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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 2643

SPAN LOAD DISTRIBUTIONS RESULTING FROM ANGLE OF ATTACK,
ROLLING, AND PITCHING FOR TAPERED SWEPTBACK WINGS

WITH STREAMWISE TIPS

SUPERSONIC IEADING AND TRAILING EDGES

By John C, Martin and Isabella Jeffreys
SUMMARY

On the basis of the linearized supersonic-flow theory the span load
distributions resulting from constant angle of attack, from steady rolling,
and from steady pitching were calculated for a series of thin sweptback
tapered wings with streamwise tips and with supersonic leading and trailing
edges. The results are valid for the Mach number range for which the
Mach line from elther wing tip does not intersect the remote half-wing.

The results of the analysis are presented as a series of design
charts. Some illustrative variations of the spanwise distribution of
circulation with the various design parameters are also presented.

INTRODUCTION

5 A knowledge of aerodynamic spanwise loading is of great value in
performing aerodynamic calculations. In references 1 to 4 the linearized
upwash behind a lifting wing is shown to be largely determined by the
spanwise loading except for the region close to the trailing edge. It
may also be demonstrated that, except in the vicinity of the trailing
edge, the sidewash velocity component is also largely determined by the
spanwise loading. The aim of the present paper 1s to determine spanwise
loadings for a series of thin sweptback tapered wings with streamwise
tips and with supersonic leading and trailing edges. These spanwise
loadings can be utilized in comnection with the estimation of flow fields
although the results of the analysis may also be applied to problems in
aerodynamic loads and aeroelasticity.

The spanwise distribution of circulation resulting from a constant
angle of attack was evaluated chiefly because of the significance of the
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downwash induced by the wing on the horizontal tail surfaces. Similarly,
the spanwise distribution of circulation resulting from a constant rate |
of roll was evaluated principally,because of the significance of the y
velocities induced by the wing on the tail-surface contribution to

stability and damping. The spanwise distribution of circulation resulting

from a constant rate of pitch was evaluated because of the possible

importance of the downwash induced by the pitching wing on the horizontal

tail surfaces and because the downwash resulting from a pitching wing is

one component of the downwash induced by a wing with a constant vertical
acceleration. (See reference 5.)

This paper presents calculated curves for the spanwise distribution
of circulation (the spanwise distribution of circulation is proportional
to the spanwise loading) resulting from a constant angle of attack, a
constant rate of roll, and a constant rate of pitch. The wings considered
have an arbitraty taper ratio, leading and trailing edges that are
straight across the semispan and swept at a constant angle, and tips
that are parallel to the free-stream direction. The results are valid
for the range of Mach number for which the leading and trailing edges
are supersonic.

‘The results of the analysis are given in the form of generalized
equations for the spanwise distribution of circulation resulting from
a constant angle of attack, a constant rate of roll, and a constant rate =
of pitch. A series of design curves is presented from which rapid
estimation of the spanwise distributions of circulation can be made
for given values of aspect ratio, taper ratio, Mach number, and leading- hd
edge sweep., Some illustrative varistions of the spanwise distributions
of circulation are also presented.

SYMBOLS
A aspect ratio
B=\M2 -1
h spanwise coordinate of intersection of trailing edge of wing

and Mach line from wing tip

cy section lift coefficient
ACP pressure~difference coefficient
c chord .(subscript r refers to root chord) )

c mean aerodynamic chord
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d spanwise coordinate of intersection of trailing edge
of wing and Mach line reflected from wing tip

e spanwise coordinate of intersection of trailing edge
of wing and Mach line from leading edge of wing

g(xl) expression for that part of boundary of area 8y

not made up of Mach lines from point (x,y)(see
fig. 3)

g1(x,v), ex(x,y) limits of integration (see fig. 3)

H distance in chord lengths from wing apex to center-of-
gravity location for wing with a static margin
of 0.05¢
b wing span
cot App AB(1 + A)

cot A AB(L + A) - bmB(1 - A)

ccy spanwise loading

M Mach number

m cot A

P defined by equation (6)

jo) rate of roll

q rate of pitch

S1 area of integration

v free~stream velocity

X, ¥, Z rectangular coordinates (x-axis parallel to free-

stream direction)

X1, V1 auxiliary rectangular coordinates
a angle of attack
r spanwise distribution of circulation (defined by

equation (2))
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¢ velocity potential on wing upper surface
A sweep of wing leading edge (see fig. 1)
Arg sweep of wing trailing edge (see fig. 1)
A taper ratio
Eﬁ indicates a closed line integral
Subscript:
TE refers to wing trailing edge

ANATYSIS

Scope

The analysis is limited to calculations of the spanwise distributions
of circulation for wings of vanishingly small thickness that have zero
camber, The results are valid for a range of supersonic speeds for
which the leading and trailing edges are supersonic (the components of
free-stream velocity normal to the edges are supersonic), The wing
configurations considered are defined by the information and sketches
given in figure 1, These wings have an arbitrary taper ratio, stream-
wise tips, and sweptback leading edges, although the trailing edges may
be either sweptback or sweptforward. A further restriction is that the
Mach line from either tip may not intersect the remote half-wing.

Method

Basic considerations.- The evaluation of the spanwise loadings

generally requires the knowledge of the pressure distribution on the
wing surface or the knowledge of the perturbation velocity potential
along the wing trailing edge. These two quantities are related by the
following expression:

TE
ccy =Jf ACp dx = i frg (1)
IE v
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The spanwise distribution of circulation is related to the spanwise
loading and the trailing-edge potential by the following equation:

TE

ro2 | gy ax - 2pm -
LE

cey (2)

M| <

In the remaining sections the spanwise distribution of circulation will
be used in preference to the spanwise loading since flow-field calculations
are generally set up in terms of the spanwise distribution of circulation.

Determination of the trailing-edge potential.- The potential

function ¢ must satisfy the linearized partial-differential equation

of steady flow and the boundary conditions that are associated with the
wing in ite prescribed motion. The boundary conditions on a wing performing
the motions considered here are:

For a constant angle of attack,

@y = -av (z = 0) (3a)
For a constant rate of roll,

Bz = -py (z = 0) (3b)
For a constant rate of pitch,
| Bz = -ax (z = 0) (3c)

Note that, within the framework of the linearized theory, the boundary
condition for a wing with a constant rate of roll is also the boundary
condition for a wing which has a linear lateral twist and that the
boundary condition on a wing with a constant rate of pitch 1s also the
boundary condition on a wing which has linear camber.

The potential along the wing trailing edge can be determined by
Evvard's method (reference 6). From this reference the potential at
any point on the upper surface of the wing may be expressed as

- x1)2 - By - y1)?

@z
g(x,y) = - %ffSl T ax) dy; (W)
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The area of integration S3; is the area of the wing plan form within
the "effective" forward Mach cone from the point (x,y). Figure 2 shows
such a region of integration. For the motions of the wing considered
herein, the potential on the upper surface of the wing may be obtained

by substituting equations (3) into equation (4) and performing the
indicated integrations.

The evaluation of the integrals involved in finding the potential

can, however, be simplified by making use of the well-known relation
(reference 7, p. 181)

TR w0 - - o) e ®

From a comparison of equations (4) and (5) the function P(xj,y;) 1is
seen to be given by

¢z

(qmﬁ—-—f ay; (6)
V/ .

(x - x7)2 = BS(y - y1)°

Hence, from equations (3), (4), (5), and (6) the potential on the upper
surface of a wing is as follows:

For a constant angle of attack,

¢(x,y) - % 55 i "'l B<y - YI) d.Xl (7)

X—Xl

For a constant rate of roll,

X-Xl

g(x,y) = ‘ﬂ—% 5121% \](x -x)? - B2y - y)2 + vy stn B(y - n):l ax,
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For a constant rate of pitch,

-1 By -
ool (y - vy1)

a .
#(x,y) = Eggl X, st _-x_—x_l_ dxq (9)

The line integrals in equations (7) to (9) along the Mach lines from
the point (x,y) can be easily evaluated. The following expressions
for the potentials are obtained:

For a constant angle of attack,

o [ee(x) By - a(x1)
WW=%F-wm%@m@+lf2 13l - &)

1
B 8]_(X) X=X
(10)
For a constant rate of roll,
pYy
¢@w=ﬁ%-amw-@mﬂ+
g2(x) ,
;—%f \](x - x1)% - Bz{y - g(xl)}‘2 +
81(X) . ‘
-1 Bly - g(x
y sin 1 [y g l)] dx; (11)
X - Xl
For a constant rate of pitch,
2 2
dx,y) = L 42 [g1(x,7)] [g2(x,¥)]
X = — - -
S 2 2 ¥
gE(X) Bly - g(x
% x sin~l [ - & l)] dxy (12)

g1(x) * =X
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where g(xl) is the expression for that part of the boundary of the
area S1 that does not contain the Mach lines from the point (x,y),

and where gj(x) and gp(x) are the limits of integration which are »

actually the end points of the g(x3) boundary. (See fig. 3.) Note

that equations (10), (11), and (12) are applicable to any plan form to
vhich Evvard's method can be applied. Since there are no singularities
in the integrands of these equations they can be evaluated numerically
without difficulty.

RESULTS

Expressions for the trailing-edge potentials were either taken
from table I of reference 8 or found by the use of equatioms (10), (11),
and (12). The spanwise distribution of circulation was expressed as a
function of y by substituting the equation for the trailing edge into
the expressions for the potential difference between the upper and lower
surfaces of the wing. These expressions for the spanwise distributions
of circulation are presented for constant angle of attack in table I,
for constant rate of roll in table II, and for constant rate of pitch
in table III., The formulas are valid for either sweptforward or swept-

back trailing edges, the proper applications depending on the sign of k., >

The results of the calculations for the spanwise distribution of
circulation for wings with a constant angle of attack are presented in
figures 4 to 9, An index of these figures is given in table IV. Similar
results for constant rate of roll are plotted in figures 10 to 15 and
for constant rate of pitching about the wing apex in figures 16 to 21,
with indexes of figures for the two types of motions listed in tables V
and VI, These figures are equally applicable for sweptback or sweptforward
trailing edges.,

The results of the calculations presented in figures 16 to 21 are
for wings pitching about their apex, The spanwise distribution of
circulation for a wing pitching about an arbitrary point located a
distance xg downstream of the wing apex is given by

Ig' = ITq - — Ty (13)
q 17

where the subscript gq Indicates the spanwise distribution of circulation
asgociated with a pitching wing and the subscript o« indicates the

spanwise distribution of circulation assoclated with a wing at a constant

angle of attack. )
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Note that, if the total circulation of a wing is divided among
several lifting lines, the distribution of circulation associated with
each lifting line can be determined by the superposition of the distri-
butions of circulation associated with a number of wings. For this
reason the calculations were extended to rather large values of the
parameter AB.

Figures 4 to 21 indicate that in many cases the spanwise distribution
of circulation can be approximated very closely by simple curves. Thus
it is to be expected that for these cases the flow field behind the
wings could be calculated approximately by making use of these simple
curves that approximate the actual spanwise distribution of circulation.

Illustrative curves of the spanwise distribution of circulation for
wings with a constant angle of attack, a constant rate of roll, and a
constant rate of pitch are presented in figures 22, 23, and 2k,
respectively, In figure 24 the values presented were calculated by
equation (13) for center of gravity located to provide a static margin
of 0,05€, These figures show the effect on the spanwise distribution
of circulation of varying each of the parameters - aspect ratio, taper
ratio, Mach number, and leading-edge sweep - separately. Some specific
variations of the spanwise distribution of circulation with the position
of the axis of pitch are presented in figure 25,

CONCLUDING REMARK

On the basis of the steady linearized supersonic-flow theory the
spanwise distribution of circulation resulting from constant angle of
attack, from steady rolling, and from steady pitching was determined
for a series of thin sweptback tapered wings with streamwise tips and
with supersonic leading and trailing edges.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., October 24, 1951
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TABIE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK

p @B+ - 2]
b2 pn(1 4 Mk + 1)

Ra of Y Expression for circuletion along the spen; Mach
nee ;75 line coincident with leading edge
[ 2
0s X g b _bvab/e (Y2 aep2) y 3)2(1 - k2) + BKAB(L + A)X- + 1662 L
b/2 = v/2 xAB(1 + A) L(b/2)2 b/2 Kk
b ¥ < MZ(l-—y—)AB(l+h)(l+k)L+kk]
b2 % v/2 KAB(1 + %) b/2 b/2

p _ x[AB(L + 2)(Bn + 1) - lup)
3/27 7 BT+ A)(Bak + 1)

_ 2Buk[AB(1 + 3) - 3]
b/2  AB(1 + A)(Bmk + 1)

Range of Y Expression for circulation along the span; Mach
b;2 line intersecting tip

AB(1 + A)(1 - B2mPk)-L_ + LmBK
‘Emnk + 4B(1 + (1 - W Jeos ] b/2 .
BmEB(l + (1 - k)ﬁ5 + umm;]

2Vab/2

xcAB(1 + ANB%? - 1

Y h
o5 Sos
aB(1 + A)(1 + B2n%k)Y_ + LBk
EBmk + AB(1 + A)(1 + k)ﬁ-a-:'cos'l /2
BmEB(l + A1+ k)gy.z. + umm;]
2Va.'b/2‘7 2 ¥ ¥ [0 lmBx bmBk . _ _
x ,k(m-l)\[ (b/2)2\l+M) +h/2 AB(1 + 2) v kel +ma(1+)~) k = Enk
" - Y - _ 2 Y
mBk + AB(1 + A){(1 1:)W5 ot Eua(l + )1 - 3% k)m + l.msk] )
KAB(1 + A)\Bem2 - 1 BNEB(I + (1 - 1;)}73’E + hmBk]
h ¥y d
W2 S Sof

cos-1

4mBk

y 4aBk

E?E(l + k + 2mBk) + B 2k(mB + 1{} .
y
b72(l Sk + AB(Y + )

iBmk + AB(1 + A)(1 + k)ﬁg AB(1 + A1 + 132m2k)3¥E + hmBk

cos~1

EAB(1 + AN\B2m2 - 1 BmEB(l + (L + k)ﬁ-é + hmBlE]
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TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGIE OF ATTACK - Continued

Renge of -}»
ne b/2

Expression for circulation along the span; Mach
line intersecting tip

1A
o

A

—

o

\,p,
©
o
>

bmBx

y

2Vob/2 | buBk + AB(1 + )(1 + k)m e ﬁé(l - k + 2mBk) + m - 2k(mB - 1) .

x Pn2 BN _ lmBle
KAB(1 + A)\B2m2 - 1 b/2(1 k)+AB(1+U

.2 __ _L(l )+L_&_k+m+1 +hml;k+k_3mk

®(Bn + 1) | (v/2)2 v/2{_ AB(1 + ) AB(1 + 1)

_x[AB(2 + A)(Bm + 1) - bud]
827 4B(1+ M (mmk + )

. . bBk
b/2 " AB(1 + %) (Buk - 1)

Ra T
nge o 575

Expression for circulation along the span; Mach line from center intersecting
trailing edge and intersecting Mach line from tip

o
<
™
WA
4
N

2Vab/2 y N AB(1 + x)(1 - Bgmzk)7_ + LmBk
%L— baBk + AB(1 + A)(1 - k)—Z_|cos~
xsAB(1 + ANB%Z - 1 I: b/z] B"’Em(l (1 - k)‘f‘ + lmk]

AB(1 + A)(1 + Bamek)ﬁg + hmBk

[mBk + AB(1 + A)(1 + k)—- cos-1
b/2 EB(1+ AL+ k) m{l
b/2

2Va‘b/2r 2 .

v BM)+LE&+k+2mBk+1 .
Lﬂk( -1) (1:/2)2 b/2L aB(1+ ) AB(1 + 1)

4mBk + AB(1 + A)(1 - k)—7—

] Em(l + (L - Bamzk)ﬁg + lmalzl
XAB(1 + A)NBZn? -

BmEB(l + (L - k)#g N hmBk]

y 4mBl
- 7—b2(l+k+2m13k)+-T+—M--2k(mB+l)
C

Y B
AR e )

haBk + AB(1 + A)(1 + k)7— AB(1 + A)(1 + 32m2k)§5 + luBx
kAB(1 + ANB%? - 1 mEm(l + )1+ k)ﬁ.z- + kmnk]

y Kk
ovab/2 | MmBk + AB(1 + A)(2 - k)37§ N 2(1 + Kk + 2mBk) + — ot e - 2k(mB + 1)‘|+
B2 - 1 KAB(1 + A) R Ay
A _/'5(1 k) + AB(1 + N J
2{Bm + 1 v louBle Bk
—_\[F _(b/2)2(1+m)+W§E__._u(1+x)+k+aan+l +m_x+m

'
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TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGIE OF ATTACK - Continued

e Bk
b/2  AB(1 + A)(Buk - 1)

p _ K[B(L + A)(Bu + 1) - bud]

R b/2 AB(1 + A)(Bmk + 1)
\ /Ty v/2
y Expression for circulation along the span; Mach
il
Range © WE line from center intersecting trailing edge
- B2nfr) T 4+ b
SVab/2 AB(1 + A}{1 - B k)m»f Bk

xkAB(1 + A\YBPn? - 1

Emﬁk + AB(1 + A)(1 - k)—]cos'l +

v/2 BmEB(l + M1 - k)ﬁ—g— + hmm:_]

y e
° S1:; 2 s b/2
AB(1 + x)(l + B2n2k)T_ 4+ bmBk
Emmk + AB(1 + A)(1 + k)——]cos +
b/2, BmEB(l T k)_§_ + lﬂnBlEl
e ey cn 2Vab/2EmBk + AB(1 + W)(1 - k)ﬁ';_l

kKAB(1 + x)\|}32m§ -1

S
=
N
A
o
<
N
A
-

. ¥y y
2Vab/2 kmBk+AB(l+)~)(l-k)W§c —7§(l+k+2mBk)+ABl+)~ - 2k(mB + 1) \
o
n\JB 'm' 1 KAB(L + ) E/L2(l - k) + EwEY)
o I I (l+Bmk)+LE——-—-—+k+2mak+1 ... SRR
Vi (b/2)2 v/2L AB(1 + 1) AB(1+ &)

n _ 2[AB(1+2) - 2]
b7z~ AB(1 + )

Yy
Range of :'75

Expression for circulation along the span; Mach line coincident with
leading edge; unswept trailing edge

Lyab/2 \[_ ¥e 16

n (v/2)2 ¥ A%B2(1 + 22

Lvab/2
P \r b/2 l:/e AB(1+xJ
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TABIE J.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK - Continued

h _ AB(l + A)(Bm + 1) - imB

v/2 BmAB(1 + A)

a =21&13(1+>‘)-2
WE AB(1 + A)

Range of Expres§ion for ?irculation along th? §pan; Mach line
b72 intersecting tip; unswept trailing edge

L - BmaB(1 + A)-%

- 2Vab/2 [/ ( )cos—l WE

/2~ AB(L + & y

an hmB-AB(l»fx)m
oY s B
=3/2 " v/2

y
o BmAB(1 + x)% + b

[‘f .
b2 " AR+ A AB(1+X)$+1HDB

2Vab/2F 2 y2 y B imB
n Hﬁ\)_ (b/2)23m+ﬁEAB(1+x)+l+23{|+AB(1+x)_Bm_1+

BuAB(1 + )‘)17y§ .

1 [ 4By -1
B2 - 1\ (B ) »b/2] cos

¥
4mB - AB(1 + x)m

v/2 = v/2 = v/2
AB(1 + A)(L + 2Bm)Y— + 4mB - 2aB(1 + A)(mB + 1)
cos-1 /2 +
y
bmB - AB(1 + )»)175
B’ — BmAB(1 + x)ﬁz + 4
B(1 + X Y
+ ) AB(L + x)m + bmB
1Y . ;
2Vab/2 ool AB(L + A)(2uB - )57 + huB - 24B(1 + \)(Bm - 1) .
x \B2m2 -1 /2 AB(l + A) AB(L + l)7y_+ B
b/2
d < ¥ <
b/2 ~ v/f2 T

2 y2 y[ 4B
—\ - Bm + — |+ = - 1 + 2Bm| + ————+ 1 - Bm
(Bu + 1 (v/2)2 b/2| AB(1l + 1) AB(1 + ))
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TABIE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGIE OF ATTACK - Continued

b _AB(1+ A)(Bm + 1) - buB

~ b/2 BmAB(1 + A)
~
P
\>,
, \
) 4
o} 'l N\ b/2 L. T
s b
n 5 Z o /2 AB(1 + A)
Range of ¥ Expression for circulation along the span; Mach line from center intersecting trailing
b/g edge and intersecting Mach line from tip; unswept trailing edge
— B2m2
2Vab/2 [y bR L ipB - B2m2AB(1 + )x)ﬁ5
- — - cos~ -
Bom2 _ 1 \[b/2  AB(1 + %) BmEmB - AB(1 + x)wyﬂ
o€ ¥ <. b
b/2 T v/2

2 2 y
y LB a1 BmAB(1+x)b/2+ LmB
—_— cos
b/2  AB(L + A

BmEB(l + US}E + umB:l

2Vab/2 2 y2 y LB B
" VBm—l\]- (b/2)23m+mEAB(l+X)+l+2mB]+AB(1+x) Bo -1+

22 y_ .
N ’— Jam y:] a BEm2AB(1 + x)m 4mB
- - —=——| |cos
b/2

Vooa2 - 1| 8B+ %) Bl - 45(2 4 i

cos'll;B(l + A1 + 23111)}73(—2— + bmB - 24B(1 + A)(uB + 1)

LwB - AB(L + L)E}E

+

2
,:y . - —J a BQmAB(l+h)g;E+ 4mp
v/2 " &

v/2 " KB+ 0 °° mEB(1+x)B}5+hmB] ’

y

) 2Vab/2 v 4mB cosl AB(L + A)(1 + 23111)-,;75* ImB - 24B(1 + A)(mB + 1) )
nfpfu? -1 |[b/2 AB(1 + 2] bmB - AB(1 + A)-¥-
b/2

ye y 4mB 4mB
2VBm+ v- (b/2)2Bm+W§IEAB*(l+X)+1+2m§I +AB“(1+X)~Bm—1
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TABIE I.- CIRCUIATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK - Concluded

b/2  AB(L + )

h AB(1 + ))(Bm + 1) - kmB

/
e——/‘\,}k b/2 b_/—2_=

BmAB(L + )

J
Range of
ang o

Expression for circulation along the span; Mach line from center intersecting
trailing edge; unswept trailing edge

_ Bml Y
2Vab/2 [ 4oB - BZnZAB(1 + x)m
,(522 v/2 AB(l+k) Bu|lmB - AB(1 + M)
0< J <. ® G7E
=v/2 " v/
B2024B(1 + A)—— + hmB
[Y + h‘mB ]COS']' b/2
b/2 " AB(1 +3) BmEB(l + )L umﬂ
b/2
L A 2Vc.b/2
v/2 " b/2 T v/2 522 7 AB(1+x
y
AB(1 + A)(1 + 2Bm)—_- + L4mB - 2aB(1 + A)(mB - 1
2Vab/2 Y B s-l (1 +2)( m)b/2 + ( ) )
I c -
afpm? -1 |[p/2 AR+ ) B - AB(1 + \)-L
LI AP 1 Y
v/2 T v/2
2
R M O 2 I, . - NEURNE P R . SN
(b/2)2 b/2| AB(L + 1) AB(1 + 3)
/
Ve
// b AB(1 + ) - &
/2 b/2  AB(L + A) - (1 - 1)
/7
¥y Expression for circulation along the span; unswept leading edge; Mach line from

tip does not intersect remote half-wing

AE - - x)bIYE]

b
2vel
°2 AB(1 + X

U‘D"
™
[ITAY
o
e
N
W\
—

2Va,b/2/hE - - )‘)"ﬂ

AB(1+L(7—1)+2E-(1~)~)1;;
X \ AB(1 + A)

2E— (1 - x)?)%]

COS_l

i (- Sl - Jee e o wﬂ}

'
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL

17

b ex[AB(1 + ) - 2]
~ b/2  AB(1 + A)(k + 1)

Expression for circulation along the span; Mach
line coincident with leading edge

—-————8P(b/2)2 Y_fla2p2 2 2y ¥° Y m2l
31(AB(1+)»)’72-EB(1+X) (1'1‘)(1)/—2)2+81<AB(1+>~)W—2+161<}?

20(/2)" e B 2 2 M -
3y En/(_e(l - 3k) - 2+ AB(1 + x;,/‘?(l b/2)Eo/2(l +k) AB(L + x)]

b _k[AB(1 +A)(Bm + 1) - 4mB]
b/2 AB(1 + A)(Bok + 1)

_ 2Buk[AB(1 + ) - 2]

/2 AB(L + A)(Buk + 1)

Expression for circulation along the span;

¥
Range of m Mach line intersecting tip
2
ep(p/2)° | _y_/ y2 (1 - BPui?) + OBUE ¥ 16B°n2k?
k(B2 - 1)| v/2f (v/2)2 AB(L + &) b/2  APB2(1 + )%
2
)
1 [_ M 2(1 - k)(2B2Pk - 1 - k) + 8Bk (B“m“k - 1 EXE _
2k|B2n? - 1 Kb/e) AB(L + 2) /
. 1AB(L + M) (1 - BPm2k)Y_ 4 4mBk
o< X <. b _ 6P |1 (o + M O .
b/2 " v/2 APBP(1 + A2

¥y
BmEB(l +A)(1 - k)m + hmBlEl

El + k) (-2B%n%k + k - 1) y2 _ 8Bmk (B2mk + 1) ¥
(v/2)%  ap+n) B2

2. J
Y :Icos-l AB(1 + M) (1 + B°m k)—b/2 + bmBk
252 2 ¥y
APB2(1 + A I J
(1 +2) Bm|{AB(1 + M) (1 + k)b/2 + hmBlEl ;
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL - Contlnued

Y
Range of —
& /2

Expression for circulation along the span;
Mach line intersecting tip

29(13/2)2 oy _Y2 (1 - B2a%?) + 8Bmk 3o, 16B2m%%2 (B%02 = 1) -
(822 l)3/2 b/2 ib/e)2 AB(1 + 1) b/2  pA2R2(1 4 )2

[ 2 e o BuBk (B%m%%k + 1) Ea
o~ [(__(b/E)z 1+ k)(-2B%% + k - 1) Th i

2 y
1682022 conrl AB(1 + 1) (B + DWE + lbmBk
MZ

¥2 (1 - k)(2B%n%% - 1 - k
AZE2(1 + * Eb/z)e )(28 )+

BmEB(l AN+ k)‘%5 N umnﬂ

8Buk(Bm?k - 1) ¥

2 2 y
AB(1 + 1) (B°n%k - 1) - hmBk
16B2m2k2_| cos-L ( ) (B )b/e

B/2 7 b/2 " b/ AB(L A B2 251 4 02 sa83(1 4 1)1 - 0T+ ] "
,A-B(l +2)(1 + k + 2Buk)-T_ + kmBk - ZKAB(1 + \)(Bm + 1;]
cos~l b/2 -
AB(L + M1 - k)ﬁ + buBk J
1 [y oo,  luBk(lmB + 1) o5
— 1+ bmB - 2uBk - 2nfB%k) + 0 Y 1) L o Ly -
3\/1;!;/2(3114» + Bk) + ) + ( m“Bk
2
aanEJ (C R PP R AR g At HN. . SN .. - SN
(v/2) B/2[ AB(1 + 1) AB(1 + 1)
2
2p(b/2) ¥2 2<1 P2 5 1 - k) + 8Buk (B2mk + 1) ¥,
w2(B%n2 _ 1)3/2 {1 (v/2) AB(L + 2) b2
AB(L + A)(2Buk + 1 - k)Y - 2KAB(L + A)(Bm - 1) + hmB;I
elngmei;l cos™1 h +
AZBS(1 + 1) AB(l+l)(1+k)%+hmBk J
AP AP
b/2 = v/2

53"5,;/%(-31( +1 - B - 2nBk + 28%n%) + (-2k + 4320 - oumk) -

ek (baB - 1) lil (B - 1) | (1 + Buk) +LE—.—""’E‘ -k o+ omBk o+ 1) + —UBE Ly e
AB(1 + 1) (v/2)2 b/2| AB(1 + 1) AB(1 + 1)
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL - Contirued

n k[AB(1 + A)(Bm + 1) - tuB]
v/2 AB(1 + ) (Buk + 1)

£, hmBk
b/2  AB(1 + A)(Bmk - 1)

Expression for circulation along the span; Mach line from center intersecting

¥
Range of 1—)—/5 trailing edge ard intersecting Mach line from tip
2p(v/2)® [L [y 1w o2y, 8Buk ¥ . 168%AP
kn(B2n2 - 1)L b/QV(b/2)2\ Tt B . A) b/2 ¥ 22821 + 2)°
1 e 2 2 8Bok(B%n%k - 1) y
e[| (1 - W) (2P - 1 k) ¢ BT 2 Y
2] Y Eb/2) ¢ (e ) AB(1 +})  p/2
y <.h
oz v/2 s ¥/2 v
AB(1 + A)(1 - B2m@k)—>— + UmBk >
1682m2k2 . cos~1 b/2 _ El v k) (282 ¢k - )T
AZBR(1 + ) BmEn(l SRR hmEEI (v/2)
2207
8Bmk(B2n2k + 1) y 1682022 " AB(1+2)(1 + B ‘“2“)575 + 4Bk
AL+ w2 aEan . el 7
BmEs(l 00, kmmE]
b/2
2 -
_ R oy I ¥2 A1 - BPi?) + Bmmc vy 168%A2 S22 1y -
kn(B2m2 - 1)3/2 v/2}( | (v/2) AB(1 + ) B/2 APR2(1 4+ )
11”42 oRPufk + k. 1) L SnEE(BPnPk +1) y
= Eb/e)e(l + k) (-28%2% + k - 1) IRV
y
16822 :,cos'l 1201+ Mo 1).'3/'—2 + + [ v (1 - k)(ZBEmzk -1-k)+
22521 + 12 BmEB(l £+ k)% + hmmg] (b/2)®
y
B ¥ <o v AB(1 + A)(B%u%k - 1)WE - hmkB

SrBk(Bn? - 1) y 2685 N
AB(L + )  bB/2 A282(1 4 2)2

BmEB(l + (1 - k)%g + kmma

AB(1 +A)(1 + k + mk)#+‘+mnk- 2kAB(1 + A)(Bm + 1)

cos™t -
AB(1 + A)(1 - k)—Y_ + 4mBk
v/2
L—y——(31‘;+1+1uu}3- 2mBk - 2m2B2k) +M+ (2 - 4mPBZ -
3yk|b/2 AB(1 + 1)

__¥® y YmBk LBk
Mkﬂ‘/(m*fl){ (b/2)2(1+M)‘+mEm+k+m}(+l +m-g-m

19
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL - Continued

Expression for circulation along the span; Mach line from center intersecting
trailing edge and intersecting Mach line from tip

p(p/2)2 / ye 2 - 1) (2% - 1 - x) BuBk(B2mk - 1) y
(v/2) AB(1 + 1) b/2

k2x(B2m2. 1)3/2 v/2

168222 AB(1 + A)(1 + Xk + aan)ng + bmBi - 2KAB(1 + A)(Bm + 1)
5 cos-1
APBR(1 4+ 2)

¥
AB(1 + A)(1 - k)g/_2 + 4mBk

oYK B
—‘/——y—(3k+1+l+mB-Em.Bk-Zmesz)+mBk“(lmB£+_l)+2k_4m232k_
3 |v/2 AB(1 + A)

e y YmBk luBk
zmsﬂ \/Bm + 1)<~ (b/2)2(1 + Bmk) + WEA_F ~ X).+k+2mBk+a YRR ) Tk - B
e 4Bk

v/2 " EB(1 + W) (Bak = 1)

Lo kEB(l + M) (Bm + 1) - 4uB]
b/2 AB(1 + A)(Buk + 1)

Range of —.
8 YE

Expression for circulation along the span; Mach line
from center intersecting trailing edge

o

nA
e

A
®

o
n
2
n

ep(b/2)? ¥ / Y1 - i), OBk y 1682022

k(822 - 1)| b/2 (v/2)? AB(1 + ) b/2 A282(1 4 2)°

2 N
1 l:y“(l - k)(2B%m2% - 1 - k) +M_l) y
(

28202 - 1|l(v/2)2 AB(L+1x) /27

2(1 + k) (-2B%m%k + k - 1) -

J

2n2) Y
1682022 :Icos-l AB(1 +2)(1 - B m2k)m + LBk ) [ 42

APBR(1 4+ ) BmEB(l + (1 - k)gj—;2 + kmBlﬂ (v/2)

224
8Buk (B2r% + 1) y 1682022 AB(1 + M1 + B K)gyp + bmBk

- cos
AB(1 +2)  b/2 25201 , )2

BmEB(l + A1+ k)bj'*2 + hmBlE]

A

E‘
®
M)
o
mE
M
A
{‘,,
)

p(v/2)2 [y2 (1 - 1)(2B2Bk - 1 - k) + OBK(B2B - 1) ¥y 16p%3P

K2(B2n2 - 1)3/2|(v/2)2 AB(1 +1)  B/2 pepe(y x);] ﬁj
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TARLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL - Continued

Range of T

Expression for circulation along the span; Mach line

b/2 from center intersecting trailing edge
2 2 22, _
p(v/2) [ (1 - kX2B?nPi - 1~ k) + BuBk(BTm%k - 1) ¥
(B2 1)3/2 Lb/g) AB(1 + 1) b/2
’ ¥
AB(1 + A)(1 + k + 2mBk)—— 4+ L4mBk - 2kAB(1 + A){Bm + 1 s
168°mek? i‘jcos-l ( ( b/2 ( ) ) _
)
ASBE(1 + )\) AB(1 + A)(1 - k) 4+ hmBk
b/2
LI AP
bv/2 T /2 T
2y
‘/__(3k+1+ MmB - PuBk - onPBRy) o FUBE(EBR ¥ 1) o 22y o
3 |b/2 AB(1 + A)
2uBk |\ [(Bn + 1)< - (1 + Buk) + |- —2BBK iy onpsn] s —MEBE k- Bk
(b/2 b/2 AB(1+ A) AB(1 + 1)
n 2[R+ - 2]
b/2 AB(1 + )
o - b/2
\_h
Range of vy Expression for circulation along the span; Mach line
b/2 coincident with leading edge; unswept trailing edge
y h 8p(v/2)° |y ‘ 2 2 _¥°
o?__g-éib/—z -APB2(1 + 2) + 16
3mAB(1 + ) [b/2 (v/2)?
2
B < ¥ <, /2"y, H
v/2 T b/ T 31 bv/2 AB(1 + \) b/2 /9 AB(l + x)
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL - Continued

B _AB(1 +A){(Bm+ 1) - 4B
b/ BmAB(1 + ))

4 2fa(1+n) - 3

v/2° T AB(L + M)

Range of Expression for circulstion along the span; Mach

g/—g line intersecting tip; unswept trailing edge
2p(v/2)? / A 16 + 1 [ . 28%n2) +
#(B22 - 1) \ b/2 (1:/2)2 AZ2(1 +0)2 e I_b/2)2
y _n 8833y 16e2a2 T |" - BB+ )‘)b/—e 2 2822
O§b2<m w3 " —|cos - 2\l- ) -
AB(1 + A) #2821 « 0% [ - an(z » N e CE
b/2

Y
8B3m3 v 168202 conl BeAB(L + X)m + It
AB(1 + ) b/2 popay 4 )2 lﬁB(l + ML 4 hap
b/2

_% - Bmf(2m2 - 1 ¥2 16 1
(B2 - 1)3/2| b/2 ¢ 4y (13/2)2 42B2(1 + )2

y
1 O - ) - 883, 168%° Cos_llgwua(l + ).)h/—2 +h .
z b/2)2 AB(L+ ) /27 42521 4 )2 l—A—B(l W+ e
b/2

v/2)2 AB(L + 1)) A282(1 + 3)2 4zB - AB(1 + A)—2—

B y -
LY <X < 2 [ (1 - 2B22) + 883n3 - 168202 :] cos™1 w] -
b/2

b/2
y
4mB - AB(1 + ”W

Fs(l + 2)(2Bm + 1)_ + 4mB - 2AB(1 + A)(mB + 1) -
cos™1

-—[—(3 - omB ~ 282m2) +

2(1-2m232-m3)+MmL1] (Bu + 1)|-Bun —¥— _ B +1+EBm) ( 4B 1-Bm)
AB(1 + A (b/2)2 b/2 AB(l + ) AB(1 + A)

(v/2)2 &y

- 2B2m?) o
(822 - 1)3/2\ l:b/2)2(l 2% AB(L + %) v/2

¥
PU L6 ‘lcos_l[A_.B(l # 2 (68 - Vg - 2631+ N)(a - 1) + b _[_( s omm s st +
¥/2 = p/2 = BRQ + 02 [_ R

2(-1 + 20282 - mB hﬂ(hw'l)jl\/(m-l){ [ +a€]+£—+1_m}
AB(L + 1) (1:/2)2 v/2| aB(1 + N AB(1 + 1)
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TABLE II,- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL - Continued

b _AB(1 4+ A)(Bm + 1) - 4mB
EmAB(1 + A)

A
7 ; "\‘0\/2 e "
e,

b/2  AB(1 + A)

R of ¥ Expression for circulation along the span; Mach line from center intersecting
ange b/ trailing edge and intersecting Mach line from tip; unswept trailing edge
b/2
2 52
2p(b/2) B[~ ¥® 5+ 16 5+ 1 EA 2’1 - 2p%w?) +
2(B22 - 1)\ Y/2{ (v/2)® a%B2(1 + N7 ofEPE 1 || (v/2)
Ll - ¥
oL b | 8B v et ot Bt Myp| T2
= = 2
b/2 = p/2 AB(1 + 1) B/2 4282(1 4 ) LB - AB(1 + X)E/— (b/2)°
BuAB(1 + A)-2- + &
883m3  y 168212 cos‘ll— (2 + )WE *
/2 2
AB(L+ %) B/2 T 4282(1 + 1) !_,:B(l + )L+ bap
b/2
b/2 2
_ /R )2 -Bn 2| /(B2n? - 1)]- 1 Y S(1 - 28%n?) -
«(E2a2 - 1)3/2| ¥/ (b/e)2 AQBE(l )2 (v/2)
BmAB 1+ ———- 4
o3y 168%° :l GoMgmet mae 28202) +
2
AB(L + 1) v/2 42821 + )2 lis(l . x)— + buB Lb/2)
LIPS

83y __168%P I— =301+ Mo - b .
AB(1 + 1) b/2  a2B2(1 4+ A)2 LmB AB(L + Ub/?
AB(1 + A)(2Bm + 1)_"— + 4mB - 2AB(1 + A)(mB + 1)

coa~1 /
LmB - AB(1 + ).)—

b/2

4mB(4mB + 1:, -1 -
AB(1 + 1) \/(Bm * 1){ (b/2)2 b/?[ maan m{l EB(l + ) ' ]}

- _l:_(3 ~ 2mB - 2B2n2) + 2(1 - 2n2B2 - mB) +

b/2

L +
b/2[AB(x + 1)

AB(1 + 1)

O | I GRS S - B
(822 - 1)3/2\[(v/2) AB(1 + 1) b/2
16802 ] AB(l + A} (2Bm + 1)% + 4mB - 2AB(1 + A)(mB + 1) i _—(3 i e
4221+ 0)2 ‘hmB - AB(L + W)L /2
b/2
2(1-2:n232_m}3)+E(M1\/m+1) 2, 4nB
YA

1+2m€|+._ﬂ‘i_-1-nm
AB(1 + )

23
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL - Concluded

L.k
b/2  AB(1 + 1)

AB(L + A)(Bm + 1) - 4B
BmAB(1 + )

2.
v/

Yy Expression for circulation along the span; Mach line from center
Range of b2 intersecting trailing edge; unswept trailing edge
2 2 2
_M__BmL__y__* 16 5+ 1 [y (1 - 2B2m2) +
%(B2n2 . 1) b/2|[ (5/2)2 " A282(1 4 2 2‘52,,,2_1 | (b/2)2
h - mRAB(1 + M)
o I <2 o8l y _ 168%P ] O R
= /2 = p/2 AB(1 +2) ¥/2  42p2(1 4 3)2 [—mB AB(1 + A)-L_ o lLb/?)E
BmAB(1 + A)—2— + 4
8833 _ ¥y _ _ 168%n? oa-1 5/
AB(L + 1) B/2  z282(7 4 3)° L y J
(+ AB(1 + M) + kb
e ¥y b _B2? [ 52 (1< opa?) o 8By 6@ )
b/2 2 vj/2 7 p/2 (222 - l)3/2 (v/2)? AB(1 + 1) b/2  AZBR(1 + ).)_2_]
2
p(v/2) 2(1 . 2?) , 8By
2x(nfu? - 1)3/2 h/z) AB(1 + 2) b/2
AR Ay (EBm + 12 4 ke - 281 4 ) (mm 1)_|
B2y 1682u? b/2 Ml 'g[%(3-2m5-2m?)32)+2(1-
b/2 =v/2 = A2B2(1 + A)2 bmb - AB(1 + A) T J 3lp/2
b/2
an2x2-mn)+““("“*1] (Bn + 1)4- + 1+ 2m -1-Bm
AB(1 + 1) (b/2)2 b/z AB(l +A) AB(l + 1)
ho_ AB{1 + ) - 4
Y/2  AB(L 4 2) - A1 - )
Yy Expression for circulation along the span; unewept leading edge;
Range of ‘72- Mach line from tip does not intersect remote half-wing
1~ (1« a)—
y b 2 [ v/2
0 = < — v/2)¢ —me———— =
“v/2 T /2 a(o/2) AB(1 + ) b/2
W N BE - )‘)Wyﬁj v
- R (1--) (:L-——)AB(1+).)+1&1—(1-).) :I
3yAB(T + %) AB(1 + 1) b/2 b/2 DE 72
h ¥
AT
21 - (1 -2 AB(1 xL-) 21 - (1 - 2L
[ -0z e -y +2r-a o
AB(1 + 1) b/2 2T . R
[-o-ng
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TABIE III.- CIRCUIATION EXPRESSIONS FOR CONSTANT RATE OF PITCH

v 2k[aB(1+ 1) - 2]

b/2  AB(1 + A)(k + 1)

Range of J Expressi?n for.cix.'culati?n along.the span; Mach
WE line coincident with leading edge
2
o< ¥ <_}_1_ 8qB(b/2) ¥ o, by ] y2 1- k2 8 ¥ . 16
y/z T /2 3n b/2  AB(1 + M) || (p/2)2 %2 KAB(1 + ) b/2 A%B2(1 + )‘)2
\Bap(v/2)? 1-5%
2\2gB(D,
RPN Y g Sly o, M by ol B/Rly g, gy, M
v/2 " v/ 3r k[b/2  AB(1 + A)| b/2 ko p/e AB(1 + A)

b _ k[AB(1 + A)(Bm + 1) - 4mB]

1:75 AB(1 + A)(Bmk + 1)

d _ 2mBk[AB(1 + 1) - 2]

b/2 AB(1 + A)(Bmk + 1)

Range of Y Expression for circulatiorn along the span; Mach line
b72 from the wing apex intersecting tip

o
A
A

2
2q8(v/2) P_ oiws W[ 2 peaey, Oy
b

xmB(B2? - 1) |[p/2 AB(1 +2) k_2|_(b/2)2 aB(1 + ) v/2

-~
=2

A2B2(l + )2 Bn E'l k)L 4 4Bmk
b/2  AB(1 + A)

o
o
o
n

) 4Bkm
1l - B*m“k) +
L S 2)} cos-1 572" ) RN

¥° o - B2e2(k - 8Bk 22 LY
(b/g)Q(kar 1[-2 - B22(x 1ﬂ t BT k)(Bm 2 k)b/2+

R ) LBmk
16BmPx2(B%n? - 2) -1 Me(l * Bk AB(1 + 1)

cos
A2B2(1 + )2 BmEl )Y, lmBx
b/2  AB(L + \)

16B2m2Kk2
+ +
A%B2(1 + a)2

2
1 Y _(x - 1)[2 - B2k + 1)] + BBk o4 m2w2 o)X,
2k\1B2m2 -1 (b/2)2 AB(L + A) b/2

25
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TABLE III.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF PITCH - Continued

Y

v/2

Expression for circulation along the span; Mach line
from the wing apex intersecting tip

xkmB(B%me - 1)

2gB(b/2)2 ry (1 - B2nPi B8Bmk y 168°n°k?
[/2 AB(l 5] \]kELb/2)2 1 - Pke) +AB(l + ) g7§+ 2282(1 4+ 2)2 !

2 8Bmk 2 _ Y
Sk - [z - BBk + 1:| rivsy k)(k+B2m e)b/2+

1
oo - 1 {(b/2)

2
168°n2k2(3%n? - 2)} cos-1 _5_(32.3 k-1 - AB(l + %)

4Bmk
BmEl - k)% + AB————(l Y

APBR(1 + )2

Y (1+k+ 20Bk) + —KIB_ _ oi(np 4 1)

WE M . AB(1 + 1) + 2 2(k + 1)E2 - B2m(x - l)] +
Tk s 4mBk (b/2)

2 AB(1 + n)

cos -1

b/

v 2 Bk

SRR & G e ] B ot 21§ I

BN v/2 A282(1 + 2)2 Bm|El v o)L, bmBk
/2 AB(1 + 1)

%EI"}E(_G - B2k - 4mB + 2B3m3k + 58%02) + (28202 + MmBk - 283m3k) +

4Bkn(-6 - buB + 582?)) 1 P (14 Buk) 4 Y| fmBx +k+1+2amk:]+ L S
AB(1 + &) AxE - 1 (v/2)2 b/2[ AB(1 + 2) AB(1 + 1)

9
A

o
n
o
no

8Bmk(B%m2 - 2 - k)%-

2
qB(b/2) {( ye)g\k . 1)|:2 - B2uP(x - 1:'

wCmB(8en? - 1)3/2 || (v/2 AB(1 + A)

16822K2 (8202 - 2)}C 4 h/2(1 -k + 2Bmk) + AT—_( - (B - 1) Zkr-’a;g—_ 1[ ERPI

24282(1 + )2 e B
(1 +2) b/2(l+k)+AB(1+)~)

28303k + buB + 50782) + (UBkm - 28202k - 28%3K) + — P56 4 b +
AB(1 + )

e\l 1 ] ¥ | lmBx _bmBl .
5mBENk(mB+l){(b/2)2(1+M)+b/2 WL a) L gy o ke l)}
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TABLE III.~ CIRCULATION EXFRESSIONS FOR CONSTANT RATE OF PITCE - Continued
]
n _ k[AB(L + A)(Bm + 1) - kup]
b/2 " 7 AB(1 + A)(Buk + 1)
e _ 4mBk
o v/2  AB(1 + A)(Bmk - 1)
A NN

Range of
ane o

Expression for circulstion along the spen; Mach line from wing apex intersecting trailing

bemB ) I— Y2 (1 | poaee 8Buk y 1682022

)+

AB(1 + \) b/2

edge and intersecting Mach line from tip
2gB(/2)2 { .
4%82(1 + )2

knB(B2a? - L /2" WL+ 5] k2Lb/2

1 (k - 1)f2 - B2m2(k + 1 +imk__(k+B2m2—2)L+
e 1 {n/ . R e
y _ n
0% — S —
b/2 ~ v/2
y 5 o LBkm
. =21 - B%n"k) + ——— 2
__—_16E2m k (B2 - 2) \ cos1/ 242 A?él i Tk + l)E2 - Bgm2(k - l):l N
A%52(1 + 2)2 BmEl - k)g/L2 + A——B(lhf x)] (v/2)?
o oo I (1 + B%0k) + —(—ThmBk
8Bmk (822 - 2 - x)L M(Egu? - 2) b cos-1 b2 31+ A
AB(1 + %) b/2  APp2(1 4 )2 Bm@ b)Y 4 _lmBk T
b/2 AB(1 + A)
2aB(b/2)2 [L P S PN S 1682022 ] 1 e 1)[2 -
doB(82? - 1) |[0/2  AB(1 + )| 2| (v/2)2 KBOL 0 vf2 2B+ 0T acfpaee -1 ||(6/2)°
LBk
T (%P - 1) - 1
B2+ 1] ¢ Py w22 - )y A el R Y mrgy |
AB(1 + %) b/2  A2B2(1 + 3)2 Bm[l - k) Bk
—'}_ 2B(T + 0,
_L(1+k+2m]ik)+—(—-yhm - 2k(aB + 1) 2
cos—ll:/2 AB{L + + Y {k + 1)E2 - Bemg(k - l)J *
(1 - %) (v/2)2
b/2 AB(1 + 2)
b <y < e
v/2 " v/2 " b/2
S P __4Bmx
L RN N 15 - G - )| R ) 31+ B0k) & .
B+ N /2 22321+ )2 Yoy
BmEl * k)WE Sy

b/

2(6—B2m2k-hmB+21333k+51322)+(21322k+l+mnk-2333k)+

1

4Bkm(-6 - B + 58%n?)
AB(1 + A)

(1 + Bmk) + %

k(Bu - 1) b/2

[ k+l+2Bmﬂ —-k'(ms-rl}
AB(1+X) AB(L + 1)

- ¥2
(v/2)2
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TABLE III.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF PITCH - Continued

Range of ¥ Expression for circulation along the span; Mach line from wing apex intersecting trailing
v/2 edges and intersecting Mach line from tip
2
24B(b/2) 1 ¥2 (k- 1)[2 - B2k + 1)] + BB g2 ¥,
mmB(B2n? - 1) \ 21B2u2 - 1 | (v/2)2 AB(1 + ) b/2
UkemB
1+ k+ 2mBk) + —r——u -
168%A2 (852 - 2)] % /2( ) By m D .
A2B2(1 + 2)2 Y (1 . k) ¢ mBE
v/2 AB(1 + )
<F <
b2 Sv/2 *

1Y (6 - o2 - 3 22 2Pk 3
3l;7§(6 Bk - buB + 2B3w3k + 5B2:2) + (UBkm + 2820k - 2B3ndk) +

$Buk(-6 - buB + 5132m2ﬂ, 1 - ’1 v oBuk) + X[ __MBmk k+ 1+ ZBml{' o JmBk k(Bm + 1)
AB(1 + 1) (e - 1) (v/2)2 b/2L AB(1 + 1) AB(L + 1)

- 4mBk
b/2 " AB(1 + A)(Bmk - 1)

o k[AB(1 + A)(Bm + 1) - buB)
b/2 AB(1 - \)(Bmk + 1)

Range of —V_ Expression for circulation along the span; Mach line from
b/2 wing apex intersecting trailing edge
2qB( b/2)2 a2 (1 - BPn2i?) o BBk y . 168%3° ]
(1 - Y
B(B%n° - 1) /2 AB(l + 1) kZI_b/e)2 AB(1 + 1) /2 A282(1 + )2
2
R — (k- 12 - B2+ 1)) 4 0BT (L g2 Y,
2k{B2m? - 1 \](b/2) AB(1 + ) b/2
os Y g &
b/2 ~ v/2

LBkm

. b - 2mgk) P B,

168%0%K2 5 o b/2 (1-3 AB(L + W)

B2m2 - -1 —2 - Ber®(k -

PR P 2)} cos El o ma (b/ ——(k + 1)[-2 - Bk - 1)] +
b/2  AB(1 + 1), A)

LmBx

(1 B2 k —
+ B )+AB(1+X)

A??f_mkj)-wgme -2 - k)—j—' * 2121(3211121(2 2(32m2 - 2)} cos-1 b/[
+ b/2  A2B2(1 + A) - 1+k)_§_
AB(l + ),
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TABIE ITI.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF PITCH - Continued
.
Range of X Expression for circulation along the span; Mach line from
'D/2 wing apex intersecting trailing edge
2
2gqB(b/2 2 2nlx2(R2m2 -
es X s b a8(b/2) y2(1:-1)2-1321112(1:-»1):l+—__8’3“’k (k + B2n2 . ) L, L6BZnAP(Bo? - 2)
b/2 /2 xeup(p22 - 1)3/2 |(v/2) AB(1 + 1) v/2 APB2(1 + )2

=
A
A

o
)
o
~
n

[
qB(b/2) (k - l)[g - B2m2(k + 15] + . BBkm
AB

1 ¥2
hemB(8%n? - 1)%\321112 "1 |(b/2)7 (1+)

(k + B2nP- 2)-L +
b/2

2 (1 + Xk + 2uBk) + B 2k(mB + 1)
168°nPk?(B%n? -~ 2) | . _1|b/2 AB(1 + 2) .
A%8(1 + )° (1 k) 4 Bk
b/2 AB(1 + A)

1

5‘;73"5(-6 - B%0% - hgp + 2B3n3k + 5B%n?) + (LBkm + 282wk - 2B3wdk) +

YBnk(-6 - bmB + 58%n?)|
1B(1 + 1) i

1
k(Bm - 1)

S (1+amk)+_!_E___l‘B“'k +k+1+2Bmk]+——‘*“‘Bk - k(mB + 1)
(v/2)2 b/2| AB(1 + 1) AB(1 + )

n o _2[AB(1+ ) -2

b/2 AB(1 + 1)

Range of - Expression for circulation along the span; Mach line from wing apex
b/2 colncident with leading edge; unswept trailing edge
0s I s b seaB(o/e)® | 42 16
v/2 " v/2 3uB(L+ M\ (b/2)2  aPB2(1 + 1)2
2
LIPS aP efato/2) ) 20yl 3Ny, b
b/2 = v/2 3x a8z +n) " v/2 b/2/|v/2  AB(L + )
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TABLE III.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OR PITCH - Continued

AB(1 + A)(Bm + 1) - 4mB

b
b/2 BwAB(1 + A)

4 _2[E1 +) - 3
b/2 AB(1 + )

¥y
Range of ——
& /2

Expression for circulation along the span; Mach line from wing apex intersecting
trailing edge and intersecting Mach line from tip; unswept trailing edge

2qB(b/2)2 / 4B \/_ 2. 16 . 1 w2 .8y,
*(B2n2 — 1)&3(1 + MV (v/2)2  a282(1 + 2)2 fEE (v/2)2 " AB(L + 2) b/2

BB y
os Y <L 16B0(3n? - 2) cos"lF ¢ )‘)b/_e t + |-Bn 2 8 A
=%/2 = o2 A%BR(1 + 2R - 1—)/LEAB(1 + ) + boB (b/2)2  AB(1 + 1) b/2
— y
16Bn(B2a2 - 2](:09‘1 mBAB(1 + x)m + 4
AZB2(1 + )7 bB + -2 AB(1 + 1)
™ T2
2q8(b/2)? ,‘ 4B ¥2 16 1 / ¥2 8 y
- + — + -Bm 5 —_
(B2 - 1)lfB(l + MY (v/2)2 A2B2(1 4 2) 25202 '__.1\ (v/2)2  AB(L + 1) b/2
' ABmB(1 + X)L + k4
16Bm(B%m? - 2) cos1 b/2 + |-Bn y2 N 8 J_ .
A2B2(1 + 2)2 481 +2) + bap (v/2)2 " AB(1 + ) D/2
b/2
y I _ M8 s a1
by 168u(B%2 - 2) e mBAB(1 + )")575 -4 R yz(anm +1) + BETH (mB + 1) .
b/2 = pj2 = /2 A2B2(1 + A2 v o, boB
LmB e AB(L + 1) oy ey
1Y (2?4 op3g3 4B 2,2 2.2
—=—|-2—(-B%n® + 2Bm3) + ——— (-6 - 4B + 5B2m?) + LuB + 2BCm?
3Bn|b/2 AB(1 + A)
2
233m£|‘/ 1 -Bn —~. + 2] B + 1+ 2Bm +h+n3--(m3+l)
(@B - 1) (b/2)%  b/2| AB(1 + 1) AB(1 + 1)
¥ - 4mB
=—(2Bm - 1) + —— - 2(mB - 1)
llB(b/2)2 / B2n2 ¥? 68n A 16Ba(B%? - 2ilcc)s"l b/2( i AB(1 + ) +
aB(B%? - 1)3/2 (6/2)2  AB(L +2) /2 popay | )2 ..
b/2  AB(L + )
|ﬁ§2 -
d <2 <1 ; (8222 + 2B3m3) + AB—(-6 + boB + 50282) + 4B - 2B°m® -
DR 3 |v/2 AB(1 + 2)

u3 1__v_2LE_ﬂL_ :'_‘“L .
233:’/@+1{m(b/2)2+b/2 AB(1 + ) l+2Bm+AB(1+).) (2 Y
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TABLE III.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF PITCH - Continued

31

b _AB(L+ A)(Bu + 1) - kuB

b/2 BmAB(1 + )
1 /><\
o /j I\\\—W e L b
b o b/2  AB(1 + )
Range of Expression for circulation along the span; ‘Mach line from wing apex intersecting
trailing edge and intersecting Mach line from tip; unswept trailing edge
2qB(b/2)? / 4B y2 16 1 - y2 . 8 ¥,
7(B°n? - K‘B 1+ 0 | (o/2)2 A2B2(l + x)z 2522 - 1 (b/2)2  4B(1 + ) b/2
y
2.2 _ -mBAB(1 + A)=Z- + &
os ¥ g b 16Bn(B%u” - 2) | o-1 b/2 olpn ¥ 8 v,
b/2 " b/2 APB2(1 + 1) -2 4B(1 + A) + luB (b/2)2 AB(1 + ) /2
- 175
mBAB(1 + A + b
16Bu(B%n? - 2{1605_1 ( )1'55
£282(1 + 1) kB + L AB(L + A)
b/2
2qB(b/2)2 ‘> 4mB y2 16 . 1 pm Y2 8 v .,
7(B2n? - )|iB(l + 3 /2)2 A%+ M ofEe? || (/22 aB(1 + 3) B2
ABmB(1 + A)=2— + b
16Bm(B2m2 - 2) -1 ( )b/2 ¥2 8 y
(1| | e b/2)2 TR
A
i)—EAja(l + A) + lmB
- Y (o8 B
h ¥ <. & 16Bn(B%n® - 2) - EBAB(:L - )‘)_}— b -1l /2( o+ 1)+ AB(1 + A) 2(mB + 1)
375 = b/ =% —_— cos-1 + Cos +
A2B2(1 + )2

LmB— AB(1 + A) l- A LB
b/2  AB(1 + X)

ALY pepe 33) 4 B o 22
3BmE75(Bm +2Bm)+AB(l+X)(6 bmB + 5B2m2) + bmB +

2 . 2B3n3 1 2 L oy [ _ s b
282 2Bm:N(mB_l){B AL b/g[AB(1+X)+1+2Bm I (mB+1)}

{I
o
Ny

A

o
a
A

)

——-(28m + 1) + linB

aB(v/2)2 o2 Y2 8m 16Bm(82 2 - v/2 ey X
(n/2)2 ‘

nB(neB2 - 1)3/2 | TR0 b2 4281+ 02 Ty, o
v/z  AB(1 + 1)

— 8 (6 - buB + 5m2B2) + LbuB +

2\Be? - 1[)’ (-32x2 + 28313) +

AB(l + 1)

2B2m2-2E3mj 1 ¥y [ B ], B - (mB + 1)
mB - 1 (b/2)2  v/2| AB(1 + 1) AB(1 + 1)
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TABLE IIT.~ CIRCULATION EXPRESSIONS FOR CONSTANT BATE OF PITCH - Concluded

©/2 " AB(L + %)

h _AB(L + A)(Bm + 1) ~ 4uB

b2 BuAB(1 + 1)
Range of Y Expression for circulation along the span; Mach line from center intersecting
ge b/_g trailing edge; unswept trailing edge
Ul A A U NSO S
«(B? - \B(L+ ) | (b/2)2  A22(1 4 0P ppEE g (b/2)2  AB(L + 1) b/2
— ¥
-mBAB(1 + A i
og L g.e | 1Bm(ER- g vl X8 v,
= /2 % bf2 2282(1 + 0)2 | - ?3/’.5 AB(1 + 1) + 4B (b/2)2  AB(1'+ 1) b/2
= y
16Bn(8%02 - 5 con-l mBAB(L + l)b/—z + b
A282(1 4+ 2)2 buB + L AB(1 + 1)
L b/2
c <Y < B aB(n/2)? g2 92 . 8 Y, 16Bn(B%n? -
ET bR/ (822 - 1)3/2 (5/2)2 aB(1 +2) /2" 425201 4 2)2

2 (2Bn - 1) + B -
aB(v/2)? a2 32 _ By 16Ba(s%? - 2] oenl 1;/2(2}3"1 Y ey - 2 - )
an(ue? - 1) 72 (v/2)2  AB(L+2) 8727 Taga 502

o bmB
b/2 " AB(1 + x)

+

oy WP _1[y oo ag UBm . o Pp2 2n2
b/z-sb/2=<1 = 2(}3111 +28m)+AB(1+)\.)(6 4oB + 5w"B2) + huB + 2BPm2 -
2B3mﬂ 1 pp ¥,y [ bR +142Bn| 4 0B _ (mB + 1)
(uB - 1) (b/2)2  b/2 AB(L + 1) AB(1 + 1)
b AB(1+2) -k
b/2  AB(1 + 2) - &(2 - A)
¥ Expression for circulation along the span; unswept leading edge; Mach line
Range of /2 from tip does not intersect remote balf-wing
Y < b 16qB(b/2)2 2
0< <= L (1) 41
T2 %2 AZB2(1 4 x)z[b/z(
2 y
8] Y (1.2 - 1] A Y - (1 -0
ama(ey2)?{ 5722 - ¥ Y e e e | .
2p2 2 (1 - A
"‘\AB(1+L) 21- (1 )')b/z
ho< ¥ <
©/2 < §J2 =
y y
ﬂE'b/_E(l'xﬂ +m(1“')(ﬂ5_1> (b”_z. }43(1 + 2) u;E- (1-).)155:,}( .
3[aB(1 + 23] 3/2 / v/2
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TABLE IV.- INDEX TO CURVES FOR CIRCULATION ALONG THE SPAN FOR CONSTANT ANGLE OF ATTACK,
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TABLE V.- INDEX TO CURVES FOR CIRCULATION ALONG THE SPAN FOR CONSTANT RATE OF ROLL,
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TABLE VI.- INDEX TO CURVES FOR CIRCULATION ALONG THE SPAN FOR CONSTANT RATE OF PITCH,
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Figure 2.- The area of integration associated with a point (x,y) on the
wing trailing edge.
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Figure 7.- Continued. A = 0,50,
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(f) AB = 20.

Figure 20.- Concluded. A = 0.75.
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(a) Variation with Mach number. A = by A = 30° A =0.5.
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(b) Variation with aspect ratio., M = 1,53; A = 309; A = 0.5,

Figure 22.- Some illustrative variations of the distribution of the
circulation along the span with Mach number, aspect ratio, sweep-
back, and taper ratio for wings at an angle of attack,
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(d) Variation with taper ratio., A = 4; M = 1.53; A = 30°,

Figure 22,- Concluded.
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(b) Variation with aspect ratio.

M= 1.53; A = 30°; A = 0.5.

Figure 23.- Some illustrative variations of the distribution of the
circulation along the span with Mach number, aspect ratio, sweep-
back, and taper ratio for wings with a constant rate of roll,
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(d) Variation with taper ratio. A = 4; M = 1.53; A = 30°,

Figure 23.- Concluded.
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(b) Variation with aspect ratio. M = 1.53; A = 30° A = 0.5.

Figure 24,- Some illustrative variations of the distribution of the
circulation along the span with Mach number, aspect ratio, sweep-
back, and taper ratio for wings with a constant rate of pitch.
Static margin of 0.05c. ‘
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Figure 24, - Concluded.
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located at wing apex

Q. CG.

10

cg. located a distance H chord lengths
downstream of wing apex

2
BEF
A
-4 cg located a distance 2 H chord
lengths . downstream of
-6L

Y
b/e

() M =1,25; A = k4; A =30° A =o0.5.

Figure 25.- Some illustrative variations of the distribution of the
circulation along span with the position of the axis of pitch for

wings with a constant rate of pitch.
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Figure 25,~ Continued.
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Figure 25,- Continued,
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cg located at wing apex.m

c.g. located a distance H chord lengt hs
\ donnstream of wing apex

(d) A=154% A =1L4; M=1.8 A =0.75.

Figure 25.- Concluded.
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