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CAL.CULATIVE TECHNIQUES. FOR TRANSONIC PLOWS- . . .

ABOUT CERTAIN CLASSES OF WING-BODY COMBINATIONS - PHASE II

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

SUMMARY . . . , ..

Theoretical analysis and the development of associated computer

programs were carried out for the purpose of developing 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-specified

solution or the local linearization method for determining the nonlifting

transonic flow about the equivalent body'. Theoretical results obtained

by using the local linearization method are presented for surface and

flow-field pressure distributions for certain members of the general

classes of configuration's studied, for both nonlifting and lifting

situations, at M = 1. ,,

The computational 'programs developed under this report are documented

and presented in a general user's manual included as part of .the

report.

INTRODUCTION

Stimulated by the need for accurate prediction of transonic flows

about realistic aircraft configurations, recent research is producing

significant advances in the ability to predict theoretically both two

and three-dimensional transonic flows about a wide 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 Aeronautics and Astro-
nautics, Stanford University, Stanford, California. (Consultant at
Nielsen Engineering & Research, Inc.)



order to enhance these computational efforts, the parallel development

of proven analytical and analytic/numeric methods to provide accurate

first approximations, for example, in the systematic study of a large

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 general classes of axisymmetric and nonaxisymmetric

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, lift-

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 haying (1) sweptback trailing

edges, and (2) finite tip chords. In 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 body 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
(non-indented) body

AR aspect ratio

b minor axis of elliptic cross section of indented
body

c equal to

c wing chordw

C Euler's constant



C drag coefficient of equivalent body of revolution,
Deb D / q S eq. (22V

C -. total drag coefficient, D /qooSm
t • , . - . • . . .

C drag coefficient at zero lift, D _ , _loo_
a=o

C lift coefficient, _, _ku_

C pressure coefficient, (p.- p.)/̂  p U zp ^ oo co

C pressure coefficient due to equivalent body of
"eb revolution

C pitching moment coefficient about nose, M /qS I
m / • . • \ y ^°° m

(positive nose-up) *

C . wing tip chord

C wing root chord
Rt

D maximum diameter of equivalent body of revolution

D , drag of equivalent body of revolution

D. drag due to lift
1 -1

D total drag

D total drag at zero lifta=o

k equal to M 2 ('v + 1)/U
00 ' OO

K complete elliptic integral of first kind

f complete bpdy length

L lift

m exponent describing wing ordinates, eqs. (8), (9)

M , lower critical Mach number on equivalent body of
r'* revolution

M upper critical Mach number on equivalent body of
' revolution

M pitching moment about nose, positive nose-up



M free-stream Mach number
OO

n exponent describing equivalent body ordinates and
related to location of point of maximum thickness,
eqs. (11), (12), (13), (14)

p free-stream pressure

> Q3 quantities defined by eqs. (55), (56), (57)
, Qe

free-stream dynamic pressure

r . . radial distance 'in crossflow plane, ~\jy2 + z^

FC radius of indented body of revolution

R , radius of equivalent body of revolution

Rx radius of circular body in transformed (a1) plane,
eq. (33)

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

: , . ~ £>

(s = s ) edge

s. semispan of wing leading edge

s semispan of wing trailing edge

sx semispan of wing in transformed (a^) plane, eq. (34)

Sj semispan of wing leading edge in transformed (a^)
. *• plane :

sx • semispan of wing trailing edge in transformed (o-^)
*- • plane ' '

S, area distribution of indented body of revolution

S . area distribution of equivalent body of revolution

S . . maximum area distribution of equivalent body of
; ' • revolution, fiD-°/4

TR winy planform taper ratio, C../C
. - •. • . . -•:. ' ••• ....;' . . ' • • - • ' . . ' : 11 p • R ^

u,v,w perturbation velocity components parallel to the
•• "•"""•' •• " x-,y,x axes, ire spec t'iv'el'y '"



u_,v^,w perturbation velocity components associated with
solution for transonic flow about equivalent body
of revolution '• ' • ' ' '' '

U2 B>V2 B>W2 B- perturbation velocity.components.associated with two-
dimensional incompressible solution of expansion or
contraction.,of -equivalent cross section in crossflow
plane

U2 t'v2 t)wa t perturbation velocity components•associated with two-
dimensional incompressible solution of expanding o*r
contracting cross section in crossflow plane

U2 a>v2 a>w2 a perturbation velocity components associated with two-
dimensional incompressible solution of translating
cross section in crossflow plane

U^ free-stream velocity

W2 t- complex potential describing two-dimensional incom-
pressible flow about expanding or contracting cross
section in crossflow plane

W2 a complex potential describing two-dimensional incom-
pressible flow about translating cross section in
crossflow plane

x,y,z . 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 axis directed vertically upward

x location of point closest to origin where S", (x) = 0

X, axial location of body base

X . axial location of wing leading edge root chord

X . axial location of point where wing leading edge
1 pierces body surface

X axial location of wing trailing-edge root chord

X axial location of point where wing trailing edge
1 pierces body surface

X axial location of wing tip chord leading edge

X axial location of wing tip chord trailing edge
SfUo

x axial distance from wing leading edge



y lateral distance from wing leading edge

Z wing ordinates eqs . (8), (9)
w

* G

angle of attack

wing leading-edge sweep angle

(V wing trailing-edge sweep angle

•y ratio of specific heats

6 polar angle in crossflow plane

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

4,̂ ! dummy variables

p^ free-stream density

o complex•variable in crossflow plane, y + iz

ox complex variable in transformed crossflow plane,
Yi + izi

T thickness ratio of equivalent body of revolution,
eb • D/f. •

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

0 perturbation velocity potential

0 perturbation velocity potential associated with
transonic flow about equivalent body of revolution

02 perturbation velocity potential associated with two-
dimensional incompressible solutions to translation
and growth of cross section in crossflow plane

02 B perturbation velocity potential associated with two-
dimensional incompressible solution for expansion^or
contraction of equivalent cross section in cross-

: •... •. .. ', flow plane ... .. „ • ; . , • •

02 t perturbation velocity potential associated with two-
' : . dimensional incompressible .solution for expansion ;

or contraction of cross section in crossflow plane

02 a perturbation velocity potential associated with tvq-
' 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 coordinate 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 y axis directed to the right,

facing forward, and the z 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

0 is given by <

VMY +D
(1 - M 2)0 • + 0 +0 = - - - 00' (1)

oo ŷ.x ^yy *zz U^ ^x ^xx

where M is the free-stream Mach number, j the ratio of specific

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

C in the above reference frame is given. by

Cp - - lT (0x + a*z> - U^ (V + 0z2) <2)
... . i co oo . J

The transonic equivalence rule enables the perturbation potential 0 to

be expressed in the form

0 = 02ja + 02>t - 02>B + -(.3.)

where each of the individual components has the meaning indicated in

figure 1. Since 02 a, 02 t, and 02 B satisfy the two dimensional

incompressible Laplace equation



(02,i) + (02,i) = 0 (4)
yy ZZ

(where the subscript i depends upon the particular potential in

question), they are independent of Mach number. Hence, the only portion

of the solution dependent upon M^ is 0Q and this term represents

the solution to the full transonic equation (1) for the nonlifting flow

about the equivalent body of revolution. Because the equivalence rule

places no essential restrictions on the methods of calculating 0Q, its

solution may be determined in a variety of ways. For example, it can

be given by an exact numerical solution, by experimental data, by an

approximate analytic solution, or by a combined analytic/numeric solution

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 0 and the method of doing this is detailed in the
D

user's manual. If the local linearization method is used to determine

0_ or more conveniently, UD = (0n) , then one of the following set of
D D MJ v

three first-order nonlinear differential equations must be integrated

according to whether M . = 1, M < M ., or M < M , whereo ° . . cr,i> cr,u
are the lower and upper criticaj

Thus, for accelerating flows with

M are the lower and upper critical Mach numbers, respectively.

, /u n \ b\ i x ) S " , (x) f . ru_ M..- - 1
Q / D

M 2(7 + D

-L f
4TT I

•c.

x seb(x) - s;
47T 4TTX

(5)

for purely subsonic flows (M < M 0)cr, a



4TT 4irx(J - x) 4 - x -
i r
4? J

. , ..
ln + - - 3

and for purely supersonic flows (M <

S'" (x)

dx 47T "' ,_..P
 T 2TT x -

_ f
. J

+

where C in equation (5) is Euler's constant =0.577, k in equations (6)

and (7) is equal to M^2(y + 1)/UM, S ̂ (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 programmed for computation in reference 6 where details regarding

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

are provided. .



Wing and Body Geometry , .

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 the bodies are

area-rule indented along the wing-body junction in such 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 pi

and (3. respectively, to the y axis. In 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 figures 2 and 3. The wing profiles are .represented

by expressions of the form

Z
W

c
W

or

Z
w

2(m-l) r - cw

where c is the local chord, x the distance from the leading edge,

m is 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,

(Z(* (Zw(x'o)>max
c y )

where CR is the wing root chord.
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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. In reference 7,

the profiles of the equivalent bodies of revolution of the wing-circular

body combinations are described by the expressions

R ,eb eb
H 2(n - 1)

(li)

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

radius by

ca -ctfmax

or

where

\

.eb eb
2(n - 1) <»>

max

while the equivalent bodies of the wing-elliptic body combinations are

parabolic-arc bodies, i.e. equations (11) 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, W2 a, W2 t, and

W2 B can be readily determined from the work of reference 7.

1/2 "Y- a) (15)

ln

Uco

ln

S' (x)
!L In a (17;

where o is the complex variable in the crossflow plane

o = y + iz (18)

R^ is the indented body radius, s - depending upon axial location -

represents the local wing semispan of either the leading (s = s, ) or

trailing (s = s ) edge, and Z represents the wing ordinates. The

velocity components associated with these potentials can be found by

substituting those expressions into the general formulas:

= R-p-

(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 velocity components associated with the

thickness problem (WP 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 several of the integrals associated with

the thickness velocity components. No such distinctions are required

for the lifting (W2 a) or equivalent thickness (W2 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,

(21)

where D , represents the drag of the equivalent body while the other

two terms involve the line integral along their respective contours

(C. is the contour defined by the cross section of the wing-body

combination while C ..is the contour about the equivalent area circularn ,
cylinder) of the product of the appropriate velocity potential and the

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 reference 8, there exist

many shapes of aerodynamic interest for which the two integrals involved

cancel. In particular, we note that if the equivalent body and the

original body have the same shape and surface slope at the base, as is

the case for configurations studied here, then since both integrals

are carried out over the same contour along which 02 t = 02 B
 ancl

d02 t/d
n = °"02 B/o'n, ;the integrals cancel and D _ = D , . If we

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

area of the equivalent body, S , then

13



D /b
C = C = f J

m
D D p p . b
a=o eb lf^ j, 2S

 m o
2 °° m

where >C is the axial location of the body base and Cp , is the

pressure coefficient on the surface of the nonlifting equivalent body

and is equal to

dR (x)Veb ^ (23)

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 lift, pitching moment, and drag are given by

CT = -^— = - 77- <D 02 a da^, ' (24)L S q_. U. r »a c

M- -x

3 m -J
(25)

(26)

where now the contour C, while still taken at the base of the body,

must now account for the vortex wake which springs from the wing trailing

edge and, as before, the drag given by equation (26) represents the

inviscid drag minus the base pressure drag. Because the vortex lines

near the body surface must follow the streamlines of the flow around

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

14



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.

r
A

x = Xsm.

Vortex wake

— Body base

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. In general, they are quite difficult to solve

and since they are by no mexans 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 = X (i.e. assrtt2
long as the edge of the wing remains a leading edge) an estimate can be

made of these quantities 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



(27)

x = Xsm2

C = C + — C
Dt Vo 2 °'

(28)

x = X.sm. I

XSITU
s,/: +
\

/l ' £3 "~ IV -,
i s 2 ebJ

* x

(29)

where the drag coefficient at zero lift CD _ is given 'by equation (22)

and Xr£ei .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

cross 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

transformation and then applying the methods used for the circular

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

shown below

plane = f(o)

-s + s y -s.

plane

Yi

is given by

16



o + "yo2 - c2
-a.! = - y: 130)

where

C2 = a
2 - b2 C31)

and ,

ax = yx + izi (32)

This takes the ellipse into a circle of radius

+ b) _ (33)

and the semisp'an s into the shortened semispan

BI = S +2 " ̂  (34)

The potentials . W2 a, W2)t,
 and ws> B are then given by

- s 1/2
R 2\ /" R 2\ 1 ~V

= -ia/ Uo, + 4-1 - f s, + -^- ) - o > (35)
U

W2>t 1 ^ dzw(x>g;i 4 ̂) r^i - 1i ̂°i - 7^

~o^~= ~ J ^ J ln [ ~; i r ,, 2

U 2'/r

ln ° " (36)

In a (37)

The velocity components associated with these potentials are found

through the operations •; •

17-



(38)

dW., i do,
(39)

These have been carried out and are given in reference 7 where it must

be remembered in those formulas that depending upon axial location s-^

represents either the leading (sx = sx ) .or trailing (S-L = slt) 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 02 t d02 t/dn is evaluated is the elliptic cross

section at the base of the body whereas the contour for evaluating

02 B d0? B/^n is tne circular 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

C,, = Cri
Uu=o °eb °m \ *" / LA V ZA / V ^ /

(40)

where GDe>3
 is tne drag coefficient of the nonlifting equivalent body

and is given by equation (22), and K(?J is 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

lift, pitching moment, and drag coefficients.

18



L " S

m

f/S,e+Vs/-c2\2 f 2c^ / a + b \41 ^

(\ ^ ) L1 + (s +̂ rr̂ )a"\s +̂ Â ) j - Reb]
X. t b J x=X

_ 2ira f }(̂ L_
>-__ ~~ /-. /) 1 *"-̂

_C2);

(41)

X

x = X

dx

X
2c2

c = c + 2 cUD. CD + 2 CLt a=o

where CD _ is the drag coefficient at zero lift and is given byot—o

(42)

(43)

equation ( 4 0 ) .

19



Sweptback Trailing Edge Planforms

Circular bodies.- For finite thickness wing-indented circular

body combinations having sweptback trailing edges, as illustrated

-below,

rte.

X
SITU

new potential solutions are required to account for the gap between

wing and body cross sections which appear in the crossflow plane between

the axial locations x = Xrte and x = Xsm . For lifting flows, the

analysis is complicated even with the previously made assumption that

the vortex sheet eminating from the trailing edge remains parallel to

the x axis beyond the point x = Xsm . This is due to the presence

of the vortex sheet in the gap between the wing and body from Xrte to

Xsm2 • 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

for1 Wg Q'- • is-'required and this is beyond the work scope of the- present

investigation. - • • . •

20



One of the primary goals of this study, however, is to determine

the potential W2 j- associated with the thickness problem for configura-

tions of this type.' For x < Xrte , equation (16) is valid. -For ._,
xrtei < x < xsm. > a new potential must.be developed to account for the...

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 together 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

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 W2 t(x,y,z):

'£ dZi7(x,fJ r(a
2 - Z2)

In

W2 t i r ^ dZ (x,fj r!
—— = ~ I —^ In -
U 7T / dx00 -i L o

d^ + 27r In a

< * < X )sm (44)

Since for sweptback trailing edges with Xrtei < x < Xsm , the

equivalent body area distribution and actual body area distribution are

related through the expression

21



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

St

we can write the alternate form

8|t i f
= f J

st

„ - Seb(x) ,ln - - ^ + -- ln

(Xrt6l < * < W

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,

22



2TT
dx2

dx / dx
• s.,

y _

V

dx dx

(y+s/J [ (y

)4

dx dx X

(Y - (y (y - (y

(z2 +

z + (47)
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z2 + (y -'

i 1 z /L - d^; + — ̂  - (-
J z2

 + y
2 V

(y + -T

For points on the wing surface, i.e. z = 0, sfc < y < s^:

(49)

dx2

[•(y + e.:

dx2

cb< •la,

+ 2
(x,y)

dx2 , - y) ( i r-
(Continued on next page)
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dx dx *" L y8

dzw(x,st) dst r(y-s.)s(y + s.)2(y- = )2(y

(50)

y + -T— y -

. r
J
St

dx y - st

+ T7(-4J -^ de+-^T—)l (51-).

W2,t dZ
w(

X,y) .. '• I ;
— = —— l . ' (52)

Uoo dx

We note that in this case no singularities occur on the body

surface or in the gap between the wing and body. At the leading and

trailing edges of the wing, however, the characteristic logarithmic

singularity associated with two-dimensional incompressible flow at a

sharp edge appears.

As before, the thickness potential for the equivalent body cross

section W2 B is given by equation (17). "Because of the symmetry of

these configurations, nonlifting flows will produce no lateral forces or



moments but only a longitudinal drag force. Since, as is 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. X^ > XsmQ), the drag coefficient at zero lift is given by

CD = CD , (53)

a=o eb

where CD , is the drag coefficient of the equivalent body of revolution

and is given by equation (22) .

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

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

W2)t applies for x < Xrtei . For Xrtei < x < Xsm , use of the

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

UM TT J

s
/ " ' — ^ ' P ^ P V / P°i - £1 )(0i -

dX '

+ -^ In ax (54)

If we define the following quantities

qi + iq2 = (55)

iqe = - (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. For a point at general location but not on the wing surface,
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For points on the wing surface, i.e., z = 0, sfc < y < af (or equivalently

it

u.

dx2
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r-v r
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•2 qi J
ŝ

dx (- /' ̂

(Continued on next page)
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\ Si.
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The drag coefficient at zero lift CD _ of this class of configura-

tions is given by equation ( 4 0 ) .
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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

D/I = 0.1, the wing is a truncated delta wing with aspect ratio AR = 1.7,

and taper ratio TR = 0.2 (so that Q, = 58°, 8. = 0), and has parabolic-

arc profiles of thickness/chord ratio t/c = 0.04. The wing root chord

is half the body length, i.e., CR // = 0.5, the root chord leading edge
Krp

is located at X / f = 0.25, and the body base is at x
b/,, = 0.86. The

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 n = 0 , 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 equivalent

body diameter D. Thus, the pressure distributions given for •">' = 0

and r/D = 1, 2 cut across the wing surface, intersecting the leading edge
/
at the axial positions" x/1> = 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 w.ing

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. , $._, , ) 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// = 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 point (x = X ) 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 r/D = 1, 2, 0 = 0° are the logarithmic

singularities at x// = 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 fl = 0°, 90°

at points ahead of the leading edge of the wing tip chord (Xsm /£ = 0.65)

are virtually indistinguishable from that about about the equivalent body -

except for the exponentially small region of influence of the logar.ithmic

34



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/# < 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 maximum

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 coefficient for this configuration, which is provided by

evaluating numerically the integral in equation (22) , is found to be

C = 0.1044.
Dt

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. , 0_ ) of flow around a sharp edge. The net result is the more2 , a
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 = 1.7070, CD = 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/c = 0.04, planform aspect

ratio AR = 2.8, taper ratio TR = 0.4, root chord CR // = 0.3, with the

root chord leading edge at X, , = 0.25 (so that & = 45°, 6te = 23.75°).

Analogous results are presented in figure 7 for a finite thickness wing-

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 B. = 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 trailing edge pierces the

body surface coincide, i.e., Xsm = Xrte .

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 configuration shown in figure 4 for points ahead

of the leading edge of the wing tip chord (Xsm /i = 0.571). However,

within the axial region containing the wing tip chord (Xom < x < Xom )srn^ siiio
and coincidentally, the 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 C at 9 = 0 , r/D = 1 , 2 also exhibiting the character-

istic influence of the logarithmic singularities at the points where

these lines cross the trailing edge. 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. In 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:

• X . — leading edge pierces body surface

• X — trailing edge pierces body surface

• X — leading edge of wing tip chord
SHI

• X — trailing edge of wing tip chord
2

Although the singularities at general locations along the leading and

trailing edges, for either 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

either a discontinuity in first (at x = Xsm , Xsm ) or second

(at x = Xr^e , X . ) derivative of the indented body area distribution,

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 fillets. 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. In 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 or 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 developed 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/.£ - (x/H] or

1 - x/f - (1 - x//)n. In addition, the body cross sectional shapes are

either (1) circular or (2) elliptic and such that a constant ratio A 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 Zw ~ x/cw - (x/cw)
m or 1 - X/GW - (1 - x/cjm where x is the

axial distance from the leading edge and c is the local chord.w • .
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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. In 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 all 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 developing 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 nonlifting 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. In 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 specifics

to the contrary, the class of equivalent bodies of revolution of both

types of the above configurations consist of profiles described by the

equations

R T bn
n/n(n-!) ,

-f- = 62(n - 1) [? - (T ) I <64>

or

ek _ ek M _ ^. _ M 2. \ i /fic\£ - 2(n - 1) \ L n \ L ~ n I I ' (v3>

with n = constant ;> 2. In 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 deta'iled 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 UB (see eqs. (5), (6), and (7)), then it is necessary

that the profiles be closed, have sharp tips, and have continuous

derivatives through the fourth. On the other hand, if the solution for

.u is user-supplied, then the requirement from the other portions of
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the solution, i.e. 02 a, 02 t>
 and ^2 B> is t^at tne equivalent body

profiles have continuous derivatives through the second.

Indented-body profiles.- The ordinates 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 R, is found through a Newton-Raphson iteration

procedure on the expression

TT R = TT R + 4 Z(x,fJ d£ (66)J Zw(x,f

while the derivatives dR,/dx and d2R_ /dx2 are calculated by using an

appropriate five-point difference formula. For sweptback trailing edge

planforms, the above method applies up to x = Xrtei •
 For xrtei < x < x

R, is found without iteration from the expression

Zw(x,2,) d£ (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

Reb = JLT~ + 4 / Z.->.S>'d<; (68)

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 XrtSi < x < Xsm2, a is found directly

from the expression .

TT R2 = ̂ - + 4 f Z (x,M df (69)eb A J w
St
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The general class of wings considered for both types of body

shapes described above have wing planforms that consist of symmetric

straight leading and trailing edges, swept at arbitrary angles ii f and

(3 , respectively, to the y axis. Both p3 . and 3 , are measured

positive clockwise; thus, for (3 less than, equal to, or greater than

zero, the trailing edge is correspondingly sweptforward, straight, or

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

X . and its length CR are arbitrary. The wing profiles are

represented by expressions of the form

Z

-T- 2(m-l)

or

(71)

where c is the local chord, x the distance from the leading edge,

m is a constant > 2, and T is the wing thickness-to-chord ratio.f~ w J

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

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 0 to be expressed in the form
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Cl 02, t ~ 02, B + 0B
 ( 73 '

where each of the components has the meaning indicated in figure 1,

and since 02 a, 02 t>
 and 02 B satisfy the two-dimensional Laplace

equation

U'2, i) + (02>i) = 0 . (74)
yy ' zz

they are independent of Mach number. Consequently, once the geometry of .

the configuration is fixed they can be calculated once and for all,

stored, and used, for example, in a comparative study of a certain wing-

body combination as the Mach number is varied systematically throughout

the transonic range. An option for doing this is available and is

discussed in the PROGRAM INPUT section. The only portion of the solution

dependent upon M^ is 0 and this term represents the solution to the

full transonic equation (1) for flow about the nonlifting equivalent

body.

Local linearization solution of u . - If the local linearization

method is used to determine the solution for 0 , or more conveniently,

u = (0B) , then according to whether M^ is near one, below the lower

critical, or above the upper critical, equation (5) , (6) , or (7) must

be integrated. Since these are all first order ordinary nonlinear

differential equations, appropriate initial conditions are required.

These are given at the point x , which is the positive root of the

equation

S^(x) = 0 (75)

that is closest to the origin. The values of u /U^ at this point

are, for accelerating transonic flows with M^ ~ 1 (eq. (5))

1 - M 3
 r

x S" (x) - S". (f)
. eb OF (76)' •

- r

— + -±- f, 1V 4?r /( 7 + 1 ) J

for purely subsonic f low (eq. ( 6 ) )
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I
^B = _L f
U 4TT /

-c-

S" (x) - S" (|)
60 6D df, (77)

and for purely subsonic flow (eq. (7))

U - , f
B _ 1 I

U~~ ~ "2TT Ioo J
^^ de (78)

x - f,
o

The integrations start at x , proceed to a specified point near
s

the nose, and upon reaching that point, return to x , restart the inte-
S

gration procedure, and then c'ontihue toward 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 U
R-~

 At tne user's option, an arbitrarily-

specified solution f o r u ~ ~ c a n be used in lieu of the local linearization
13

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 Aerodynamic Characteristics

This section assembles for user convenience, the crossflow potentials

and aerodynamic characteristics of all of the configurations considered

in this report.

Straight/Sweptforward trail ing-edge planforms.- For the classes

of finite thickness wing-circular body combinations considered herein

which have straight/sweptforward trailing edge planforms, (see fig. 2(a)),

the following results are provided for W2 a, W2 t, and W2 B at the

indicated axial locations:
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W2 a "̂pv,S (0 < x < x^ ) (79)
Jco °

«*,a . /r V* "2 Il/2

-uT'-1" U(a ~} .̂}s. ' J
(X , < x < X ) (80)x sm2

S', (x)

wa,t ! f dzw(x,
IT - ¥ J — eGT

V.
ln

27T

Xrte1
) (82)

- In a (0 < x < £) (83)

•where s in equation (82) denotes either the leading (s = s,,) or

trailing (s = s ) edge, depending upon the axial location. We note that

for all of the configurations considered in this report, the solution

for W2 3 is given by equation (83) .

The aerodynamic characteristics of this class of configurations are

given as follows. The drag coefficient at zero lift is found through

a numerical integration of the expression
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'D
= C,

a=o eb

X

= -^ fSm J •eb

dseb(x)

dx dx (B4)

where CD , is the drag coefficient of the equivalent body alone, S

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

coefficient on the surface of the nonlifting equivalent body and is

equal to

dReb(x)V
(85)

Jeb

Because of the symmetry of these configurations no lateral forces or

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

of lift, drag, and pitching moment are given by

p =
L

2ira
,eb

x = Xsm.

(86)

C = CUD. CDt a=o
—
2

(87)

c =

x = X sm-

X

/ Reb

X
SITU

(88)

where Xsm and ^r^e
 are t^ie a^ial 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 W2 a, W2 t:

_!il_ Jl
^1 I

(0 < x < X,.. ) (89)

* < X > (90)sm

W2>t
in Ol (91)

l d2w(x.(U
dx

^-) r(

L

R,
x 2 - T ) 1

- J

ln rte (92 )

where sx in equation (92) denotes either the leading (s-^ = Sj .) or

trailing (sx = sx ) edge in the transformed ox plane.

The aerodynamic characteristics of these elliptic body configurations

are given, for nonlifting flows, by

a=o .eb m

' S ' b ( x )

27T
ln R eb

(93)

48



APPENDIX A

where CD , is given by equation (84) and K(.r,) is the complete

elliptic integral of the first kind; and for lifting flows by

_ 2TTCt
CL Sm

1 + 2c2

V
2 _ ,,212

a + b

••t + V
T,eb

x=Xsm-

(94)

(95)

c - -2zo_ f x/r_L*-_ — 7( 7 —X \
2c2

V1

a + b
x
f r*el

R|b(x) dx

x=Xsra-

Xsin-
1 + 2c2 a + b

- c2^2
R2Reb

(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 W2 t are provided:
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dZw (x .U
dx

R.4

r ^ = ^ / ln - — d^ + —- ln

and the drag coefficient at zero lift is given by

(97)

In a (X_ . < x < X_. ) (98)

xs») (99)

CD - c (loo)
a=o eb

where Cn is given by equation (84) .
êb

The corresponding results for the wing-elliptic body combinations are

ln

x < X \

'U~ 27r V* < *<\ smP

s_ c z

WP 4- . f -"•/ dZ ( x , - , + -ri )< ^ j l _ 1 I -C- . . t ' J - ^ J . / 1 r _ '
Cl' Ol " f,l2 1 / C2

(l - ^T-J

^l4 J \ ro1
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2 f 2 \ ( rr 2r O
R 4Kl

r i r>i j. p 2> _
SI ]
-
L Ol

4 J

ln °i (X < * < Xrtei sm.

with the drag coefficient at zero lift CQ _ 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

proceeds to calculate certain required geometrical and flow-field

constants. Then, if the user selects the equivalent body profile to

be of | the class described by equations (64) or (65) , the program proceeds

to calculate the exponent n from information regarding the point of

maximum thickness (see equations (12), (14)). The point x is next, s
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 xr|!e an<^ ^rte ' wnJ-ch represent, respectively,

the points where the wing leading and trailing edges pierce the body

surface, are calculated. The exponent m describing the wing ordinates

(see eqs. (70), (71)) is then calculated in a manner similar to that

used to determine n. The calculation of n, x , Xr|e , Xrte , and m

are all performed in an iterative fashion by using the standard Newton-

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 u is user-supplied, the program

begins at a point close to the nose (x/f = 0.005) and proceeds toward

the tail. If the local linearization method is used to determine un ,o
then the appropriate initial value (eqs. (76), (77), or (78)) for the

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

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

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

a simplified differential equation. For the M^ ~ I case, it is more

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

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

a Taylor series for u /U^ in the neighborhood of that point in order

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

that case in addition to u-VU^ 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/'I = 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

singularity 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 u_), the surface and flOW-iS
field pressure distributions are calculated from equations (2) and (3)

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

x = Xr^e is reached, the appropriate crossflow solutions for determining

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

eqs. (79), (81), (83), (89), (91), and (101)). Beyond Xr^ei, for the

case of nonlifting flows, the crossflow solutions are calculated from

equation (82), (83), or (92) and (83) for Xr^ei < x < Xrtei. 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 < Xsm are given by equations (99), (83),

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

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

reached, i.e. x = X • 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 i 6 rather than just + fl) until the axial location of the

trailing edge of the wing tip chord is reached, i.e. x = Xsmo. Beyond

that point, for reasons given in reference 7, no further pressure distri-

butions are given. However, the calculation of flow about the equivalent

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

coefficient at zero lift CD _ can be determined. When x = X, , the

calculation returns to the mainline program, determines the coefficients

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; program default value,
ALPHA = 0

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,

ICOPY integer index for program option for using previously-
stored values of crossflow solutions; equal to 0 or 1;
program default value, ICOPY = 0

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

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

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
plane at which output is desired; 1 ̂  NTH ETA ̂  r>

integer indicating number of table entries of the user-
supplied distribution of u^; NXJ2B .' 201,l_ j l»l^Y tjL-i

six-dimensional vector representing values of r/D (the
radial distance in the crossflow plane normalized by the
maximum equivalent body diameter U) at which flow-field
pressure distributions are to be calculated

maximum wing semispan normalized by complete body length,

thickness ratio of equivalent body,

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

wing planform taper ratio, C . /C ; 0 <_ TR < 1

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

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

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, X ,

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

location, as fraction of_distance from wing leading edge
to local chord length (x/c ),

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

to local chord length (x/c ), of position of wing maximum

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

input when user supplies equivalent body profile and also
uses local linearization method to calculate u,,
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UEB(I) NXEB-dimensional vector representing values of u /u^ for
the user-supplied distribution of u

D •

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 UR and the format of these quantities is dis-

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), 0_ ) 9 Q >

-L 1 , .£

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 u , 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 Mach No. MOPT

M ~ 1 (near sonic flow) 1
00

Moo £. M a (below lower critical) 2

M < M (above upper critical) 3

User-supplied u_ option.- If the user wishes to supply the
D

solution for u , then the program will bypass the local linearization

calculations by specifying MOPT = 4. The solution for u is read

into the program in the form of a tabular input of values of
uB/Uoo ~ vs ~ x/^ immediately after .the NAMELIST input block. Provision

has been made for inputting ordinate 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,

•FUNCTION SEBPI(DZ)

•FUNCTION SlEBPI(DZ)

•FUNCTION S2EBPI(DZ)

•FUNCTION S3EBPI(DZ)

• 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.

= SEBPKx/l)

Seb(x/.£) dS (x/f.)
= S1EBPI
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- S2EBPKX/J)

= 4?F d(x//)a = S3EBPKX//)

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. In addition, the user must

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

where

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

the distribution of Ug/U^ - vs - x/£, 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 (I) Seb, s;b, S;b, S;b, S^v continuous

for 0 < x < I

(2) User must input value of x/i, =XS2EB
where S"^(XS2EB) = 0

(T) Set index MAREA =1 in input

MOPT- = 4 (I) S , , S' S", continuous for^—' eb eb eb
0 < x < H

(2) 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

. , ,,sin (TT (-) with say T = .1

so that

'eb
16

(1 - cos (27r (x/2) ) )

47Tf2
TTeb

sin (27T(x/f)

eb
cos

47/-.

,eb sin (2ir(x/£))

COS (27!

T =

The function subroutines for SKBPI(x/f) and SlEBPI(x/f) with

.1 are given by

FUNCTION SEBPI(DZ)

TAU = .1

PI = 3.1415927

SEBPI = TAU*TAU*(1. - COS ( 2 . *PI *D7.)
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RETURN

END

FUNCTION SlEBPI(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

= 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 study 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 W2 t - 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 perform 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 previously-stored results with the ones being currently calculated.
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Because for lifting situations, the crossflow calculations only

proceed to x/,0 = Xsm (as opposed to the a = 0 case, which carries

the calculation to x/^ = X, ) 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 = 0.

Finally, when using the storage option, it is necessary, because of

the different starting conditions involved, to use the same method for

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

distribution of u_..
-D

Data Format

The data format is most easily demonstrated by an example.

Consider the case of a wing-elliptic body 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/£ = 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

9 = 0°, 45°, 90°, at radial distances r/D = 1, 1.5, 2, 2.5, 3, and 3.5

in the crossflow plane, 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

& TRANIN

9 80

AL=3. ,AMACH= 1. ,MOPT=1 ,TAUB=.l ,TAUW= .04 ,XMTB=. 5,

CARD NO. 2

COLUMN NO.

60

80

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

COLUMN NO.

CARD NO. 4

COLUMN NO.

CARD NO. 5

COLUMN NO.

2

THETA (1)= 0., THETA(2)= 40., THETA(3)=90.. RF (D-l. ,RF 2)=1

80

-5,

80

RF(3)=2.,RF(4)=2.5.RF($)=3..RF(6)=3.5,ALPHA=2..XLOUTP=.Q2.

80

&END

If for this case the user wished to supply his own distribution of
u /Uoo -vs. - x/^, this would have been done by specifying MOPT = 4

and also the integer NXEB representing the number (say, for example,

101) of values of VL/U^ being entered (i.e. NXEB = 101) in the NAMELIST

input data block. Next, all of the NXEB (101, in this example) values of
UR/UOO = UEB(*) would be read in under the card format 8F10.0, with each

successive value of u_,/U occupying a space of 10 columns (including
Ij OO

decimal point) with 8 values per card. Finally, the NXEB values (101, in

this example) of the corresponding axial locations x/£ = XEB(I) of the

above values of u./Û  would be read in under the same format. Thus,

-Card format for UEB(I): Format (8F10.0), decimal point required

COLUMN NO.

Data for

COLUMN NO.

Data for

10

U E B ( l )

20

UEB ( 2 )
70 80

UEB (8)

I etc.

10

UEB (97)

20

UEB (98)

30

UEB (99)

40

UEB (100)

50 )

UEB (101) \

Card format for XEB(I): Format (8F-10.0), decimal point required

COLUMN NO.

Data for

10

XEB (1)

20

XEB (2)

70 80

XEB (8)

I etc.
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X E B ( 9 7 )

20

XEB(98)

30

XEB(99)

40

X E B ( I O O )

50 /

XEB( lOl ) J
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COLUMN NO.

Data for

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 0 AND LESS THAN 1

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

been violated.

(2) XMTB MUST BE GREATER THAN 0 AND LESS THAN 1

This message indicates that the condition 0 < (x/̂ )R < 1

has been violated.

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

This message indicates that the condition D/I > 0 has been

violated.

(4) XMTW MUST BE GREATER THAN 0 AND LESS THAN 1

This message indicates that the condition 0 < ( — J < 1 has

been violated. W max

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

This message indicates that the condition Z /c > 0 has beenw
violated.

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

This message indicates that the condition 0 < X . / i < 1 has
J- Xs "

been violated.

(7) CRT MUST BE GREATER THAN 0 AND LESS THAN 1

This message indicates that the condition 0 < C / g, < 1 has been
Rt

violated.
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(8) XRLE MUST BE LESS THAN XRTE

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

violated.

(9) ANGLE MUST BE BETWEEN 0 DEGREES AND 90 DE.GREES

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

violated.

(11) AXIAL LOCATION OF BODY BASE MUST BE AT OR BEHIND TRAILING EDGE

OF WING TIP CHORD

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

violated.

(12) RATIO OF MAJOR TO MINOR AXIS MUST BE GREATER THAN 0

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

violated.

(13) TAPER RATIO MUST BE BETWEEN 0 AND 1

This message indicates that the condition 0 £ TR £ 1 has been

violated.

The following error messages, numbers (14) through (18) should

not occur in the present programs. If they do, they are 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 body ordinates (see eqs. (11) to

(14)) cannot be found accurately from information regarding the point of

maximum radius (eqs. (12) or (16)) by using a New.ton-Raphson

procedure 20 times.
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(15) EXECUTION TERMINATED BECAUSE POINT WHERE WING LEADING EDGE

PIERCES BODY CANNOT BE FOUND TO WITHIN .01 PERCENT IN 20 ITERATIONS

This message is printed when the point x
r/>e /•£ cannot be found

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 .01 PERCENT IN 20

ITERATIONS

This message is printed when the point xrte /!> cannot be found

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 x /' i cannot be found accurately by using a Newton-Raphson iterations
procedure 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 TERMINATED BECAUSE INDENTED BODY MAJOR AXIS HAS BECOME

LESS THAN ZERO AT x/f =

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 u_ 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/,0 =

This message is printed using the local linearization method for

purely supersonic flow to calculate VL 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 phenomenon is

discussed fully in reference 6. However, if this region occurs at or

near the nose, 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 M < M has bee'n violated.^ cr,u o°

(23) START OF SUPERSONIC CALCULATION

SUPERSONIC CALCULATION STARTS AT x/^ =

This message is printed when using the local linearization method

for M^ = 1 flows to calculate UR and indicates where transfer is

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/,0 =

This message is printed when using the local linearization method

for M « 1 flows to calculate un and indicates where transfer is
TO D -

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

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 describing the Mach number

range, the general class of body (circular or elliptic) and wing being

considered, 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 = x and proceeding to the nose. If the user

supplies the distribution of UR, this is omitted. A heading of

independent and dependent variables is printed next which contains, from

left to right, the axial location x/,0 at which output is to be given,

the actual body radius R̂ /̂  (or actual semimajor axis a/f in the

case of elliptic bodies) at that axial location, the angles 0 (in

degrees) in the crossflow plane at which output is desired, the surface

pressure coefficient C (body), and six flow-field pressure coefficients

C (r/D = ) at the indicated distances r/D in the crossflow plane.

For the case when the user supplies the u distribution, 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 UR, the calculation begins at x = x

and proceeds,to a point close to the nose, with the quantities described

being printed at the specified axial locations, then, when the point

close to the nose is reached, the program returns to x = x , 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 base.

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 l.E + 6 and the program continues. Also, because

of the discontinuity in the second derivative of the indented body

d2Rfe/dx
2 (or d2a/dx2) at the points x/g, = X- and

/'
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and the discontinuity in the slope of the wing span at the points

x/i, = Xsm , and x/^ = Xsm , output is not printed within a band

(Ax/,0 = 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.

Consequently, 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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0000
o o o o
o e o c
0000

Ik IL UU

I
o
*oa.
§d
* U.'s?
O Q.

51'
• a

3 »

yi -

x -

3 *J

X •

— 3 J

3 - 2 1\,

?§i2
!?si

z z n x

1!S!

COOOO"*»*"*«"»<«-t** '
3 O O O O O O O O O 3 3 i
o c o c c o e o o o o o i
o o o o o o o o o o o o

U.U.U.U.U.U.U.Il.U.U.ti.li.i

o

3
K

s

X UJO '

*x -.—-. Jo*"*"
X O X X X — — i/llf>CC

i«3j xaujwxt 'A,r t
x x - E ^ a '^ -30 • •

D O < < < < •«*. >*. •*. *. •./> -x

o o
O O i
O O i

U. u. 1

<M
4
o

«
3

*
a

I
«

*

1
X
3

z
a

1
»

0

0 X

NO
• X
o ru

t/1. —

U. X

— a

v -av4mr i9 in>* ) r~wvb

3 O O O - 3 Q O O O O O C
o e o e c o c o o c o e
o o o o o o o o o o o e

U.U.U.U.U.ILU.U.U.UII.II

<
o

— X

2;
Sf
15
* o

cv —

3§
X «

ss
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>—D/2D/2

LEGEND

•Wing-indented body, 0

Wing-indented body, 6

• Equivalent body

90"

Figure 4.- 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 = 1.7, thickness/
chord ratio t/c = 0.04, planform taper ratio TR = 0.2,

and with X = 0.25, C = 0.50, X = 0.86.
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1.0

Figure 4.- Concluded
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D/2

Figure 5.- Theoretical surface and flow field pressure
distributions and loadings at M = 1 and a = 2

for a parabolicTarc profile wing—indented
parabolic-arc body combination; equivalent
body thickness ratio D/I = 0.1, wing
aspect ratio AR = 1.7, thickness/chord
ratio t/c

TR 0.2,

= 0.04, planform taper ratio

and with X . ,. = 0.25,

= 0.5, Xv./, = 0.86.
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Figure 5.- Continued.
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Figure 5.- Concluded.
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I I I I I I / I

Wing-indented body, 0=0

Wing-indented body, 8 = 90°

Equivalent body

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/t = 01, wing aspect ratio AR = 2.8,
thickness ratio t/c = 0.04, planform

taper ratio TR

rf.e/f 0.25,
= 0.4, and with
CTR-0.3,

0.86.
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Figure 6.- Concluded.
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I I I I I

Body surface

———^— Wing-indented body, 9 = 0

— Wing-indented body, 0 = 90C

Equivalent elliptic body, 0=0

_.._.._ Equivalent elliptic vody, 9 90"

Figure 7.- Theoretical surface and flow field pressure
distributions at M^ = 1 for a nonlifting parabolic-

arc profile wing—indented parabolic-arc body
combination; having a body of elliptical
cross section with X = 3; equivalent
body thickness ratio D/J? = 01, wing

aspect ratio AR = 2.8, thickness
t/c = 0.04, planform taperratio

ratio TR = 0.4, and with
= 0.25, C

0.86.
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Figure 7.- Concluded.
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tTRANIN AMACH=1.,MOPT=1,TAUB-.1,TAU1»-.04,XMTB". S, XNTM-. 5,AHOtE-58.,
X..25,XRLE-.25,TR..2,C8T=.5,XLa*£E-.86,XLOUTP-.05,tB«D

(a) Input.

CALCUIAI1CN 3F SURFACE AND FLOW MEIO PRESSURE CI SIB I BUI IONS
FUR Ft Ox »I FREE STREAM MACK NUMBERS AT OR HEAD ONE, 6ELGH
THE LCUER Crt lTICH.OK ABOVE Tut UPPER C R I T I C A L ASCUT A F INITE
THICKNESS hlNG-INOENTEO CIRCULAR BODY COMBINATION WITH THE
HOU1VALENT BODY OF DEVOLUTION EITHER USER-SPECIFIED OR HAVING
tlROINAUS » PROPORTIONAL TO X/L-IX/LI»*N OR l-X/L-( 1-X/L l»*k,
THE WING HAVING A C O N S T A N T IHICKNtSS/CHCRn R A T I C i TAPE" R A T I O
B E T k E E N C AND 1. ANC UITH ORDINATES Z PROPORTIONAL TO XBAR/C
- IX9AR/C1* ' " OR 1 -XbAR/C-U-XBAK/C !••" BY USING THE TRANSONIC
EQUIVALENCE »Ul_E ANC THE LOCAL L I N E A R I S A T I O N HETHGO

NING-BCDY CDXBINATION CEOHETRY AND FLOW FIELD CHARACTERISTICS

EQUIVALENT BUOY THICKNfSS RAUL * 0.10000E 00
EOUIVALENT BODY PAXIHUf THICKNESS AT X/L * 0.50000E 00
EXPONENT N FOR EQUIVALENT BODY OROINATES > 0.20000E 01
S E B ' M X I » 0 »T X/L • C.21132E 00
WING MAX. TH ICKNESS AT X B A R / C ' . C .SOOCOE 00
KING THICKNESS/CHORD R A T I O • C.40000E-01
EXPONENT H FUR XING URCINAUS * C.2000CC 01
LEADING 6JCE GF WING RCGT CHCRC AI X/L > C.25000E 00
T R A I L I N G EDGE CF UING ROOT CHORC AT X/L ' C. 1500CE 00
PLANFCRH TAPER R A T I O » C.20000E 00
LEADING EUGc P IERCES OCOY AT X/L ' 0.31960E 00
TRAIL ING i.OGe PIERCES 60CY AT X/L * C.75008E 00
BODY K A S t AT X/L • 0.86000E 00
LEADING EOGf SkEEP ANGLE IOEGI • C.580COE 02
T R A I L I N G EDGE S W E E P ANGLE ( O E G I = O.COOOO
L C C A T I C N OF UINGTIP LEADING EDGE AT X/L " C.t5008E 00
L O C A T I O N OF h lNGTIP T R A I L I N G EDGE AT X/L * 0.7S008E 00
NORM/L I2EO H A X . SEHISPAN SSMAX/L ' C.23000E 00
ANGLE OF A T T A C K «L«HA (OtGI - O.COOOO
RATIC CF SPECIFIC H E f l T S = C.14000E 01

' FREE S T R E A M HACH KUHHEP " C.10000E 01

_ S T A R T GF INTEGRATICN FBJM S E b • • I X I - 0 TO NCSE

X/L RBODV/L f H E T A I O E G I C P I B O C Y ) CPIR/D« l .OOICPIR/0- 2.00ICPIR/D> 3.00ICPIR/D- *.00ICPIR/D« 5.OOICPIR/D- 6.001

0.2113
0.2111

0.2003
0.2003

0.1*03
0.1903

0.1C03
0.1003

0.0*03
0.0501

6. 0043
0.00,)

0.0333
0.0333

C.C320
J.C3:o

0.02 55
0.0255

0.01 HI
o. 01 ei
J.COS6
0.00«(,

O.COC".
J.0009

O . C C O J
5.0COOE

C . O C C O
'J .OCOOE

C.OOOJ
9.0COOE

0.0000
?.oooot

O . O O J O
9.0COOE

O . O C O O
9.0COOE

01

01

01

01

01

Oi

2.1307E-02
2.1307E-02

2.i613fc-02
2.8813E-02

t .66S2E-02
6.6692E-02

1.1374E-01
1.1374E-01

1.C138E-01
1.313PE-01

3 . 7 7 4 7 E - C 1
3. 77*7t-01

3.J159E-02
3.J159E-02

3.8171E-02
3.8171E-02

5.9«71E-Oi
5.9471E-02

7.5672E-02
7.5672E-J2

7.946«E-02
7.9*6*E-02

4.61C7E-02
<>.610TE-02

3.
3.

3.
3.

4.
•..

5.
5.

t*t

4.

-1.
-7.

«270E-02
1270E-02

7 I 2 4 E - 0 2
7U4E-02

7472E-02
74 72 E- 02

OS7«E-Oi
0874E-02

0133E-02
0133E-02

9117E-03
9117E-03

3.4476E-02
3.44766-02

3.6069E-02
3.6069E-02

4.0071E-02
4.0071E-02

3.6118E-02
3.6118E-02

1.7036E-02
1.7038E-02

-3.9512E-02
-J.S512E-02

3. 45486-02
3.4548E-02

3.5247E-02
3.5247E-02

3.4755E-02
3.47S5E-02

2.56C7E-02
2.56C7E-02

6.3612E-04
O.J612E-04

-6.1932E-02
-6.1932E-02

3.4582E-02
3.45a2E-02

3.4S67E-02
3.4587E-02

3.0613E-02
3.0613E-02

1.7»41E-02
1.7441E-02

-1.2090E-02
-1.2090E-02

-7.9323E-02
-7.9323E-02

3.4600E-02
3.4600E-02

3.4039E-02
3.4039E-02

2.7221E-02
2. 72216-02

1.0765F-02
1.0765E-02

-2.2*«OE-02
-2.2490E-02

-9.3533E-02
-9.3533E-02

S T A R T LF I N T E G K A I I C N F KCH S E O ' M X I > C TC T A I L

X/L R40l>V/l THLIAIDEGI C P I b C G Y I CPIR/C- l .OOICPIR/0- 2.00ICPIR/0- 3.00ICPIR/0' 4.00ICPIR/D- 5.001CPIR/0- 6.001

0.2113
0.2113

0.2503
0.2503

0.3003
0.3003

3.J50J
0.3503

O . C 3 3 3
0.03)3

J..U20
J.C42U

O.OOOl)
9.0COOE 01

2.1307E-02
2.1307E-C2

C . O C O O -3 .4545E-C3
9.0000E 01 -3.-.545E-C3

O.OCOO -3.1658E-C2
' • O C O J E 01 -3 .165SE-C2

3.3159E-02
3.3159E-02

1.4910E-02
1.4990F-02

-8.32C7E-J3
-8.3t07E-03

3.4270C-02
3.4270E-02

2.3030E-02
2.3030E-02

6.9848E-OJ
6.9848F-03

0.0000 -<.275tE-Ci -1.1470E-02 -4.4772E-03
9.3COOE 01 -9.1482E-02 -3.9736E-02 -1.131*E-02

3.4476E-02

2.7311E-02
2.7311E-02

l.SoOOE-02
1.5600E-02

9.0147E-03
1.9768E-03

3.4546E-02
J.4546E-02

3.0278E-02
1.0278E-02

2.1656E-02
2.1656E-02

3.4SE2E-C:
3.49B2E-02

3.29!9E-02
3.2559E-02

2.6337E-02
2.6337E-02

1.I419E-02
1.7344E-02

3.4600E-02
3.46COE-02

3.4413E-C2
3.4413E-02

3.0154E-02
3.01546-02

2.34C6E-02
Z.2646E-02

Figure 8.- Sample input/output for a wing-body combination having a
circular body and with tB + 0, 8 £ 0, n • 0.
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0.4003
0.4003

0.4503
0.4503

0,5003
0.5003

0.0463
0.0*6>

0.0452
0.0<tS2

0.0421
0.0421

0.0000 -1.3545E-C1 -9.07S<>E-03 -2.4J871-02 -1.6»3St-02 -5.MCIE-03 2.7547E-03 «.92lOi-01
4.0000E 01 -1.3421E-01 -7.«43E-02 -«.(MT7f-02 -2.13091-02 -D.5757E-C3 I.0043C-03 «.70S4f-03

O.OCOO -1.8585f-0l -l.0661t-0l -4.7339E-02 -3.4247E-02 -2.2217C-02 -1.2215E-02 -3.93216-03
4.0000E 01 -1.6H5E-QI -1.0676E-01 -C.J579E-02 -4.10»lt-02 -2.6016E-02 -1.4»OIE-02 -5.4153E-0)

-2.0276E-CJ. -1.5242C-01 -5.4059E-C2 -4
9.0COOE 01 -i .6633f-01 -I -5.!>503E-02

-3.5«58f-02 -2.59C2E-02 -I.7«76E-02
<>.0206E~02 -2.9662E-02 -1.93R7E-02

&TM1 OF SUPERSONIC Ol.CUL«UCh

SUPERSONIC C A L C U I A T I C N SUPIS IT X/L > 0 .9<>232 t DO

»/L RBUOV/I. * l.OOICPO/O- 2.00ICPII>/0> 3.COICCIR/D- 4.00ICPIB/0- 9.00ICP(«/C- 6.001

0.5503
0.5503

0.60CJ
0.6003

0.7003
0.7003

O.(003
O.S003

0.8503
0.1503

0.0374
O.C374

O.C319
0.0319

0.0300
0.1)300

0.0320
0.0320

0.0255
0.02SS

0.0000
9.0COOE

0.0000
9.0000C

O.OCOO
9.0000E

0.0000
9.0COOE

O.OCOO
9.0000E

01

01

01

01

01

.US:"
-':«;;":"

1.3714E-01
1.C803E-C1

-X.8U4E-02
-a.ei2«E-02

-3.9S.15E-02

-I
-I

-1
-6

-6
2

-7
-7

-4

-*

.6090L-01

.0833E-01

. )388£-OI

.87<,0£-02

.S617E-02
.0355E-02

.d422E-02

.8922t-02

.7040E-02

.70»0c-02

-8.0084E-02

-6.4622t-02

-2.0376E-01
-3.J1S7E-02

-8.0097E-I2
-e.0097E-02

-5.9191E-02
-5. 4191 E- 02

-5.5216E-02
-6.1158E-02

-S.6845E-02
-5.I.721E-02

-1.3049E-01
-5.4914E-02

-8.1227E-02
-8.1227E-02

-0.6680E-02
-6.668UE-02

-•..5729C-02
-4.9152E-02

-5.0777E-C2
-4.9885E-02

-9.9491E-02
-6.0142E-02

-8.21C2E-02
-8.2U2E-02

-1.2057E-C2-
-7.2057E-02

-J.7216E-02
-3.9346E-02

-4.4920E-02
-4.4233E-02

-8.61C3E-02
-6.1365E-02

-8.2804E-02
-8.21C4E-02

-1.6247E-02
-7.6247E-02

-2.95535-02
-3.1418C-02

-3.9450F-02

-1.8081F-02
-6.10OTE-02

-6.3386E-OZ
-4.3386E-02

-1.9679E-02
-7.9679E-02

wte ccipricuNT • O.IOMOE oo

(b) Output.

fiqura 8.- Concluded.
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ITRANIN AMACH'l. ,MOPT«1 ,TAL'B=. 1, TA.UW-. 04 .XMTB-. 5, XMTH-. 5 .ANGLE-SB . ,
SSMAX..25,XRLE=.25,TR..2,CRT-.5,XLBASE-.86,XLOUTP-.05,AJ.PHA-2.,iEND

(a) Input.

CALCULAT ICN 01 S l IOFACE ANU FLOW FIELD PRESSURE DIS141 BIT IONS
F,)R riot, AT FREE S T R E A M HACh NUMBERS AT UP NEAR I'M;, BtLCU
THE LOME* C R I T I C A L , C t t «60Vt II'E UPPEK C R I T I C A L AUCI.I A MNITE
THlCHNtSS V1SG-INDEMEO CIRCULAR BUCK CCPPIKATICN MtH Iht
E Q U I V A L E N T FtOU» OF REVOIUTICN E ITHER U S E R - S P E C I F I E D 01 MAY If,,,
J P O I N A T t S X P»OPC"TICNAl TO X/L- |X/L|«»N CU 1-X/L-l l-X/ll««N,
THC WING HAVING A C C N S T A N T THICKNESS/CHORD Q A T I C t TAPER R A T I f
B E T W E E N 0 AND 1, ANC W I T H URDINATES I PRnPOUTIONAL ID XBAR/C
- i xeAR/c>»«» CR i-xr)A»/c-i i -xe»»/c>««* or USING THE TRANSONIC
EQUIVALENCE RULt >NC THE LOCAL LINE ARIi AT ION KETHCO

MING-BODY CIJMRINATIUN CtCMt lHV AM} FltlC C H A R A C T E R I S T I C S

CaUIV'LENT BODY T H I C K N F j S JiTIC •
EQUIVALENT BODY HKI'UP THICKNESS AT X/L *
tXPOHEM K FCR ECU1V«LEM RCCV IJKD1NATES •=
568' " ( X I .0 AT X /L •
MING PAX. THICKNESS AT X H A R / C =
MING THICKNESS/CHCUD V A T I U =
EXPONENT M FUR WING C K C I N A U S '
LEADING tDGF PF hi NG hCOT CHCRC AT X/L •
T R A I L I N G EOGe CF KING SCOT CHCRO AT X/L •
PLANFCRC TAPER RAT 1C •
LEADING EOGE P IERCES "i:OY AT X/l -
TRAIL ING EDGE P I E R C E S tCCI AT X/ l •
80CY BASE AT X/L «
LEADING Ef>GE S W E E P ANGLE. IC i -CI *
TRAIL ING EUGE S«EEP ANGLE (OLGI •
LCCAT1CN OF H lNGTIC LEADING EDGE AT X/L •
LOCATICN OF MINGTIP T O A I L I N G ECCt AT X/L »
NOR«»l UtD M A X . SF.PISB'N S S M A X / L *

RATIC CF SPuCIFIC
FREE S T R E A M V A C H

START OF

X/L

0.2113
0.2113
0.211 1

0.2003
0.2003
0.2003

0.150.'
0.1503
0.1503

0.1003
0.1303
0.1003

O.USCi
0.0503
o.o;o3

0.00*3
O.OC-.3
0.00*3

H E A T S '
NUMBER *

INUGHATICN me* SEP '

O.C313
0.0333
d.0333

0.0320
0.0320
0.0320

C.0255
0.0255
O.C255

O.Ol f l
o.ciei
0.0181

O.C096
0. OO96
O.C096

O.CCC9
0.0009
O.COC9

O.OCOO
9.0COOF

-•i.OCJOE

O.OCOU
9.0000E

-•i.OCCOE

C . O C O O
°. OCO.lt

-9 .0COOF

L'.OUOO
I .OCCOE

-9.0000E

0.0000
9.0000F

-9.0COOE

U.OCOO
9.0COOE

-9.0000C

01
01

01
01

01
01

01
01

01
01

01
01

C.
0.
C.
C.
C.
C.
C.
C.
C.
0.
C.
C.
C.
C.
G.
C.
C.
C.
C.
0.
0.

1000CE- 00
50000E 00
20000E 01
21132E 00
SOOOOt 00
40000E-01
2000CE 01
25300E 00
15CUCE 00
2000CF. OC
31960E 00
75008E 00
GhOOCE 00
5dOCCE 02
00000
6500UC 00
75009E 00
2SOCOE 00

14000E 01
10000E 01

1X1 • C 1C NCSE

1.7652E-02
6.4031E-03
3.H649E-C2

2.5157E-C2
1.32 ')4h-C<!
*.6768t-02

t .30^7£-C2
*• G3t)lE-b2
8.7441F.-C2

1.1008E-01
9.26)1E-02
1.37<:P.E-C1

1.7773E-01
1 . 5748E-01
2.0771E-C1

i .733 l f -C l
3.5IOOE-01
4 . C 6 3 7 E - C 1

3
2

*

3
3

*
5
5
6

7
6
B

.2874F.-02

.5652E-02
.1I78E-02

.79CBE-02

.0640C-J2

.6177E-02

.93C7E-02

.2304E-02

.6545E-02

.5591E-02

.977IE-02

.I72lii;-02

.9442C-02

. 56^7t-02

.307tE-02

.61C7F-02

.5750E-02

.6403E-02

3.4202E-02
3.0344E-02
3.83UE-C2

3.7060E-02
3.3198C-02
*.1173E-02

4.7432E-02
•..3790E-02
5. 1 2 33 E- 02

5.00i*t-02
S.7879E-02
5.3 t iC7E-02

'..OI2DC-02
3.83'0[-02
•t. ls3Pt-02

-7,»U7E-03
-8.09C2C-03
-7. 7331E-03

3.4446E-02 3.*531E-C2
3.19305-02
3.7182E-0?

3.0041E-02
3.3426E-02
3.d768E-02

4.0053E-02
3.1600E-02
4.2577E-02

J.0109E-02
3.*11>E-02
3.I.139E-02

1.7035C-02
1.584CE-02
l.l"2*OE-02

-3.9512E-02
-3.1t>3lE-02
-3.^ J93E-02

3.2554E-02
3.6576E-C2

J.5231E-02
3.3256E-02
3.7269E-Oi

3.*745t-02
i.2B'i7E-02
3.6634E-02

2.56C26-02
2.41C26-02
?.712^£-02

6.3*736-0*
- .62*?£-0*

.537iE-03

- .1932F.-02
- .2022E-02
- .18*3E-02

3.457IE-C2
3.2982E-02
3.62C2E-02

3.*577E-02
3.2991E-02
3.62C4E-02

3.06C7E-C2
2.9124E-02
?.2115E-02

1.7*386-02
1.6236F-0?
1.66531-02

-1.2091E-02
-1.2809f-02
-I .1369C-02

-7 .9323E-02
-7.9395E-02
-7.9252E-C2

3.^^02E~02
3.3245E-02
3.59496-02

3.*OJ2E-02
3.2706E-02
3.53656-02

2.7216E-02
2.5979£*-02
2.9472E-02

1.0762F-02
9.7557E-03
1.177*E-02

-2.2*51E-02
-2.3090E-02
-2.l8' iOE-02

-9.3533h-C2
-9. 35S2 r-02
-9.3473'J-02

STABI OF INTEGHATKN FUCM S[8*

X/L i.il.li}v/L I i l fTi lPtGI

I > I * C TC IA IL

2.Jon.p(k/D- J .OOICPIK/O- *.OOKPIR/O- S.OOKPIR/D* t.ool

0.2113 O.C33) C . C C C O
0 .2 i i3 IJ.0333 9. . -COOE 0:
0 .2U3 O . J 3 J 3 - ^ . C C O J l 01

0.2503 O.CJ7' / L.OCOJ
0,2503 O.CI75 9.00QOE Ji -I
0.2103 0.0375 -9.0COOE

1. 76-..2F-02
^ .
' .

/.

I.
1 .

IH1E-0.'
64";t-C2

0-J9S-C3
lolE-02
7udt-C2

3.2 .K74E-02
2.56<Ji -OJ
4.H78i-02

i.»<.2.U-,J.?
7.1/roE-Ol
2.271U-02

3.4202E-02
3.03 '«4c-C2
1.8331t-02

<.2V<.it-C2
1. -it 35E-0/
2.fi9^1t-02

3 .4446E-02
3. ,8 iOE-02
S.7182E-02

2.72ME-0<
2.*7*bE-U2
2.99>2'E-02

3.4531E-02
3. 255*E-02
3.6576E-02

3.02S7E-02
2.81*36-02
J.2257E-02

3
3
3

3
1
3

3.457U-02 3 . * b ? 2 f - C 2
3 . 2 9 6 2 E - C 2 3.3i65l-02
3.6202F-02 3.59*9F-02

3.25*56-02 3.*«0*F-02
1.1005E-02 3.31166-02
3.*1*OC-G2 3.5730E-02

Figure 9.- sample input/output for a wing-body combination having a
circular body and wi th TR ^ 0, 6 < 0, a 0.



0.3003

0.3Q03

0.3503
0.3903
0.3503
0.3503

C.40C3
0.4003
0.4003
0.4007

0.4503
0.4503
0.4S09
0.4903

a.jocj
0.5003
0.9003
0.9003

J.<H20
O.M20
0.0420

O.C*53
0* 0453
C.C453

O.C*63
J.0*t>
0.0463
0.0*63

O.C452
0.0492
0.0452
0.0452

C.0421
0.0421
0.0421
0.0421

O.OCOO
9.0COOE Oi

-9.0COOE 01

0.01 ID*ER>
9.CCOOE 01

-9.00006 01

C . O I t P P t K I

U . O I I J O E A )
9.0CDOE 01

-9.0003E 01

O.OHUUEK)
9.0COOE 01

-S.OOCOE 01

O.OftPPEei
o.ououem
9.0COOC 01

-9.0COOE 01

-3.53146-C2
-4.15926-02
-1.S288C-C2

-1.C3MC-C1

-I.l5ioe-ai
-6.50251-C2

-UE853E-01
-1.S930E-02
-1.65«4S-I>1

-i.3oC6t-Cl

-U9S73E-01

-l!i7o3f-0l

-8.78UE-03

-1.3121E-03

-1.2315E-02

-5.S2214-02

-1.7800E-02
-1.7S006-02
-I.0647E-01
-5.07036-02

-l.303*E-Ol
-3.3909E-02
-1.38256-01
-7.3690E-02

-2.1180E-01
-9.21986-02

-8^25736-02

li«26TE-a3
1 »0i^3f ~02

-^ • t»3 *»7 E-Oi

-2.216SE-02
-1.7KOE-0*

-5.807VE-C2
-2.2359P-02

-4.ei2Ft-t32
-4.B127E-02

-5.7976S-02
-5.7976E-02
-1.0315E-01

l.55iiE-02

L.79756-02

4.1*516-03
* *')*51l:— 0 3

-5.52046-03
9.60476-03

-1.65776-02
-1.05776-02
-J. 38116-02
*8.57*2t-03

-3.*507£-02
-J. 45076-02
-5.7354E-02
-2.«*00(-02

-7.49916-02
-3.54906-02

2.J62«J-02
1.9932E-02
2. 34 348-02

I.2420E-C2
1 i420E— 02
s!o5C6f-03

-S.919CE-C3
-5.9150E-03
-1.8I94E-C2

1.16816-03

-2.2J51E-C2
-2.23516-02
-1. 87176-02
-1.309*6-02

-3.6079E-02
-3.60T96-02
-5.5641E-02
-2.4446E-02

2.63206-02

zlrnn-oi

1 6*V1*E* 02

2 - H f l E - C J

J.10116-O
2.7B7;f-Oi

-6.774SE-C3
8. 87146-03

-l.2»5«i-C2
-1.21S8E-02
-2.5058E-02

-2.6035E-02
-2.6039E-02

-ll5750E-02

3.O142E-02

I.IS36E-02

2.3389^-02
Zf 338<?P--02
1.84C9E-02
2.651(6-02

9.8886E-03
2.17926-03
1.529JF-02

-3.48846-03
-1.43*1E-02

3.2137E-03

-1.7S65E-02
-1.756*6-02
-3.01396-02
-«.483TE-03

i7A«7 Cf StPERSUMC CAUl-UIlO

SUPEHSCNIC CMC'I IATICN SIIBTS tl «/u • 0.5*232E 00

X/L RBJOV/l THCTtlUEGI CPI8CCYI CPIR/D- 1.00>CPIIt/Q- 2.00ICPI8/0- 3.00ICPIH/D- *.00»CP(«/0- 5.OOICPIO/D- 6.001

0.*»3
O.»903
0.5503
0.5503

0.600}
0.6003
0.6001
0.6003

0.7003
0.7003
0.7003
O.T003

a. 03 74
0.0374
0.0374
a. 0374

O.CHt
a. cii«
0.03H
0.031<>

0.0300
0.0300
0.0)00
C.C3CO

O - O I O P P E K I
C.OI1 .CW£BI
9.0000E 01

-9.0COOC 01

o.oiu»PEei
o.oi tot.e« 1
9.CCOOE 01

-9.0COOE 01

O.CIUPPERI
O.OIL iwesi
9.0000 t 01

-9.0COOE 01

-I
-I
-•;

-I
-2
-ft

1
1
I
t

.2U6f-Cl
,2453t-01
.73616-01
.57*36-02

.22J5C-01

.89046-02
,*2e7£-02
.23766-03

. *0<:it-ci

. 36515-01

.874UE-01

.<110E-01

-

.

.i»nt-o.

.0559E-01

.4*186-01

.05516-02

.8*ltt-01

.16656-02

.06C7E-01
,9)88t-02

-6.7s»ee-o2
-6^93576-02
1. 16386-02
2.2186E-02

-S.JOOrt-rOJ
-5.30CTt-02
-1.0B5VE-01
-S.«506E-Oi

-2.22196-01
6.0715E-04

-9.53028-02
-3.26UE-02

-2.07396-01
-2.U20ZE-OJ
-3. 71936-02
-3.7M36-02

-5. !• ̂ 996-02
-5.!>99«e-02
-8.42076-02
-3.9020E-02

-5.S2336-02
-5.62336-02
-8.1*006-02
-3.11951-02

-1.J326E-OJ
-1. 332)66-01
-5.40656-02
-5.4774E-OZ

-*. 60736-02
-i.6073t-02
-6.70676-02
-3.0796E-G2

-5.1298E-02
-5.12986-02
-7,00816-02
-2.S127E-02

-1.0027E-W
-i.OUi7£-01
-5. 944 tt -02
-6.0151E-02

-J.7416E-OZ
-J.7416E-02
-S.4Z17E-02
-2.4114E-C2

-*.520«£-«2
-*.52C96-02
-6.11586-flZ
-2.6415E-C2

-8.6509E-02
-6.650(6-02
-6.07496-02
-t. 14496-02

-3.008*6-02
-3.0089E-02
-4.4079E-02
-1.85*06-02

-4.0183E-02
-*. 01836-02
-4.3966E-02
-2.4TCTE-02

-J.8337E-02
-7.833T6-0*
-6. 05376-02
-6.1114E-OI

ccEFuciem
0.13419E CO
c.ncioe ci

-d.«vot>6t co

(b) Output.

f igure 9.- Concluded.
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tTRAMIN AMACH-l.,MOPT=l.TAUB..l,TAlW=.0«,XMTB..5.XMTW-.b,ANGLE-5e.,
SSMAX».25,XRLE-.25,TR-.2,CRT=.5,XLBASE-.86,XLOUTI—.05.ALPHA-2.,»L"3.,iEND

(a) Input.

CaLCULA l lC t . ill- SURFACE AND rLflu HtlU fRcSSUKt r i* lRlBUIIUNS
FCR FLCn «T FKc£ S T B t A N H A C K NUHBEBS AT OP NEAR TJfc, BELCk

HC LCwi -B C R I T I C A L . IJR A B G V t THE UPPER C R I M C A L AHCUT * F I N I T E
H I C K N t S S H ING-INCcN TtC ROUY rGMBINATlON W I T H THE BCCY H A V I N G

E L L I P T I C C ^ U S S S E C T I U N Tea l M A I N T A I N S 1 CUNSMM R A I I C OF
t J C R / ^ I N C R f tXcS ALW.G THc * N T I W t BOY LENGTH W I T H THE fCUl-
ALEM BCCV OF REVULUTICN E ITKER U S E R - S P E C I F I E D C« HAVING CR-
/ N t T t S R PKJPnfiTfCNAL TU X /L -<X /C I * •« OK l-X/4.- < J-X/L )*»N,
He kINC HAVIN.; A C C N ' S T A N T III ICKNESS/f HCBL R A I I C , T A P E R RAT in
c T * f f W 0 AAJ 1, tHU wl lH O^CINAr fS I PWOPJRTIOAAL TO X94R/C
ixetn/ll**!1 CD 1-X')4B/C-( i -XBlk/CI"« •<» USIKG THE TRANSCMC
JUIVlLiNCE RULE A^0 THE LOCAL L I N E < R I * A T 1 C N "ETHCD

WINC-UCUV CC'BINATION l. tCIETRV «NO FLO* F l t L C C»»RAC It B I S r 1C S

B A T I C CF SCHl^«JO> ' /SCMI> ' |MCk J X I b » C.30UOOE Ul
EQUIVALENT BODY T H I C K ^ f c S S R A T I C • O. lOOOCt 00
EQUIVALENT 600Y «AXI»U» TH1CKKF.SS AT X/L « C.5000CE 00
EIPOKENT N F0» tail lUJLtM BUCY C R D I N A T E S • C.iOOOOc 01
Se8"(«l • 0 AT «/l - 0.^113^E 00
MING »AX. THICKNESS «1 X B A R / C • C. iOOOCE 00
»IhC TCICK.- iCSS/CHCRO P»'IO - C.",UOOOt-01
cXPQKtKT X FPR KING O k C I N A T E S • . C.200C1E 01
LEAOINf fOC£ CF WINf. PCUT CHIRL AT X/L » C .25CCCE 00
TRAILING Sact CF KING POOT CH5BC AT X/L • C.T500CE 00
PLANFCRf TAPER R A T I C = C.?OOOOE oo
LEADING cDCE P I E R C c S P.CCY AT X/L ' ' C .3B07CE 00
T R A I L I N G tJGL P I E R C E S EOCY AT X/L « C.T5008E 00
ECOY BASE AT X/L > C.tMlCCE 00
LEADING eu(;e ShEc'P »N'HE ICEr,| . C.5HOOCE 02
TRAIL ING tOi,t S x E E P ANCLE (OtGI > C.COOOO
LCCATICN Cf « INCT|P LUCING E C C c AT X/L - C.65008E 00
LOCATION OC WINCH? ttilLlNC, EMt AT X/L » C. 7500SE 00
NURMtLIIL'J M A X . SE»ISP«N iSHAX/ l - C.J50CCc 00
ANGLE OF A T T A C K ALPHi (JEr.l » C.20000E 01
R A T I C CF SHCIFIC K E A T S • C.UCOOf 01
fREE StHEA^ HACH NtMerP = C.lOOOOt: 01

START CF INTtui tAT ICN FBI:" S t O ' M X I « U TC NCSE

X/L N«HI;Y/L T H F T A I D E G I CPIKCJV I CPIR /D> UOOICPIR/O? 2.oo iCPi t t /u> J .OOICPIB/O- A .OOICPIR/O- J.OOICPIR/O* o.ooi

O.^il)
0.2113
0.2113

0.20G3
0.2003
0.2C01

0.1503
O.lbOJ
0.1503

0.100J
0.10J3
0.10U1

0.05 J 3
0.05U3
O.J5U3

O.OC43
0.0043
O.JO. 3

D.0577
1.C1«
C.0112

O.C555
U.0185
C.UleS

O.C<,42
O.C14
0.01 S

U.031
0 . 0 1 U
O . C 1 C

O.C166
1.0055
0.00<5

O.C015
O.OOC5
j.oao«-

0.0 000
s.occot

-4.0COOE

c.ocji)
9.0COOE

-•i.OCOOt

c.ocoo
q.oeooE

-9.0COOE

o.oooo
4.0COOF

-4.9CCOI'

O.OCJU
9.UOOOE

-i.occot

c .occc
4.0000E

- V . OCOJf

01
01

01
01

01
01

01
01

01
01

o;
.01

2.'lc1ll-02
'-*. 4801^-03

J.i25<ic-C2

l .e«2TE-C2
6.T1JOE-G-
1.S312E-02

^.-,ri5f E-C*
.'.^oJoi-CZ
'.<i7)!E-Oi

I.il30b-01
t.63i.3'.-02
: .:<<ME-CI

2. lft,lt-Ci
l.?ll!2E-CI
!.dm^t-0l

1.2a6Jb-01
>.C9^tf -01
3. 7J.MS-C1

3.6E54E-Oi
l.>)2B7E-Oa
«.2027c-0i

«.2l21t-J2
2.392oE-0^
4.t871E-0;

6.36C,t-OJ
^.^goo -02
6.73ci<, -Oi

7.J617 -02
6.3".3i -02
6.250-, -02

a.C5o5E-02
7.2',8^E-02
s.',ja*E-o;

*.6|1<JE-'J2
4.5501E-0^
«.»6«IS-12

3. 51 VJE-02
2.7C71E-0.'
3,?8- i5t-02

3.6053E-02
2.1855C-02
4.26SBC-02

«.e<.61E-02
<<.0<i71E-02
i.:6C3t-02

5. |->V]E-02
«'. 32C6L-02
5.5I40E-02

«.C'.C7l-C2
3.tH7tE-02
<t.^e5i^-02

-7. iObVt-OJ
-6.2121L-03
-7.0170E-OJ

3.«.H5«E-02
2.-.726C-02
3.C416E-02

J.3>.78t-02
J.129-.E-02
4 .OC60E-02

1.0507E-02
3.5539E-02
<..:75U-02

3.0437L-02
3.2-.06E-02
3.^1«0^-02

1.71S4E-02
l.«.")20E-02
1..IS13E-0;

-3.-510t-02
-3.<.7iiE-02
-3.^3l«c-02

3
3
3

3
3
3

3
3
3

2
t
2

7
-9

£

-6
-o
-4

•4762E-02
.1020E-C2
.76S9E-02'

.54T«e-C2
•17CSE-02
.83368-02

.5000E-02

.1418E-02

.7610E-02

.5TB6E-02

.2920E-02

.7<>3'!E-C2

.0133E-0-

.3010E-04

.0667E-C3 .

.1932E-02

.2032E-02

.J784E-02

3.4718E-02
3.17BOE-C2
3.7114E-02

3.473JE-C2
3.17BIF.-02
3.71C5E-02

3.0769E-02
2.7915E-C2
3.2141E-D2

1.7556F-02
1.531TE-02
1.533BE-C2

-1.20*TE-C2 -i
-1.1333E-OJ -i
-1.0935t-02 -J

-7.9323E-02 -
-7.4443E-C2 -(
-7.92C4E-02 -(

.tt>95t-02

.227BE-02

.6733E-02

.»1»0£-02

.1715E-02

.61t2t-02

.7329E-02

.5041E-02

.•J185C-02

.OB44F-02

.0091E-03

.23«2(-02

.2460E-02
.35JOF-C2
.15ilf.-02

.3532E-C2

.3632E-C?

.3«3«F.-02

S T A R T C F I M t G R A T I C N F k C "

C P I ' ^ C Y I CPI1/U- l.OOICPI'/L1- 2.00ICPIH/0- 3 .COICPIR/0* *. OOK.P1«/[. S.OOICPIR/D- 6.001

0.2113 O . U 5 7 7 C.OGJO
0.2113 J .01->2 S.'XCOt 01
0.2113 C.OH2 -S.OCC.3z Oi

0.2503 0.0650 O.CCOO
0.2903 0.021T 9.0COOC 01
0.250) 0.0217 -i.CCCaf 01

-4.90J1L-C."
"

-3.338U-C4

.4287E-02 i . / C / : r - 0 2

.2027E-0; 3. ta*<;E-C2

.7 I6U-02 2.3564E-02

.0461E-03 1.63S5E-02

.4411E-02 2.87*16-02

3.*858E-C2 3.4762E-02 1.47I8E-C2 3.4C95E-02
:.<<726t-02 1.1020E-02 3.17IOE-C2 3.227BE-02
3.P496E-02 3.76546-02 3.711-.E-C2 3.673JE-02

2.7547E-02 3.041U-Oi 3.2644E-02 3.4472F-02
2.28431-02 2.6929E-02 2.5884E-C2 3.2I90!-02
3.1337E-02 3.3373E-C2 3.50681-02 J.6522f-02

Figure 10.- Sample input/output for a wing-body coabination having an
el l ipt ical body and with T« f 0, Bt< < 0, a j 0.



0.30C3
0*3003
0.1003

0.3503
0.3503
0.350}

0.4003
0.4003
0.4003
0.4003

,0.4503
'0.4503
0.4-03
0.4S03

0.5003
0.5003
0.5C03
0.5003

C.C728
0. 0243
O.C24I

o.c7»B

il'.Oit,)

11. as jo
0.0830
o.cru
0.0277

a. 0834
•).J«3t>
C.C27S
0.02)9

0,0801
0,0601
O.C267
0.0267

o.otco
9.0000E Ol

-s.ocooe 01
Q.OOQO
S.OCOOE 01

-9.JCOOE 01

U . U I U P P 6 K 1
O . O U O W E K I
S .CCOCE 01

-9.000JE 01

O . U V U P P E R t
O . O I L U W t K I
•5.CCCOE 01

— l.OOOOE 01

0 .0 (UPPIR |
U . O I L O U E K I
S . O C U O t 01

-I.4176E-C2

-l.881^f-C;

-6 . )433t-0^

-«. 38445-12

- 1 . J J 3 D C - 0 1

-1.35186-C1
-7. 80305-02

-9 .S429E-02

-1.5022E-01
-2 .3275E-C1

-9.3541E-O

1.6199E-OJ

-3.499VE-02

-7.784SE-03

-1.3547E-OL
-7.25S2S-02

-V.fc'K'id-Ol
-i.oo2ae-oi

6.88IOE-03

I.2553E-02

-k.0685L-02
-1,34656-02
-4.7157t-0i

-4. 1570E-02

-5. 303PE-02
-S.3038E-OZ
-S.6272E-02
-4.2515E-02

-7.2912E-02
-7.2')12E-02
-1.1677E-01

1 .556 1E-02
1.1 86 5E— 02

1.76J1.E-03
-5. 94566-04

5.5071E-03

-8.7076E-OJ
- .2118E-02
- .353<)E-03

- .7S51E-02
- .8245E-02

lllS'm-o!

2.1635E-02

2.45536-02

L.03I2C-02
8.4323E-03

2.3704E-04
2.3704E-04

-<!.1JOOE-03
6.5047E-03

-2.44526-02
-2.44926-02
-1.9544E-02
-1.4680E-02

-4.4316E-02
-4.43UE-02
-6.3288E-C2
-3.2461E-02

i.«324*-C2

2,«44«t-02

1.5357E-02
1.9109E-02

7.41S9E-01
7.4l4«t-OJ

-1.1666E-0*
1.277U-02

-1.3121E-C2
-1,3-»21E-02
-2.!7HE-C2
-5.47C76-03

-3.2241E-C2
-3.2241F.-02
-4 .H526-C2
-2.1S53E-C2

3.0145E-02

3.2100F-02

2.2366E-02
2.0167E-02
J.41C7E-02

ll3»70!:-02
1.2124E-03

-5.1i«»E-03
-5,12656-03

-2I21336-02
-3.43<5f-C2
-l.?OC3c:-02

SUP6RSCNK. Ci lCi lHIICK S T A R T S It X/L > 0 .%42)2E 00

X/ l 80QCY/1 r H £ 7 * I D f G > C P 1 S C C V I CPI1/0" 1 . 0 0 ) C P ( R / C « i - O O I C P I R / O " 3 .COIC ' IR/0» 4 .00ICC(»/0- 5 .00 ICCI» /C« 6.001

0.5503 0.0729
0.5503 C.C729
0.5503 0.0243
0.5503 0.024}

0.6003 0.0631
0.6003 0.0631
0.6003 0.0210
0.6003 C . C 2 J O

0.7C03 O.C550
0.7003 0.0550
0.7003 0.0183
O.TC03 0.0183

W * G C O E F F I C I E N T
. ( F T C C F F F 1 C 1 E N 1
' I T C H I H C P C K I M

0 . 0 < U P P E R I
O . O I L G t i E R I
9.0COOE 01

-O.OCOOE 01

0.0 ( U P P E R 1

9.0COilt 01
-9.0COCE 0»

0.0(1. OXER 1
o.JCOOE 01

-9.0CCOE 01

C L t F F l t l t N T .

-2.4483E-01
- 1.34J6t-Cl
-2.187SE-C1

-1.3192E-C1

- l . l«2£-Cl
-3.81<,3E-C2

l .3230fc-Cl
1 .2e««E-Cl
1.5910E-C1

C . 1 2 4 6 2 E CO
C . 1 7 0 7 3 E Cl

-O.St-9-CE CO

-1.23,26-01
-1 .637SE-01
-9.5601E-02

-7.5253E-02
-1.1682E-01

2.. 15666-02
2.18836-02

-t. 74S8E-02
-t.7<.'»8E-02
-1.2»70E-Ol
-6.7155t-C2

-2 .4762E-04

-J.7462E-02

-1.S151E-01
-1.8671E-01
-3.1702E-02
-}, 22 106-02

-6.7246E-02
-6.724(,E-02
-9.6074E-02
-S.1242E-02

-5.915TE-OJ
-5.9157E-02
-8.4i31E-OJ
-3.4207E-02

-1.2489E-01
-1.24H9E-01

-4.96^5E-02

-5.4718E-02
-S.4718t-02
-7.6014C-02
-4.00276-02

-5.22C5E-02
-5.22C5t-02
-7.19616-02
-3.1237E-02

-9.4236C-02
-9.4J36E-02
-5.5222E-02
-5.5919E-02

-4.39B3S-02
-4.3983E-02
-6.0«56e-02
-3.1143E-OJ

-4.5S&IE-02
-4.5961E-02
-6.2514E-02
-2.845tf-C2

-8.20516-02
-6.205U-02
-5.75COE-02
-5.8138E-02

-1.4932E-02

-4.S027E-02

-4.07526-02
-4.0752E-02
-5.4<)tU-02
-2.«B19E-02

-7.5077E-02
-1.5077E-02
-5.8C83E-02
-S.86J7E-C2

(bl Output.

Ptqure 10.- Concluded.



ITRANIH AMACH>1. , MOPT-1, TAUB- . 1 ,TAUM> . 04 ,XHTB- . 5 , XMTW- . 5. ANGLE-45 . .
SSHAX-.121S,XRLE-.25,TR»,4.CRT-.4,XLBASE-.86,XU>UTP-.05,I END

(a) Input.

CALCULMICN UF SURFACE AND fLCx MELD "HtSSURE 01S IRIBuT IONS
FllK FLCK If FREE S T X E A " MACH NUHDERS 41 UK W E A K CUE, BELON
THE LO-E« C R I T I C A L , I K AHUVF THE UPPkk C R I T I C A L ABCUT 1 F I N I T E
IMICKI^SS • II.G-IUCfNTFC CIRCULAR BI'CY f,'IHUI NA I ION k I T H (1-E
fcOLJIViltM BUUY OF REVCLUTKN EITHEH USER-SPECIF IED GR HAVING
OKOINATcS * PBilPllkl IONAL IU X /L - (X /L I *«N OS l-X/L-l I- »/L !••» .
THE hlNG HAVING A C O N S T A N T THICKNESS/CHCRC R A I I C t TAPER R A T I O
BcTht tN 0 AND 1, ANQ KITH O f c O I N A T E S I PROPCRTICN4L TC X 6 A R / C
- (X "AP /O««P L.R l - X R A R / C - 1 1 - X B A R / C »»••" <)V USING THE TRANSONIC
EOlllvntt-Ct «»LE ANO THE V.UC <Vl 11 Kf AD II AT IOH »fcTHCC

MNG-BCDY t.U»B1NATlCN C tCHE 'HY ANC FLCk MiLC CHAKACTf R 1ST 1C S

tOUIV(LF>T BCCV T H I C K N E S S mTIi' . C.1000CE 00
EQUIVLENT BllOf l*A>lrU» THICKNESS AT X/L • C.iOCUOE 00
EXPONENT N FOK EQJIV'LEM QCOY CROINAI tS - C.JOOOOF 01
StB'MIl • 0 AT «/L • O.Z11326 00
• ING MAX. THICKNESS AT X d A R / C • C.50000F. 00
MING THICKNESS/CHOC R 4 T I C « C.40000t-01
EXPONENT <• FOR KING O K C I N A T F S - 0.20000E 01
LEADING EDGE CF KING RCUT CHCRC Al X/l * C.2900CE 00
TRAILING EDGE CF klNG HOOT CHCRC «I X/L • C.JSOOOE 00
PLANFCX" TAPER R A T I O ' C.40000E 00
LEADING EDGE P I C H C E S B C C V AT X/L • C.^USE 00
TRAILING EDGE P I E R C E S euCY AT X/L • C.37156E 00
600V BASE AT X/L ' C.660006 00
LEADING I.OGE SkEEP ANGLE (OtCI • C.44000E 02
TRAIL ING EDGE SMEE" ANGLE IDEGI • C .2 )755E: C2
LCCA1ICN OF k lNGTIC LEADING ECCE AT X/L • C.5715CE 00
LOCATICK Of WINGTIP T R A I L I N G EDGE AT X/L » C.111506 00
NORCALUEC M A X . SEKISP1N S S H A X / L " C.321>G£ 00
ANGLE CF A T T A C K ALPHA IOEGI = C.COOOO
R A T I C CF SPECIF IC H E A T S • C.UOOUt 01
f»EE SIOEI.H HiCH NUHBEB • C.IOOOOE 01

S T A R T CF INT tGKATICN FHCH S E B • • I X I • C TG NOSE

X/L RdOCY/L CPIR/O» I.OOICP(«/U= 3.ooicpi«/c» «.OOICPIH/D- S.OOICOIR/D- 6.001

0
0

0
0

0
0

0
0

0
0

o
0

.2113

.2113

.2003

.2003

.1503

.1503

.1C03

.1003

.050)

.0503

.0043

.00,3

0.0333
0.0333

O.C320
O.C32U

0.0255
0.0255

c.oiai
0.0181

O.C096
J.0096

O.OOC9
0.0004

C . O C O O
9 .CCCOE

O.CCOO
•J .OCOOE

C.OCOO
9 . 0 C O O E

O . O L O C
9.0000C

C . O C O O
9.UOOOE

O.OCOO
9..IOOOE

01

01

01

0 1

01

01

i .

2 .
2.

0.
6.

1.
1 .

1.

3.
3.

1307E-C-'
1307E-C2

O U l j E - 0 2
*d!3E-02

6692E-C2
6692E-02

13746-01
1374C-C1

613AE-01

7747E-C1
7747E-01

3

3
3

5

7
7

7

, 4

.3159E-02

.81'lc-OJ

.8171E-02

.•(471E-02

.5672E-02

.5672E-02

.9464E-02

.(.107E-02

3 .427CE-02
3.4270E-02

3.7124E-02

l:J.*J!i:S
5.0P74C-02

•..1)1 336-02

7.9117E-03
7.9117E-03

3.4476E-02
3.4476E-02

3.0U69E-02
3.60e9E-02

4.0071:-02
4.0071E-02

3.6118E-02
3.6116E-02

1.703BE-02
1.7038E-02

-3.<(512e-02
-3.9512E-02

3.45486-02
3.4548E-02

3.5247E-02
3.5247E-02

3.4755E-C2
3.4755E-02

2 . S 6 C 7 E - C 2
2.50C7E-02

6.3612E-C4
6.3612E-04

-(..H32E-02
-6.1932E-02

3!*582E-02

3 . 4 5 C 7 E - C 2
3.4S87E-C2

3 .C6I3E-C2
3.U613E-02

1.7441E-02
1.7441E-02

-1.209CE-C2
-1.2090E-02

-7.9323E-02

3.4AOOE-02
3.4AOOE-02

3.40396-02
3.40396-02

2.7221E-C2
2.7221E-02

1.0765E-02
l .OTCSE-02

-2.24SOE-02
-2.2490F-02

-9.353J";-G2
-9.3533E-02

START CF INTFGBAtlCN Vt.fl- SE»"lt> » 0 1C TAIL

THtTAIDEGI C P I b C C Y I CPIR/D- l .OOICPIR/D* 2.JUICPIR/0- 3.00PCPIR/0- «.00)CP|R/0> 5.COICPIR/0- 6.0OI

0.2113
0.211 3

0.2503
0.250)

0.3003
0.3003

0.1503
0.3503

0.-003
0.-.003

O.C313
U . C > ) 3

O .C375
3 .CJ75

:.C".jo
o.c*^o

O.C440
0.0440

0.0*34
0.0*34

C.cOOJ
-..ccout

c.ocoo
r . .OOOOE

O . O C O O
9.0COOE

O . O C O O
q.ocoot

c.ocoo
9.0000t

01

01

01

01

01

£
2

-3

6
-7

-I

-1
-1

, l307t -02
. i3 ' )7£-02

.4545E-C3

.4545E-C)

.461 7E-Ci

.6*J5t-n2

.".OSlk-Cl

.32186-01

.6453E-C1

.••144E-01

J. 31551-02
3.115-)E-0.'

l .*1ftt-02
1.4940F-02

i .2-n id-02
-1.1903E-02

l.OOOOi 06
-6 .5072E-02

-1.212DE-G1
-9.U492E-02

3.4270C-02
3.4270E-C2

2. J030t-02
2.1030E-02

l.';73«t-0i
1.11 16E-02

--.^".toE-Ol
-2.4868E-02

-e.0262E-Cl
-1.k7»7t-02

3.4476E-02
3.4".76c-02

2.73HE-02
2.73UE-02

2.J766E-02
1.9936E-02

1.9U90E-01
-6.7934E-U3

-9.5651E-03
-2.-.610E-02

3.«;*8E-0<
).*J*8E-02

3.027BE-02
). 02766-02

2.7*81E-02
2.5327E-02

S. 411*1-03
4.J358E-03

-2.2625f-03
-1.0504E-02

3.4562E-C2
3.4562E-C2

3.25S9E-02
3.2559E-C2

3.C616E-C2
2 . < 2 3 7 f - C 2

l.!S2fe-C2
1.2803E-02

i 5.01C3I-C3
-2.3»66i-04

3.4600C-02
3.4600F.-02

3.44I3E-02
S.4413E-02

1.3278F-C2
3.2320E-02

2.15CSC-C2
1.9335E-02

1.1470E-02
i.e:i«£-oj

Figure 11.- Sample input/output for a wing-body combination having a
circular body and with TR ̂  0, flfc< > 0, o • 0.



o.oui
fl.»«OJ

o.-iooj
O.SOOJ

C.C4U
a.0*l>

o.C3*i
0. C39I

e.ococ : •
4.0UOOE 01

S.UOUOt 1)1 -l

i.oooaf o» -I
-».10J«-Ol -l

-4.6S4U-02 -)

- j .«i»«e-ci 2.»ciu-oi
-1.»1JO£-02 -«.5«l«e-01 -I.HC2E-01

- i .<6 i t>E-o2 -i
-^.5932£-OJ -I .H»Bf-OJ -l. |T)"!F-Ci

>.OOKPID/C»

fl.4501
0.1501

C.6CC3
0.400)

0.0*03

0.7003
0.700)

C.tCoi
a.toot
o.«»oj
O.BJOJ

O.C140
0.0190

C.C4I8
o.o»ie
0.0419
0.0* 3«

0.04JO

4.0115
O.OJ l>

O.O^ii
0.02%)

o.ooon «. 14618-05
,?6'i>iE-02 -««.0000t 01 l.WHt-0.' -

o.ucco
I.OOOOt 01

0.0000 rl.e
».jo<iae 01 -t.i
O.OCOO -1.31051-01 -1.0
^.OOOOE 01 - l .»105fc-01 - I .077fcC-Ol -^

C.OCOJ - l . i kOt t -C l -1.1
9.0COOE 11 -1.160<)[-01 -4.7

a.ocoa -t.ti
7.UCOOE 01 - U . « l

-01. -I .Y7SU-01 l.OUOOt 0» -^
-*.<.2J»C-01 -1.

-l.flidOt-Oi -3.H*»£-OJ

-1.18631-01 -2 .1 IUS-OI - I .06C2E-01 - l . t t ^Kt -CI -t.VO'.»t-02
t -).»«»7£-OJ -J.O»»»f-OJ

-t . i«««t-OJ -«.V19«e-02 -6.08nE-C2 -S
-a .vdtfA(-a2 -7.60fQE-02 "6.7004E-02 -A

-«.J«7ll-02 -J.11101-C2 -l.tH1l-Ol -t
-8.J17H-OJ -J.lSiOt-CJ - J . I Z « 7 E - 0 2 -6.44Ci£-02

-3.5*721-0} -8.1

-8.1J«7f-Oi -a.l
-8.U2'f-02 -1.ZIC/E-0? -8.2

-S.9UU-02 -6.0
- I . 2 0 5 7 E - C 2 -1
-7.20*76-02 .-7 -1.4&71E-02

<b) Output.

Fiqun- 11.- Car.cludcd.



ITRANIN AMACH-1. ,MOPT=l,TAlm=.l,TAUV.».04,XMTB».S,Ximi=.5,llNGLB-«S.
SSMAX..338,XRLE-.25.TR«.4,CRT-.4,XLBASE-.86,XLOUTI>..05,XL-J..IEHD

(a) Input.

A l C U L A T I C N CF SUKF1CE AM; FLO* F IELL PRcOiL«E C lS IRI6UTIONS
I'M U(> IT FREf. S T R E A M -iCH NUMI3EAS IT Of NtAU ONE, BtLCX
HI- L C « E K c i i n i ca i . oi l «Bovt iiit I J P P = » C » I T I C A L aecur A F i M i t
H I C K N f c S S X IM;- I N C E N T E C HUCY C O X b l N A T I H N W I T H THE f iQCY HAVING

E L L I P T I C C R O S S S c C T I C H T H A T MAIMAINS 1 C C N S T A M R 4 T I C CF
C R / ' I N C a ixES ALONG THE tNIIRF B C D V LLNJTH K I T H THE EQUI-

V A L E N T BCOY OF " E V O L U T I O N i lTML* U S t R - S P H C I F I E U 0« HAVING C«-
O I N A l E t - R PRUP'JKTICIxAL TO Ik/L - < X/L I ••* OK l -X/L- I i-X/L I««K,
THE X ING H 4 V I N G A C C N S T 4 M T H I C K N E S S / C H C « C B A T I C , T A f E D K 4 I I O
BiThEEI. 0 ANO i, ANO b I T H J F C I N A T E S I I-ROPCKT IC.S«L 1C X d A R / t
-C X P A H / C »•*" C« I - X B A R / C - l l - X P A K / C t »»M f ly LSINr; THE TKANSOMC
cgll lVlLtKCE «'JLt AND TMt LLCAL L I Mi •« U * 11 CN "E1HCC

UlNG-flCDY CCPBIN'TICk f E C H c T H Y aKL FLCK F l tLL C H A R A C T E R I S T I C S

RATIO OF SEMIHtjaK/SEflCINCP. J X I S = . C.JOOUOE 01
EQUIVALENT f lCDV THICKNiSS R A T I O * C. IOUOCf. 00
E Q U I V A L E N T BUOY 'AXICDf T H I C K N E S S AT X/L = C.50000E 00
EXPONENT H FJR ECUIV«LENI OCOY C B U I N A T E S ' 0.200006 01
SEB'MXI • 0 AT */L • . C.2U32E 00
»|NC HA>. T H I C K N E S S II «1)«I-/C • C . S O C O C t OC
MING ThlCKNESS/CHCRO IOTIO » C .490CCE-01
EXPONENT » FC8 MING C B T I N A T E S ' C.200COE 01
lE'OINC EDGE OF hlNC UCOT CHC«L AT X/l = C .250CCE 00
TRAIL ING tD'if CF H1MG HOOT CHORC AT X/L s C . ^SOOOL : 00
PLANFCRM T A P E R R A T I O ' C.4000CE 00
LfioiNC EOCE pie«ces SCCY »T X/L - c.;26i:E oo
IRMLItlG ELlGE P l t R C E S CCCV AT X/L * C.5d91"iE 00
eocv B A S E »r X/L • . C . -S&OCCE oo
LEADING tUGt SuEtP ANGL£ I C c G ) = C .450COE ()»•
IRA1L.ING EOGt SWEEP ANQLE (OtGI * C. 25054E C?
LOCAIICH OF b INGTIP LC/101NC EDGE AT X/L • C .58600E 00
LOCATICN OF U I N G T I P Tr«lLINC ECCE »I X/L * C.J0800E 00
NQDHALUEC MIX, ST: f !SP>N S S M A X / L • C . 3 3 6 C C E CO
ANGLE CF A T T A C K «LPM ICEGI * C . C O O O O
R A T I C OF S P t C I f l C H f » T S • C.14000E 01
FREE StREAH )>ACH NUKBE8 • 0.10000E 01

STAHT CF I N T E G P - A T K N FPPM s E e ' - . I X ) = C TC N C S E

X/L R8CiCY/L CPInC I IY ) C P I K / C - l .OOICPIR/0 ' 2 .00)CPIH/D: 3 . 0 U ) C P I R / C > 4 .00ICPIR/C ' %.OOICPIH/C> 6.001

U
0

0
0

0
0

0
0

0
0

0
a

.2113

.2113

.2003

.2003

.1903

.1903

.1003

.1003

.0903
.0903

.OOiJ
.OOV3

J

C
-3

0
0

0
0

0
U

0
U

. O J 7 7

.011)9

. C<>42

.C ln7

.031J

. 01 C*

.C lc6

.CCS9

. COl'.

. COC9

C
'i

C

0
«»

0
•J

0
9

0
•i

.JCOO

.occot

.cccc

.ococ

.OOOOE

.uooo

. O C O O E

.occo

.OCOOE

.ococ
.OCOOE

01

01

ul

01

01

01

!:"'«•:«
S.7 IO- .E -C2
l .a707E-02

I.C3I ;t-ci
5.09HE-02

':"!OE-C)
UMoollSJ.

3:J5oie-S!

3 . 7 6 5 U E - 0 2

l:lal«t;«
l:»"5«:Sz
7 . 6 7 S 3 E - U 2
7.26SOC-02

6.0611E-02
T.8351E-02

::t^ll'ai

J . 5 2 E 7 F - C 2
3.3360t-02

j . e t l l B E - 0 2

4.6461E-02

l:iri:!:«
3.1d51E-02

-7 .SCdd t -03

J . 4 Y 2 I E - 0 2
3. .05JE-02

3.J .035E-02

J:S"":S!
s! i>78t iE-02

1.6912E-02

- i . - i i lCfc -02
-3.J513E-02

3.4797E-02
3.43G6E-02

3 . 5 9 C 8 E - C 2

3.5020E-02
3,*«')5E-02

2.9419E-02

I.071U-0-
5.6524E-04

-6.1932E-02
-6.1933E-02

3.«7«GE-02
3.4426E-02

3 . 4 7 - 4 E - C 2

3.C762E-02

1 .75C2E-02
1.7121E-02

-1.204SE-02
-1.2136E-02

-7. - i323E-02

3.47IOE-02

3.»U«E-02
I.142K-02

2.7338F-02'

1.0848E-02
1.0681E-02

- 2 . 2 « 9 « E - C 2
-2.2122E-02

-9 .3932E-C2

STAKT CF INIiCKAlKN F V C C Sffl 'MXI • 0 1C IML

C P I « / D > 1 .0UICPIK / r> 2.JUICPIK/0* 3 .COICCIH /0 - 4 .0C ICP IR /0 * 5 .COKPIK /C - 6.001

0 - 2 1 1 3
0.2113

0.2903

0.30C3
0.1003

0.3903
0.3903

C.C-, (7
O . O I S 2

0.076*
C.C261

C . C C C C
• S - J C C O E 01

C . C C O O 1.K-.3E-C2
9 . 0 C C O E 01 -8 .6943E-03

C.OLOO
S . O C O l r Jl

i. / & 5 0 C - O J
3.0/336-02

-<: .Hi-ill- JJ

2 .3796E-C2
C.2413E-02

7. 12871-03
6. 412*it-J3

o.tcoc
^.OCOJE Ol

- t . !022t-02 l . C O O O E 06 1.30796-03
-1 .1392F-U1 -4 .7329E-02 -1.4J106-Q2

S .»92 iE-02
3.<.093E-02

2.7627E-02
2.7017E-02

7 .1U«BE-03
1.2791E-04

3.0499E-C2
J.0109E-Oi

2.16S1E-C2

1.360*1-02

3.1«26E-Q2

3.2671E-C2
3.2«»9F-02

2 . U 9 C E - C 2
<.6317E-02

1.9M9E-OJ
1. 66161-02

J.*710t-02
3.44SIE-02

3.4337E-OJ

3.0170E-C2
3.0140E-02

2 . 3 B U E - C 2
2.2133E-02

Pigure U.- Sample input/output (or « wing-body combiiMtion having an
elliptical body and with TR »" 0, B > 0, <i - 0.
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o,,uo3 ).o7ii c.ocoo -i.eioit-ci -i.»co«i-oi -i.iow-ut -i.»«c«t-<j/ -i.io<i*t-oj i.)0i"-v'.' ».?«tif-c.-
0,<,un] 0.0?-* 4.011001 01 -l.6ij lf-Ci -l.'1'l.i -I)/ -». If^froV -1.01«.«F.-I!.' -i.»«»il-0i -t.t«!<l-kl '..<"»<), -01

O k t S O J J.C7*.' O . O C O O -4.7r t t t i . -0 l -1 .671H-0. i.OliLL- Jfc -..W^H-Ji - l .« tSt» t -0 . -'. »2*. »---ti ' -'... s V •-,;•.
0«**O3 J.O.'i* S.OCOQE Oi -1 . ' •*Jaf-ol -•• . f,"*^L-')J •'..i*< / / :-J2 -« .''".oflr-Di -i.V7«l-Oi -l.*0|*F-f.i - * .'K.-MS -n »

0,^003 o.oru L .OCCC -r .3»t>i ;-c; - i . :ct.- i- j i - i . i . . ; :-c» -1. i ?s; •- j.' - : . t^/ l l -c« -i.i» loi-t; -i.^Mi'-i'
0«%C03 J.0217 1.i>000t 01 - f c .SsJM-o? -5 .dl"iHi -i»t -^. /o«.4r -»>..' - i.-. 73*' -Oi - ^ .s^s^ t -C i -i.71f»t-0^ - i . l l i7--^i

5I««I CF SLPFKU3MC CilCLltlU^

&U(*£nsr\lt '- 41CIX 41 IL'»J $!»« I ± \l I/L > O."»*t?!it JO

«/l Vinuilt. FHI IJ tUkOI wf|-<I.C«l CPIR/l i* l .UOI'.P(»/. • ..JOICPIK/0* J . 00 K "I M/t.' ».00 ltd »/f.. '. .oil ll'•!»'/ : • •• ' •• I I

ovv)di J.o*.ti o.iicoo - . . f t - ' o t - o j --^^o^r.-j. ' - i .?r t i«t -o i i .-)ouue oe- -* .s<iUi-o< - j . i * ;bE- t2 -,1.'.<;»'ir.-c2
O.i50j U.Cii7 •)..)lf,U( Jl «.-lH*'«E-C? -<.liSV-l)i -i.i.'llf-C* -J.HOCU-0.' -<.1|Slt-C< -2.(C17'-C2 -3.!'<»t-C.

U.60C1 C.07C7 O. ICUO l . tO^'L-t l i.7i:<.i-U. -<.«L'nO(-01 - J. .C»ffc-OI - l .^Jl ' l -Cl -1. 1VI71 -C.' -•>.'"- !• -««
O.frOJ) J.C<*36 %.>]COOt Di 'l.iliJi-O. S./-. 7-ih-.).' i.«.;7tF-U» -l.^577E-0; -.'.** 7lt-C«' - <". 71 J )*--C2 -. ' . / l l^-- <'

0 .%5CJ 0.0'ID C.OCOU -l.Voli-Ol -i.OiC."- - Jl ,.-ll»0^-0<: -J.1SK.F-01 - <.»U-.!>t-'>^ -7.<.0'>«e-0< -t.<./7t t-Ci

0.7003 O.f7> U.'ICOO -«.71^«:-b. -3.«"<••- 01 - 1.*: L* - t -O i OtiO/t-02 '.. DlsCE-C^ -2 .576»?-C/ - 3. « C « « t - C /
0.7QJJ J.C?*!.1 Q .OCOOh 01 -*.Ml f.t-Cl -3. :•!/-; -Cl - J.o^^.lE-Ol - l .J^lbt-Ol - l .23*7F-Cl - l .O*2*E-01 -S.2tt;**--I'./

0 .7503 J.Cf>«7 C.OCOO -S.4bi:7»-u - • .^ »->-L - 0 ? -1. •iC'Sf-C*1 -b .S2ti j t-CJ -«. 2*7 lt;-0i -C.02t^£-C2 -I.-*»•--"<'
0.7*03 1.0216 1.0C031 Oi -I.^l3«t-Ul -1. «n*i -.).' -«.d«l-F-JJ -i.H6">e-0? -d.?n."Jt-02 -H.O«13E-02 - I.HI »»•-u» .

0*d003 O.C5^4 O . O C O u -ft.*:73M-ui - ? .*..'<*Bt - Ji -7 .SOJl t -02 -d.J7oUE-U< -T. ie* l fc-C< -6.2637C-C2 -C.3?7C -CJ

O.aSOJ ).0»*1 C.OCOC -2.«ei>'-0! -^.-'^21i-.li - ; .et21S-Oi -ft.',.'0'it-U2 -7.i7«ill-J2 -7.t07bE-02 -7.««t2l-C<
0.1150? LOltf ^.30(101 01 -^. rj-ofc-C.. -).Jb-'fL-Oi -o.O-COf-JJ -6./13^k-02 -7.21I7C-02 -7.6414E-02 -7.^7<«^-0<

C"10 CCEFFRKk l • 0.i««17E-01

(b) Output.

*'»^un- ..'.- Concl'idcU.
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