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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 LEADING 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 either 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 

A knowledge of aerodynamic spanwise loading is of great value in 
performing aerodynamic calculations. In references 1 to h  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 is 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 connection 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 
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 surface's 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- 
edge sweep.  Some illustrative variations of the spanwise distributions 
of circulation are also presented. 

SYMBOLS 

aspect ratio 

B = \JM2 - 1 

h spanwise coordinate of intersection of trailing edge of wing 
and Mach line from wing tip 

Cj 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(x^) expression for that part of boundary of area S]_ 

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

fig. 3) 

g±(x,y))  g2(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 0.05c 

b wing span 

V - 
cot 

cot A 

AB(1 + X) 

AB(1 + X)  -  4mB(l - X) 

ccl spanwise loading 

M Mach number 

m cot A 

P defined "by equation (6) 

P rate of roll 

q. rate of pitch 

Sl area of integration 

V free-stream velocity 

x, y,  z rectangular coordinates (x-axis parallel to free- 
stream direction) 

X]_, y-j_ auxiliary rectangular coordinates 

a angle of attack 

T 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. l) 

Arjrg sweep of wing trailing edge (see fig. l) 

X taper ratio 

indicates a closed line integral 

Subscript: 

TE       refers to wing trailing edge 

ANALYSIS 

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 hy 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 

LE 
ccz = /   ACp dx = - ^E (1) 
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The spanwise distribution of circulation is related to the spanwise 
loading and the trailing-edge potential by the following equation: 

oTE 
r = 2 /   0X dx = 2fe = 1 ccz (2) 

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 0 must satisfy the linearized partial-differential equation 
of steady flow and the boundary conditions that are associated with the 
wing in its prescribed motion. The boundary conditions on a wing performing 
the motions considered here are: 

For a constant angle of attack, 

0Z = -aV (z = 0)      (3a) 

For a constant rate of roll, 

0Z = -py (z = 0)     (3b) 

For a constant rate of pitch, 

0Z = -qx (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 is also the 
boundary condition on a wing which has linear camber. 

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

0U,y) = - i ff      , ^ dyx   (4) 
*      Sl sJU -  *l)2 - B2(y - Yl)2 
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The area of integration Si 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 he obtained 
by substituting equations (3) into equation (k)  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. l8l) 

rröPU^yiJ r 

JJ —ä äxi ^ = " J)p(xl'yl) ^l ay- (5) 

From a comparison of equations  (k)  and (5)   the function    P(xi,yi)     is 
seen to be given by 

r(xi,yi) = - i 
0z 

nJJ(x - xi)2 -B2(y - yi)2 
<3yi (6) 

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

For a constant angle of attack, 

0(x,y) = Ä ^ sin"1 B(y - ^ dxi 
JSl X - Xn 

(7) 

For a constant rate of roll, 

0(x,y) _P_ 
«B Si 

J J(x - Xl)
2 - B2(y - yi)

2 + y sin"
1 ^LZ^ 

X - Xn 

dXn 

(8) 
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For a constant rate of pitch. 

0(x>y)  = — 6    x    sin 
rtB ^Si 

. -l B(y - yi) 
CLXn (9) 

X   -   X]_ 

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, 

0(x,y) 
2B 

2x - Bi(xfY)   -  g2(x>y) 
aV g2(x)  _i B[y - g(xi3 

+ — /     sin 
& JSl(x) x - x^ 

dX]_ 

(10) 

For a constant rate of roll, 

0(x,y) = 
py 
2B 

2x - gi(x,y) - g2(x,y) 

,gp(x) 

riß 

pg2W   r 

/      \  V 
'gl(x) 

(x - X1)
2 - B2 y - g(xx) 

y sin 
-1 B[y - g(Xlj] 

dXn 
Xl 

(ID 

For a constant rate of pitch, 

0(x,y) = i <! x2 - 
[gl(x,y)]2  [g2(x,y)] 

S2(x) „, _-i B[y-g(x!)] 
^gl(x) 

x^ sin' dxn 
x - x^ 

(12) 
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■where g(x]_) is the expression for that part of the boundary of the 

area Si that does not contain the Mach lines from the point (x,y), 

and where g]|_(x) and g2(x) are the limits of integration' which are 

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

that equations (10), (ll), and (12) are applicable to any plan form to 
which Eward'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 equations (10), (ll), 
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 k  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 l6 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 l6 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 x^ downstream of the wing apex is given by 

^    *  aV 

where the subscript q indicates the spanwise distribution of circulation 
associated with a pitching wing'and the subscript a indicates the 
spanwise distribution of circulation associated with a wing at a constant 
angle of attack. 
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JNote 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 24, 
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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TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK 

h    _ 2k|ÄB(l + X)   - 2] 

^72     AB(1 + X)(k + 1) 

Range of w Expression, for circulation along the span; Mach 
line coincident with leading edge 

0 < J_S-!l- 
b/2      b/2 

kVab/2 
nAE(l +  X) I jo/2)' 

A2B2(1 + X)2(l - k2) + 8kAB(l + X)J^ + LSlc2]-^ 

h < y <r 1 
b75gt75-x 

jt^kAB(l 
iga^->a(i.-L)[L 
AB(1 + X) \   \        K/2/L 

AB(1 +  X)(l + k)-2- + 
b/2 

Itkj 

h    _ k[ÄB(l + X)(Bm + 1)   -  l«nB] 

o75 AB(1 + X)(Bnk + 1) 

d 2Bmk[ÄB(l + X)   - 2] 

V2      AB(1 + X)(Bmk + 1) 

Range of -y- Erpression for circulation along the span; Mach 
line intersecting tip 

0 S -i- S y < * 

(AB(1 + X)(l - B£iA)-£- + lunBk 

fc-Bk + AB(1 + X)(l - «JPco.-'l J 3£  
L                                     ^           [B»|ÄB(I + X)(l - k)^ ♦ to] 

2Vqp/2 

*kAB(l + x^: 

b72 " tT? 
IAB(1 +  X)(l + B2m2k) y    + 1«^ 

tank + AB(1 +  X)(l + kJ-iHcos-1 J Ell  
J IBHI|AB(1 +  X)(l + k)-i- + lunBkl 

2Vab/2 2 

H ^k(Bm - 1)\ (b/2)2 
1 + Bmk) + JLt:_iE2S_+k+2BBk+ll + -J22i— -k- 

b/2|_AB(l+X) J      AB(1 + X) 

h   <  y   <  4 

b72 = b72 " b75 

IlinBk + AB(1 + X)(l - k)rTj / [-[ÄB(1 +  X)(l - S^k)-^- + IwBkj 

kAB(l + X)^B2m2 -  1 I | Bm[AB(l + X) (1 - k)^ + tek] 

-?-(l + k + 2mBk)  +       ^     t   - 2k(mB + 1) 
b/2         AB(1 4- X)  ' 

IfflBk y  (1 .  k)  + —, r 
b/2 AB(1 +  X) 

tank + AB(1 + X)(l + k)-Z- (AB(1 + X)(l + &A)-Z- + IttnBk I 
b/2 i    ] b/2 
 i— cos -1-   ' ' 

kAB(l + XNJB2„2 .  i I BmlÄBd + X)(l + k)-3- +  faBk] 
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TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTAHT ANGLE OF ATTACK - Continued 

Range of 

b/2 ~ D/? 
= 

Expression for circulation along the span; Mach 
line intersecting tip 

2Vab/2  J tak + AB(1 + X)(l + *)»- 

^  T 1 cos-1 
kAB(l + X)yB2m2 - 1 

V2        AB(1 + X) 
2k(mB - 1) 

-Ul + k) +     >Bk 

K/2 AB(1 + X) 

Vk(Bm + 1)   ^     (b/2) 
-(1 + Bmk) + 

h/2|_AB(l+X) J      AB(1 + ; 

h        k|ÄB(l + X)(Bm + 1)  - W] 

^72 AB(1 + X)(Bmk + 1) 

e    =  trnBk  
h/2 " AB(1 + X)(Bmk - 1) 

- b/2 " b/2 

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

 ■       2Y7^ P^Bk + AB(1 + X)(l - k)4-lcos-l 
itkAB(l + X)^B2m2 - l\L b/2J 

AB(1 + X)(l - B2m2k)-£- + l«nBk 

BmlÄBd + x)(l - k)-t- + ltmBk] 

-B_<_£_< _e_ 
h/2     h/2 " b/2 

r-                                                 „_               AB(1 + X)(l + B2m2k)-2- 
hMBk + AB(1 + X)(l + k)-tncos-l.|  *K 

Bm|ÄB(l + X)(l + k)-2- + 

AB(1 + X)(l + B2m2k)^ + limBk 

InnBkj 

2Vah/2 y2 v 
i —w ^U + Bmk) + — 
^k(Bm - 1)\     (h/2)2 h/2 

f-      ^       +k+2mBk+l"h      ** 
L AB(1 + X) J      mi + x) 

Wik + AB(1 + X)(l - k)^g / f    |ÄB(i + x)(l - B2m2k)^ + tak] 

kAB(l + xWB2m2 -  1 \ I"    „   r   , .. ,  „ n 1 \ L l^1 + >b)(l " k)b72 + 4lBkJ 

h/2 " h/2 

& (1 + k + 2mBk) 4mBk 
AB(1 + X) 

2k(mB + 1) 

-2-(1 _ lr)  +      JHimB 
W k)  + AB(1 + X) 

taBk + AB(1 + X)(l + k) ' fAB(l+ X)(l + B2m2k)  y    + tak 
 _ —t— cos"1  J "/2  

M*(l ♦ X)^^~rj |Bm|^B(l + x)(l + k)_^_ + ,^-j 

_2Vgb/2      J^k + ABd+XHl-k)^ 

:^B2m2 - 1 I kAB(l + X) 

l«nBk rfe(l + k + 2mBk) + —,  
V2        AB(1 +  X) 

2k(mB + 1) 

-2_(l - k) +      1"™B 
b/2 AB(1 + X) 

^-i.L _^i-d + Bmk) ♦ -i-F-Jffil 
^      \J    (b/2)2 D72|1 AB(I + ; ■ + k + 2mBk + 1 ■H  +      tmBk 

J      AB(1 + 
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TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK - Continued 

lunBk 

b/2  AB(1 + X)(Bmk - 1) 

h    _ k[ÄB(l + X)(Bm + 1)  - ItfflB] 

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

Range of w 

o<J>  $4- 
b/2  V2 

_£_<_y_<_S_ 
b/2 " b/2 - b/2 

h ,^<1 
b/2 " hjz 

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

jtkAB( 

gVat/g - \\kmEk * AB(1 + X)(l - k)4-lcos-l 
1 + X)^B2m2 - 1 U- b/2j 

-, |AB(1 + X)(l + B2m2k)-4- + IwBk 
[tank + AB(1 + X)(l + k)-i- cos"1 \— ' '- — 
L V2J BmfÄBd +  X).(l + k)J^ +  IhnBk] 

AB(1 + X)(l - B^k)-?- + 4mBk 

BmL(lB(l + X)(l - k)-t- + lunBk] 

2Vab/2 [imBk + AB(l + X)(l - k)^gl 

kAB(l +  X)\JB2m2 -  1 

2Vab/2 

itjB2in2  .  1 

IrnBk + AB(1 + X)(l - k) 

kAB(l + X) 

^(1 + k + 2mBk) 
ItmBk 

+ AB(1 + x)   - 2k(-B + l5 

-*-(l 
V2 

- k)  +      *■*»    , 
AB(1 +  X) 

pf VF  y (b/2) 
1 + Bmk)  + -2- - 

b/2LAB(l + X) 
+ k + 2mBk + 1 

J      AB(1 + X) 

h    _ 2|ÄB(1 + X)  - 2} 

^ AB(1 + X) 

Range of m Expression for circulation along the span;  Mach line coincident with 
leading edge;  unsvept trailing edge 

" b/2  " b/2 
itVab/2 16 

(b/2)2      A2B2(1 + X)2 

<   -T- <    1 
ltVa.b/2 

b72 " b72 " 
,2/i --UpL + i!_J 
\    V        b/2y|b/2      AB(1 +  X)J 



Ik NACA TN 26^3 

TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK - Continued 

7' ''{ V2 
£-b       I— a. 

h    _ AB(1 + X)(Bm + l)   -  1MB 
b/2 BmAB(l +  X) 

d    _ 2[ÄB(1 + X)   - 2\ 

W AB(1 +  X) 

Range of o7i 
Expression for circulation along the span; Mach line 

intersecting tip;  unswept trailing edge 

os JL. S   * 
b/2      b/2 

2Vab/2 

- 1 [b/2 " AB(1 + X)JC S 

k- BmAB(l + 
^ 

imB - AB(1 + 
^ 

[~~y 1MB     ~| 

1^2 + AB(1 +  X.)JC R-l 
BmAB(l +  X)-V- + 4 

b/2 

AB(1 +  X)^ + ltmB 

h   <    y   ^    d 
b72 "" b72 " b75 

2Vab/2 

^ 
.^r. 4mB 

(b/2)2 b/2|_AB(l + X) 
+ 1 + 2Bm 

~~1 1MB 
m    +   
J      AB(1 + -x) 

1 + 

m2 _  ! 1  |AB(1 + X)      -b/2J 1 

1 +  X)b/2 -  * 

1MB - AB(l + X)-?- 
b/2 

E-l 
AB(1 + X)(l + 2Bm)-4- + 1tmB - 2AB(l + X)(mB + 1) 1 

1MB - AB(1 +  J.)-y- J 
[~y    +        ltmB 
|^75     AB(1 + X) 

BmAB(l + X)-^- + k 

AB(1 + \)-X- + 1MB 
b/2 

2Va,b/2 

b/2 " b/2 " 

^B2m2 -  1 

1MB 

b/2      AB(1 + X)_ 

AB(l +  X)(2mB -  l)-y- + lunB - 2AB(l + X) (Bm - 1) 

AB(1 + \)-2j- + lunB 
b/2 

^Bm + 1 f=\ (b/2)s 

y 

b/2 

1MB 

AB(1 + X) 
1 + 2Bm    + ■] 

1MB 

AB(1 +   X) 
+ 1 - Bm 
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TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK - Continued 

h    _ AB(1 + X)(Bm + 1)   - WB 

b/2 BmAB(l + X) 

<ST. \b/2 
b/2      AB(1 + X) 

Range of 
b/2 

0 -S-2-« -i- 
b/2      b/2 

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

2Vab/2 

4i2^ 
4mB 

b/2      AB(1 +  X) 

lHnB - B2
m2AB(1 +  x; 

b/2 

BmOiniB - AB(l + *■)-£] 

Q_ + k-mB     1 
[b/2      AB(1 + X)J 

B2m2AB(l +  X)-i- + 4mB 
cos-1^ Vg 

BmlÄBd +  X)-^- + Wij 

b/2      b/2      h/2 

b/2      b/2 

2Vab/2 
Bm + 

VB2m2 -  1 

^B^TTy     (b/2)2 V2 

FjMB yl 
|AB(I + X)     b/2] 

X^M_ +l+2mBl + _J!2B- 
2[_ AB(1 + X) J      AB(1 + X) 

1   + 

B2
m2AB(l + X)-i- - l*mB 

BmfitmB - AB(l +  X)~?-l 

AB(1 + X)(l + 2Bm)-?- + l»mB - 2AB(l + X)(mB + if 

4mB - AB(l +  X): 

b72      AB( 
llmB    ~1 
TTT)f 

b/2 

B2m2AB(l +  \)-Z- + 4mB 
b/2 

BmfÄB(l + x)-£- + ltmB~] 

2Vab/2 

,Jß2m2 - 1 

hmB 

£/2      AB(1 +  \)_ 

AB(1 + X)(l + 2Bm)^ + lfcnB - 2AB(l + X)(mB + l)" 

taB - AB(1 +  X)-2- 
b/2 

' I     (b/2)2 ^L AB(1 + X) 2°^|      AB(1 + X)       "" • 1 
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TABLE I.- CIRCULATION EXPRESSIONS FOR CONSTANT ANGLE OF ATTACK - Concluded 

b/2      AB(1 + X) 

h        AB(1 + X)(Bm + 1)   -  1«B 

b/2 BmAB(l +  X) 

Range of 

0 < —r- 4 —7- 
" b/2      b/2 

-i-S JL^   h 

b/2      b/2      b/5 

b/2      b/2 

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

2Vab/2 "y 4mB 

b/2      AB(1 + \)_ 

1l(mB - B2m2AB(l + X)-?- 

BmfÜmB - AB(l + X)-^-| 

B2m2AB(l + X)-2- + IhnB 
ry +    to nCOB-ij v?.  
[b75      AB(1 +  X)J 1Bm|^(l +  x)_2_ +  ^ 

fab/2    r    y ItmB     ~| 
-2-^|_b72 + AB(1 +  X)J 

2Vab/2 

2Vab/2 

b/2      AB(1 

ItmB    ~1 -, 
  cos"-1- 
(1 +   X)J 

AB(1 + X)(l + 2Bm)-2- + lunB - 2AB(1 + X)(mB - 1) 
 V§  

ItmB - AB(1 + X)- 
b/2 

2\fB 
(b/2) 2 f, 

y-P        '"°B        + l+2mB]  +—!«- 
■/2[_ AB(1 + X.) J      AB(1 + 

h AB(1 + X)   -  h- 

b/2      AB(l + X)   -  1*(1 -  X) 

Range of W 
Expression for circulation along the  span;   unswept leading edge;  Mach line from 

tip does not intersect remote half-wing 

b/2      b/2 
f-(1-^ll 

2 ] AB(1 + X) 

b72 " b/2 

2Vab/2 
[I-(l-X)^ ABd+Xj^-l^fT-a-X,^] 
— ; ; —   COS"1    ^ == ——   + 

AB(l + X) 2[I-(1-X)^] 

AB(1 +  X) (^{fe-1)"'1-^-'1-^" 
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TABLE II.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF ROLL 

3         ■   S 
si                — 

•*   T 
L—h 

h        2k[ÄB(l + X.)  - £} 

"*v                                          b/2      AB(1 + X)(k + 1) 

o/2 

y 
Range  of    — 

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

0<4-<JL 8P(V2)2     y  / 
3=tAB(l + X) V2jl 

A2B2(l + X)2(l - k2)     y    0 + 8kAB(l + X)  ^    + 16k2 

(V2)                     b/2 
1 

k2 

*      y „ , 2p(V2)2 
y    1^            ->1.\           m,     ,              ^k h - &> -i-(l   +   k)    +   —; r- 

b/2                     AB(1 + X V2 " V2 3*k/k 5/ 2
K AB(1 + X) 

h    = k[ÄB(l + X)(Bm + l)   - kmBJ 

V2 AB(l + X)(Bmk + 1) 

d    _ 2Bmk|ÄB(l + X)   -  f] 

h/2      AB(1 + X)(Bmk + l) 

Range of 
I/2. 

Expression for circulation along the span; 
Mach line intersecting tip 

gp(yg)' 

krt(B2m2 -  1) 
JL,LZI_(I . BW) +    

8Bmk--- -y- löB^k2 

V2|f(V2)' AB(1 + X)  V2      A2B2(l + X)2 

o< _Z_< JL_ 
- V2    V2 

2k|/B2m2 -  l| 

löB^k2 

A^Cl + X)2. 

(V2)' 

cos"   .< 

5(1 
k)(2B2m2k -  1 - k)   + 8B^(B2m2k - I)     Y    _ 

AB(l + X) V2 

AB(l + X)(l - B2m2k)-^- + 4mBk 
h/2  

■ AJ AB(1 + X)(l - k)—— + 1+mBk '] 
(1 + k)(-2B2m2k + k -  l) 

V2 

B2m2k + 1)    y 

löB^^ 

A2B2(1 + X)' 

=-1. 

(V2)2 AB(1 + X) V2 

AB(1 + X)(l + B^k)— + i+mBk 

[Bm]ÄB(l + X)(l + k)-y- + 4mBkj 
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Range of 
b/2 

_h_<_y_< _d_ 
b/2 - b/2 " b/2 

b/2 - b/2 ; 

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

Expression for circulation along the span; 
Mach line intersecting tip 

2p(b/2)' 

k*(BV - i)3/2 

_y 
b/2j (b/2)' 

5(i - ifrfo?) +    8Bmk      JL +    ^W 
AB(1 + X)  b/2      A2B2(1 + X)S 

(BV - 1) 

-£-Jl + k)(-aflA + k -  1)  . 8gBk(B2m2k + X>  JL . 
(b/2)2 AB(1 + X) b/2 

löB^k2 

A2B2(l + X)2 

AB(1 + Xl^lA + l)i + lmiBk 
cos     -l- SL5  

Bm|AB(l + X)(l + k)-L. + 4mBkl 
L   I- b/2 JJ 

«Ac - 1)   y löB^k2 

-i—(1 - k)(2B2n2k - 1 - k) + 
(b/2)' 

AB(1 + X) b/2      A2B2(1 + x)2 

AB(1 + X)(B2m2k -  1)4- -  taBk 
  V2 

BmWl + X)(l - k)-^- + iHnBk] 

AB(1 + X)(l + k + 2Bmk)JL + taBk -  2kAB(l + X)(Bm + 1) 

AB(1 + X)(l - k)-±- + "HUBk 
b/2 

1 

3l/k 
i(3k + 1 + taB -  2»Bk -  2n,2B2k)  + 

JtmBk(J*mB + 1), +  (ak . WÄ . 
_'2 AB(1 - X) 

I (b/2)^ b/2|_AB(l+X) J       AB(1 + X) M 

2p(b/2)' 

Kk^B2*2 - 1)3/2 I 

lSB^k2 

(b/2) 
;(1 + k)(2B2m2k + 1 - k)   + 

AB(1 + X) b/2 

A2B2(1 + X)2 

AB(1 + X)(2Bmk + 1 - k)i -  2kAB(l + X)(Bm -  1)   + ltmBk 
n 

AB(1 + X)(l + k)£ + ItmBk 
h 

~~T b7l'-3k + 1 " taB " 2mBk + 2B2m2k' + (-a + teVt - 2mBk) - 

'naBk(lnnB - 

AB(1 ̂
^IL.J.-^i + M) + j_r^s,   . k + ^ + n + ^g^ + k _"3 

1 + MJ^ [(b/2)2 b/2|_AB(l+X) J       AB(l+X) f) 
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TABLE II.- CIECULATION EXPRESSIONS FOR CONSTANT BATE OF ROLL - Continued 

h   k[ÄB(l + X)(Bm + 1) - IMB] 

V2     AB(1 + X)(Bmk + 1) 

b/2  AB(1 + X)(Bmk - 1) 

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

trailing edge and intersecting Mach line from tip 

o<-4-<- 

gptygr 
MB

2
»!

2
 - l) 

.  */_£,(! . B
2
A

2
) +    

8BA       *   +   }*f^* 
AB(1 + X) V2      A

2B2(l + X)2 

Sk^B^m2 - ll 

I6B
2
Iä

2 

V2 w (V2) 

,(1 -  k)(2B2„2k -  1 -  k)   + °B^B^ -  I)  _y_ 
(b/2)2 "t1 + X> V2 

A%2(1 + X)2 

AB(1 + X)(l - ■?&A)^T- + taBk 
 V2 I 

l AB(1 + X)(l - k)-£- + toBk 
L V2 J 

(1   +  kX-a2!!!^   +  k   -   1)- 
(V2)^ 

8Bmk(B2m2k + 1)    y löB^k2 

AB(1 + X) b72"A
2B2(l+ (1 + X)' 

AB(1 + X)(l + B2m2k)c7ö + *mBk 

n AI AB(1 + X)(l + k)— + luuBk 
V2 J 

V2    V2 ~ V2 

2p(b/2)' 

k>t(B2m2 -  1)J V2l/liV2)2 
,(1 - B^k*)  + 

8Bmk y I6B
S

] 

AB(1 + X) V2      A2B2( 
 5(BV - 1) 
1 + X)!J 

-Zi,(l + k)(-2B2m2k + k - 1)  - B-BktB2-2* + 1) _£ 

IV2) AB(1 + X) V2 

lßB2^2   "1        .1 
 -COB   ± 

A2B
2
(1 + X)2] 

AB(l + X)(B2iÄ + 1)-L_ + l«nBk 
 Vf  

[ÄB(1 + X)(l + k)i+ ItmBkl 

1)    y lSB^k2 

AB(1 + X)        V2      A2B2( 
 ,   cos x 

rrxTj 

(V2) 

l2A   -   llJL 

5(1 - k)(2BVk - 1 - k) 

AB(1 + X)(B2m2k - l)rfW - lunkB 

m AB(1 + X)(l - k)-^- + ImBk 

AB(1 + X)(1 + k + 2mBk)-^_ 
\/2 

+ 4raBk - 2kAB(l + X)(Bm + 1) 

AB(] + X)(l - k)^ + 

V2 taBk 

J_pL(3k +  1 + taB -  2.3k -  a^,   + ^(^ + 1>  +   ^ _  ^^ 
3|/k|V2 AB(1 + X) 

lk)||/(Bm + 1)|- —I (1 + Bmk) .+ -2-fT _!ffiÖ  + k + 2mBk 
(b/2)2 '    "       '"'" ' V2LAB(1 + *•' _J       AB(1 + X) J 
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Range of    ^ 

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      ln^rsecting 

p(b/2)2 

4-<^<l 
b/2 = b/2 = 

k2x(B2m2-i)3/2| 

l6B2m2k2 

—g(l -  k)(2B2m2k -   1  .  k)   + 8mBk(Bg
m2k .  j)  _y_ 

(V2) AB(1 + X) h/2 

A2B2(1 + x)2 

AB(1 + X)(l + k + gmBk)^. + ItmBk -  2kAB(l + X)(Bm + 
1) 

AB(1 + X)(l - k)-5L + 1+mBk 
b/2 

2l/k 

T" ^ +1 + ta - 2mBk - 2-aao + -^;^k; i) + a . ^ 
— AB(1 + X) 

2mBk /(Bm + 1)J- —L—(1 + Bmk)  + -1 
(b/2) b/2|_ AB(l + X) 

kmSk 
■ + k+ 2mBk + 1  + 4mBk 

AB(1 + X) 
k - Bmk 

4mBk 

b/2      AB(1 + X)(Bmk - 1) 

h    = k[ÄB(l + X)(Bm + 1)   -  ItmBl 
b/2 AB(1 + X)(Bmk + l) 

Range of 
b/2 

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

2p(b/2)' 

kit(BV - 1) 

y y2 

V2|/(V2): ;(l -  B2m2k2)   + 
8Bmk l6B2m2k2 

AB(1 + X) b/2 , . 2 
A2B2(1 + X) 

0< JL<_L_ 
" b/2 = b/2 

,g
X
2 [P^gU  -  «(2B2m2k -  1 -  k)   + 

8^(Bgm2k -   I)  j_ 
2k/B2m2 - 1   [(b/2)2 AB(l + X) V2 

leBVk2 

A2B2(1 + X)' 

_x JAB(1 + X)(l - B2m2k)-y_ + ki 

IJIB(1 + X)(l - k)JL+ kmBkl 
- j(l + k)(-2B2m2k + k - 1)  - 
(b/2)2 

8Bmk(B2m2k +  l)  _y_ l6B2m2k2 

AB(1  + X) b/2 
i6A¥ ~|     , 

A
2

B2C1 + X)50S 

b72  =b72 = b72 

AB(1 + X)(l + BVk)-L + iHnBk] 

I|AB(1 + x)(l + kUL + 4mBk] 

P(b/2)' 
177T 17? 7TT2(1 - k'(2BVk -  1 - k)  + 8Bmk(B2m2k - 1) _y_ lesVk2! 
k2(B2m2 - 1)3/2^/2)2  AB(I + )I) b/2-____^ 

* 
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TABLE II.- CIRCULATION EXPRESSIONS TOR CONSTANT RATE OF ROLL - Continued 

Range of 
b/2 

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

p(b/2)2 [p ..    o o ,      8mBk(B2m2k - l)    y 
,(1 - k 2B2m2k - 1 - k   +   L - —- 
^ AB(1 + X) b/2 

JL<JL<1 
b/2 "" "b/2 " 

l6B2m2k2 

A2B2(1 + X)' 

AB(1 + x)(i + k + 2mBk)— 
V2 + 4mBk -  2kAB 1 + X)(Bm + 1) 

AB(1 + X)(l - k)-2- + 
V2 kmEk 

2/k JL(3k + 1 + 4MB -  anBk -  2m2B2k)  + W"1* + D  + 2k . toftfr. 
b/2 AB(1 + X) 

2mBk /(Bm + 1). y2  , y r -i_-(l + Bmk)  + — - ItrnBk 

(V2r V2LAB(i+ *•) 
■ + k + 2mBk + 1 I-! 4.       '»nBk 

J      AB(1 + X) 
k - Bmki 

h     = 2[ÄB(1 + X)   -  j] 

"-"- V2 ~ AB(1 + X) 

Range of 
b/2 

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

y h 0< J-< — 
= b/2 = b/2 

8p(b/2)g 

3itAB(l + X) b/2 
•A

2
B2(1 + X)2 —i  + 16 

(b/2)2 _ 

fa <  y < 
b/2 _ b/2 ~~ 

2p(b/2)' 

3« 
3 J. 2 +   

b/2 AB(1 + X) 
JL\J1 + i_ 
b/2/[b/2      AB(1 + 
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TABLE II.- CIRCULATION BCPBESSIOHS TOR CONSTANT RATE OP ROLL - Continued 

h    _ AB(1 + X)(Bm + 1)  - 1MB 

V2 BmAB(l + X) 

d    _ 2|ÄB(1 + X)  - 2] 

b/2 AB(1 + X) 

Range of     
V2 

°S^7ä<o7ä 

Expression for circulation along the span; Mach 
line intersecting tip; unsvept trailing edge 

J2!>mL--T*, JL. /. -j£- , 16 
2^v7l[lib/2)2< 

1* - BmAB(l + X)-S- 
  b/g 

«(B2M2-1)1       V2|/    (b/2)2     AaB2(i + x)2     ayS^TI I li*/2) 

BB3m3      _y_ lfijfln2    "]?0D-1 

6B3m3 y l6Bgma    ~[      _x 

AB(I + x) b/2 " AaBa<i + x)fJC°B 

;(1 - 2B2m2) 

IMDB - AB(l + X)-Z_ 
V2- 

BmAB(l + X)JC- + 4 

(V2) 
r(l - ZB2»2) 

ELL 
AB(1 + X) -Z- +  l._ 
_ V2 _J 

b/2      b/2      b/2 

ap(b/2)2 

«(Bama - i)3/a 

2 liVa)2 

4- Bm|/(Ba„a . i)P-2i- ♦ Ü II 
Va     |/ Q (b/2)2    AaBa(i + x)aJ 

8B3m3       y i6B2ma    ~~| 

AB(1 + X)  b72 " A2B2(1 + x)2j 
'2   -(I -  2B2m2)   .       8B3

°
3

       _Z 
1(1 + x)-i- + 4 
 5ZS  

b/2)2 
^-(1 -  2Bam2)  + .   8B3"3 «S&* 

AB(1 + X)       A2B2(1 + x)2 

AB(1 + \)-X- + ll_ 
b/2 J 

BmAB(l + X)^j - It 

!«B - AB(1 + \)JL 
V2J 

AB(1 + X)(2Bm + 1)-^- + ItrnB - 2AB(l + X)(mB + 1) 
 5Z2.  

1MB - AB(1 + \)-i- 
b/2 

ip^-(3 - 2mB - 2Bama)   + 
3 (b/2 

b/2 " b/2 = 

2(1 - 2maB2 - MB)  + *"°B<I»B * ^ l/(Bm + 1) 
AB(1 + X) J" (b/2)2     b/2^   AB(1 + X) 

(- -Ji52_^ + 1 * 2BmU (      *"*        - 1 - B»)] 
\   AB(1 + X) j      \AB(1 + X) /j 

p(b/2)g      / r ya 

n(Bam2 - l^/2!" [(b/2) 
-d - 2Bama) 

8B3m3 

AB(1 + X) b/2 

i6Bama 

AaBa(i + x) 

AB(1  + X)(2Bm -  l)i -  2AB(1  + X)(nB -  1)   + km 

AB(1 + X)-i- + lmB 
+ -K-<-3 - 2Bm + 2B2m2) 

3 [b/2 

2(-i + a^a . &) - kMkm ' XH 
AB(1 + X)   J 

(Bm - 1) ^-B, _£_ + _L.IT        *"■*        _ ! + 2B_ 
(b/2)2      b/2|_ AB(1 + X) 

ItmB 

AB(1 + X) 

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

h    „ AB(l + X)(Bm + 1)  - lunB 
V2 BmAB(l + X) 

°  hrJ  \^ 
V2      AB(1  + X) 

Range of 
b/2 

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

gp(b/g)a   ( a, y  / 

<t(B2m2 - 1) V"    V2V 

16 

*(B2m2 - 1) I      V2V      (b/2)2      A2B2(l + X)2      2lfe
2m2 . x (b/2)^ 

-(1 -  2B2m2) 

! b/2 - b/2 AB( 
SM_ _I 16B2M2     -1.1 
1 + X)  b/2      A2B2(1 + X)2J 

8B3»3        y l6B2m2    "1      .1 
 -. 75  COS   X 

AB(1 + X) b/2      A2j2(l + X)2J 

■(1 - 2B2m2) 

2p(b/2)2 

,t(B2m2 - 1)3/2 
,^|/<B2m2-l, I7-2J-,     16 Zl-wpg- 

[_ (V2)2      A2B2(1 ♦ X)fJ      2\|iV2>a s(l - 2B2m2) 

8B3m3 y 16B2i 

AB(1 + X) b/2      A^fl 1  + *>fj -   AB(1 + X)J- + ItmB [&/■■ AB(1 + X)-^- + ItmB 
b/2 

kV2)^ 
-(1 -  SB2*2)   + 

_L< JL<_f_ 
b/2  ~ b/2  ~ b/2 

BBV      jr l,6B2m2     lj COB.! 
AB(1 + X) b/2      A2B2(X + x)Sj 1 

BmABfl + X)-=J- - It 
V2 

ItmB - AB(1 + X)-S- 
_ b/2_ 

AB(1 + X)(2Bm + l)-y- + >tmB -  2AB(l + X)(mB + l) 

ItmB - AB(1 + X): 
b/2 

ipL(3 - 2mB -  2B2m2) + 2(1 - Zafafi - mB)  + 

ltmB( 
AB( 

ItmB + 1)1 
1 +X)  J 

(Bm + 1) <-Bm y P       ItmB           ,      . II      P   ItmB + -__ ^  + 1 + 2mB    +    — i 
(b/2)2      V2I_ AB(1 + X) 

n + r -tmB    . x. dl 
J      [AB(I + X) Jj 

pfb/2)^ 

2l|lb/2)2 
;(1 - 2B2m2) 

8B3m3 

(B2m2 - l)3/2l|iV2>2 "»t1 + X> b/2 

"T^-f*1 
b/2      b/2 " 

l6B2m2 

A2B2( 

B2m2     "I      _! 
 ^ cos ± 

1 +X)2] 

AB(1 + X)(2Bm + l)-y- + 'tmB - 2AB(l + X)(mB + 1) 

•ItmB - AB(1 + X)-i- 
b/2 

fg^-2--^2, 

2(1 - 2m%2 - mB)   ♦ km(k*® + lH I/(Dm + 1) J-Bm      y2      + -Ü-C        'mB        + 1 + aj +        *HnB 1 . 
AB(1 + X)JV [^        (b/2)2      D/2|_AB(1+X) J       AB(l + X) 
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b/2 

b/2 " b/2 

b/2 " b/2 ■ 

b/2 

0 < _ <_. 
" b/2 " b/2 

h y 
b^SbTi«1 

TABLE II.- CIRCULATION EXPRESSIOHS FOR COHSTANT RATE OF ROLL - Concluded 

b/2  AB(1 + X) 

h _ AB(1 + X)(Bm + 1) 

b/2       BnAB(l + X) 

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

2pC 
n(B2i '»2 - 1) I        b/2 ]j 

8B3m3 
AB(1 + X) b/2      A2j2( 

8B3m3        y l6B2m2    ~|      _i 
AB(1 + X) b/2 " A2B2(I + x)2jC0B 

(b/2)2     A2B2(1 + X)2     2Ji2«Sl 

h - mBAB(l ♦ X}— 
 5Z2 

-(1 -  2B2m2) 

l6B2m2 IB2»2    1 , 

1 + X)fJ l<mB - AB(1 + X)-£- 
b/2j 

BmAB(l + X)— + k 
 S/2_ 

Lb/2)2 

Pi-(1 -  2B2m2) 

"b72 + ™ 

P(b/2)g       [~a 

i2«2 - l)3/2li*/ 
p(l -  2B2»2) 

AB(1 ♦ X)  b/2      A2B
2
( 

iB2.2    ~| 

p(b/2) 

2«(B2m2 

>2)2      ify2 

- i)3/2\ü.V2> 
,(1 - 2B2«2) t - i3m3 

AB(1 + X) b/2 

 l6B2m2 

A2B2( 

,B2»2 ~1  .1 
 5 cog 
1 + J.jfJ 

AB(1 + \}(2Bm -^ 4mB - 2AB(1 f X)(mB + 1) 

_ IfmB - AB 1 + x)-2- 
b/2 

-(3 - 2mB - aA2) + 2(1 

AB(1 
2»2»2. ^ + ^.tL +1} I M __£_ + ^_r    ■*» 

■1(1 + X) J|/       |   („/2)2  b/2^AB(l + > AB(1 + X) 

_h AB(1 -f X) - h 
b/2 " 

AB(1 + X) - 4(1 - X) 

Expression for circulation along the span; unewept leading edge; 
Mach line from tip does not intersect remote half-vlng 

2p(b/2)'i 

AB(1 * X)    b/2 

/ 1    (8E-(1-^b72l   y 
*l 3^AB(l + X)  L   A8'1 + *)       'Z2 

l.^)^l.^AB(l+X)+,jl.(l-X,^] 

AB(1 + X)    b/2 
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TABLE  III.-  CIRCULATION EXPRESSIONS FOB CONSTANT RATE OF  PITCH 

h 2k[ÄB(l +  X)   -  2] 

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

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

OS's: y  < * 
h72 " b/2 

(b/2)2 

3 it        |b/2      AB(1 +   X)J \ 

y"       1 -  k* 16 

(b/2)2       k2 kAB(l +  X)  b/2      A2B2(I +  x)' 

b/2      b/2 

2^2qB(b/2)' 

3« Ik 
4k 

b/2      AB(1 +  X)_ b/2 

b/2 
-X-(l + k)  + —7 
b/2 AB( 1+  X)J 

h    _ k[ÄB(l +  X)(Bm +  1)   -   1) 

"b/2 AB(1 + X)(Bmk + l) 

d    =  2mBk[ÄB(l +  X)   -  2] 

b/2      AB(l + X)(Bmk + l) 

Range of 
b72" 

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

2qB(b/2)2 

ifkmB(B2m2 -   1) 
pL +        ^   "I \\lL 
[b/2       AB(1 +  X)J Uk2[^- 

^-(1 -  B2m2k2)   + -2^ 5L 
(b/2)2 AB(1 +  X)  b/2 

!6B2m2k2   "1 

A2B2(1 +  X)2] 

2k^B2m2  -   1  W(b/2) 
-(k  -   l)[i  -  B2m2(k +  if]   + 8Bmk 

AB(1 +  X) 
-(k + B2

m2  -  2)_y_ 
b/2 

OS    *     S    * 
" b/2       b/2 

l6B2
m2li;2 

A2B2(1 +   X): 
-(B2m2 -  2) I cos"1 b^ 

_2 2, 1            tekm 
-  B m k)  + AB(1 +  X) 

Bm  (1 t)   y     1        temk     "1 
b/2      AB(1 +  X)J 

£—(k +  l)[-2  -  sVfk  -  lj\ 
(b/2) 

l6B2m2k2(B2m2  .   g 

A
2

B2(1 +  X)2 

-(B2
m2 - 2 - k)_y. 

AB(l +   X) b/2 

"M 
4-(l + B2m2k)   +       temk 

b/2  AB(1 +   X) 

|_ b/2      AB(1 + X)J 
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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 the wing apex intersecting tip 

2aB(b/2)g 

itkmBtB2!!2 -  1) 
CL +    to   -|lfl£k_(1.Bgmgka)+    8B-k 
|b/2     AB(1 + X)J ^2^/2)2 AB(1 + 

löBVk2 

X)   W     A2B2(1 + X)£ 

b/2      b/2 ~ b/2 

-4-S4-S1 b/2      b/2 

gk^B2!!2 - (b/2); 
;'(k-l)[2 - BV(k+  1)] BBmlt       (k + B2»!2 -  2)JL ■ 

AB(l + X) b/2 

l6B2A2(B2m2__2) 

A%2(1 + X)2 

-^-(B2m2k -  1)   -       *«mk     , 
b/2 AB(1 +  X) 

,[Fl.k)-£-+       «**     ~| 
|_ b/2      AB(1 +  X)J 

b75U + k + 2^k)  + ABU"? X)   -  atmB +  X) 
\ 

y ,        ,        tek 
L                   b/2U      *>       AB(1 +   X) / 

J_lL_(k + ljTa - B2m2(k - 1)1 
|_(b/2)2 L J 

822L_(Ä2 . 2 . k)_L t ^W(BV - 2)1 ..„,   bfe'1 + B2A
> + Bn^T) 

-   •' V2     A
2

B
2
(I + X)

2
 J     iBBrltk)_jL + _!üe_q 

L   L b/2     AB(1 + X)J 
AB(1 + X) 

|-^(-6 - B2m2k -  IUBB + 2%W + SB2™2)   +  (ZB^k +  IfmBk - 2B3ni3k) 

ltBkm(- 

AB( 
iS^L^J—-i—f—iL-d ♦ »a)  ♦ -fC    ^        + k + 1 + 2BJ +       *«■* - k(*B + A 
1 + X) _]|k(Bm -  l)|jb/2)2 b/2[AB(l+X) J       AB(l+X) J 

qB(b/2)2 /I       2 r- 1      8B°*(B^2 - 2 - lOr^r 
-f^(k + l)[-2 - B^(k -  if]   +  . -—ÜZI + 

„k2mB(BV -  1)3/2       (b/2) 

l6B2m2k2(B2m2 - 2) 

AB(1 +  X) 

A2B2(1 + X)2 

-^-(1 b/2* 
k + 2Bmk) + —^SSiE 2k(mB - 

AB(1 + X) 1) 

* (1 + k)  +      ^    , 
b/2                      AB(1 +  X) 

2kfB2m2 

3 b/2 ^ 
■(-6 + B^k ■ 

2B3m3k +  llnB + 5m2B2)  +  (Iffikm -  2B2m2k - 2B3m3k)  +  (-6 +  taB + 
AB(1 +  X) 

5ni2B2) 

% 
— (1 + Bmk)  + -2- 

k(mB + 1) (b/2)2 b/2 
r_tak _       + 1 ^Bk _     (       _     1 
|_AB(1 +  X) J      AB(1 +  X) V T 

/ 
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TABIE III.- CIRCULATION EXPRESSIONS FOB CONSTANT RATE OF PITCH - Continued 

h    _ k(ÄB(l + X)(Bm + 1)   -  Iwä] 

b/2 AB(l + X)(Bmk + 1) 

lunBk 

b/2      AB(1 +  X)(Bmi - 1) 

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

2qB(b/2)2 

itkmB(B2m2  -   l) 

[~y    +       "HmB     ~| 
[b/2      AB(1 + X)J 

2„2k2l   +       8BA        - y    j.       l6B2m2k2 

(b/2)2 
-(1  -  B2m2k2)   + 

AB(1 +  X)  b/2      A2B2(1 +   xy 

b/2       b/2 

2k||B2m2  -   1  l]_ (h/2) 
-(k - l)[i - B2m2(k + 1)]   +      3Bmk       (k ♦ B2m2 - 2)JL t 
2 L J        AB(1 +  X) b/2 

l6B2m2k2 

A%2(1 t X)2 

-(B2ni2  -  2 
JL(1 - B2m2k) +       kWm 1 Mr-U - B^k   +      7""" 

I |Bmf(l - 10-Z-+      teh- 
L    L b/2      AB(1 + f-fes j(k +  l)F-2  -  B2m2(k -   lj] + 

AB(1 +  X) 
(B2m2 - 2 - k)J!- +       l6B2m2k2    ,^ 

b/2      A2B2(l + X) 

-|                  fy   (1 + B
2m2k)   +       )mBk 

<B2m2  -  2)Lcos-lJ*Z!         ÄBTTT 

J       Bm 1(1 + 10-2- +   tok 
[_ L     b/2  AB(1 + ) 

h < y    < e 
b/2 ~ b/2  b/2 

2qB(b/2)2 

nkmB(B2m2 - 1) 
Er+ -^Mfei-BW),   s^    _z_+   leB^k2! +      1       j>_(k   1)(-2 
|b/2       AB(lt  X)Jp[(b/2)2 AB(l+X)b/2       A2B2{l+X)2J       g^g .  j,     [(b/2)2' " C 

B2!»2! 

-*-(l +  k +  2mBk)   + _^™B 
b/2   AB(1 +  X) 

tank 

s^L 
,1(1 - k)y   +     Wik    -I 

L W2       AB(1 +  X)JJ 

-(1 - iQ +      %nBti    7 
b/2 AB(1 +  X) 

|jb/2) 
+   TbT^2'^1^2-82^-^ 

AB(1 + X) 

i^-6 

.(B2m2 - 2 - k)J- + 
l6B4°k  <B-    - 2)Lcos-lj^2 

' b/2 A%2(1 ♦ X)2 

-5-(l + B2m2k) tBmk 
AB(1 +  X) 

„Ri +1) y + _to_i 
L. b/2       AB(1 +   X)J 

-  IwB + 2B3m3k + 5B2m2)  +  (2B2m2k + >tmBk -  2B3m3k) 

*(Bkm(-6 -  tot 5B2m2' 

AB(1 + X) k(Bm - 1) 
y77_(l +  Bmk)   + -XJ       faBk + k +  ! t  2BJ   +       *"* 

(b/2)2 b/2L AB(1 +   X) 
kl   ♦ _^^ -  k(mB ♦  ll 
J      AB(1 +  X) j 
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TABLE III.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF PITCH - Continued 

Range of 
b/2 

b7ä " b72 ' 

Expression for circulation along the span; Mach line from ¥ing apex intersecting trailing 
edges and intersecting Mach line from tip 

2qB(b/2) hJ~-\^~=.\-^-^ -  1) [2 - B^2(k + ij]  + -JSS—d, + B
2m2 .  a)_JL - 

«2 -  1) \2k^2m2 - 1 |_(b/2)2 U J      AB(1 + X) b/2 jrkmBfB2! 

lW(BV - 2)1 
  >COS~x 

A2B2(1 + X)2     J 

-yr(l + k + 2mBk) 
AB(1 + X) 

2k(mB + 1) 

UmBk 

b/2 AB(1 + X) 

3 b72("6 " B2m2k " 1"°B + 2B3m3k + SB2-«2)  +  (<ffikm + 2B2m2k - fflVk) + 

AB( 

UmB + SB2!!2)]. 1 

1 + X) J«k(Bm -  1 
, ^-(1 + Bmk)  + -Z-IT      *■**        + k + 1 +        H +      tok 
M     (b/2)2 b/2LAB(l+X) j      AB(1 + 

k(Bm -}) 

tmBk 
b/2      AB(1 + X)(Bmk -  1) 

h    _ k|ÄB(l + X)(Bm + 1)  - ItmBl 

b/2 AB(1 -  X)(Bmk + 1) 

Range of    -2_ 
b/2 

o§ y $4. 
b/2      b/2 

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

2qB(b/2)2 

2kpm2" 

DL + _J22*__1,  iLj£_(l . B2m2k2)   +       8Bmk y IgB^k2  1 
b/2      AB(l+X)J|k%b/2)2(1 '       ^TTT)  b?i + AWTX7!| 

¥=T   1?b5?l2(k "  ^C2 "  B^(k + l[]   +       «Mt       (k + A2 _       _y_ 
m2 - 1  l[IV2)^ -1      AB(1 + X) b/2 

löBVk2 

3i-^(B2m2 - 2)lcos-lJ^l  **>(! + 
1+X) J BmRl - k)-2-+ _JäML_ 

L    L b/2      AB(1 + X 
-l[+[^(k + 1,E2-BV(k-in  + 

AB(1 + X) 
(B2m2 -  2 - k)i +      iSB^k2    (Bgmg _ 2 

b/2      A2B2(1 +  X) 

-1 [-^-(H- B2m2k) +      ^ 

J Bm [(l + i)_2_ + _!iffiBk_ 
L   L 5/2      AB(1 +  X 

I 
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TABIE III.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OF PITCH - Continued 

Range of 
b/2 

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

h/2 " b/2 

2qB(b/2) 

k2mB(B2m2 
—-rl-J^k -Dp- B2m2(k + 1)1 +  

8B°*  (k + BV - a)J- + ^A
2^ - 2)' 

!)3/2 |jb/2)2      L J  AB(l + X) h/2     A
2
B
2(l + x)

2 

*    <-Z-£l 
h/2 - h/2 " 

qB(b/2) 

jtkmBfB2!!!2 
      1 \-£—f*. - l)fä - B2m2(k +1)1+ -JäSB (k + B2m2. 2)-3- ■ 
-  Dl2k|JB2n2  -  1 [_Cb/2)2 U -1       AB(l+X) b/2 

l6B2m2k2(B2m2 -  2) 

A2B2(1 +  X)2 

h/2 
(1 + k + 2mBk) +      *tkmB 2k(mB + 1) 
 AB(l + X)  

-(1 - k) ItmBk 

h/2 AB(l + X) 

i&t-ß - B2m2k - ItmB   + 2B3m3k + 5B2m2)   +   (takm +  2B2m2k -  2B3m3k)  + 

temk(-6 - 
AB( 

kmB + 5B2n2)l 
1+  X) J 

i J ^—{1 + Bmk) + -X.fr      tBmk        + k + 1 + 2Bmk] + -J55* 
k(Bm -   1) 1     (b/2)2 b/2[_AB(l+X) 

q + _i2Bk_^ _ k(mB + 1 
J      AB(1 +  X) j 

h    = 2[AB(1 +  X)   -   g] 

h/2 AB(1 + X) 

"^T: 

Range of 
b/2 

o $44 
b/2      h/2 

-4-<-£-< 1 
h/2 " b/2 " 

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

32qB(b/2)2     | y2 16 

3«AB(1 +  X) »      (b/2)2      A2B2(1 +  x)2 

2f2q(b/2)gB 

3it AB(l + X)      b/2 
■JL.A.-L.NÜL,        "     1 
b/2JU\      Ws)\y/Z     AB(1 + x^J 
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TABLE III.- CIRCULATION EXPRESSIONS FOR CONSTANT RATE OR PITCH - Continued 

■ft 

h        AB(l + X)(Bm + 1)  - to 

V2 BmAB(l + X) 

d    = 2[ÄB(1 U)  - g] 

b/2 AB(1 + X) 

Range of 
V2 

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

o < -i- < b75 = b/2 

b/2 - b/2 " V2 

2q,B(p/2r  /     to f" 
!t(B2m2 - 1) IAB(1 + X) V" 

16 

'.2-1     L (V^     A^ll+l)'      2(/B2mg - 1     L     (t/2)        AB(1 + X)W2 

16Bm(B2m2 -  gfl       _x 

A2B2(l + X)2JC08 

•mBAB(l + X)-i- + If 

Lb/2 
AB(1 + X)   + to b (b/2)2      AB(1 + X)   b/2 

l6Bm(B2m2 -  2) 

A2B2(1 + X)d 

mBABfl + X)-i-  + h 

ItmB + — AB(1 + X) 
L b/2 1 

2qB(b/2)^ 

n(B2m2 - 1) 

l6Bm(B2i 

A2B
2
( 

to 
AB(1 + X) ]j     (b/2)2 

y2      + 16 + ! if 
(b/2)2 + A2B

2
(1 + X)2 + 2^2—[1L (b/2)2      AB(1 + X)  b/2 

l6Bm(B2l 

A2B
2
( 

1 + X) J JL AB(1 + X)   + 1MB |       |_      (b/2)2      AB(l + X)  b/2 

g-2 -  2)1 

b/2 = b/2 

to - -X- AB(1 + X) 
b/2 

b/21 1)   i         1*mB' - 2(mB ► 1) AB(1 + X) 
y     !         'MB 

b/2      AB(1 + X) 

_!_g_(.B2B2 + ^„3)   + JJJ^-6 -  to + 5B2
m

2)   + to + 2B2n2 . 

^YT^-TT I-** -A+ ;feF^A +1 + J + _Jü? (*, +1 _||/ (mB -  1)   I (t/g)2      b/2LAB(l+X) J       AB(l + X) 

.(b/2)2 
2 2      y2 8Bm y        l6Bm(B2m2 -  2) 

-L_(2Bm : 1)  + —J!25 2(mB - 1) 
3/2 AB(1 + X) 

«B(B2m2 -  1)3/2\L (V2)2      AEU + >•)  V2        A2B2(1 + x)
2_ 

2        a   "  1fe(B2m2 + 2B3m3)   +  — ("6 + to + 5*fa2)  + to -   2B2m2 

3 IS/2 AB(1 + X) 

2B3.II J-^-LB.      *      ♦ -d7_*2_ .  1 + 2J  + **        .(*».!) 
-l^mB+l^       (t/2)2      b/2LAE(l+X) J      AB(l + X)        V ' 

y to 

b/2     AB(1 + X) 



NACA TN 26V3 31 

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

h _ AB(I + X)(Bm + 1) - 

b/2 ~      BmAB(l + X) 

b/2  AB(1 + X) 

Range of 
b/2 

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

0< _5L< j!_ 
b/2       b/2 

2qB(b/2)2   /       kmB 

,r(B2m2  _   ulABU +   X)  (|      (b/2)2       A2B2(1 +   x)2       ^B2m2  .   x (b/2)2      AB(1 + X)  b/2 

l6Bm(B2m2 - 2) 

A2B2(1 +  X)2. 

l6Bm(B2m2 -  2) 

-mBAB(l +  X)-2- + It 
b/2 

A2B2(l +  X)2. 

■-?- AB(1 + X)  + ItmB 
_b/2 

mBAB(l +  \)-X- + U 
b/2 

(b/2)2      AB(1 +  X)  b/2 

lunB + -2- AB(1 + X) 
b/2 

h   <_2- <-   e 

b7i " b/2 = b/2 

2qB(b/2)g 

,t(B2m2 -   1) 

l6Bm(B2i 

A2B2( 

ItrnB 

AB(1 +  X) \ 

16 

(b/2)2      A2B2(1 -f X)2       2\|B2m2 -ill-      <V2)2      AB(l + X) b/2 

l6Bm(! 

A2B2( 

i2m2  -  2)1       .1 

TTWr 

It x)2J1 

ABmB(l +  X)-4- +  >t 
b/2 

• AB(1 + X) + Itti 

-Bm—Jt 
(b/2)2      AB(1 +  X) b/2 

IttnB - -?- AB(1 + X) 
_ b/2 

-2- 
b/2 

2Bm A 
,              UmB 

- 2(mB + 
AB(1 +  \) 

y     ,          ^mB 

b/2      AB(1 + M 

-i-&-(-BV + 2B3m3)  + —7i25—r(-6 -  ItmB + 5B2m2)  +   1^ + 
3Bmlb72 '       AB(1 +   X)V 

2B2m2 -  2B3m isll  i  J-Bm -2^ + -X-C        ^        +1+2BJ+ to .   (       +     ,] 
JI(mB-l)1 (b/2)2      b/2QAB(l+X) J       AB(l+X) J 

qB(b/2)2 r       2       y2 8Bm y l6Bl L^  : ^T,    -B<TE
C
 —=  + =— + 

mnB(m2B2 -  D3/2\L (b/2)2      AB(1 + X) b/2 

lm(B2m2 -  2)]       _i 
—  cos ± 

!B2(1 + X)2J 

JL(2Bm + 1)  + —!ü5_ 
b/2  AB(1 -■■ X) 

- 2(mB + 1) 

ItmB 

b/2      AB(1 + X) 

b/2 " b/2 
2VB'mc  - 1 

&? 
ItmB 

(-B2m2 + 2B3m3)  +       /tmB       (-6 -  ItmB + 5m2B2)  + kmB ■ 
AB(1 + X) 

2B2m2 - 2B3m3 .31.  i  La, -ll_ + JL[I _ta_ + x + ^ + to .   (mB + Jl 
JmB-l] (b/2)2      b/2LAB(l+X) J      AB(l+X) j 
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TABLE III.- CIRCULATION EXPRESSIONS FOB CONSTANT SATE OP PITCH - Concluded 

V2  AB(1 + X) 

h = AB(1 + X)(Bm + 1) 

b/2       BmAB(l + X) 

b/2 

r b/2 = b/2 

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

Jg(vW_J«B_   / yg       | 16        ~ ! ff y; 
x(BS»2- 1)^(1 + )l)|/     (b/2)2      A2B2(l,M2%^V7Tl|rÖÄ 2)2      AB(1 + X)  b/2 

A2B2(: 

A2B2( 

I2-2 ■ 2J1       _x  J- cos  x 

1 + X)2J 

'2-2 - 2T|       _! 
 5-   COB   X 

i + x)2J 

-mBAB(l + X)-i- + k 
 Wg 

b/2 

BBAB(1 + X): 

AB(1 + X)  + kmB 
.pB.^._5_ 

|_      (b/2)2     AB(1'+ X)  b/2 

b/2 

taB + ~L AB(1 -f X) 
L b/2 

e  < y < _b_ 
V? - b7l = b/2 tf(b/2P 

(B5„2 - 1)3/2 
rB2„2      y2      + 

8 _y_ +  l6Bm(B2m2 - gTI 
L (b/2)2     AB(1 + X)  V2        A2B2(1 + x)2J 

qB(b/2)^ r^2B2      ya 8B» y        l6Bm(B2mg -  2)"| 

11 (b/2)2 " AB(1 + X) b72 +    A2B2(l + X)2J «ai(m2B2 - 1)3/2\L (b/2)2      AB(1 + X) W 

gfaV - if 

4-(2Bm 
b/2 

1)   1         llB,,,            "(«1 1) '      AB(1 + X)       -^ 

_ y     ,         kmB 
b/2      AB(1 + X) 

i^i("B2°2 + 2B3
"

3)
 

+ IBUTXT
1
"
6
 " 1™B + 5m2B2) + ^ + 2B2

"
2 

^/(^[--^^Eiiu^-+^+Äö- <-♦»}' 

h    =        AB(1 4- X)  - It 

b/2      AB(1 + X)  - lt(l . X) 

Range of 575 

= b72 - t/2 

b72 " b/2 " 

Expression for circulation along the span; unsvept leading edge; Mach line 
from tip does not intersect remote half-ving 

l6qB(b/g)2 

.^(l + X)2|_b/2        J 

gBctb/^rbTs'1 -x' - ^ m.1fai+x>Gfe-i)+gir-<i-'Ot£f 
A2B2U + X)2        C°B     | g|l -  (1 - xm 

°[T-^U-xJ],2ABU,x)(^-l)     /^ 

3|AB(I + xj]3/2 {(bTS-K-'^E-'1-^]]^-^) 
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TABLE IV.- INDEX TO CURVES FOE CIRCULATION ALONG- THE SPAN FOB CONSTANT ANGLE OF ATTACK, 
r 

Van 

AB 1     Bm Figure AB Bm            Figure AB Bm Figure AB Bm Figure 

X = 0 X = 0.25 x = 0.50 X = 1. 00 
(concluded) (concluded) 

It 1.0 It 2 1.0 9(a) 
6 1.5 (P-  38) 6 1.0 6(c) 12 1.0 7(e) 1.1 (P-  63) 
8 2.0 1.1 (p.  1*7) 1.1 (p.  55) 1-3 

12 3-0 1-3 1.3 2.0 
20 5-0 2.0 

3-0 
5.0 

2.0 
3-0 
5.0 

5-0 
7-0 

3 1.0 5(a) 
1.1 (p.  39) 7-0 7.0 
1-3 25.0 25.0 3 1.0 9(b) 
2.0 CO CO 1.1 

1-3 
(p.  6k) 

8 1.0 6(d) 20 1.0 7(f) 
1-3 (p.  1*8) 1.1 (p.  56) 2.0 
2.0 
3-0 

1.3 
2.0 

3.0 
5.0 

k 1.0 
1.1 
1-3 
2.0 

5(b) 
(p.   1+0) 

5-0 
7-0 

25-0 

3-0 
5-0 
7-0 

25.0 

7.0 
25-0 

3-0 
5-0 

oo 1+ 9(c) 
(P-  65) 12 1.0 6(e) 1.1 

7.0 1.1 (P-  49) X = 0.75 1-3 
25.0 1.3 2.0 

2.0 3 1.0 8(a) 
(P-  57) 

3-0 
5.0 

6 1.0 
1.1 
1-3 
2.0 
3.0 

5(c) 
(p- in) 

7.0 
25.0 

1.3 
2.0 
3-0 
5-0 
7.0 

7-0 
25.0 

20 1.0 6(f) 6 1.0 9(d) 
5-0 1.1 (p.  50) 25.0 1.1 (P.  66) 
7-0 1-3 CO 1-3 

3-0 it 1.0 8(b) 3-0 
5-0 1.1 (P-  58) 5-0 

8 1.0 
l.l 
1.3 

5(d) 
(p.   k2) 

7.0 
25.0 

1.3 
2.0 
3-0 

7.0 
25.0 

5-0 X = 0.50 25.0 8 1.0 9(e) 
7-0 

25-0 
00 (p.  67) 

3 7(a) 
(p. 51) 

1.3 
2.0 1.1 6 1.0 8(c) 

(P-  59) 1-3 3-0 
12 1.0 

l.l 
1-3 
2.0 

5(e) 
(p-  1*3) 

2.0 
3-0 
5-0 
7-0 

1-3 
2.0 
3.0 
5.0 

5-0 
7-0 

25-0 

5-0 25-0 7.0 
7.0 CO 25.0 12 1.0 9(f) 

25.0 It 1.0 
1.1 

7(b) 
(p.  52) 

1.1 
1-3 

(p.  68) 

1.3 8 1.0 8(d) 2.0 
20 1.0 

1.1 
1-3 
2.0 
3-0 
7-0 

5(f) 
(p.  kk) 

2.0 
5-0 
7.0 

25-0 

1.1 
1.3 
2.0 
3-0 
5.0 
7-0 

(p.  60) 3-0 
5-0 
7.0 

25.0 

25.0 6 1.0 
1.1 

7(c) 
(P.  53) 

25.0 20 1.0 
1.1 
1.3 
2.0 

9(g) 
(p. 69) 

X = 0.25 2.0 12 1.0 8(e) 
3-0 1.1 (p.  61) 3-0 

3 1.0 
1.1 
1-3 
2.0 
3-0 

6(a) 
(p-  1*5) 

5-0 
7-0 

25.0 

1.3 
2.0 
3-0 
5-0 
7-0 

5.0 
7.0 

25.0 

8 1.0 7(d) 
5-0 1.1 (P-  5>0 25.0 
7.0 1.3 

2.0 
3-0 

CO 

It 1.0 6(b) 20 1.0 8(f) 
1.1 (p.  1*6) 5.0 1.1 (p.  62) 
1.3 7-0 1-3 
2.0 25.0 2.0 
3-0 00 3-0 
5-0 5-0 
7-0 7-0 

25-0 25.0 
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TABLE V.- IHDEX TO CURVES FOR CIRCULATION ALONG THE SPAN FOR CONSTANT RATE OF ROLL, =-• 

Ph' 

AB Bm Figure AB Bra Figure AB Bm Figure AB Bm Figure 

X = 0 X = 0.25 x = 0.50 X = 0.75 
(concluded) (concluded) (concluded) 

it 
6 
8 

12 

1.5 (p.  70) 6 1.0 12(c) 12 1.0 13(e) 20 1.0 llt(f) 
2.0 
3-0 

1.1 
1-3 

(p-  79) 
1.1 (p. 87) 1.1 (p. 9<t) 

20 5-0 2.0 
3-0 

1.3 
2.0 

2.0 

3 1.0 
l.l 
1-3 
2.0 

11(a) 
(P.   71) 

5.0 
7.0 

25.0 

3.0 
5.0 
7.0 

25.0 
co 

5.0 
7.0 

25.0 

8 1.0 12(d) X = 1.00 
1.3 
2.0 

(p. 80) 
20 1.0 13(f) 2 1.0 15(a) 

It 1.0 
1.1 
1-3 
2.0 
3-0 
5-0 
7-0 

11(D) 
(p-   72) 

3-0 
5-0 
7.0 

25-0 

1.1 
1-3 
2.0 
3-0 
5.0 

(p. 88) 1.1 
1-3 
2.0 
5.0 
7.0 

(p. 95) 

12 1.0 12(e) 
7.0 

25.0 3 1.0 15(b) 
25-0 1.1 

1-3 
2.0 

(p.   81) » 1.1 (p. 96) 
1-3 

X - 0.75 2.0 
6 1.0 

1.1 
11(c) 

(p.   73) 
3.0 
7.0 

3.0 
5-0 3 1.0 lMa) 

1-3 5.0 1.1 (p. 89) 7.0 

3-0 
CO 1-3 

2.0 
25.0 

5-0 12(f) 
(p-  82) 

3-0 
5-0 7-0 1.1 It 1.0 15(c) 

25.0 1-3 
2.0 

7.0 
25.0 

1.1 
1-3 

(p. 97) 

2.0 
8 1.0 

1.1 
11(d) 

(P.  7>0 
5-0 
7-0 

3-0 
5.0 It 1.0 Ht(b) 

1.3 25.0 1.1 (p. 90) 7.0 
3-0 w 1.3 25.0 
5-0 
7-0 

2.0 
3-0 

» 
x = 0.50 

25.0 5-0 
25.0 

6 1.0 
1.1 

15(d) 
(p. 98) 3 1.0 13(a) 

(p-   83) 1-3 
2.0 12 1.0 11(e) 1-3 

1.1 (P.  75) 2.0 6 1.0 iMc) 3-0 
1-3. 3-0 1.1 (p.  91) 5.0 
2.0 5.0 1-3 7.0 
5-0 7.0 2.0 25.0 
7.0 25.0 3-0 CO 

25-0 » 5-0 
7.0 

25-0 
8 1.0 

1.1 
15(e) 

(p. 99) It 1.0 13(b) 
80 1.0 11(f) 1.1 (p.   84) 0 1-3 

1.1 (p.  76) 1-3 2.0 
1-3 2.0 8 1.0 llt(d) 3-0 
2.0 5.0 1.1 (p. 92) 5-0 
3-0 7-0 1-3 7.0 
7.0 25.0 2.0 25.0 

25.0 00 3-0 
5.0 

.   » 
6 1.0 13(c) 7.0 12 1.0 15(f) 

X = 0.25 1.1 
1.3 

'(p. 85) 25.0 1.1 
1-3 

(p. 100) 

3 12(a) 
(p.   77) 

2.0 
3.0 1.1 12 1.0 llt(e) 3-0 

1-3 5-0 1.1 (p. 93) 5.0 
2.0 7.0 1-3 7.0 
3-0 25.0 2.0 25.0 
5-0 CO 3.0 CO 

7.0 5-0 
7-0 8 1.0 13(d) 20 1.0 15(g) 

1.1 
1-3 

(p. 86) 25.0 1.1 
1-3 

(p. 101) 

1* 1.0 
1.1 
1-3 
2.0 

12(b) 
(p.  78) 

2.0 
3-0 
5.0 
7.0 

2.0 
3.0 
5.0 
7.0 

3-0 25.0 25.0 
5-0 w 00 

7.0 
25-0 

1 . 1 
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TABLE VI.- INDEX TO CURVES FOE CIRCULATION ALONG THE SPAN FOR CONSTANT RATE OF PITCH,  £ 
Bqh 

AB Bm Figure AB Bm Figure . AB Bm Figure AB Bm Figure 

X = 0 X. = 0.25 
(concluded) 

X = 0.50 
(concluded) 

X = 1.00 

It 

5 
6 
8 

12 
20 

1.0 
1.25 
1.5 
2.0 
3-0 
5.0 

16 
(p.   102) 

2 1.0 
1.1 
1.3 
2.0 
5.0 
7-0 

25.0 

21(a) 
(p. 127) 6 1.0 

1.1 
1-3 
2.0 
3-0 
7-0 

25.0 

18(c) 
(p.   Ill) 

12 3-0 
5-0 
7-0 

25.0 

19(e) 
(p.  119) 

3 1.0 
1.1 
1-3 
2.0 

17(a) 
(p.   103) 

20 1.0 
1.1 
1-3 
2.0 
3-0 
5.0 
7-0 

25.0 

19(f) 
(p.   120) 

3 1.0 
1.1 
1-3 
2.0 
3.0 

25.0 

2Kb) 
(p.   128) 8 1.0 

1.3 
2.0 
3.0 
5.0 
7.0 

25.0 

18(d) 
(p.   112) 

it 1.0 
1-3 
3-0 
5-0 
7-0 

25.0 

17(b) 
(p. ioit) 

X = 0.75 It 1.0 
1.1 
1.3 
2.0 
3-0 
5-0 
7.0 

25-0 

21(c) 
(p.   129) 

12 1.0 
1.1 
1.3 
2.0 
3.0 
7.0 

25.0 

18(e) 
(p.   113) 

3 1.0 
1.1 
i-3 
2.0 
3.0 
5.0 

25.0 

20(a) 
(p.   121) 

6 1.0 
1.1 
1-3 
2.0 
5.0 
7-0 

25.0 

17(c) 
(p.   105) 

6 1.0 
1.1 
1.3 
2.0 
3.0 
5.0 
7-0 

25.0 

21(d) 
(p.   130) 20 1.0 

1.1 
1-3 
2.0 
3-0 
7.0 

18(f) 
(p.   11^) 

It 1.0 
1.1 
1-3 
2.0 
3.0 
5.0 

25.0 

20(b) 
(p.  122) 

8 1.0 
1.1 
1-3 
2.0 
3.0 
7.0 

25.0 

17(d) 
(p.   106) 

X =0.50 
6 1.0 

1.1 
1.3 
2.0 
3.0 
5.0 
7-0 

25-0 

20(c) 
(p.  123) 

8 1.0 
1.1 
1.3 
2.0 
3.0 
7.0 

25.0 

21(e) 
(p.  131) 3 1.0 

1.1 
1.3 
2.0 
3-0 

25.0 

19(a) 
(p.   115) 

12 1.0 
1.1 
1.3 
2.0 
3.0 
5-0 
7-0 

25-0 

17(e) 
(p.   107) 

It 1.0 
1.1 
1-3 
2.0 
5.0 
7.0 

25.0 

19(b) 
(p.   116) 

12 1.0 
1.1 
1.3 
2.0 
3.0 
5.0 
7-0 

25-0 

21(f) 
(p.   132) 8 1.0 

1.1 
1.3 
2.0 
3.0 
5.0 
7-0 

25.0 

20(dJ 
(p.  124) 

20 1.0 
1.1 
1-3 
2.0 
3-0 
7.0 

25.0 

17(f) 
(p.   108) 

6 1.0 
1.1 
1.3 
2.0 
3.0 
5-0 
7.0 

25.0 

19(c) 
(p. 117) 20 1.0 

1.1 
1.3 
2.0 
3.0 
7-0 

25.0 

21(g) 
(p.   133) 12 1.0 

1.1 
1.3 
2.0 
3-0 
5.0 
7.0 

25.0 

20(e) 
(p.   125) 

X = 0.25 

3 1.0 
1.1 
1-3 
2.0 
3-0 
5.0 
7.0 

18(a) 
(p.   109) 

8 1.0 
1.1 
1.3 
2.0 
3.0 
5.0 
7.0 

25.0 

19(d) 
(p. 118) 

20 1.0 
1.1 
1-3 
2.0 
3-0 
5.0 
7-0 

25.0 

20(f) 
(p.   126) 

It 1.0 
1.1 
1.3 
2.0 
3-0 
5.0 
7.0 

25-0 

18(b) 
(p. 110) 

12 1.0 
1.1 
1.3 
2.0 

19(e) 
(p. 119) 
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>-y 

Figure 2.- The  area of integration associated with a point (x,y) on the 
wing trailing edge. 

>-y 

Figure 3.- The limits of integration for equations (9) and (10) 
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(a) AB = 3. 

Figure 5.- The distribution of circulation along the span for wings at 
a constant angle of attack with X  = 0. 
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(a) AB = 3. 

Figure 8.- The distribution of circulation along the span for wings at 
a constant angle of attack with X  = 0.75. 
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Figure 8.- Continued.  A. = 0.75. 
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wings with a constant rate of roll. 
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Figure  12.- Continued.     X = 0.25. 
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Figure  ib.- Concluded.     X = 0.75. 
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r 

(c) AB = 6. 

Figure 20.- Continued.  X = 0.75. 
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(e)    AB = 12. 

Figure  20.- Continued.     X = 0.75. 
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r 

(f) AB = 20. 

Figure 20.- Concluded.  X = 0.75. 
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Figure 21.- Continued.  X = 1.00. 
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Figure  21.-  Concluded.     \ = 1.00. 



134 NACA TN 26^3 

(a)  Variation with Mach number.  A = k; A  = 30°; X  =0.5. 

I.2v- 

(b)  Variation with aspect ratio. M = 1.53; A'= 30°; X =  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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(c) Variation with sweepback. A = k;  M = 1.8; X  = 0.75. 

/.2r 

7 .8      -9      1.0 

(d)  Variation with taper ratio. A = k;  M = 1.53; A = 30°. 

Figure 22.- Concluded. 
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(a) Variation with Mach number. A = k; A 

•6V 

O      /.O 

=  30u; X  =0.5. 

0       .1      .2      .3 

(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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7      .8       9/0 

(c)     Variation with sweepback.    A =  k; M = 1.8;   X = 0.75. 

X--75 

£>      /.0 

(d)     Variation with taper ratio. ; A = K; M = 1.53; A = 30°. 

Figure 23.- Concluded. 
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(a) Variation with Mach number. A = 4; A = 30°; X  =0.5. 

./2r 

b/2 

(b) Variation with aspect ratio. M =1.53; A = 30°- X  = 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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(c)    Variation with  sweepback.     A = k; M = 1.8;   X = 0.75. 

./2r 

■7      .0      .9     10 

(d) Variation with taper ratio. A = k;  M = 1.53; A = 30°. 

Figure 2k.-  Concluded. 
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JKCg. located of wmg apex 

r 
£|Z Bc0 

b/a- 

(a) M = 1.25; A = k;  A = 30°; \ =  0.5. 

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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■/or 

72- 

.08 

eg. located at wing apex. 

eg- located a distance It chord lenghts 
-^r~-~^doh/n stream   of wing apex 

eg-located a distance 2.H 
chord lengths   downstream 
of Hing apex 

b/2 

(c)    A = 12°;  A = 4;  M =  1.8;  \ = 0.75. 

Figure 25.- Continued. 
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eg. located at wing apex.) 

r 
*$ 

(d)     A = 54°;  A = k; M = 1.8;   X = 0.75. 

Figure 25.- Concluded. 
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