Cp . Seb(x) dx (22)
— U 25 6} € '
2 T Tm
where Xb is the axial location of the body base and Cpeb is the
pressure coefficient on the surface of the nonlifting equivalent body

and is equal to

X
p_eb oo .
For the lifting situation, an exact analysis of the aerodynamic
forces and moments, even within the framework of small disturbance
theory, is quite ‘formidable. The general formulas for determining the

coefficients of 1lift, pitching moment, and drag are given by -

=L _ _ 2 - '
‘LTS g, T U 95"’2,& dog (24)
m oo )
M’ | 1 x _ ‘
= Yo - = dL ()
C.m .qoo.sm,e qoo‘sm.[' !: C: d& de (25)

' a¢2,B . l ’ o
- f (pg,B an dUB o : : ) (26)

where now the contour C,Awhile'etill taken ét.the base of_fhe body,

must now account for the vortex wake which'springs from theAwing trailing
edge and, as before, the drag given by equation (26) represents the
inviscid drag minus the base pressure drag. Because the vortex llnes
near the body surface must follow the streamllnes of the flow around

the body, the vortex wake will not proeeed parallel to the x axis,

14 y



in general, as it'does in many simpler cases considered in slender body
theory; but will move away from or toward the body axis to follow the

lateral expansion or contraction of the flow field near the body as shown

below.
Uoo
x =X
~ sm,
‘{/—-VOrtex wake
vl — Body base
D , \vl

The resulting flow at the body base is influenced by the wake and,
consequently, is no longer independent of the flow at cross sections
preceding it. The solution of problems of this type is discussed
briefly in reference 9. 1In general, they are quite difficult to solve
and since they are by no means unique to transonic slender body flows,
their exact solution is clearly beyond the scope of the present investi-
gation. Because the analysis presented here, however, remains valid up
to the axial location of the wing tip trailing edge x = xsmz (i.e. as
long as the edge of the wing remains a leading edge) an estimate can be
made of these guantities by making the assumption that beyond that point
the vortex sheet remains parallel to the x axis and does not vary

with x. With this premise in mind, we can proceed to evaluate
equations (24), (25), and (26). Carrying through the indicated operations
(see ref. 7 for-details), we arrive at the result that the coefficients
of lift, drag, and pitching moment are given by

15



4
_ 21ma o b L2
CL = 53 Sy + g T Re%) | (27)
. ’ x = X ’

m 4
Sy
Q
C = C_ +. = C (28)
D, Do 2 L
4 rie
_ 2TA 2 e 1 2
Cm =3 .7 [— X S£ + S 2 - Re%) + Jr Reb de
m Y
dx =X (o)
o sm;
.Xsm2 - R 4 '
2 _‘ .. 2 . -
+ _[‘ s,7 Sgg RZ g;. N (29)
szel o L

~where the drag coefficient at zero 1lift CDa=p is given by equation (22)
and Xrfey .is the axial location of the point where the wing leading

edge pierces the body surface.

Elliptic bodies.- The basic analysis of wing-body combinations

composed of wings having finite tip chords with trailing edges that are
either straight or sweptforward and bodies having indented elliptic

Ccross sections_such that the total cross-sectional area distribution equals
the area of the original smooth body with elliptic cross section proceeds
in a manner analogous to that used for the circular body shapes.
Apparently, the most direct approach consists of reducing the elliptic
cross section to a circular one by use of the appropriate Joukowski
transfofmation'and then applying the methods used for the circular

shapes. The transformation required to take the ellipse into the circle

shown below

is given by

16



2 . 2 .
g _+ 0 C (30)

0, = >
where
c2 = a2 - b° (31)
and ,
g, = y, + iz, ' - (32)

This takes the ellipse into a circle of radius
R, = : . (33)

and the semispan s into the shortened semispan

2 o 2
=S+ S C N (34)

Sy P

The potentials . Wa gy Wa,t, and W, g are then given by

. - o -
Wy . R, R,
= = + - -{ s, t+
U 1a 04 0, 1 s,
o0

- 1/2

DS

R14 .
s T c2 (.2 - E 2) (g,2 = = _)
Wz,t ! 1 dzw(xat;l + 4‘:12) . : . ")1? c2 .
v T dx n L ata
; 4 2
o0 Rl O'1 . 461
S’ (x) C o . ,
eb ' ; da = : - -
-+<i > i+ 2 Zw(x,a) d;) ln-ulr . o (36)
Wq B S. (X)
2, _ cbh .
G = o In o , (37)

o3

The velocity components associated with these potentials are found

through the opcrations

17,




up j = R.P. —3 (38)
dwg,i doy (39
(v—w)g’i_ dOl do )

These have been carried out and are given in reference 7 where it must
be remembered in those formulas that depending upon axial location 51-
represents either the leading (s; = slﬂ)‘or trailing (s; = s;,) edge

in the transformed plane. For the case of nonlifting flows about these
classes of symmetric configurations, no lateral forces or moments exist
so that the only force present is the longitudinal drag force. This can
be determined through the use of equation (21) where now the contri-
butions of the two line integrals do not cancel since the contour over
which the product s ¢ a¢2,t/an is evaluated is the elliptic cross
section at the base of the body whereas the contour for evaluating

$> B 8¢s,3/6n is the circuléf cross\section of the equivalent body.

Carrying out the indicated operations, we find that the drag coefficient

of this general class of nonlifting elliptic wing-body combinations is

= o, " —< > £ 1n (*—’f&\) <3£"___> -7 1n Reb]

(40)

where Cpgy, is the drag coefficient of the nonlifting equivalent body
and 1is given by equation (22), and K(f) 1is the complete elliptic
integral of the first kind. (

For lifting flows at small angles of attack about these configura-
tions, if we apply the same assumptions regarding the trailing vortex
wake as were made for the circular body case, then the evaluation of
equations (24), (25), and (26) provides the following results for the

1lift, pitching moment, and drag coefficients.

18
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Sweptback Trailing Edge Planforms

Circular bodies.- For finite thickness wing-indented circular

"body combinations having sweptback trailing edges, as illustrated

“below,

——— X
rte, D CL‘ Y

sm2

new potentlal solutlons are requ1red to account for the gap between

w1ng and body cross secflons which appear in the crossflow plane between
rte; and x = Xgp,.
analysis 1s complicated even with the previously made assumption that

the axial locations x = X For lifting flows, the
the vortex sheet eminating from the trailing edge remains parallel to

the x axis beyond the point x = X This is due to the presence

smp °
of the vortex sheet in the gap between the wing and body from Xrtel to
Xsm, - Consequently, the flow at any axial station beyond Xrte, is
influenced by the wake ahead of it and is no longer independent of the
flow at preceding cross sections. Thus, the simplified analysis which
was valid for.lifting flows about wings with straight or sweptforward
trailing edges - i.e. for cases where the edge of the wing always
remained a leading edge - does not apply here. A new potential solution
for Wé’d“-isﬂrequired and this is beyond the woérk scope of the present

investigation.



One of the primary goals of this study, however, is to determine
the potential We,t' associated with the thickness problem for configura-
tions of this type. For x'< Xpte,» equation (16) is valid. “For
Xrte, < x < xsmai a new potential must be developed to account for tngn
gap between the wing and body. This is accomplished by using an extension
of the method developed by Stocker in reference 10. That method is
based upon the method of singularities and models the wing thickness by
placing a continuous distribution of two-dimensional incompressible
sources (or sinks) along the wing chordal plane togetheﬁ with their
appropriate images within the body. The body itself,is represented by
a source (or sink) at the origin. Although originally developed for a
wing attached to a body, this method can accommodate such a 'wing body
as shown below ' T

Z

R'b(x) ‘:ZW(X,Y)

by distributing sources'(or sinks) only along the wing and appropriately
imaging them within the body. This method thus provides the following

expression for the complex potential Wz,t(x,y,z):

s ' Ry*

Wa t 1 £ dZw(x,ﬁ) (02 - £2) (02 - £z ) Sg(x)
Uoo=:[?f ax ln[ " ]dﬁ+Tln0
St
(Xppe, < % < Xgp ) (44)

Since for sweptback trailing edges with Xpto, < x < Xgmp» the
equivalent body area distribution and actual body area distribution are

related through the expression
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S

£
Seb(x) = Sb(x) + 4 .jf Zw(x,y) dy . (45)

St

we can write the alternate form

4
s Ry
Wa,v a0 92,x,E8) (02 - £2) (0% - 42 )] LS 2y (%)
Uoo=;T—j dx 1n . d¢ + —5—— 1In o
S¢ Y
(Xrtel <x< Xsmz) . (46)

The velocity components associated with this potential are deter-

mined through equations (19) and (20). As in the case of straight or
sweptforward trailing edges, proper account must be taken of the

familiar Cauchy singularity which appears in several of the integrals

associated with these velocity components on the wing surface. If,

because of the symmetry of these configurations, we restrict attention
to the first quadrant of the crossflow plane (y > 0, z > 0), the

following results are obtained.

For points at any general location but

not on the wing surface,
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+ —e%—- 4n [22 + y2]> (47)
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2
z2 + (y + 3 +
N (48)
S
Wo t 1 . j»[dzw(x,t) [ 1 . 1 . 1
u_ o dx 2
0 2 - 2 2 + 2
5 22 4 (y - 2) z +.(y £) 22 + (y - : )2
) 2 47 (x,£) s' (%)
* L }dc+ £ <-4f W g o+ —22 >}
2 2 2 dax 2
Ry 224y
z2 4+ (y+—5—)2 R
: e
(49)
For points on the wing surface, i.e. 2z =0, s <y < S,
B Rp® 2
Uzt 1 SﬁdQZw(x,E) lt(y+ﬁ)2 (y+—¢ )2ly - ]
= o= In d
U, 2T [ ax2 > 3
t
s . : :
 /A22 (x,E d?Z_(x,y). AR
. F( W (X5 6) ) w ”Y>£n[<1: - §>2]_di
g dx? dx? Y
t
d P4 oaz (x,6)
) Rb 1 w b 1 1 .| -
+ 4Rb — - { de
dx vy dx sz Rbe‘ 5
St £+ £ -
Y Y

24,

dgz (x,v) s, -y ' - S
o+ 2 ——g}-{g—— {sﬁ -y) [£n<—f;,———> - 1] + (y - St)[£r< y t> - 1]}

(Continued on next page)
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dx dx .
y
dz (x,s.) dsg (y-s)2(y+s )2y - %_)z(y + Rsb )2
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dx ax [ .
Y 3
Sll (X)
+ eb2 £n (y2) 50)

t - _b_
yroem Yo
dz._ (x,€) dz._ (x,y)
] W w ?
_[E( dx B dx )d _ dZw(X,y) Sz - Y
E -y £ dx zn(y— st
S
t
54 az, (x,€) S' (x)
1 ’ b " ' : .
vy <‘4f —E % *e—z—>] - s
S , b N

We note that in this case no singularities occur on the body
surface or in the‘gap between the wing and body. At the leéding and
trailing edges of the wing, however, the characteristic logérithhic
singularity associated with two-dimensional incompressible flow at a
sharp edge appears. 4

As-béfore, the. thickness pétential for the equivalent-body cross‘
section Wa' B is given by equation (17). -‘Because Of the éymmetry of

these configurations, nonlifting flows will produce no lateral forces or

BE
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moments but only a longitudinal drag force.

Since,

as 1is the usual case

of realistic wing-body combinations, the configurations considered herein

have the body base located aft of the trailing edge of the wing tip

chord (i.e.

where CDeb

and is given by equation

(22) .

Elliptic bodies.- For the wing-~body combinations with indented

Xb > Xgm,), the drag coefficient at zero lift is given by

53)

is the drag coefficient of the equivalent body of revolution

elliptic cross section and sweptback trailing edges, equation (36) for

wz,t applies for

x < Xpte, - For

Xrtel < x < Xst’ use of the

Joukowski transformation, equation (30), provides the result that

s
1 2
W, ¢(oy) L gz (X,8, + o)

. = X 46y in
U, T z dx

lt

S!'. (x)
eb
+ > In o,

I1f we define the following quantities

qp *+ idz =

ds t+ 1qgg =

R. %
] 1
(0,2 - £1%) (0,2 - £ z)
] l_
0, . A\
1
2
2 _ &2
g, 7
Oy
2
2 _ &°
ol 7
0,2
2
2 _ &2
Oy 7

(54)

(56)

(57)

and again restrict attention to the first quadrant of the crossflow plane,

equations (38) and (39) provide the following results for the velocity

components.
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For points on the wing surface, i,e., z = 0, St <y < s.ﬂ ({or equivglently

Zl=0, slt<yl<slﬂ),
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The drag coefficient at zero 1lift CDa=o

tions is given by equation‘(40).
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RESULTS AND DISCUSSION

While experimental verification of the theory is considered essential,
particularly at this stage of development, there is not available at the
present time experimental data for transonic flows about wing-indented
body combinations suitable for comparison with theory developed here.
Although a parallel experimental program was originally considered for a
typical member of the class of configurations described herein, that
program has, unfortunately, been delayed. Corsequently, experimental
verification of the theory, particularly for pressure distribution compari-
sons which are vital in assessing the validity of the assumptions of the
theory within the various regions (body surface, wing surface, wing-body
junction, wing leading and trailing edges, etc.) of the near flow field .

of these configurations will have to be deferred. -

In order to illustrate the general behavior of the theoretical
results for transonic flows about the slender wing-body combinations
considered here, the surface and flow field pressure distributions for
several typical members of the classes of configurations described
previously are given in figures 4 through 7. For example, in figure 4
pressure distributions are presented for a finite thickness wing-indented
circular body combination with a nonzero taper ratio and straight trailing
edge in which the equivalent body is a parabolic-arc of thickness ratio
b/4f = 0.1, the wing is a truncated delta wing with aspect ratio aR = 1.7,
and taper ratio TR = 0.2 (so that Bﬂe = 580, ate
arc profiles of thickness/chord ratio t/cw = 0.04. The wing root chord
is half the body length, i.e., CRT/f = 0.5, the root chord leading edge

is located at Xrle/f = 0.25, and the body base is at Xb/l = 0.86. The

= 0), and has parabolic=-

longitudinal pressure distributions given in figure 4 are for the free-

stream conditions M =1, a = 0° and are presented at the two angular

positions A = OO, 90°

in the crossflow plane and at locations on the
body surface and also along lines parallel to the body axis but removed
laterally from it by distances of 1, 2, and 4 times the maximum cquivalent
body diameter D. Thus, the bressure distributions given for 9 = 0°
and r/D = 1, 2 cut across the wing surface, intersecting fhe leading edge

at the axial positions’ x/f = 0.410 and 0.570, respectively.’
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The wing-body surface pressure distributions shown in the first plot
of figure 4, when compared to the pressure distribution on the equivalent
body alone, demonstrate the large effect that the wing has upon the body
pressure distribution. Moreover, it clearly shows the rapid variation of
the pressure distributions caused by the singularities at the points
(x// = 0.320, 0.75) where the wing leading and trailing edges pierce the
body surface and also at x/+ = 0.65 where the leading edge of the wing
tip chord is. The discontinuities at the points where the leading and
trailing edges intersect the body surface are related to the character-
istic logarithmic singularity associated with the two~dimensional thick-
ness problem (i.e., ¢?,t) of flow at a sharp edge. The discontinuity at
the leading edge of the wing tip chord is due to the discontinuity in
slope of the indented body at that point. This discontinuity occurs
since in order that the equivalent body area distribution and its deriva-
tives remain smooth, it is necessary for the indented body to have a
slope discontinuity at x/f/ = 0.65 to compensate for the one due to the
wing. This discontinuity also occurs at the trailing edge of the wing tip
chord and would be evident if the trailing edge were swept forward, so
that the poipt (x = Xsm”) would be separate and distinct from the axial
location where the trailing edge pierces the body surface (x = Xrte,)-
For the case of a straight trailing edge as in figure 4, those points, of
course, coincide so that only one singularity is evident. The flow field
distributions shown at r/D = 1, 2, and 4 illustrate several interesting
features. The most prominent is the propagation into the flow field of
the singularities which occur in the surface pressure distribution at the
three points discussed above. This is a direct consequence of using the
transonic equivalence rule to provide flow-field information based upon
knowledge of flow properties at the body surface. Also evident in the

distributions along the lines /D = 1, 2, 2 = 0°

are the logarithmic
singularities at x/f = 0.410 and 0.570, respectively, as those lines
cross the wing leading edge. . The longitudinal flow field pressure distri-
butions provide insight into the rapidity with which the flow field
becomes axisymmetric and equal to that about the equivalent body. At the
lateral distance r/D = 4, the pressure distributions at A = Oo, 90°

at points ahead of the leading edge of the wing tip chord (Xsmz/f = 0.65)
are virtually indistinguishable from that about about the equivalent body -

except for the exponentially small region of influence of the logarithmic
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singularity propagating out from the body surface at the point where the
leading edge pierces the body surface. However, within the axial region
corresponding to the wing tip chord, 0.65 < x/4 < 0.75, the pressure
distribution still shows some effect of the wing, although it is clearly
diminishing. This is not surprising and could have been anticipated from
the results from the delta wing with zero taper ratio given in figure 4 of
reference 7 which also indicate that the effect of the wing on the flow
field at lateral distances of several maximum body radii-is negligible at
all axial locations except those in the near vicinity of the'wing max imum
span. Knowledge of the region in which the flow about geometrically
complex configurations of this type can be considered axisymmetric and .’
equal to that about the equivalent body is quite significant and can
provide, for example, useful information for a completely numerical
finite difference solution in applying the far-field boundary condition.
The drag éoefficient for this configuration; which is provided by
evaluating numericélly the integral in equation (22), is found to be

CDt= 0.1044.

Analogous results are given in figure 5 for a lifting flow about
this same configuration for the free-stream conditions M_ = 1. and
a = 2°. We note again that the singularities discussed with regard to
the nonlifting case also appear here. Moreover, due to the nature of
lifting flows near a sharp edge, the logarithmic singularities associated
with the thickness problem are further reinforced by the inverse square
root behavior associated with the two-dimensional lifting problem
(i.e., ¢2,a) of flow around a sharp edge. The net result is the more
rapid variation of pressure evident in those regions. Nevertheless, the
flow field distributions  again display the strong tendency to return to
those generated by the equivalent body alone, as is most apparent in the
flow field distributions at r/D = 4. -At this angle of attack, equations
(27), (28), and (29) provide the following results for the aerodynamic

coefficients:

c = 1.70705  Ch = 0.1342, c, = ~0.8906

In order to demonstrate the pressure distribution behavior typical
of the wing-body combinations considered here having swept-back trailing

edges and non-zero taper ratios, results are given in figure 6 for a finite
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thickness wing-indented circular body combination in which the equivalent

body is a parabolic-arc of thickness ratio D// 0.10, the wings have

parabolic-arc profiles of thickness ratio t/cw
ratio AR = 2.8, taper ratio TR = 0.4, root chord CRT/F = 0.3, with the
‘ _ - o - o
Xr/e/[ = 0.25 (so that Bﬁe 457, Bie 23.757).
Analogous results are presented in figure 7 for a finite thickness wing-

0.04, planform aspect
root chord leading edge at

indented elliptic body combination composed of a parabolic-arc body of -

semimajor to semiminor axes A = 3 and a wing essentially identical to
the one described above for the circular body except that the trailing
edge is swept at the' angle 'Bte = 25.05°. The trailing edge sweep angles

of these configurations are such that the axial locations of leading edge
of the wing tip chord and the point where the tralllng edge pierces the

body surface coincide, i.e., Xsml = Xrtel

In figure 6, we note that the general variation of both surface and
flow field pressure distributions are essentially the same as those of the
straight trailing edge conflguratlon shown in figure 4 for points ahead
of the leading edge of the wing tip chord Xsml/ﬁ = 0.571). However,
within the axial region containing the wing tip chord (Xsml < x < Xsmg)'
and coincidentally, theé wing trailing edge, the pressure distributions
now indicate a much more rapid variation, while still exhibiting the same
trend as that shown in figure 4. Apparently the gap between wing and
body in the crossflow plane within this region influences the behavior of
the surface pressures to a greater degree than in the case when there is
no gap, and consequently an unbroken lateral distribution of sources
along the wing from body to wing tip. The flow field distributions within
the near flow field of this region maintain this rapid variation, with the
distributions of Cp at 8 = OO, r/D = 1, 2 - also exhibiting the character-
istic influence of the logarithmic singularities at the points where
these lines cross the trailing‘édge. Nevertheless, beyond the wing tip
the flow still displays the characteristic tendency to return to that of
the axisymmetric flow about the equivalent body, as is evident in the
distribution at r/D = 4, a distance which is only slightly beyond the

point of maximum span, r/D = 3.2.

The surface and flow field pressure distributions shown in figure 7
for the wing-indented elliptic body combination described. above are

essentially similar in behavior to those in figure 6 for the corresponding
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circular body and do not exhibit any new characteristic features. We note
that the asymmetry introduced by ellipticity of the cross section alone

(excluding the influence of the wing), while being evident at the body

surface, rapidly dies out. 1In reference 6, it was shown that for a smooth
elliptic body alone having a semimajor to semiminor axis ratio A = 3 the
flow field becomes essentially axisymmetric at r/D = 1.

Perhaps the most notable feature of the theoretical results presented
here (and in ref. 7) for transonic flows about the classes of wing-indented’
body combinations being considered is the behavior of the pressure distri-

butions caused by the singularities which occur at the following axial

locations;
. szel -—vleading edge pierces body surface
° Xrtel —- trailing edge pierces body surface
. Xsm - lea@ing edge of wing tip chord
D) Xsm: —- trailing edge of wing tip chord

Although the singularities at general locations along the leading and
trailing edges, for eithér nonlifting or lifting situations, could be
included here, they are not, both since their character and origin are
well known and also because they are local phenomena and, consequently,

of restricted influence unlike the singularities delineated above.

It is important to realize that the basis of these singularities is
essentially geometric in character, with the difficulty arising from
X

either a discontinuity in first (at x = X or second

smy sm2)

(at x =X derivative of the indented body area distribution,

rfle,: Xrtel)
which causes, in turn, discontinuities in the surface velocity components.
Then, because the transonic equivalence rule is used to provide flow field
information based upon knowledge of flow properties on the body surface, '
these discontinuities are propagated laterally into the flow field making
their presence even more evident. A direct method of alleviating this
problem, while at the same time providing both a more general and
realistic approximation would be to smooth these junction points with
monotonically varying filiets. It appears, however, that a simple func-
tional representation of fairing curves of this nature is not possible.

Analytic (i.e., cubic), trigonometric, or exponential curves, while
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satisfying the end conditions of matching!slope and ordinate at two points,
fail to be continuously monotonic under boundary conditions typical of

the configurations considered here. Thus, a wiggle would result in the
faired curve and this is unacceptable. A means of eliminating this
problem would be with piecewise continuous spline-fit functions. 1In any
case, by whatever means the smoothing is accomplished, the result would

be a. more accurate representation of the actual solution in the vicinity

of these points.
CONCLUDING REMARKS

Theoretical analysis and development of associated computer programs
have been conducted in order to develop calculative techniques for pre-
dicting properties of transonic flows about certain classes of slender
wing-body combinations. The theoretical analysis is based upon a
combination of the transonic equivalence rule and uses either an arbi-
trarily specified solution of the local linearization method for deter-

mining the nonlifting transonic flow about the equivalent body.

Computational programs, which are documented in a general user's
manual and included as part-of this report, have been developéd for
finite thickness wing-body combinations in which the bodies are area-
rule indented in such a manner that the resultant equivalent bodies
remain smooth., The equivalent body profiles are either user-supplied
subject to certain continuity and closure restrictions or program-supplied
in which case the radius is of the general class R ~ x/4 - (x/Z)n or
1 - x/¢ -~ (1 - x/f)n. In addition, the body cross sectional shapes are
either (1) circular or (2) elliptic and such that a constant ratio N of

semimajor to semiminor axes is maintained along the entire body length.

A general class of wings is considered which are symmetric in plan-
form about the azimuthal body meridian (x-z plane) and consist of
straight leading and trailing edges swept at arbitrary angles. The
positions of the leading and trailing edges of the root chord are located
at arbitrary locations on the body axis, and the profiles are described
by z, ~ §7cw —‘(;/cw)m or 1 - ;ycw -.(l - ;/cw)m where x 1is the

axlial distance from the leading edge and <, is the local chord,
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These programs provide longitudinal pressure distributions for both
nonlifting and lifting situations, at arbitrary angular positions in the
crossflow plane at points along the body and wing surface and also along
lines parallel to the body axis but removed at arbitrarily specified
lateral distances from it. 1In addition to the pressure distributions, the
aerodynamic characteristics of lift, drag, and pitching moment are also

provided.

The theoretical pressure distributions predicted by these programs
for certain members of the class of configurations described above indi-
cate quantitatively the relatively large effects of wing thickness and
lift on both the body and flow field pressures, and also serve to point
out the singularities inherent to the theory as it is presently constituted.
In addition, they demonstrate the large influence that sweeping the trailing

edge and introducing a finite tip chord has upon the pressure distributions.

In conclusion, -we emphasize that the techniques employed here are
quite fundamental and possess great generality so as to allow extension
to even more complex configurations. Moreover, since the solutions to the
various two-dimensional crossflow problems are independent of Mach number,
they can be calculated once and for ail once the geometry of the configura-
tion is fixed and then combined with any one of a possible variety of
solutions (experimental,; numerical, etc.) for the transonic flow about the
nonlifting equivalent body. We suggest, furthermore, that experimental
work be conducted to determine surface and flow-field pressure distribu-
tions on selected wing-body combinations in order to define more clearly
the extent to which the theory applies to configurations of this nature
and, also, that consideration be given-to déveloping methods to smooth
the solutions in the vicinity of the various discontinuities in the area

derivatives of the indented body shapes.

Nielsen Engineering & Research, Inc.
Mountain View, California
July 13, 1972
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APPENDIX A

COMPUTER PROGRAM USER'S MANUAL
SUMMARY

An operating manual is given for the computer program developed in
conjunction with the theoretical work presented in this report. The
program computes the transonic surface and flow field pressure distri-
butions and aerodynamic characteristics for various classes of wing-body
combinations considered herein. Use is made of the transonic equivalence
rule and either the local linearization method or a user-supplied

solution for flow about the nonlifting equivalent body.

A description of the general operating procedure of the program is
given, together with instructions for the preparation of input data,
sample output of test cases, and a listing. The program is written in
FORTRAM IV programming language and prepared specifically for use on an
IBM 360/67 series computer. Typical running times are approximately
30 to 45 seconds for the equivalent body calculations using the local
linearization method and about 2 minutes for the crossflow solution
calculations involving approximately 1000 points located typically

along the wing, .wing-body junction, and flow field.
DESCRIPTION OF PROGRAM

The computer program presented here is applicable to several
classes of finite thickness wing-body combinations discussed in the
preceding report in which the bodies are area-rule indented along the
wing-body junction in such a manner that the total cross-sectional area
distribution is identical to that of a smooth body having a specified
profile. The programs compute the surface and flow field pressure
distributions, for both nonlifting and lifting situations for straight or
swept forward trailing edge planforms and for nohlifting situations for
swept back trailing edge planforms, at arbitrarily specified angular
positions in the crossflow plane, at points along the body and wing sur-
face, and also along lines parallel to the body axis but removed from it
at specified lateral distances. 1In addition, the aerodynamic character-

istics of lift, drag, and pitching moment are computed.
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Wing and Body Geometry

The wing and body geometries of the configurations programmed are
shown schematically in figures 2 and 3. Figure 2 illustrates two
members of the class of wing-body combinations which have indented
bodies that are circular.in cross section, while figure 3 shows the
corresponding members of the class having indented bodies with elliptic

cross section.

Program-supplied equivalent body profiles.- Unless the user specifies

to the contrary, the class of equivalent bodies of revolution of both
types of the above configurations consist of profiles described by the

equations

n/n{n-1)

R T ..0N ' n
eb _ _eb X _(x
7 - 2 - D) [z (z)] (64)

or

_ B X X n
7 - T 2m D) [1'7'('7> ' (65)

with n = constant > 2. 1In reference 7, the profiles of the elliptic
bodies were restricted to parabolic arcs, i.e. equations (64) or (65)
with n = 2. Thus, this work extends the elliptic body category to
include the entire class of equivalent body profiles used for the case

of the circular bodies.

User-supplied equivalent body profiles.- At the user's option, an

arbitrarily specified equivalent body profile may be substituted in

lieu of the above class of profiles. The modifications necessary to

the program are detailed in the PROGRAM INPUT section. The restrictions
on these profiles depend, in part, on the method used to calculate the

solution for the nonlifting flow about the equivalent body, i.e. u

B
If the local linearization method, as presently constituted, is used
to calculate ug (see eqs. (5), (6), and (7)), then it is necessary

that the profiles be closed, have sharp tips, and have contipuous
derivatives through the fourth. On the other hand, if the soluticn for

u is user-supplied, then the requirement from the other portions of

B
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the solution, i.e. ¢ o, ¢2 t, @and ¢, p, is that the equivalent body

profiles have continuous derivatives through the second.

Indented-body profiles.- The ofdinates of the indented body profiles

are fixed once the equivalent body profile and wing profile are specified.
For circular bodies with straight/sweptforward trailing edge planforms,
the indented body radius Ry is found through a Newton-Raphson iteration

procedure on the expression

S
T RZ, = T R2 + 4 j z(x,8) df (66)
Ry,

while the derivatives de/dx and dsz/dx2 are calculated by using an

appropriate five-point difference formula. For sweptback trailing edge

planforms, the above method applies up to x = Xrte,- For Xrtey; < X < Xsmz’

R is found without iteration from the expression

S

Z .
T RS =T RZ + 4 j zw(x,g) ag , (67)

St

Analogously, for elliptic bodies with straight/sweptforward trailing
edges the semimajor axis a of the indented elliptic cross section is

found by iteration on

s
Taz e
T Réb = =5+ 4 ‘j. Zw(X’Q) de (68)

a

with the derivatives da/dx and d2a/dx being evaluated numerically by
using the appropriate five-point difference formula. Fow sweptback
trailing edge planforms with Xrte, < X < Xgp,, & is found directly

from the expression

2 £ -
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The general class of wings considered for both types of Dbody
shapes described above have wing planforms that consist of symmetric
straight leading and trailing edges, swept at arbitrary angles 2re and
r3te
positive clockwise; thus, for Bte less than, equal to, or greater than

, respectively, to the vy axis. Both ale and Bte’ are measured
zero, the trailing edge is correspondingly sweptforward, straight, or

sweptback. The position of the leading edge of the wing root chord

sze and its length CRt are arbitrary. The wing profiles are

represented by expressions of the form

2, _ a0 ™" (_;_ _;_>“‘> 0
c  2(m =1) c \c
W w w

- m
2y T % %
. S 2m-n (- (- (71)
w w W

where cy is the local chord, X the distance from the leading edge,

or

m 1is a constant » 2, and T, is the wing thickness-to-chord ratio.
The wings are assumed to maintain a constant thickness-to-chord ratio
across the span, with the consequence that the wing profiles at all
spanwise locations are geometrically similar so that
Tw (Zw(x’y))max (Zw(x’o))max
- = = (72)

Cw(y) CRt

General

The coordinate system used in the program is a body~fixed Cartesian
system centered at the body nose with the x axis directed rearward and
aligned with the longitudinal axis of the body, the y axis directed
to the right facing forward, and the =z axis directed vertically upward,
as shown in figure 1. Because the transonic equivalence rule allows the

perturbation potential ¢ to be expressed in the form
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¢ = do ot b2t - da,p t vy (73)
where each of the components has the meaning indicated in figure 1,
and since o g, $= ¢, and ¢z p satisfy the two-dimensional Laplace
b . 3
equation
(4’2,1) + (ng’j_) =0 (74)
Yy 2z

they are independent of Mach number.

the configuration 1is fixed they can

stored, and used, for example, in a

body combination as the Mach number

the transonic range. An option for

" discussed in the PROGRAM INPUT section.

dependent upon M is

Consequently, once the geometry of.
be calculated once and for all,
comparative study of a certain wing-
is varied systematically throughout
doing this is available and is

The only portion of the solution

and this term represents the solution to the

0 Q)B
full transonic equation (1)

body.

for flow about the nonlifting equivalent

Local linearization solution of u..- If the local linearization

B
used to determine the solution for

method is ¢y, or more conveniently,
is near one, below the lower
(6), or (7)

Since these are all first order ordinary nonlinear

ug = (¢B)X, then according to whether M

critical, or above the upper critical, equation (5), must

be integrated.
differential equations, appropriate initial conditions are required.

These are given at the point Xg) which is the positive root of the

equation
Seb(x) =0 (75)
that is closest to the origin. The values of uB/U at this point
are, for accelerating transonic flows with M_ = 1 (eqg. (5))
2 X " - n o

EE'_ 1 -m 1 Seb(x) Sebb’) i

T T + 3= e ag (76)

o sz('y + 1) ’

for purely subsonic flow (eg. (6))
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’e " H
ug 1 Sl (x) - 82 (&)
= = 4 - de (77)
U, m Ix - ¢
o)
and for purely subsonic flow (eq. (7)) .
' X "
Sy S0 - sp@) 8
U, 27 X = £
N o}

The integrations start at Xy proceed to a specified point near
the nose, and upon reaching that point, return to X restart the inte-
gration procedure, and then continue towapd the tail. In each of these
programs, the differential equations are integrated by using Hamming's
modified predictor-corrector method described in the Scientific
Subroutine Package '(SSP) available from the IBM Corporation. The
integrals involved in those differential equations are evaluated by

using Simpson's rule.

User-supplied solution for ug .- At the user's option, an arbitrarily-

specified solution for up can be used in lieu of the local linearization

solution. This solution can involve mixed transonic flows with imbedded

shocks and can be determined in any of a variety of ways (numerical,
experimental, etc.). Details regarding the manner of inputting this
information to the program are discussed in the PROGRAM INPUT section.

Crossflow Potentials and Aerodynémic Characteristics

This section assembles for user convenience, the crossflow potentials
and aerodynamlc characterlstlcs of all of the conflguratlons con51dered

in thlS report

Stralght/Sweptforward trail ing—-edge planforms " For the classes

of finite thickness wing-circular body comblnatlons considered herein
which have stralght/sweptforward trailing edga planforms (see fig. 2(a)),
. the follow1ng results are provided for we’a, 2,ts and W2 B at the

indicated axial locations:
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W2 Q 1(},sz
u, o (0 < x Xrﬁel) (79)
1/2
w2’a _ . 2 2 R‘b2 2]
o - ~-iq (o + 5 Y - (s£ + Sg) o
(X, g, < % < Xgp ) (80)
0 < x X

, rie

We t Seb(x) 1
U - T2 In o < x < 2 (81)

[e] m rtel >
4
Wait dz  (x,¢) (o2 - £2) (0% -~ %—)
= = in A de
Uoo ™ dx ot
Rp
1 - : ]
+ 3?'[%éb(x) * 4zw(X’Rb) ax . Ino (Xrﬂel <x< Xrtel) (82)
Wa,B S, ()

T = T In ¢ (0 < x< 2) (83)

Qhere s 1n equation (82) denotes either the leading (s = SE) or
trailing (s = st) edge, depending upon the axial location. We note that
for all of the configurations considered in this report, the solution

for wz’B is given by equation (83).

The aerodynamic characteristics of this class of configurations are
given as follows. The drag coefficient at zero 1ift is found through
a numerical integration of the expression
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1 b dSe
C = C = -]- C ——— dx (84)
D D S Py dx

where CDeb is the drag coefficient of the equivalent body alone, Sh

is the maximum area of the equivalent body, and C is the pressure

Peb
coefficient on the surface of the nonlifting equivalent body and is

-
ug dReb(x)
C = - 2 o —\ T/ ax— (85)
peb Y

Because of the symmetry of these configurations no lateral forces or

equal to

moments exist at a = 0. For the lifting situation, the coefficients

of 1ift, drag, and pitching moment are given by

CL =5 s,2 + S RZ (86)
m sp
4 = X
sm,
- a
Cy, =¢p L3 cL (87)
t Q=0
4 X
Le
= 2Ta 2 Rb 2 tre 2
Ch Y [ x |s,° + o RSp + Reb df
m s[ -
' x = X
smy
Xsm2 Ry*
2 ~ R2 z
+ i s, + - - Reb d] (88)
rie; £

where Xsm2 and szel arc the axial locations, respectively, of the

trailing edge of the wing tip-chord and the point where the wing leading
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edge pierces the body surface. The integrals involved in evaluating

the pitching moment are calculated by using Simpson's rule.

The corresponding results for the wing-elliptic body combinations

(see fig. 3(a)) are for W, o, Wo ¢:

2
Poo0 o fo -2 Z o) o< x<x, ) (89
u 1 0, rie;

o0

Wz,a . ,
Uoo = =10

1/2

Rlz 2 R12 2]
- 4+ — -
01 51 Si ©

(szel < x < Xsmz) (20)
Wo S' (%) 0 < x< szel
b _ eb
T = o 1In o, (91)
® ) Xrtel <x <4

4
S

2 1
Wa t 1 .j’l dz (x,€, + Zgz—ﬁ in (012 = €y) (0% - ;if) o2 a:
U, s ) dx gyt 4€,2 51
1

+ Eéiﬁj2-+ 2Z. (x,a) da In ¢ (X < < X ) (92)
2 w'? dx 1 rie, x rte,
where s; 1in equation (92) denotes either the leading (s; = slf) or
trailing (s, = Slt) edge in the transformed o, plane.

The aerodynamic characteristics.of these elliptic body configurations

are given, for nonlifting flows, by

c, =C <eb > 1n(Q\+l) <v}\4—>—1rlan]
a=o

(93)
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where CDeb is given by equation (84) and K(7) 1s the complete
elliptic integral of the first kind; and for lifting flows by

2 o D\ <2
c. = 2T Sy * Sy c [l N 2c?
L s, 2 (s, v VISP - )2

R 4 -
a + b 2 .
* ( 2 2 > ] - Reb} (94)
(Sg + Sﬁ_ - c¢2)

C = C + = C (95)

XrZe

4 1

n a+ b - RZ, + A f RZ, (x) dx
s[ + W/spg - c=2 € €

x=
smy

T e () )

rfe;

(96)

where the integrals involved in evaluating the pitching moment are

calculated by using Simpson's rule.

Sweptback trailing edge planforms.- For the classes of finite

thickness wing-~circular body combinations having sweptback trailing

edge planforms considered here (see fig. 2(b)), the following results
for W, t are provided:
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W2’t S' (X) 0\/X<X

=== egv ln o rrey (97)
o Xsm2 < x < 8
4
Wav 1 (4 92, (x,6). (0% - £2) (0% - 5
= in d¢
U, T dx L ot
+ = st (x) + 4z, (x )de.’ 1n (x <x < X_,_ ) (98)
21 eb w o Ry dx | 9 rle rte,
4
T = = 1n de + ln ¢
o T dx o4 2T
St
(Kppe, <X < Xgp ) (99)
and the drag coefficient at zero l1ift is given by
C =C (100)
Da=o Deb

where C is given by equation (84).
Deb

The corresponding results for the wing-elliptic body combinations are

Ws ¢ S' (%) 0 < x <X
U) = e}:2)7r 1n N rzel (101)
X < x < 4

smy,
R, *
2
W, ¢ S1p dz(x,5, + 7o) (017 = 217 (02 ® = 572) -
- _ 1 w 474 1n 1 C a
U, T A dx v Jl4 - 4@12 3
1
S', (x)
eb da
+ < > + 2Zw(x,a) 5%) ln o, rle, < x X te )y (102)
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4
o 2 _ 2 2 o

Wo slﬁ az (X,&l ¥ C ) (01 €1 )(01 &12)

»L 1 w 4¢ c
U, T ax 1n (1 - ) dfy
o o, 4:
1 1 s 1
S'. (x)
eb -
+ > In o, Xrtel < x < Xsmn) (103)

with the drag coefficient at zero lift CDa=o given by equation (93).

Operating Procedure

The basic characteristics and general operating procedure of the
computer program developed herein are straightforward and can be out-
lined as follows. After reading the input data (which is detailed in
a subsequent section) and checking it for obvious errors, the program
proceéds to calculate certain required geometrical and flow-field
const?nts. Then, if the user selects the equivalent body profile to
be ofithe class described by equations (64) or (65), the program proceeds
to calculate the exponent n from information regarding the point of
maximﬁm thickness (see equations (12), (14)). The point X is next
found by solving equation (75). If however, the equivalent body profile
is user supplied, the calculation of n and x, are omitted. Next,

the axial locations Xrﬂel and X which represent, respectively,

rte;»
the points where the wing leading and trailing edges pierce the body

surface, are calculated. The exponent m describing the wing ordinates
(see egs. (70), (71)) is then calculated in a manner similar to that

used to determine n. The calculation of n, x X and m

s? XrZel’ rte;»
are all performed in an iterative fashion by using the standard Newton-

b

Raphson iteration scheme.

With the calculation of the above parameters complete, the program
prints a number of geometrical and flow-field characteristics for the
case at hand. If the solution of uy is user-supplied, the program
begins at a point close to the nose (x/{ = 0.005) and proceeds toward
the tail. If the local linearization method is used to deté;mine Ug»
then the appropriate initial value (egs. (76), (77), or (78)) for the

local linearization equation at hand (egs. (5), (6}, or (7)) is
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calculated at x = Xg and the numerical integration begun. 1In the case of

purely sub- or supersonic (egs. (6), (7)) flow, it is convenient to redefine

the dependent variables (see egs. (80) through (88), ref. 6) and integrate

a simplified differential equation. For the M = 1 case, it is more

advantageous to integrate equation (5) as it stands. Because of the

special character of that equation at x = Xg) it is necessary to use

a Taylor series for UB/Uw in the neighborhood of that point in order

to avoid a singularity in the numerical integration. Consequently, for

that case in addition to uB/Uoo several derivatives are also required

and are calculated by the program. Details are given in reference 6.

The numerical integrations then continue toward the nose and stop at

a point (x/f = 0.005) close to it. The integrations are not carried

directly to the nose because, although this is possible for the purely

supersonic case, the local linearization method predicts a logarithmic

singulafity at x = 0 for a sharp-tipped body, much like that indicated
by linearized theory. With the integration to the nose complete, the

program returns to X, restarts the numerical integration, and continues

toward the tail. As these calculations progress (using either a user-

supplied or local linearization solution for uB); the surface and flow-

field pressure distributions are calculated from equations (2) and (3)

and the output printed at specified axial locations. Until the point

X = szel is reached, the appropriate crossflow solutions for determining

these pressure distributions are those for the smooth body alone (see

eqgs. (79), (8l1), (83), (89), (91), and (101)). Beyond Xrfeys for the

case of nonlifting flows, the crossflow solutions are calculated from

equation (82), (83), or (92) and (83) for szel < x < Xrtel- Beyond

Xrte,, for planforms with straight/sweptforward trailing edges, the

crossflow solutions revert to those for the smooth body alone; while

for planforms with sweptback trailing edges, the appropriate crossflow

solutions for Xrte, < x < Xgp, are given by equations (99), (83),

or (103), (83) and beyond Xsmg the solutions revert to those for the

smooth body alone. The calculations continue until the body base is

reached, i.e. x = Xb; the calculation then returns to the mainline pro-
gram, prints the value of the drag coefficient, and reads the input
data for the next case. For lifting flows about planforms with
straight/sweptforward trailing edges, the calculations proceed in a

similar fashion to that of the nonlifting case (with the additional
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output of surface and flow-field pressure distributions at the angular
locations ¥ 6 rather than just + #) until 'the axial location of the
trailing edge of the wing tip chord is reached, i.e. x = Xgy . Beyond
that point, for reasons given in reference 7, no further pres;ure distri-
butions are given. However, the calculation of flow about the equivalent

~body, i.e. continues to the body base in order that the drag

Ug,
coefficient ag zero lift Cbg=o can be determined. When x = X, , the
calculation returns to the mainline program, determines the goefficients
of lift, drag, and pitching moment from equation (86), (87), and (88),
or (94), (95), and (96), prints these values, and then proceeds to

read the input data for the next case.
PROGRAM INPUT

The variables that are input to the program are described in the

following list:

Dictionary of Input Variables

AL ratio of semimajor to semiminor axis (a/b) of elliptic
cross section: program default value AL = 1

ALPHA angle of attack, in degrees; pfogram default value,
ALPHA = 0O

AMACH free-stream Mach number

ANGLE sweep angle, in degrees, 'of wing leading edge (measured

positive clockwise from y axis and restricted to
values 0 < ANGLE < 90, see figures 2, 3)

CRT wing root chord normalized by complete body length,
Cr /¢ '
t
ICOoPY integer index for program option for using previously-

stored values of crossflow solutions; equal to O or 1;
program default value, ICOPY = O

MAREA integer index for program option for using user-supplied
or program-supplied subroutines for equivalent body area
and derivatives, equal to 0 or 1l; program default value,

MAREA = 0
MOPT integer index for program option for using user-supplied
- distribution for u or program-supplied local linearization

. B
" solution; equal to 1, 2, 3, or 4.
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NTHETA

NXEB

RF(I)

SSMAX

TAUB
TAUW

THETA (I)
TR

XEB(I)
XLBASE
- XLOUTP

XRLE

XMTB

XMTW

XS2EB

integer indicating number of angular positions in crossflow
planc at which output is desired; 1 . NTHETA { 5

integer indicating number of table cntries of the uscr-
supplied distribution of un; NXEB - 201 ‘
six=-dimensional vector representing values of r/D (the
radial distance in the crossflow plane normalized by the
maximum equivalent body diameter L) at which flow-field
pressure distributions are to be calculated

maximum wing semispan normalized by complete body length,
smax/f

thickness ratio of equivalent body, D//
thickness-to-chord ratio of wing (see eq. (10))

NTHETA-dimensional vector representing values of the angle
¢ {(in degrees) in the crossflow plane; 0 ¢ THETA(I) < 90

Cp3 0 < TRC L
t .

wing planform taper ratio, Ctip/

NXEB-dimensional vector representing values of the axial
locations (normalized by the complete body length) where
values for the user-supplied distribution up are given

axial location of body base normalized by the complete body
length, X, /7

interval size, as fraction of complete body length,
between output stations for pressure distribution print-
out

axial location of leading edge of wing root chord normalized

by complete body length, ere/ﬁ

axial location of position of maximum thickness of equivalent
body of revolution normalized by complete body length
(see egs. (12), (14))

location, as fraction of distance from wing leading edge
to local chord length (x/cw), of position of wing maximum

thickness (see egs. (8), (9))

user-supplicd value of the axial location, normalized by
the complete body length, where the user-supplied equivalent
body profile satisfies s;b(x) = 0; only necessary as

input when user supplies equivalent body profile and also

uses local linearization method to calculate ug



APPENDIX A

UEB (I) NXEB-dimensional vector representing values of uB/uOU for

the user-supplied distribution ot ug.

Input Format and Options

All of the input variables are entered into the program under a
NAMELIST format (the one exception being the vectors UEB(I), XEB(I) which
represent the ordinates and abscissas, respectively, of the user-supplied
velocity distribution u and the format of these gquantities is dis-

B
cussed below). The name of the NAMELIST data block is TRANIN.

Default values.- The following input variables have default values

that are indicated below and unless the user wishes to change them, it

is not necessary to enter them in the input data block

Variable Name Default Value
AL 1.
AL PHA 0.
RF(I), 1.,2.,3.,4.,5.,6.,
1=1,2,3,
4,5,6
NTHETA 2
THETA (I),
1-1,2 0.,90.
MAREA 0]
ICOPY 0
XLouTp .01

It is important to realize that the above variables assume their
default values each time the program is run. If the user wishes any
of the above variables to be different from its default value, this
must be specified in the data statement for each run. All other input
variables, once specified, remain unchanged by the program; thus, it is

unnecessary to respecify them in subsequent runs if their values are to
remain constant.

Local lineariztion option.- To use the local linearization method

to determine Ug, it is necessary to specify in the input data the
appropriate value for the integer index MOPT. Depending on the free

stream Mach number, the proper value of MOPT to use the local lineari-
zation method is
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Free Stream Méch No. MOPT
M, = 1 (near sonic flow) 1
M, < Mcr,z (belqw lower critical) 2
Mcr,u <M, (above upper critical) 3

User-supplied ug option.- If the user wishes to supply the

then the program will bypass the local linearization

solution for ug,
calculations by specifying MOPT = 4. The solution for ug is read
into the program in the form of a tabular input of values of

u /U - vs -x// immediately after fhe NAMELIST input block. Provision
has been made for inputting ordlnate and abscissa values up to a
maximum number of 201 each (UEB(201), XEB(201)), i.e. values at each
half percent of the body length if equally spaced. It is assumed that
a sufficient number entries are made that linear interpolation in the

table is appropriate.

.User—supplied equivalent body profile.- If a class of equivalent
body profiles not included in equation (64) or (65) is desired, then
the user must set the integer index MAREA = 1, remove the following

function subroutines from the program,

e FUNCTION SEBPI (DZ)

e FUNCTION S1EBPI (DZ)
e FUNCTION S2EBPI (DZ)
e FUNCTION S3EBPI (DZ)
e FUNCTION S4EBPI (DZ)

and replace them with his own. The above subroutines which are non-
dimensionalized by normalizing them with respect to the body length,

are defined in the following fashion.

S .. (x/1)
eZWIZ = SEBPI (x/£)
Sy (x/2) 1 95, (x/14)

2 T amgE a0 - S1EBPI(x/Z)
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i (x/8)  d%s_ (x/0)

= S2EBPI (x/4)

ar 42 T Ang2d(x/f)2
S (x/£) da3s . (x/4)
eb _ 1 eb _ ,
a*s . (x/4)
S'vix/g) _ _1 eb _

We note again the requirements that if the local linearization method

is to be used with these subroutines, then the functions must be such
that the complete profiles are closed, sharp-tipped, and have continuous
area derivatives through the fourth. 1In addition, the user must

supply the point x/f = XS2EB, i.e. the point closest to the origin

where

S;b(X/z) =0

If, however, the user supplies both the equivalent body profiles and

the distribution of uB/Uc° - vs - x/f, then it is only necessary that
the equivalent body area derivatives be continuous through the second.
Also, for this case, it is unnecessary to specify XS2EB. These require-

ments are summarized below when user-specifying the equivalent body profile:

Value of MOPT Requirements

MOPT = 1,2,3 © Sgps Slps Siy» Sis SLY, continuous
for 0 < x < {4

fé) User must input value of x/f =XS2EB
where '3251XSZEB)'=”0

(:) Set index MAREA = 1 in input

MOPT.

]
o+

(:) Seb’ Seb’ Seb continuous for
0 < x4

(:) Set ‘index MAREA = 1 in input
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An illustrative example of a user-supplied equivalent body
profile and the corresponding area and derivative subroutines to be
used with, say, the local linearization method (MOPT = 1, 2, or 3) can
be given as follows. Consider an equivalent body profile formed by the

top half of the sinusoidal curve given by

v/ £
R/ £ T = D/F
x/ ¢
R ., (x/1) T
eb 7 = sin (w (%)) with say T = .1

so that

[/ 2
seb(x/‘) Teb

ey = 6 (1L - cos (2 (x/4£)))

Séb(x/ﬁ) ng

4T (2 = 8b sin (21 (x/2))

oD .0

S". (x/1) e g2
eb - b os (27 (x/£))

4 ¢ 4

S (x/1) w32

eiwf’ = - 2eb sin (2w (x/¢)) -
¥4

= 4§?9£ = - W4T2b cos (21 (x/2))

The function subroutines for SEBPI(x/f) and S1EBPI(x/f) with

T = .1 are given by

FUNCTION SEBPI(DZ)

TAU = .1
PI = 3.1415927
SEBPI = TAU*TAU*(l. - COS(2.*PI*DZ))/l6.
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RETURN

END

FUNCTION S1EBPI(DZ)

TAU = .1

PI = 3.1415927

S1EBPI = PI*TAU*TAU*SIN (2.*PI*DZ)/8.
RETURN

END

The FUNCTION subroutines S2EBPI, S3EBPI, and S4EBPI are given
in analogous fashion. The point where
Seb(x/ﬂ) =0
is given by
XS2EB = 0.25

and must be included in the NAMELIST input data block.

Repetitive calculation storage option.-~ If the user wishes to
undertake a systematic stuay of a wing-body configuration of the classes
considered herein in which the geometry of the configuration is frozen
and the Mach number and/or angle of attack are varied, a provision is
included in the program whereby the velocity components associated with
the crossflow solution for Wo ¢ - which is independent of M_ and
a, and is by far the most time consuming crossflow potential to calculate -
is stored at the user-specified output locations for later use. These
velocity components are then provided for the remainder of the cases to

be run rather than recalculated unnecessarily.

In order to activate the repetitive calculation option and make
use of previously-stored results from a base run, it is necessary to
set the integer index ICOPY = 1. The default value for ICOPY is
ICOPY = 0 and this default value instructs the program to perforn the
crossflow calculations at the user-indicated axial locations and then
automatically store these results in anticipation of use with the next
case. If it is not desired to use those stored results for the next
run, {(i.e. ICOPY = 0 for the next case) the program simply replaces

the previocusly-stored results with the ones being currently calculated.
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Because for lifting situations, the crossflow calculations only
proceed to x/f = XSm2 (as opposed to the a = 0 case, which carries
the calculation to x//¢ = Xb) unless all of the cases in the study are
for a # 0, the initial or base run which stores the crossflow results

should be made for a = O.

Finally, when using the storage option, it is necessary, because of
the different starting conditions involved, to use the same method for

calculating i.e. (1) local linearization or (2) user-supplied

ug,
distribution of ug-

Data Format

The data format is most easily demonstrated by an example.
Consider the case of a wing—ellipticvbody combination composed of a
parabolic-arc equivalent body of thickness ratio 1/10, the ratio of
semimajor to semiminor axis of the elliptic cross section is 3, the
body base is at 85 percent of the complete body length, the wing
profiles are parabolic arcs having a thickness/chord ratio of 0.04,
the wing root chord is 40 percent of the complete body length with the
leading edge of the wing root chord located at x/f = 0.3, the leading
edge swept at 45 degrees, a taper ratio of 0.3, and a wing semispan being
28 percent of the complete body length (this implies the trailing edge
is straight). The pressure distributions are required to be output at
every 2 percent of the complete body length at angular locations
6 = 0°, 45°, 90°, at radial distances r/D = 1, 1.5, 2, 2.5, 3, and 3.5

in the crossflow plané, at sonic free-stream conditions and 2 degrees

angle of attack, by using the local linearization method to
determine the flow about the equivalent body.

Thus, the input data cards would read (note that with a NAMELIST

format, input variable sequencing is arbitrary):

CARD NO. 1

COLUMN NO. |2 9 80
& TRANIN L=3.,AMACH=1. ,MOPT=1,TAUB=.),TAUW=.04,XMTB=.5,

CARD NO. 2

COLUMN NO. 2 . . 80
XMTW= . 5,XRLE=.3,CRT=.4,ANGLE=45., TR=. 3, SSMAX=.28,NTHETA=3,
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CARD NO. 3

COLUMN NO. 2 80
THETA (1)=0., THETA (2)=40. ,THETA (3)=90. ,RF(1)=1.,RF(2)=1.5,

CARD NO. 4

COLUMN NO. 2 80
RF(3)=2.,RF(4)=2.5,RF(5)=3. ,RF(6)=3.5,ALPHA=2. ,XLOUTP=.02, -

CARD NO. 5

COLUMN NO. 2 ' : o 80
&END

If for this case the user w;shed to supply his own distribution of
uB/U°o - vs. - x/4, this would have been done by specifying MOPT = 4
and also the integer NXEB representing.the number (say, for example,
101) of values of iJB/Uoo being entered (i.e. NXEB = 101) in the NAMELIST
input data block. Next, all of the NXEB (101, in this example) values of
'uB/Um = UEB(I) would be read in under the card format 8F10.0, with each
successive value of uB/UO0 occupying a space of 10 columns {(including
decimal point) with 8 values per card. Finally, the NXEB values (101, in
this example) of the corresponding axial locations x/f = XEB(I) of the

above values of uB/Uoo ‘would be read in under the same format. Thus,

.Card format for UEB(I): Format (8F10.0), decimal point required
COLUMN NO. 10 20 _ 70 80
Data for UEB (1) UEB (2) UEB (8)

etc.
COLUMN NO. 10 20 30 40 50 )
Data for UEB (97) UEB (98) UEB (99) UEB (100) UEB (101) (

Card format for XEB(i): Format (8Fl10.0), decimal point required
COLUMN NO. 10 20 70 8o
Data for XEB (1) XEB (2) XEB (8)

etc.
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COLUMN NO. 10 20 30 ' 40 50 ~2
Data for XEB (97) XEB (98) XEB (99) XEB (100) XEB (101) J

MESSAGES PRINTED BY THE PROGRAMS

This section lists the messages printed by the programs and indi-~
cates what to do when they are encountered. The first group of messages
(1 to 15) are concerned with errors in input quantities and are self-

explanatory.

(1) INTERVAL SIZE FOR PRESSURE DISTRIBUTION PRINT-OUT MUST BE GREATER
THAN O AND LESS THAN 1

This message indicates that the condition 0 < XLOUTP/Z < 1 has
been violated.

(2) XMTB MUST BE GREATER THAN O 'AND LESS THAN 1

This message indicates that the condition 0 < (x/z)Rmax <‘1

has been violated.
(3) EQUIVALENT BODY THICKNESS RATIO MUST BE GREATER THAN ZERO.

This message indicates that the condition D/Z > 0 has been
violated.

(4) XMTW MUST BE GREATER THAN O AND LESS THAN

l .
This message indicates that the condition O <'<é§-2 < 1 has
been violated. W max

(5) WING THICKNESS/CHORD RATIO MUST BE GREATER THAN ZERO

This message indicates that the condition Zmax/cw > 0 has been

violated.
(6) XRLE MUST BE GREATER THAN 0O AND LESS THAN 1

This message indicates that the condition O < Xrge/z < 1 has
been violated.

(7) CRT MUST BE GREATER THAN O AND LESS THAN 1

This message indicates that the condition 0 < CR /24 < 1 has been
violated. ’ ¢
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(8)° XRLE MUST BE LESS THAN XRTE

This message indicates that the condition X e < Xrte has been

violated. )
(9) ANGLE MUST BE BETWEEN O DEGREES AND 90 DEGREES

'This message indicates that the condition 0 < ANGLE < 90 has

~ been violated.

(10) AXIAL LOCATION OF BODY BASE MUST BE AT OR BEHIND POINT WHERE
WING TRAILING EDGE PIERCES BODY SURFACE

This message indicates that the condition X < X, has been

riley
violated.

(11) AXIAL LOCATION OF BODY BASE MUST BE AT OR BEHIND TRAILING EDGE
.OF WING TIP CHORD

This message indicates that the condition Xsm < Xb has been
2

violated.
(12) RATIO OF MAJOR TO MINOR AXIS MUST BE GREATER THAN O

This message indicates that the condition A(=a/b). > 0 has been

violated.
(13) TAPER RATIO MUST BE BETWEEN 0O AND 1

This message indicates that the condition 0 ¢ TR { 1 - has been

violated.

The following error mességés, numbers (14) through (18) should
not occur in the present programs. If they do, they a?e probably caused.

by an error in reproducing the source :decks.

(14) EXECUTION TERMINATED BECAUSE EXPONENT N CANNOT BE DETERMINED -
TO WITHIN .01 PERCENT IN 20 ITERATIONS :

This message is printed by the circular body programs when the
exponent n describing the equivalent bbdy,ordinates (see eqs. (11) to
(14)) cannot be found accurately from'infbrmation'regarding the point of
maximum radius (egs. (12) or‘(l6)) by using a Newton-Raphson

procedure 20 times.
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(15) EXECUTION TERMINATED BECAUSE POINT WHERE WING LEADING EDGE
PIERCES BODY CANNOT BE FOUND TO WITHIN .0l PERCENT IN 20 ITERATIONS

This message 1s printed when the point’ sze /4t cannot be found
1

accurately by using a Newton-Raphson iteration procedure 20 times.

(16) EXECUTION TERMINATED BECAUSE POINT WHERE WING TRAILING EDGE
_PIERCES BODY CANNOT BE FOUND TO WITHIN .0l PERCENT IN 20
ITERATIONS

This message is printed when the point xrte /f cannot be found
1

accurately by using a Newton-Raphson iteration procedure 20 times.

(17) EXECUTION TERMINATED BECAUSE SEB"(X)=0 POINT CANNOT BE DETERMINED
TO WITHIN SUFFICIENT ACCURACY IN 10 ITERATIONS

This message is printed by the circular body programs when the

point xs/l cannot be found accurately by using a Newton-Raphson iteration
procedufe 10 times.

(18) INTEGRATION TERMINATED BECAUSE ACCUMULATED ERRORS HAVE CAUSED

INTEGRATION SUBROUTINE TO BISECT ORIGINAL STEP SIZE (.001) 10
TIMES

This message is printed when the integration subroutine used
(Hammings modified predictor-corrector scheme as described in the
Scientific Subroutine Package from IBM Corporation) cannot achieve the
integration accuracy (DPRMT{4)) desired even though the original step
size (DPRMT(3) = 0.001) has been bisected 10 times.

(19) PROGRAM TERMINATED BECAUSE INDENTED BODY RADIUS HAS BECOME LESS
THAN ZERO AT x/f =

This message is printed by the program when the cross-sectional
area of the wing is larger than that of the equivalent body, so that
the indented body radius is less than zero. A wing with smaller
thickness/chord ratio or smaller span must be used.

(20) PROGRAM TLERMINATED BECAUSE INDENTED BODY MAJOR AXIS HAS BECOME
LESS THAN ZERO AT x/i = '

This message is printed by the program for the same reason as
message (20).
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{21) CALCULATION TERMINATED BECAUSE FLOW ABOUT EQUIVALENT BODY HAS
BECOME SUPERSONIC AT x/¢ = . INPUT MACH NUMBER GREATER THAN
LOWER CRITICAL

This message is printed when using the local linearization method
for purely subsonic flow to calculate Uy and indicates that the
free stream Mach number is greater than the lower critical. There exists

a region of supersonic flow and the local linearization method does not

apply.

(22) CALCULATION TERMINATED BECAUSE FLOW ABOUT EQUIVALENT BODY HAS
BECOME SUBSONIC AT x/f =

This message is printed using the local linearization method for
purely supersonic flow to calculate Uy and it indicates that a
region of subsonic flow has been encountered. This always occurs near
the tail of the equivalent bodies considered here and the phenomendn is
discussed fully in reference 6. However, if this region occurs at or
near the nosé, the local linearization method does not apply. In this

case, the following error message is also printed,
INPUT MACH NUMBER LESS THAN UPPER’ CRITICAL

indicating that the condition MC

< M has been violated.
r,u o0

(23) START OF SUPERSONIC CALCULATION
SUPERSONIC CALCULATION STARTS AT x/f =

This message is printed when using the local linearization method
for M, = 1 flows to calculate ug and indicates where transfer 1is
made from the parabolic (eq. (5)) to the hyperbolic (eq. (7)) differential

equation. See reference 6 for details.

(24) START OF SUBSONIC CALCULATION
SUBSONIC CALCULATION STARTS AT x/4 =

This message is printed when using the local linearization method

for M00 = 1 flows to calculate up

made from the hyperbolic (eq. (7)) to the elliptic (eq. (6)) differential

and indicates where transfer is

equation. See reference 6 for details.
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NUMERICAL EXAMPLES.

General Description of the Output

The output format of the program developed is as follows. On the
top of the first page, a heading is printed descrlblng the Mach number
range, the general class of body (circular or elliptic) and wing belng
consiaered, and 'the theory used. Next; the wing-body geometry and
flow field characteristics are printed. Then, if the local linearization
method is being used, the program prints the fact that the integrations
are starting at x = Xg and proceeding to the nose. ' If the user
supplies the distribution of ug, this is omitted. A heading of
independent and dependent variables is printed next which contains, from
left to right, the axial location x/¢ at which output is to be given,
the actual body radius Rb/z (or actual semimajor axis- a/f 1in the
case of elliptic bodies) at that axial location; the angles 6 (in
degrees) 1n the crossf;Qw plane at Wthh output is de51red the surface
pressure coefficient C (body), and six flow-field pressure coefficients
C (r/D = ) at the 1nd1cated distances /D 1in the crossflow plane.

For the case when the user supplies the up distributioh, the calculation
begins at a point close to the nose and proceeds toward the body:base
with the values of the above quantities being printed out in the indi-
cated "tabular form at specified axial locations. When the local lineari-
zation method is used to determine ug, the calculation begins at x = x
and proceeds, to a point close to the nose, with the quantities described

S

being printed at the specified axial locations, then, when the point-
close to the nose is reachea, the program returns to x = Xgs prints
the fact that the integration is restarting at that point and proceeding’-
to the tail, prints the independent and dependent variable heading
-described above, and proceeds with the calculation to the body bese._
If it should happen at some point that the radial distance in the
crossflow plane at which output is desired is less than the body radius
(i.e. the point is inside the body), or if an output point falls on-
the wing leading or trailing edge, the pressure coefficient at that _
point is set equal to 1.E + 6 and the program continues. Also, because
of the discdhtinuity in the second derivative of the indented boay

2 2 2 2 3 = =
d Rb/dx (or d2a/dx?) at the points x//4 szel and x/1 Xrtel

~
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and the discontinuity in the slope of the wing span at the points

x/z = Xsm, » and x/f = Xgm,» Output is not printed within a band

(Ax/f = 0.005) of those points. When the calculations are.successfully
completed, the pertinent aerodynamic coefficients are calculated and
printed and the program then proceeds to read the data for the next

case,.

Sample Cases

In order to provide checks on the programs, sample test cases
have been run for each program and the results are provided in figures 8
through 12. In each case, the input data is provided together with

the corresponding output.

Finally, we note that in order to improve their accuracy, changes have
been made in the subroutines, as given in reference‘6, which compute the
derivatives of the indented circular and elliptic body area distributions.
Cohsequently, the test case results that appear in reference 6 will differ
slightly from the results which the current program will produce for those
same wing-~-body geometries,
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Figure 4.- Theoretlcal surface and flow field pressure distributions
at M = 1 for a nonlifting parabolic-arc profile wing~-~indented
parabollc arc body combination; equivalent body thickness
ratio D/Z2 = 0.1, wing aspect ratio AR = 1.7, thickness/
chord ratio t/cW = 0.04, planform taper ratio TR = 0.2,

and with X = 0.25, C = 0.50, Xb/z = 0.86.
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parabolic-arc body combination; equivalent
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Figure 6.- Theoretical surface and flow field pressure
distributions at M_ =1 for a nonlifting parabolic-
arc profile wing--indented parabolic-arc body
combination; equivalent body thickness ratio
D/f = 0.1, wing aspect ratio AR = 2.8,
thickness ratio t/cw = 0.04, planform

taper ratio TR = 0.4, and with
Xepayg = 0.25, LTR = 0.3,
X
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Figure 7.- Concluded.
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STRANIN AMACH=1.,MOPT=1,TAUB=.1,TAUW=.04 ,XMTB=.5, XNTW=.5 ,ANGLE=58 .,
SSMAX= .25 ,XRLE=.25,TR=.2,CRT=. 5, XLRBASE=. 86 , XLOUTP=, 05, 4END

(a) Input.

CALCULATICN OF SURFACE AND FLUW FIELD PRESSURE CISIRIBUTIONS
FUR FLOW AT FREE STREAM MACH NUMBERS AT OR NEAR ONE, BELGW
THE LCWER CRITICAL,OR ABUVE THE UPPER CRITICAL ABCUT A FINITE
THICKNESS WING-INDENTED CIRCULAR BODY CUOMBIMNATIUN WITH THE
FUUIVALENY BODY UF REVOLUTICN EITHER USER-SPECIFIED OR HAVING
URDINATELS R PRIPORTIONAL TO X/L-(X/L}**N OR 1-X/L-{1-X/L1%%A,
FTHE WING HAVING A CUNSTANT THICKNESS/CHCRN RATIC, TAPER RATIO
BEFWEEN C AND 1, ANC WITH ORDINATES I PROPORTIONAL TO XBAR/C
~{XBAR/C)Is*M OR 1-XBAR/C~(1-XBAR/C)oeN BY USING THE TRANSONIC
EQUIVALENCE RULE ANC THE LOCAL LINEBARIZATION PETHCOD

WING-BLDY CMBINATION CEOMETRY AND FLOW FIELD CHARACTERISTICS

EQUIVALENY BUDY THICKNESS RATIU = 0.10000E 00
EQUIVALEANT BODY PAXIMUM THICKNESS AT X/L = 0.50000€ 00
EXPONEAT N FOR EQUIVALEAT BODY ORDINATES = (.20000€ 01 o

SEB**(X) = 0 AT X/L = C.21132€E 00
WING MAX. THICKNESS AT XBAR/C = . €.S00C0E 00
WING THICKNESS/CHORD RATIC = i C.40000€-01
EXPONENY M FUR WING URCINATES = C.20000¢ 01

LEADING EUGE CF WING RCGT CHCRC AT X/L = C.25000E 00
TRAILING EOGE CF WING ROOT CHORLC AT X/L = €. 1500GE 00

PLANFCRM TAPER RATIC = €.20000€ 00
LEADING EUGE PIERCES BCDY AT X/L = 0.31960E 090
TRATLING EUGE PIEKCES eOCY AT X/t = C.75008E 00
BODY RASE AY X/L = 0.86000E 00
LEAUDING EOGE SWEEP ANGLE [DEG) = C.580C0€ 02
TRAILING EDGE SWEEP ANGLE (DEG) = 0.60000

LCCAYICN OF WINGTYIP LEADING ECGE AT X/L = €.£5008E 00
LOCATICN OF WINGTI® TRAFLING EUGE AT X/L = 0.75008€ 00

NORMZLIZED MAX. SEMISPAN SSMAX/L = C.25000€ o0

ANGLE OF ATTACK ALFKFA (DEG) = 0.C0000

RATIC CF SPECIFIC FEATS = C.14000E 01}
* FREE STREAM MACH NUMREP = €.10000€ 01

. STARY GF INTEGRATICN FROM SEB*'IX) = O TO NCSE

X/t RBODY /L THETA(DEG) cpP(8ocCYy) CP(R/D* 1.00)CP{R/D= 2.003CP(R/D= 3.00)CP(R/D= 4.001CP{R/D= 5.001CP{R/D=> 6.00)
0.2113 0.0333 0.Ccov 2.1307€-02 3,3159€-02 3.4270E-02 3.64476E-02 3,4568E~02 3.4582€-02 3.4600E~02
0.2113 0.0333 9.0C00t 01 2.1307€E~02 3.3159€-02 3.4270E-02 3.4476E-02 3.4548E-02 3,4582€-02 3.4600E~02

0,200) c.c320 €.0cco Z.38136-02 3.8171€~-02 3.7124E-02 3.6069E-02 3.5247E-02 3.4587€~02 3.4039€E-02
0.2003 J.C320 9.0C00E 01 2.8813E~02 3,8171E-02 3.7124£-02 3.6069E-02 3.5247E-02 3.4587€-02 3.4039€E-02

0.1503 0.0255 Cc.0000 . 652€-02 5.9471E-0¢ 4. T472€E-02 4.0071€-02 3,4755€-02 3,0613€-02 2.7221E-02
0.1503 3. 0255 9.0GCO0E 01 6. 6692€-02 5.9471E-02 “.T472€-02 4.007T1E-02 3.4755€-02 3.0613E~02 2.7221e-02

0.1C03 0.0181 0.0000 1.i374€-01 1.5672€-02 5.0874€-02 3.6118E-02 2.56C1E-02 1.7641E-02 1.0765€-02
0.1003 0.01¢€1 S.0000t 01 1.1374€-01 T5672E-02 5.,0874E=-02 3.6118E-02 2.56C7E-02 1.7441£-02 1.07656-02

0.0%03 V.C056 0.0000 1.51365;01 T494464E-02 4.0133E-02 1.7036€-02 b5,30126-04 ~1.2090E-02 =-2.24G0E-02
0.0504 0.009 9.0C00E 01 1.3138€-01 T.9464E-02 %4.0133k-02 1.7038E-02 6,3612€-064 ~-1,20906-02 -2,24S0E-02

0.0043 0.C0LY 0.0c00 3.7747¢~Cl 4.61C7€-02 -1.9117€-03 ~-3.9512€-02 ~-6.19326-02 -7.9323£-02 +9,3533E-02
0.,0043 9.0009 9.0C00t 0Oi 3,7767c-01 ©.6107E-02 ~7.9117E-03 -3.9512E-02 -b6.1932E-02 =-7.9323E-02 -9.3%33E-02
START LF INTEGRATICN FRCM SEB**(X) = C TC TalL

X/ RANCY /L THLTA(DEG) CP{bLOY) CP{R/C=" L.00)ICPIR/C= 2.001CPIR/D= 3,00)CP(R/D> 4.00)CPIR/D= 5.00)CP(R/D= 6.00)
0.2113 0.C333 0.0000 2.1307€-02 3.3159€~-02 3.4270¢-02 3.,4476E-02 3.4548€-02 3.45826-C2 3.,4600E-02
0.2113 U.03133 9.0C0NE 01 2.1307¢-C2 3.3159E-02 3.4270e-02 3.4470E-02 3.4548E-02 3.4582€-02 3.4600E-02

0.2503 G.C315 €.aco0 -!.~555é-03 1.4850E~0Q2 2.3030£-02 2.7311€-02 3.0278€-02 2,29%9E-02 3.4413E~C2
0.2504 0.U37s5 9.0000t 01 =-3.4545E-C3 1.4690€-02  2.3030E-02 2.7311E-02 3.0278E-02 3,2559€-02 3.4413E-02

J.3003 J.0420 0.Uc00 =3.1658€-C2 ~8,32(7E-03 6.9848E~0) 1.5600£-02 2.1656€-02 2.6337€-02 3.0154€-02
0.3003 Q.Le20 9.0C00E 01 ~-3.1658€E-C2 ~8.3.07€-03 6.9848F-03 1.5600€-02 2.1656¢£-02 2.6337E-02 3.0154€-02

343503 240443 0.38000 ~4.215¢E-C. -1.1470E-02 -4.4772E-03 5,0147€-03 1.2459E-02 1.8439E-02 2+34G6E-02
0.3%03 0.C65)3 9.3000€ 01 =-9.14828-02 -3.9736€-02 ~-1.1314£-02 1.9768€-0)3 1.0749€-02 1.7364£-02 2.2646E-02

Fiqure 8.- Sample input/output for a wing-body combination having a
circular body and with TR ¥ 0, B'_ £0,a=0.
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0.,4003 0.06¢3 0.0000 ~1.3545€-C1 =~9,0738€-03 -2,5387E-02 ~1.0426E-02 -5.84CLE-03 = 2.7547E-03 $.92106-03
04003 0.0083 9.0000 01 ~1.3421E-01 <=7.9245€-02 -4.0¢7TE-02 <+2.1309€-02 -d.5TSTE~C3  1.0043E-03 8, 7054£-03

0.4503 -0.0452 0,0C00 =1.,8565€6-01 <-1.0064i(-01 <«4,7339E-02 ~3,4247€-02 -2.2217€-02 -1.22756-02 -~3,932)E-C3
04503 0.0452 ¥.0000€ 01 ~1.6L15E-01 <-1.0676E-01 =-¢c.3579E~02 ~-4.1001E6~02 -~2.6014E-~32 -1.4¥01E-02 ~-5.61%3E-03

'0,5003 0.0621 0.0C00 ~2.0276E=C) =1.5242E=01 ~5.8059E-02 ~4.7542t-02 -3.58386~02 -~-2.359C2€-02 ~l.T4T6€-02
0.5003 0.0421 9,0C00& U1 ~14e633€-0] =1.18%0E-01 ~7.60063E-02 <+5.5503FE-02 ~-4.,0206E~02 -2.8662E-02 ~-1.93R7E-02

STARY OF SUPERSONIC CALCULATICON
SUPERSUNIC CALCULATICN STARTS AT X/L =  0.54232F QU

X/ RBUDY /L THETA{DEG) CPIBCOY)  CP{R/D» 1.00)CP(R/D= 2.00)CP(R/D= 3.CONCPIR/O= 4.001CPIR/D= 8,00)CP(R/C= 6.00)

0.3303 0,037 0, 0000 1. T406E-01  -1,6090-01 =~4,404TE-02 <+5,5216E-02 =~4.5729E~02 ~3.1216E-02 ~2.95533-02
0.5503 0.C376 9.,0C00F O]  ~1.3590E-Cl ~1.0833E~01. ~8.0084E-02 <-06.1958€-02 =-4.9152E~02 =-3.9346€-02 -13.1418:-02

0.60C3 0.C319 08,0000 —7.:94&6-02 '1.11885-011 ~1.0%86F~01 <~5.08456-02 =~5.0717E~-C2 =~4.4920€-02 -3.9656E-C2
0.%003 0,0318 9,0000L 01 =4.4981E-C2 -6.8740E-02 ~6.,48622E-02 =-5.6T21E~02 =-4.9885E~02 -4.¢233E-02 -3.94S0E-02

0.7003 0,0300. 0,0000 Le3T14E-0L =6.S61T7E~-02 ~2.0370E-01 ;1.30§9E-01 ~9,9491€~02 -8,61C3E-02 ~-1.8081E-02
0.7003 0,0300 9.0000€ 01 1,8803€E-C1 2.08556-02 ~3.d187E-02 ~5.4919E-02  -6,0142E-02 -6.13656~02. ~0.1009E-02

¢.0003 90,0320 ¢.0000 ~8.8104E~02 =~7.89226-02 ~8,0057E-02 -8,1227E-02 =-8.21C2E~02 -8.2804€-02 -8.3186E-02
0.8003 0.0320 9.0C00E Ol ~-8,E124E-02 ~-7.8922e-02 ~B8.0067€-02 ~8.1227€~02 ~8.,21C2E~02 -8.29C4E~02 -8.3386E-02
0.8%03 0,02%5% 0.0CQ0 «2.9535€6-C2 -4.7040E~02 ~5.9191E~02 <-0.0680E-02 =-1.2057£-C2 -1.624VE-02 -1.9679E-02
0.8503 0,025% 9,0000€ 01 <-3.9535E~02 =-4.7000£-02 ~5.9191€~02 ~6.6600E~02 =~7.2057E-02 ~T.6247E~02 -T.9679¢-02

ORAG CCEFFICIENY = 0,)0440E 00

{b) Output.

N
Figure 8.- Concluded.
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&TRANIN AMACH=].,MOPT=l,TAUB=.1,TAUW=.04,XMTB=.5,XMTW=_5,ANGLE=S8. ,
SSMAXa=,25,XRLE=.25,TR».2,CRT=.5, XLBASE=,86 , XLOUTP=.05,ALPHA=2 . , 4éEND

{a) input.

CALCULATICN O1F SURFACE ANU FLOW FIELD PRESSURE O1STRIBLYIONS
FOR FLuw BT FREE STREAM MACK AUMBERS AT UR NEAR Ak, BELCW
THE LOWER CRITICAL,CR ABOVE THE UPPER CRITICAL ABLLT A EINITE
THICKAESS WING-INDENTED CIRCULAR BULY CCPPINATICN WIVR TwE
EQUIVALEAT AODY OF REVOLUTICN FITHER USER-SPECIFIED OR HAVIAG
URDINATES R PROPCRTICNAL TO X/L-(X/L)%®N CR L1=X/L-11=X/L)o0N,
Tre WING HAVING & CCNSTANT THICKNESS/LHCRO RATIC, TAPER RaTIC
BETWEEN O AND 1, ANC WITH URDINATES I PROPORTIOMAL TO XBAR/C
~t XBARZC)I®*P» CR 1-ADARZC-(i-XBAR/CIsOM OY USING THL TRANSONIC
EQUIVALENCE RULE ANC THE LOCAL LINEARIZATICON METHCD

WING-BODY CUMAINATION CECMETRY AND FLCw FIELE CHARACTERISTICS

EQUIVALENT BODY THICKNESS RATIC = C.1000CE 00
EQUIVALEAT BODY MaxXIMUM THICKNESS AT X/L = 0.50000t 00
EXPOMEMNY N FCR EQUIVALENT ACCY CRUINATES = C.20000E 01

SEB (X} = O AT X/L = €.21132¢ 00
MING FAX. THEICKNESS AT XHaR/C = €.%0000¢t 00
WING THICKNESS/CHCRD #ATIO = €.40000z-01
EXPONENT M FOR WING CRCINATES = €.2000Ct 01

LEADING EDGF PF WING kCOT CHCRU AT x/L = €.25000€ 0O
TRAILING EOGE CF wING RCOT CHCRD AT X/L = C.75CGUCE 00

PLAAFCRM TAPER RATIC 0.20Q00CE QU
LEADING EDGE PIERCES ACOY AT X/L = €. 31960 00
TRAILING EOGE PIERCES BCLY AT x/1 = €. 15008 00
BOCY BASE AT x/L = C.8600CE 00
LEADING ENGE SWECP ANGLE (CEG) = €.530CCE 02
TRAILING EUGE SWwEEP ANGLE (DLG) = C¢.00090

LCCATICN OF WINGTIP LEALING EOGE AT Xx/L = C.45008E 00
LOCATICN OF wINGTIP TPAILIANG ECGt AT X/L = C.75009E QO

NORMAL 1ZED MAX, SFEMISPAN SSMAX/L = €.250C0E 00
ANGLE CF ATTACK ALPMA (DEG) = €.20000€ O}
RATIC CF SPUCLFIC KEATS = 0.14000c 01
FREE STREAM MACH NUMBER = 0.10000€ 91

STARY OF INTLGHRATICMN FHCM SER'*(X) = C TC NCSE
X/t RBUDY/L THETALDEG) cPeaceyd CPIR/D= J.O00ICP(R/)a 2,00)CP(K/U= 3.COICP(R/D* 4.0CICPIR/D* 5.001CP(H/0s 6,00)

0.2113 0.C3133 0.0C00 l.7652E-02 3.2874F-02 3.4202E-02 3.h460E-02 3.4531€~-C2 3.4571E-C2 3.4592£-02
0.2113 0.0333 §.0C00E 0l 6.4031E-03 2.56528-02 3.0364€E~02 3.1830€-02 3.2554E-02 3.2982E-02 3.32¢5F~-02
0.2113 de0333  =5.0C00E 01 2,8645E~C2 4.1173E~02 2.83:1€E-C2 3.7182€-02 3.6578€-C2 3.6202E-02 3.5949E-02
0,200 0.v320 0.0C00 245157k-C2 3.75CBE-02 3.7060E-02 3.0061E-02 3.3231E-02 3,4577E-02 3.4032E-02
0.2003 0.0320 9.0Q00E 0l 1.32945-C2 3.0640L-02 3.3158E-02 3.3426E-02 3.3256E-02 3.,2991E-02 3.2706E-02
0.20013 0.0320 -%.0CCUE Ol 4.67568£~-02 4.6177€-02 4.11736-02 3.8768E-02 3.7269€-0< 3.6204E~02 3.5363%€-02

0.1%02 C.0255 €.0cC00 £.30578-C2 5.53C7€-02 4.7432E-02 4.0053E-02 3.4765E-02 3.06CTE-C2 2.7216£-02
0.1503 0.,0255 9,000t Ol 4. B3BLIE-D2 5.2334E-02 “.37SDE-02 3.7500€-02 3.285E~02 2.9124E-02 2.5979¢-02
J.150s 0.€25% -9.9€00% 01 8,764 E-C2 6.65456-02 $.1233€-02 4.2577€~-02 3.6634E€-02 r.2115€-02 2.86726-02

0.i003 0.0181 ¢.0U00 1.1008E-01 T.5591E-02 5.0856c~0Q2 2.0106E-02 2.56C2€-02 1.7%38€-02 1.0762F~02
0.1303 0.crel ¥.0CCOE 01 S.2631€E-02 6.9771£-02 4. T7879E-02 3.6114£-02 2.41C26-02 1.6236E-02 S.7557€-03
0.,1003 0.9181 -9.0000F 01 1.372RE-C1 B.1728¢-02 5.3507e-02 3.5439E-02 2.7M2¢E-02 1.86%3k-0¢ 1.1774E-02

0.0%C3 J. 094 Q.Q000 1.7773€-01 T.9442€-02 4.01206-02 L.7035¢~-02 6.3473E~Ch  -1.2091E-02 ~2.2481E-0Q2
0.0503 J.0use 9.0000F 01} 1.5748£-01 71.5897&-02 3.43408-02 1.584Cc-02 -~c.b62626~-06 -1.2809F-02 -2.30905£-02
0.0%03 0.€C056 -$.0C00E 01 2.0771¢6-C1 A.3076¢€E-02 4.153PE-02 1.F240E~02 1.53756-03 ~1.1369€~02 -2.18SCE-¢2
0.0063 0.CCC9 v.0C00 2.734,4£-Cl 4461CTE=02 <«7.v117E~03 =-3.95126-02 -6.19326-02 -17.9323E-02 =-9.3533:-C¢

0.0C~3 0.0009 9.0C00E 01 3.5100E-01 4.5730E-02 ~-8.,09C2(-03 =-3.9cILE-Q02 -6.20226-02 -7.9395£-0Q2 -9,.3592°-Q¢
0.,0043 ~0.CO0C9 -9,0000C 01} 4.0637E-C] 4.6403E-02 -7.7331€-03 -3.9393E-02 -06.1843E-02 ~-7,5252E-C2 -9.347235-Q¢

STARY OF INTEGRATLIOLN FRCM SEB'*(X) = C TC IalL

X/L AUDY /L THETALDEG) Pl () CPiR/O= 1.0UICP(R/CS 2.J0MLP(K/D= 3.00)ICPIR/D3 4. U0)ILPIR/O= 5.000LP{R/Da ¢.00)

0.2113 0.€13)3 c.Ccco Lel6L2E-0Q2 2.2R74E-02 3.4202E-92 3.4%46E-02 3.4531€-02 34571602 21.4562¢-C2
0.2i.3 90,0333 9.0C008 0 Lo tiE-QN S5 2e-02 3.03~4c-C2 3..810e-02 3.255%4€~02 3. 2982E-C2 J.3z650-02

0.21t3 J.Jd333  -s.CC00t 01 2an0455-C2 A.llTBE-02 3.83316-02 3.71828-02 3.65T6E-02 3.6202F-02 31.5949F-02

0.2503 Q.C37% ©.0C00 -4 luNNE-C2 Les0l3E-u2 €298 iemC2 2.7213E~0« 3.02576-02 3.2%545E~02 3. 4406F~-02
0.2503 Q.C375 9.0000E Ui ~-1l.6lalk-C2 T.9270€-014 La¥e35€-02 2.46740E-42 2.8343€-02 1. 1005¢E-Q2 3.3106€E-Q2
0.2%03 0.C37% =-9.0C00F o, L.1T0dE-C¢ 2.2751é-02 2.8963-02 2.99%3e-02 5.22%7€-02 3,4140€6-C2 3.5730£-02

Figure 9.- Sample input/ocutput for a wing-body combination having a
circular body and with TR ¥ O, Bt.e 10,8 ¥ 0.
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0.3003 ved420  0.0C00 -2,%8314E-C2 -8.7851E-03 6.87486-02 1.8535Q2E-02 2.10629E-02 2.63206-02 3.0142E-02
G.30Q3 Je0420 9.0C006 Of ~4.15926-02 ~1.4545E-02 3,6267E-03 1.3319¢-02 1.99326-02 2.4981€-02  2.89497€-02
03003  0.0620 ~9,0C00€ O} ~1,S288€-C2 ~1.3121E-03 .1.0553E~02 1.1975€-02 2.3434€-02 2.71%1E-02 3.1336€~02

043503 0,Ce53 0,00UPPERT  ~1,C355E-C1 ~1.2315E6-02" -~4.6357E-0) 4.9451€-012 1. 2420e-(2 l.8410£-02 2.3389F-02
0.35%03 0.0653 0.0LLOMERY 2,06726-C2 =1.23156-02 ~4.63578-03 “s9451E-0) 1.26420E~02 1.061¢E~02 2.331856-02
0.3503 CiC453 §.CCODE OF -1.1%308-01 =-5,82216~02 ~2.21688-02 ~-5.5204E-02 5.05C6€E~03 1.2755€~C2 1.85C8E-02
4.3%03 Gedeb3 <=3,00006 O <-£.50256-C8 =<.0265€-02 ~1.7160€-0% 9.6057€-03 i.6823¢k-02 2.1981E-C2 2.6%18£~-02

6.40C3 0.C403 C.OILPPERY -1,€853€-01 ~-1.7800E-02 -~2.974«E-02 ~L.6572€~02 -5.915CE-~C) 2.1077E-C) $.8806€-0)
0.4003 Je Q42 Us0tLUWERY -T,6930E-02 -1.7300E-02 ~2.9748E-02 ~1.0577€~02 =-5,9150E~03 2.T077E~03 9.8886€E-03
0.4003 0.0603 9.0C00E O3 -1.65545-01 1.0667E-01 ~5.8079E-02 <~3.3811E-02. =}.8186E~C2 <-b.7765E~C3 2.17S2E~03
T 0.4002 0.0683 <~9,0000F O} ~1.00Q4E~C1 =5.07036~02 ~2.2359F-02 -8.5%42¢-0) l.2681E~03 B.3714E~03 1.52636~02

G.4503 0.Ce52 C.0(LHPERTY ~2,30CE¢~Cl ~1,8094E~01 ~4.6127E~02 ~3.45Q07€-07 =-2.23516-C2 -1.2358t~C2 ~9,5084€~03
Q.4503 0.0652 O0.0LLUWER) +1,33,8E~0L <=3,3908E~02 ~4.B127€-02 ~3.4907¢-02 =2.2351E-02 -1.23%8E-02 -3.98684€~03
0.450) 0.0652 9.0C00E O1 -1,9573E~01 <~1,3825E~0) ~8.5776E~02 ~5,7I84E~02 =~3.87)7€~02 -2.5058E-02 -Ll.4361£-02
Q.e503 0,04%2 <«S,0000E O} =1,2614€<0]1 <=7,.36S0E-02 ~4.067%€~02 ~2.4400f~02 <~1.3094E-02 =4,1937£-03 3,2137E-03

Q.50C3 Ce0421 O QIUPPERY =Z,8i31€6-Cl <-2.1180€6-01 ~5.7976E~02 ~4.759R€-02 -3,0079E-02 =-2,4033€-82 ~1.7565€-02
q.5003 Je06si OQILOWERS 1,50 77€~01 =9,2198E=-02 ~95.79T6E~02 4. Y998€~0Z -=3.6079E-02 =~-2.803%€~02 ~1.756%€-02
0.%003 Ca0421 9.0C00€ Of -2.0258€-CL ~1.5205€~0i ~1.0375E-01 ~7.4991&-02 ~5,5641E=02 =4.1356€-C2 =-3.01356-02
0.%5003 040421 =9,0C008 Ol =1,2T703F=00 =-8.2973E-02 =-5.1883E=02 <~1.5470E-02 =2,4446E-02 =~1,5750€-02 =0,48376-03

STARY CF SUPERSUNIC CALCULATICA
SUPERSCNIC CALCULATICN STARTS AY X/L =  0.54232F Ov

L 748 RBIDY /L TRETALDEGS CPIBCLY) CPIR/D= 1,00)CPIR/0= 2,.00)CPIR/D= 3.00)CPER/D™ 4.0DICPIRIDe 5.00)CPIR/D= 6,000

90,5533 3.0374 0.0UPPERY <=2, 2(16F~Cl =-2.i4TlE~0L ~95.3007€702 ~5.95996~02 ~4,6073E~02 -3.7¢16€6~02 -3.008%6~02
9.5503 0.037% CoOtLCWERY =1 ,2653¢~01 ~-1.0559E~01 ~9.30CT¢=02 ~9.9999€~02 =~4,6013E~02 =-3.7416€~02 -3.000%E~02
0.5503 0.0314 9.0000F Ol <~1.7361E~01 =~i.4418E-0) <~1.0851€-0L ~B.62076-02 <=6,TOGTE~02 ~-5,4217€~02 -4.4079€~02
0.,5503 0,037 -9.0C00c 0L <~G,5763€~02 ~7,0551€-02 <~5,0508E-02 ~3.90206-02 ~3,0796F~02 =2,6174E~C2 <1,0540E-02

0.6002 0.631% 0, 0MUPPER ) ~1,22356=01 <~1.8424E-01 .~2,2219€-Q1 ~-5.82336-02 -5,1298E~02 -4,5209€-02 =-4.0182E-02.
9.6003 a.c319 0.0¢LOWERY <~2,8904€-02 ~6,1645E-02 6.0T15€~-04 ~5.8233£-02 =-5,12586-02 -4,52C9€-02 ~4.0163£-02
0.56003 0,0319 9.CCO0E Ol ~£8,4287€-02 ~1,06CTE-0) <~9.%53028~02 =8.i900€-02 ~-7,Q081E~02 -6.11%56€-C2 ~%.3906E~02
0.6003 0.0319 -9.0C00€ Ol <~2,237€¢E-C3 ~2.9389t-02 ~3.20128~-02 ~3.11956-02 =~2,5127E-02 ~-2.6915E~-C2 ~2.47(CT7€-02

0.7003 8,0300 0.C(UPPER] 4. 602iE=Cl <-8.7898E-02 -2,0739€-01 ~1.3326£-0) ~1,00276-0% -8.65096-02 <~7.8337E~02
0.7003 3.0300  0.0(LIWER} 1.3651£-01 ~6.9357E-02 =-2.0202E-Ql <~1.3320£-01 <~1.0027£-01 -~8.6505€-02 ~7.833T7E-02
0.7003 g.0300 9.,0Ca0¢ Gl L.874UE-OL 2,103BE-02 =3.T193€~02 -5.460656-02 ~5.9048£-07 ~6.0T69E6-02 ~-6.05376~02
0.7003 €.C3C0 =-9.,0C00t 01 L.5L10E~01 2,21B6E~02 =3.7693E-02 =5.4774E-02 ~6,0151E=-02 ~6.1445E€-02 -4.1119E-02

DRAG CCEFFICIENT = 0.13419E €O
LYIFT CCEFFICIENTY » 0.17070€ Gi
PITCHING ROMENT CUEFFICLIENT = ~0.890%56€ (O

(b} Output.

-_'l},‘i\'
Figure 9.‘- Concluded .
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TRANIN AMACH=1.,MOPT=1,TAUB=.1,TAUW=.04 ,XMTB=.5, XMTW=.5 , ANGLE=SS8 . ,
SSMAX=.25,XRLE=,25,TR=.2,CRT=.5,XLBASE=. 86, XLOUTP=. 05 ,ALPHA®2. ,AL=). , 6END

{a) Input.

CALCULATICH OF SURFACT AND FLOW FItLD PRESSURE CISTRIBUTIUNS
FCR FLCw AT FKLE STHcAM MACKH AUMBERS AT OFP NEAR NNE, BELOW
THE LCwikR CREITICAL, DR ABOVE THE UPPER CRITICAL ABCUT * FINITE
THICKNESS mING=INCENTEC RODY CUMBINATINN wiTH THE BCLY RAVIAG
A't ELLIPTIC CPUSS SECTIUN TrAl MAINTAINS & CUNSTANT RATIC OF
MLJCR/MINCR AXCS ALING THe *NTIRE BCOY LENGTH wiTH ThE £QUI-
VALENT BCCY JF REVULUTICN SITRER USER-SPECIFEED CR MAVING CR-
OINATES R PRIPORTICNAL TC X/t-(X/LI%8N OR 1=X/L=t1=X/L)22N,
THE WINGC HAVING A CCNSTANT THICKRNESS/CHCRL RATIC, TAPSR RATID
HETAEEN O AN 1, ANU wllH CRUINATES £ PROPCRYIONAL TO X84R/(
~{XBAR/L)®*F CR ]-XBAR/C-{i-XEAR/C)®®N AY LSIANG THE TRANSCAIC

EJUIVALENCE RULE AND THE LOCAL LENEZRIZATICA “ETHCOD

WING-BCOY CCwBINATION CECMETRY ANU FLOW FIELE CHARACTERISIICS

RATIC CF SEmiwasnw/SEMIMINCK AXLS =
EQUIVALENY BODY THICKNESS RATIC =
EQUIVALENT ggoy waximyvy TRICKAESS AT X/L =
EXPONEAT N FOR EQUIVALENT BUCY CRDINATES =
SEB*(X)} & g AT X/L =
THICKNESS Al XBAR/C =

WING THICKNESS/CHCRD RATIO =

EXPANENT M Frg WING ORCINATES = .
LEADING EOGE CF WING RCUT CHERC AT X/L. =
TRATLING €DGE CF WING PONOT CHRAC AT Xx/L =
PLANFCRP TApek RATIC =
LEADING cDGE PIERCES RCCY A X/L =
TRAILING LoGE PIERCES ENCY AT x/L =
8COY BASE AY x/L

WING MAX.

LEADING EUGE SwEEP ANGLE

ICEG) =

TRAILING EGGE SWEEP ANGLE (DEG) =

LECATICN C& wINGTI® LEBLING ECCe AT Xx/L =
LOCATICN OF WINGTIP TRAILING ECGE AT X/L =
NORMALIZLO max, SE®ISPAN SSMAX/L =

ANGLE OF ATYTACK ALPKRZ (JEG)
RATIC CF SPECIFIC FEATS =
FREE STREAM MACH NLMpER =

STARY CF
XN

0.211)
0.2112
0.2113

0.,20062
0.2003
0.2C03

0.1503
0.1503
0.1501

9.1003
0.1023
0.10u3

0,059
0.050)
0.0503

0.0C4)
0.0043
0.0043

INTEGRAT JIN FREM SEQ0 ' (X)

Rungy /L

U.0577
0.C162
c.0192

. C555
0. 0185
C.L1ES

J.Chs2
0.C147
Ua0la?

V.u3l3
9.0104

D.CicCs

0.Cles
3. 0055
0.0045

0.€015
9. 00C(5
Je 0008

€.30000E G}
0.1000¢CE 00
+£000CE 00
€.20000¢ 01
Q.21132E 00
€. S000CE Q0
C.40000E-01
€.200CE 01
C.25CCCE Q0
€.7500CE 00
€. 200008 00
€.2B07GE 00
C.15008€ 00
€.EH0CCE 00
C.SA00CE 02
€.C0000
€.65008€ 00
€. 75008 00
C.250CCc 00
€.200008 G1
€.14C0CE Ol
€.10000¢ 01

= U TU MNCSE

THETA{DEC) CPLrLIY) CP(R/D= L.00)ICPIR/D® 2.00)CPIR/U= 3.00)CPIR/D= 4,003CP(R/0= 5,00)CP(R/D= 6.00}
0.0020 , 2eyevit-C2 3.6B54E-02 3.5139E-0¢ 3.4458E-02 3.4T62E-02 3.47168€-02 J.4695E-02
$.0CCUE U1l -4.5801%-03 1.9287€-02 2.7C11E-02 2.9726E~-02 3.1020E-C2 3. 1780L-C2 3.2278£-02
-56.0C00¢& 01 2.2254E6~C2 4,2927c-02 3.68436E-02 3.c496E-02 3.7699€~02 3,.7114E-02 31.67336-02
c.0c00 - 3. EB2TE-C2 4.21215-92 3. 60%3E~-02 J.o4T8E-02 3.564T6€-C2 2.,4733€-C2 3.4140£-02
9.0CQuE 01 64 73ICE~Ge 243920E-9¢ 2.94955c-02 3.12968-02 3.17CSE~02 3.1781€-02 3.1715€-02
-$.0C00L 0} .53328-02 4.6073E-02 4.2658E-02 4,0C60UE-02 3.8338€-02 3. 7T1C5€-02 J.o102E-02
€.0C00 ©.36C4E-02 4. BeblE-02 4.0507E-02 3.5000€-02 3.0769€-02 2.7329€-02
§.0C00€ 0L 2 4 4.99300E-02 4.06471€-02 3.5539e-02 3.141BE~02 2.19715E-C2 2.5041E-02
-9,0CC0E 01 T.aT741E-02 6.738%c-0¢ +26C3E-02 4.2751E-02 3.7610E-02 3.2941€-02 2.9185%C-02
C.0C00 1.4130E-01 T.d6l7ce-02 5. 1263E-02 Joade-02 2.5T86E-922 1.7556F-02 1.0844F-02
9.0C0JF Ui t.6303-02 6,243,502 42352C0L-02 3.24066E-02 £02920E-02 1.5317€-02 9.0091£-03
-§.0CCc0t 0l JeldelE-Cl €.2503L-02 5.5140E-02 3.514605-02 2.719136k-C2 1.5338E-C2 1.23¢2¢-02
0.0CJV Z.19618-Ca 4.C505€-02 “eCa(Tt-C2 1.715%€E-02 T.0433E-04 <~1.,2047€-C2 -2.2469E-02
$.0000€ 91 1.2382¢-Cl T.2489E-02 J.eA74E-02 1.49206-02 -5.3070E-04 ~]1.3333€-02 -2.3520F-C2
~9,0CC0E VI l.daole-01 8,43506E-]2 4s2851F-02 1.d913E~0¢ £.0687E-C3 . ~1,0935E-02 -2.15¢15-Q2
€.occe s.20b2t-01 4.6119E-9¢ =-1.70bYE-02 =-3,%510-02 ~-6,1932E-02 =-7.5323E-02 ~-6.3532E-C2
F.0000E 01 3.C9¢9E-01 4.5501E-0¢ ~B.2121L-03 =-3.574i8-02 =-0.2002€-02 <~-7.5443E-C2 -9.3632%-C2
=¥, 0C0JE Ot 3.73238-¢C1 4.06FLE5~72 =T.0170E-03 =3.43{4c-02 ~-&.1784E-02 -T7.92C4E-02 -9.3434E-C2

START CF INTEGRATICN FHRCM >08v0(x) = ¢ TC TAIL

X

0.2113
0.2113
0.2143

042503
0.2%503
- 042503

“aniyY /i,

C.us17
Je 0142
c.0132

0.0650
0.0217
0.0217

THL TALDEG) cPieily)

CPIR/D= 1.,U0MCPIA/L= 2.,370CPIK/D= 3.CCICPIR/Dx &,00ILPLR/Ce 5.00)CLPIR/L= 6.00)
€063 2eSbvTE-CO $.585%0-02 3051 49E=-02 3.+858E-C2 3.470626-02 3.4716E-C2 3.4¢5%€-Q2
$.0¢C0 31 -4 98512-C2 1.92876~u2 el 1L7-02 2.9726-02 1.1020€-02 3.17€00E-C2 3.2278E-0¢

-§.0C03: Vi l.025%468-C2 4.2027€-02 3. 9895E-C2 3.P496E-~02 J.T654%€-C2 3.7114€E-C2 3.67336-02
0.CCu0 ~2.3384E-Ca 1.7164c~02 2.3568E-02 2.7547€-02 3.0411€-0¢ 1.2644€-02 3.4472E-02
8.0000C vl -2.3533€-02 3.096.E-03 1.039%E~02 2.,2843t-02 2.6929€-02 2.9804€-C2 3.2190¢-02

-5.CCCI O} d.e659€-C3 2.4411E-02 2.87615-02 3.1337€-02 3.3373€-C2 3.3088E-02 3.65226~02

Figure 10.- Sample input/output for a wing-body combination having an
elliptical body and with TR ¢ 0, 8
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0.30C3 C.C728 0.0¢(CO ~3.elTHE~C2 =-9.3541E~0) b.BBLOE-0) 1.5561E-D2 2.1635€E-02 2. 8324E-C2 3.014%E-02
0.3003 Q.0243 9.00008 O] ~4.45606~02 ~-1.6684E~02 1.6510€-03 t.186%E~02 1.88C4E-02 2.4034€~-02 2.8227E-02
0.3003 G.G0243 -9.0COUE 01 ~]1,.8815F~Ci 1.6199€-03 1.2553€-02 1.9422€-02 2,433%3¢-02 2.86486€-02 3. 2100802

0.3503 D.CT8R q.9400 -6.24335-02  -3,58.%¢-02 ~-4,0685L-02 1.7634E-03 1.03026~02 1.698bE-02 2.2366E-02
0.3503 0,c2¢3 S.CCO0E 01 ~ne3139E5-C2 =13,4999C-02 ~1,344%E-02 ~5.945BE~06 8.43238~0) 1.53576-02 2.0967€~02
0.350) 0.0263 =9.VC0DE 0} ~4.38¢4E-(2 -2.0632E-02 =-4,71576~04 $.5071E-03 1.308%E-02 1.9109E-02 2.41L78+02

0.4003 4.0830 U, JIUPPERT ~1,35380-CL =T,7849€-03 ~-1,99n9E-02 ~8§.7Q76¢-03 2.3704E-04 T.4449€-03 1.3310€-C2
0.4003 n.0830 0.Q(LNWERY 4,41706-02  -7.7349€-93 -~1.9589E-02 ~8.7076E-02 2¢3704E-0Q4 T.4l45E-02 1.3370¢-02
0.4C03 Q.C2M1 $.CCOCE Q1 ~1,35E8E-Cl  «7.8503E~-02 <-4, 1570E-02 =~2.2118€~02 ~9.4300€~03 ~1.1666E-04 T.2124€-03
G.4003 0.0277 -S.00DJE Ol ~7.8030£-02 -3,28S%0E-02 ~-1,22tBE-02 ~-1.3539E-03 6.5047€~03 t.2771€~02 1.80885-02

, 004803 a.0834 G U(UPPERY +~2,248¢f-Cl  ~1.5656E-01 -5.303RE-02 =3.755jc-02 -2.44$2€-02 ~-i.3921€~C2 ~35,1265E-03
‘Q.4503 o836 Q.0fLUWER)  -9,.5429E-02 ~4,7413E-02 =-5.,3038E-02 <-3.T551€-02 -2.4492E~02 ~-)1,3924E~02 -5,126%5£-03
0.4%023 C.0275 S$.CLCAE 01 ~1,5827E-Cl  =1.3547€-01 ~4.027T2E~02 =-5.8245E~07 -3.9544E€-02 ~2,%2713E-C2 ~-1.4804E-C2
0.4503 0.0279 -9.0C00F Ol ~1.253BE-0) =7,25S2E-02 -4,2515E~02 ~2.6271E~D2 ~-}.4680E-02 ~5.,4T7CTE-03 2,2311%-03

0.5003 ¢.Q801 QeO{UPPER) -2,0¥87€-CL ~=2.3973E-01L -7.29126~02 -5.8920€~02 -4.4316E-02 ~3,2241€E-C2 =~2.2i33F-02
V.5003 G,08¢L U.O0(LOWER)  ~L,5022¢-01 -L.(636E-00 ~-7,2912€-02 =5.89206~Q2 -4.4316€-02 -3,2241€-02 ~2,2133E-02
0.5003 0.C261 $.0CUOE 01 ~2.3275E~Cl  =1.6944C-01 ~1.1677€-01 -8.4960€-02 -6.3288E-C2 ~4,7182E-C2 ~3.4345F-C2
0.5002 0,0267 =-3.0C00E O} -}.5503E~01 =-1,002:E=01 ~-6.59108E=02 ~4.593%E-02 -3.2469E-0¢ ~-2.18%3E-(2 ~-1.2003%-02

START CF SUPERSUKIC CALCULATICA

SUPERSCNIC CALCULATICN STARTS a1 X/t = D.54232€ 00
X7 RBADY /L THETA1DEG) CPLACLY? CPIR/D= J.QOILPIRICs 2.Q004LPIR/D> 3.C0)CPIR/D2 4.001CPIR/02 S, D0ICPIRJE™ 5,00)

0.5503 0.0729 O.0(UPPER] ~2,4483E-01 =-2.35085-QL =&.T458E-02 ~6.7266E~02 -5.4718E~02 -4.3983¢-02 -3.4932€-02
0.5503 . 0729 O U(LONERT  ~1.3406t=C1 =1.2)42E-0) =&,T498E-02 ~6.7240E-02 =5.4T718E~Q2 -4.3983E-02 -3,49226-02
0.5503 0.0243 9.0C00E O3 ~2.14786-C1 ~-1.637BE-01 <=1.2+706-04 =~9.6074E~02 ~).6014E~02 -£.0656€-02 -4.5027€-02
055013 Q,0243 <-9,0C00% O} =}.2938E-01 -9.5604E-02 ~0.71556~C2 ~5.1242E-02 ~4,D027€-02 ~3.1143E-02 =-2.3082E-02

0.500)3 0.0631 Q. 0(UPPER] ~1.31928-C1 -1.7566E~01 ~7,235¢E~01 ~5.9§STE-02 ~5,22C5E-02 ~4.%5561€-02 ~4.07%526-02
0.6003 0.003) G.0(LIMER] -2.L191E-02 ~-7.5253E-02 =-2.47p2E~04 =-5.915TE-02 -5.22C%5t-02 ~4.%961E-02 =~4,0752E-02
0.6003 0.0210 9.0C0UE 01 ~1.1992£-C1 ~-1.1682€-01 =6,9784E~02 =8.4i31E-02 ~7,1967€-02 ~6.2514€-02 ~%.49¢1€-Q¢
026002 €.02i0 =~9.000CE Of ~2.8le3f~C2 -4.0630E-D2 =3,76482E-02 -3.42076-02 =-3.12376-02 ~2.8456F-C2 ~2,%839E~02

3.7C03 Y, €550 Q.0(LPPER) 1.32308~01 -3,90G26-Q2 ~-1.SULSLE-Q01 ~1.2489€-Q1 -9.4236€-02 -8,2051€~02 =-1.5077€-02
0.7003 0.05%0 T W0 (LOWER ) 1.26856-C1 -4,08536-02 ~1.8671€-01 ~1.2489E-01 -9,4236€£-02 -8.2051¢~02 -1.5077€-02
0.7003 J.a183 7.0C00€E Q1 1.5910E-C1 2,15668-02 =~3,1702E-02 ~4.B917E-02 ~5.5222€-02 ~5.75(0E~02 ~-5.8CB3E-Q2
0.7¢03 0.0183 -9,0CCOE D} 1.0071£-01 2,18838-02 ~3,22306-02 =-4.9025E-D2 ~-5.5919E-02 ~-5.813BE~02 -5.086%7E-C2

CRAG CCEFFICIENT = C.123462€ CC
LIFT CCFFFICIENT = C.17073€ C1
PLTICHING PCMENT CLEFFICIENT = -G de94CE €O

(b} OGutput,




&TRANIN AMACH=].,MOPT=1,TAUB=.1,TAUW~.04 ,XMTB=.5,XMTW=.5,ANGLE=45.,
SSMAX=, 3215, XRLE=.25, TR+ .4 ,CRT=.4 ,XLBASE=.86,XLOUTP=. 05, 4END

(a) Input.

CALCULATICN UF SURFACE AND FLCw FIELD PRESSURE DISTRIBUTIONS
FOK FLOW AT FREE STWEAM MACKH NUMBERS Al (iR NEAR GNE. BELOW
THE LOnER CRITICAL,LR ABUVE THE UPPEK CRITICAL ABCUT A FINITE
THICKAESS wIKG-INLENTFC CIRCULAR BOCY COMBINATION wlVH fHE
EQUIVALENT BOUY OF REVCLUTICIN EITHER USER~SPECIFIED GR HAVING
OKROINATES K PRAPURTIONAL TU X/L-(X/LI%*N Q& L-X/L=(Ll=-X/L1%%n,
l THE wiN3 HAVING A CCNSTANT THICKNESS/CHCRC RATIC, TAPER RATIQ
BETWEEN O AND |, AND WITH ORDINATES I PROPCRTICAAL TC x2BAR/C
‘ ~(XPAR/CIOOF LR L =XPAR/C-(1-XBAR/C)oeM dY USING THE TRANSCAIC
EIUIVALENCE RULE AND THE LUCAL LINEBRIZATION METHCC

WING-BLDY LUPBINATICA CLCMETRY ANC FLUw FUilT UHARACTERISTICS

EQUIVALENT ACLY THICKNESS RATIY = €.1000CE 00
EQUIVALENT BOOY MAXIVUM THICKNESS AT X/t = C.50000E 00 N
EXPONENT N FOR EQUIVALENT 3COY CRDINATES = (C.20000Ff Oi

SEB'*(X) = O AT 2/L = 0.21132c 90
WING MAX, THICKNESS &Y XBAR/C = | C.SC0Q0F 00
MING THICKNESS/CHOKD RATIC = €.40000t-01
EXPONENT M FOR WING NRCINATFS = 0.20000E 01
LEADING EDGE CF WING RCOT CHCRC arl Xx/L = C.250G0CE 00
TRAILENG EDGE CF wING KOOY CHCRLC AT x/L = €.55000€ 00
PLANFCRM TAPER RATIO = €. 400006 00
LEADING EUGE PIERCES BICY AT X/L = C.25129E 00
TRAILING EDGE PIERCES EUCY AT X/L = €.57156€ GO
80QY BASE AT X/t = €.86Q00QE a0
LEADING COGE SWEEP ANGLE {OQEG) = C.45000E 02
TRAILING EDGE SWEE®Y ANGLE (DEG)Y » C.23755¢ €2

LCCATICN OF wiINGTIP LEADING ECCE AT X/L = C.5715CE 00
LOCATICN OF wWINGYIP TRAILING £DGE AT X/L = C.64915CE OC

NORMALIZEC MAX, SEMISPAN SSMAX/L = €.3215GE 00
ANGLE CF ATTACK ALPHA (DEG) = ¢.C0000

RATIC CF SPECIFIC MEATS = C. 14000t ul
FREE STREAM MACH NUMBER = €.10000€ 0}

START CF INTLGRATICN FNCM SEB*'(X) = C TO NOSE
X/t RENCY/L THETACDEG) cpisccy) CPIR/D= 1.,00)CPIR/D= 2.00)CP(R/U= 3.00)CP{R/C> 4.00)CP(R/D= 5.00)CPIR/D= 6.00)}
0.2113 V.U3133 C.0C0) 2.1307€6-C2 3.31558-C2 3.427CE-02 3.h476E-02 3.45488-02 3.4502E-02 3.4600E-02

0.2113 0.0333 $.GCCOE 01 2,1307€-¢2 3.3159€-02 3.4270&-02 3.4476E-02 3.4548E~02 3.4582g-02 3.4600£-02

0.2003 0.C320 0.GL00 2.88L5E-02 3.8171e-02 3,71 248-02 J.oUbSE~02 3.5247€-~02 3.45€7€-C2 3.4039€-02
0.2003 Je L3209 9.CCONE 01 2.£313E-02 3.9171E-02 3.7124E-02 3.6009€-02 3.5247€-02 3.4587€E-C2 3,40396-02

0.1503 0.0}55 c.oco0 0.6692E-02 5.5471c-02 4. 74728-C2 4.0071:-02 3.4755€-C2 3.C613€-C2 2,7221E-C2
0.150) 0,0255 9.0C00e 01 ¢.6692E-02 5.94T1E-022 4010 726-02 4.0071€-02 1 .47556-02 3.0613€-02 2,72216-02

0.1¢02 c.0181 0.0L0C 1.1374€-01 1.5672€E-02 5.0074(-02 3.6118E-02 2.56(7E-C2 1.7441E-02 1,0785E-02
0.1003 0.0191 9.0000¢ vl Lel374E~CL 7.5672E-02 5.0074F-02 3.60118€-02 2.50C7E-02 1.7441€-02 1.0765%€-02

0.050) 0.C0s6 C.uco¢ 1.e13€e-CL 7.946%E-02 4.0133€6-02 1.7038E-02 6.3612¢-C4 ~1,.206CE-C2 -2,24S0E-02
0.050) Je009% G.00008 91 1.8138€-01 Te9464E-02 “.0133€E-02 1.7038E-02 6,36126-04 <1.2090€-02 -2,24905-02
u

0.0041 ¢.Q0a¢s 4.0C00 3,774TE~CL |, 4.6107E-02 ~-7.9117€-03 -3,9512£-02 -6.19226~02 ~7.5323€~02 -9,35336-G2
0.00+3 0.5009° 9..000t Ol 3.774175-01 4.61076-02 -7.9117€-03 -3.5512E-02 -56.1932E-02 =7.9323E-02 -9,3533E-02
STARY UF INTFGRATICN ¥eiM SEA**14) = 0 TC TalL

X/L ' RBNUY/L THETA(DEG) [ 4-140 ) CP(R/D= 1,00)CP(R/D= 2,yu)CPIR/0= 3,00)CPIR/D= 4.00)CP(R/D» 5.CONCPIR/De &.00)
a.211) 0.C332 C.tigu 244307:-02 3.31558-02 3.4270€-02 J.6576€-02 3.4548E-0¢ 3. 45E2E-C2 3,46001-02
0.21113 Jsuaidld S.CCQuc 0] 2.1397€~02 3.1159€~-0C2 3.4270E-C2 3.6476c-02 3.4548E-02 3.45€2€-C2 3.4600E-02

0.2503 Q.C315 C.0Cu0 - 2,4543E-C1 1.4550E-02 Z2.30308-02 4.7311€-02 3.0278€-02 3,2989E-02 3.4423E-02
0,250} 9.C375 5.0000€ 31 -3.454SE-C3 1.4930F-02 2. 3030E-02 2.7311E-02 3.02718E-02 3.25%59€-C2 3.,4413£-02

0.3003 Z.Ce20 C.C0U G401 TE-Ce ce2974b2-02 1.9734E-0c 2.3766E-02 2.1481E-02 3.C616E-C2 3.3278F-C2
0.39G) Q.C420 Q.UCU0E 01 ~T7.84u05(-02 =1.19603E-02 l.1116€-02 1.9936€-02 2.5327€-02 2.5231E-C2 3.2320€-02

0.3503 G.Ch4a0 ¢.QC0o0 ~i.4020t-C1 1.00000 086 ~-4.9%taE-03 1.9U9CE-Q) S.41G4k-Q3 1.4928c-C2 2.15C¢5€=-C2
0.35013 C.0640 9.0C00t 0} =-1.3218E-01 =6.5%572E~02 =-2.4468E~02 -~6,7934E-u) 4.5358E-0) 1.2803€-02 1.§335¢-02

0.4003 0.Ca34 c.0c00 ~1.655)E=C1 =~1.2026E-Cl -€.0282E-C) -9.6651€-03 -2,2623E~03 / $.01C3E-0C3 1.1470€~-02
0.4003 Q.0034 9.0000€ Q1 =1.4084E-01 -S.UA2E-02 -4.0T787€=02 ~2.,4610€~02 ~)1.0504E-02 -2.38060E-0¢ 1.8218£-03

Figure 1ll.- Sample input,/output for a wing-body combination having a
circular body and with TR ¢y O, Bt. »0, 0=0,
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Q.45u3 " c.gend €.0¢0¢ P =1 9953601 - ~1.9350€-0) 1.0000F Os ~i.33e1E-01 —s;szscé-cs “3.4178€-03 2.4001E-03
0.4303 0,0413 9.0000E 01 =S, 9078E-02 ~0.24326-02 -3.2027€~02 +D.294E=02 ~1.9930E-02 <~9.5e26£-03 -1 9102E-0)

0,5003 0.€39) 06,0090 “T.qubSE=C2  -1.43126-C4 =1.2943E~31 -1 .6QT0E-02 =-1.9616£-02 -1,4648E~02 =5.42CT€-01
0.,5003  0.C391  S.UDOOE O3 ~1,5626€=02 =8,1929E-02 ~4.58616~02 <~3.556%E-02 ~-2.59326-02 ~1.B14BF-02 -1,)739E-C2
START CF SUPERSONIC CALCULATICN

SUPERSCNIC CALCULATICK STARTS AT X/L =  (,54232FE 00

RAL KSUOY/L  THETAIDEG)  CPUBOLY)  CPIR/Os 1. D04CPIR/D= 2,000CPIH/Ds 3.COICPIRILS 4, 00MCPIAIDe 5,000CPIRILS 6.00)
6,4503  0.(390  0.0000 TS ISM9E-03  ~Lo2THEF~0L. -(.97536-00i  1.0UO0E 06 -+ S9&TE~C2 -3.8500E-02 ~J.L1eeE-02

0.49%03 0.0390 9.0000& 0) Ta391€8-02 L. SOS4E~02 ~e.58270~02 ~4.6279C-02 .-1.8527€~02 ~V.23CLE~02 ~2.6453(-02

. .
0.6CC3 C.Ca18 Q.uldo CSe515F-C8 1 AGRGE-0) -1 IB43E-0L 2 ATLAE-QL < 1,00C2E~01 -~1.48%5E-C2 ~4.10%¢E-02
0.,400) 0.0418 %.0000¢ O LoB44E-02  1.5TAGE~02 ~1.2092E-02  ~23,6592€-02 -3,13196~02 -).1007E-02 -~3.0539F-02

0.650)  0.0439  D0.0000 .. 2.8776-C1 ~1.5106E-01 JaWBAL-G) -i.ci90E-01 -8,91996-02 -0.08VME~C2 -3.87706-02
0.6%03  0.0439  5.3000E Gl ~2.77970-01 .~} 192V~ -1 1552E-0L  -a.v89RE-U2 ~1.60$9E-02 -6.7084£~02 -6.0440E-02

0.70038 0,0420 9.0¢C00 -1.3105¢-01 ~1.0776-01 -»;15375-02 “8.3971€-02 ~0,19%0t-C2 ~1.324T7€~02 ~¢.695(2F-C2
0.700) 3.0820 Q,0000€ 01 -1.2105:~01 =1.0776(-0) <9.2537E-02 =+B8.3671€-02 ~13,7950t=C2 ~1.3267E~02 -6.95C2(-02

0.7503 9.037% c,0c00 “1leibOSE-C) -#.7120(-02 8. STSLE-C2  =B.5972k-0¢ -¥,20098-C2 -~d.06€3E-02. ~-i.8%976E-0L
0.7503 2.030> 9.,0C00E 01 <) 1b09E=0) <~S.T726k-02 ~0,971515-02 <~8.5372E-02 ~0,204G6-02 ~0,00(36-02 <~-1.83%0F-02

0.80403 v €20 v.0L00 ~BeBli4E~Q2  =0.99228-00 ~E.QCHTE-QC  -BallcTE-02 -8.28L28-d2° -8.28(0E-02 -8.380¢-0Q2
0.8003 d.C320 F.UCO0E 01 -B.21446~02 =7.89226-02 -6.Q0057E~02 -8.1227€-02 ~4.21C26-02 <~8.28Cet-02 - ~A,3386E~Q2

0.8%0) 0.0£5%5 0.0C00 -3,9%356~C2 ~4.704CE-02 -5.9191[’“2: ~6,60680€-02 =-7,2057E~C2 ~=V,0247-C2 ~1,6¢16E-Ck
0.8%03 04,0253 F,0C08E OL - 3.92456~02 =4 .70406-02 <=5.9131F+02 <6.0680€-02 <~7.2057€-02 .=7,6247€-02 =~1.9¢79E-02

CRAG CLEFFICIENT =  C.iCeelf OC

(b} Output.

Figure 11,- Concluded. Co
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STRANIN AMACH=1.,MOPT=1,TAUB=.1,TAUW=.04,XMTB=.5,X0TH= .5, ANGLE=4S. ,
SSMAX«. 338 ,XRLE=.25,TR=.4 ,CRT=.4 ,XLBASE=.86 ,XLOUTP=,05,AL=3. , 4END

{a) Input.

CALCULATICA CF SURFACE ANC FLOW FIELL PRESSLRE CISIRIBUTIONS
FUR FLCw BT FREF STREAM waCH AUMBERS AT UR NEAR ONE, BELTW
THE LCWER CHITICAL, OR ABGYE Tk UPPER ChlTICAL ABCUT A FIMITE
THICKAESS WING=-INCENTEC BGOY CUMBINATION WITH ThE 20CY HAVING
AR ELLIPTIC CHOSS SECTICH THAT MAINTAINS & CCASTANT RATIC CF
FAJCR/MIACR AXES BALONG ThE ENTIRE BCDY LLASTH wiTH THE EQuI-
VALENT HCOY OF REVOLUTICN wiTHEx USER-SPECIFIEL OH MAVING GR-
OIHATES R PRUPOKTIGHAL TC R/L-{X/LI®OR QR Ll=X/L-{i-X/LIOWN,
THE wING HAVING A CCNSTANT THICKNESS/CHCRC RATIC, TAPER XaTl0
BETWEEN O AND iy ANO wITH GRUCINATES 2 PROPCRTICNAL TC X8AR/C
S(XPAR/Chee¥ R 1-XBAR/C~(1-XPAR/CI®0M RY LSING THE TRANSUMIC
EWUTVELENCE RULt AME THE LUCAL LINEARIZATICA WETHCL

WING=RCDY COMBINATICN CECMETRY ANL FLCW Flzll CHARACTERISTICS

RATIC OF SEMIMAJOR/SEMIPINCR AXIS = . C.30000€ 0O}
EQUIVALENT ACDY THICKNESS RATIC = £.1000CE 0O
EQUIVALENT BODY MaxIrur THICKNESS AT X/L = C,.50000t 00
EXPOMENT N FUR EQUIVALENT BCOY CRDINATES = C.20000€ 01

SEBT*{X) = O AV X/UL = | €.21i32E OC R

WING MAX. THICKNESS AT XBAR/C = . C.£dC0CE 0C

WING THICKNESS/CHCRD RATIC = €. 400GCE~01

EXPONENT M FCR WING CRCINATES = €.200C0E 01 B
LEADING E0GE OF WING RCOT (HCRL AT X/L = €.250CCE 00

TRAILING EDSE CF WING KOUT CHORC AT X/t =  C.SSOCOE 00 .
PLANFCRM TAPER RATIO = €.4000CE 00

LEADING EDGE PIERCES BCCY AT %/L = V22612E 00

TRALLING EUGE PIERCES ECCY AT X/L = €.53919E€ 00

80CY BASE 87 x/L = . C.'960CCE 00

LEADING EUGL SWEEP ANGLE (CEG) = €.450CUE O¢

TRATLING EQGL SWEEP ANGLE (DEGY = €.25054€ €2

LOCATICN OF wiINGTIP LEADING EDCGE AT x/( = ¢.5880CE 00
LOCATICN NF WIANGTIP TRAILING ECCE AT x/L = C.7080CE 0O

NORMAL[ZEC MAX, SEMISPAN SSMAX/L = C.338CCE CC
ANGLE CF ATTACK ALPH2 (CEG}) = €.C0000

RATIC OF SPECIFIL hEATS = C.14000¢ 0L
FREE STREAMN MACH NUMBER = . C.10000€ 01 .

STARY CF INTEGRATICN FROM SEBT(X) = C TC ACSE
X/ RBUCY/L THETALDEG) cPiaCey) CPIR/C= 1.000CPIR/D= 2.00)CPIR/D= 3.0U)CP(R/C= 4,001CPIR/C= S,00)CP{R/Cm 6,000
v.2lll 0.05377 " c.ocon 4eT9Tur~Ce 3.7658E-02 3.52ET8~C2 3.4921E-02 3.4797€-02 3.4740E-02 3,4710E-02

0.2113 0.0142 S.0CCut O ie244BE-C2 3.0253E-Ce 3,3360c-02 3.4053£-02 3.4306E-02 3.,4426E-02 3,4461E-02

0.2003 C.L55% c.cccc C.TlCaE~C2 4.28376-02 J.e1BBE-02 1.65356-02 3.55C8E~C2 3.47%E-C2 3.41%4€E-02
0.2003 30185 9.0009f UL 1.2741€-02 1.50296-0Q2 d.61e0c-02 3.%a23E-02 3.4993€-02 3.44238-02 3,3929€-02

0.1503 0.C442 0.0C0C 1.63}1 2¢~Cl 63959E-02 “.8544t-02 4.0543E-02 3.5020€-02 3.0782€-02 2.7338E-02
0.1503 Do Clu? 2.0000€ vl 5.09n1€-02 5.5379€-02 446461E-02 3.9041E-02 3.6495E-02 3.04406E-02 2.7104€-02

0.1003 0.0313 U,ud00 1.595d€E-0) 1.E7$3E~02 Selo3et-02 3.0454€-0¢ 2.5T96E-0Q2 1.75¢2€-02 1.00848€-02
0.1003 U.01¢« 9.0C00E Ol Jesuc0E~C2 7.2830c-02 5.0i36E-02 3.5786€-02 2.5419€-02 1.7321€-02 1.0681€-02

0.05%01 V.Cled J.0CCy «s 2TBEE~CL 8.0611€-02 “.C4ldE-02 1.7064E-0¢ 1.0710E-04 -1.204SE~02 ~-2,24%9E-C2
0.0503 0. CCY%5 9.0C00E O 1.3100¢-01" 1.8353¢-02 3.9851L-02 1.6912-02 5.6524E-04 -1,2136€-02 -2,2%522€-02

0.0C«3 0.€0L% 0.0C0C 4, 4450E-C1 4.6118E-C2 =7,5CH8E-03 -13.551C6-02 ~6.15326-02 -7.5323€-02 =-9,3%326-C2
Qa0043 0. cocs 2.0C00E Ol 3.40ust~Cl 446096E-02 ~T7.714TE-03 -3.9513E-02 ~6.1933E-02 -7.5324E-02 ~9.3%336-02
START CF INTEGHRATIIN FREP SEQG* i} « 0 1L 1210

A/L Ko uv /L THRe TA{DeG) creancey) CPIR/D= 1.0UICPIK/C> 2,J0ICPIN/0* 3.COICPIR/D* 4.0CICPIR/De 5.CONCPIR/Cs 6,00
0.2113 c.cu e c.ucCce 4.16755-00 3.70500-02 3.5267€-02 3,492iE-02 3.el97t-cC2 3.4760E-C2 3.4Ti06-02
G.2143 4. 0182 S.uCCaE 01 l.2414€-C2 3.0¢93E-02 3.4360€-02 3.40%3E-02 3.4306€-02 3.4426€-02 3.4461€6-02

042505 Jetsst c.cco0 Lo 715+3£-C2 1.8326£~02 2.3756E-C2 2.7627E~02 3.0455E-C2 3.2671E-C2 3. 6452E-C2
0.2503 Jeugi? S.OCCOE 01 -9.65436-03 1.320%E-02 Ce2413E-02 2.7017E-02 3.0109E-02 3.2449F-02 3,43376-02

0.30C3 c,0728 C.oco0 “1.58168~02 =-1.5945E-03 1.1287t-03 Lebob2E-02 2.1661€E-C2 2.¢358E~C2 3.0170e-C2
0.3003 0.0243 S.LCOIF Wl -3.i9.CE-0C =R.0892E-Y3 6e3124k-03 1e2552E-02 2.1647€-02 ée8317€-02 3.0140£-02

0,3503  0.Q7as  0.iCoC ~t.1022€-02  1.C000E 06  §,3079€-03  7.i848E-03  1.3606t-02 1.91486-07 2.388QE-C2
0,3503  C.C26l F40CO0E O) -1.1392F-ul  -4.732%£-02 ~-1.4910€-02 1.2753E-04  9.0454E-C) 1.6616€-02 2.21336-02

Pigure 12.- Sample input/output for a wing-body combination having an
elliptical body and with TR y 0, st‘ >0, um0
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Y4 )

J.0T1¢
J.0237

{.0c¢00
<.0000L

0.JC%0
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ERPR LY RS
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LR T RS P
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Sty =)
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SUPENSIATL CALCULATICN STARTS AT X/L = 0,562k I

N
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0.55¢C)
0.0504

0.7001
0.73u3

0.7%03
0.7%0)

J.800)
0.400)

0,850
0U.8502

CRAG CCEFFICIENT

[FT

LE DIV XN
J.Ctkl
U.Ce22?

c.07C7
. €538

0.0738
Co G248

0.C72
JeC242

Jelna?
1.0216

0.C5%4
v.0) 8>

Y. 0641
IFOTEY )

THt TaquEG )

0.0600
REDIS Y

9. Cu0
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C.0C0u
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9,9C00%
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C.ucqge
4.2000t
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B2
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ol
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i

(1Y

o1

HiLALEY Y
-~ eluWEt-Us
IR GESCY

lecoutt=t|
Sedlisieo,
=leScune~01
=lebhnuk=Cl

s Tilhio,
4.9t~
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B TP R LIS

=9.673nt -2
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~2.%8 1 -0
~Setanat-Ce

CPUR/Us 1.QUITFRIN/, » L JUICPEK/D® 5,00 PIRZ0 4, 000CPER/Ns S 0000 PIVY .

cd sl -2
*2.12%% -0,

felilar-u,
LYYER LN
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EIRYLL RN SR I

“3ewller -yl
LS PR Y LTSI |
LR EATTED B
e WO =)0
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e 292V =32
=3.000 i =02
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-l 1e34.-02
-5, 1146€-00

i Ll VG
EIPPLY FET P
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(b} Output.

“led4C9% g2
=3.0199F -0

RIETTR RIS 73
~& eni =02
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1 .JOUUE O¢
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L
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LR LU FARS
LR R R ERARET
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—hethe e
EETRA | AR
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LA TR LEL A I
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I TR TR Y]
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