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Summary.--This report considers in detail the design of aerofoils by Lighthill's exact method, in which the velocity 
over the aerofoil surface is prescribed as a function of the angular co-ordinate on the circle into which the aerofoil 
may be transformed. The mathematical basis of the method is set out, means for obtaining desired characteristics 
for tile aerofoil are developed, and the procedure to be followed in the actual design is fully discussed. Various 
special functions are introduced to increase the range and practical util i ty of the velocity distributions 0btMnable, 
and these and other functions are fully tabulated. Tile calculations for the design of a particular thick suction 
aerofoil are set out in detail. 

1. Introduction.--Lighthill has presented in R. & M. 21121 a new method for the design on 
aerofoils. I t  enables the velocity distribution over the aerofoil surface in two-dimensional 
incompressible flow to be prescribed arbitrarily, provided certain integral relations are satisfied. 
The velocity is taken as a function of the angular co-ordinate 0 on the circle to which the aerofoil 
corresponds, ill the conformal transformation between the region outside the aerofoil and the 
region outside the circle. I t  is shown that  the logarithm of the velocity, and the direction of 
flow on the aerofoil surface, are Fourier conjugate functions of 0. This enables the aerofoil 
shape to be calculated. The method is exact, in that  there are no approximations or restrictions 
as to lift coefficient, thickness, or camber , but numerical integration is necessary to obtain tile 
co-ordinates of the aerofoil surface. 

A full exposition of the method is given in R. & M. 21121, and a large number of examples 
are worked out. The present report extends the analysis slightly in certain directions, but its 
main purpose is to develop special terms which may be incorporated in tile velocity distribution 
to .produce certain desired characteristics, and to provide a list of the Fourier conjugates and 
various associated integrals of functions which are in general use. The practical procedure 
recommended for the design of an aerofoil is also fully discussed. 

The principal feature of Lighthill's method is that  it does not a t tempt  to determine completely 
the relationship between the aerofoil and circle planes; it  merely seeks to establish enough 
about it to enable the aerofoil shape to be calculated, and the aerodynamic characteristics of 
tile aerofoil to be found. The method is very flexible and can produce aerofoils of widely 
varying types. I t  affords the only satisfactory means of designing suction aerofoils, which are 
required to have discontinuities in the velocity over the surface. If the velocity distribution 
chosen is of a simple nature, the calculations can be carried through very speedily, with the aid 
of a calculating machine, but  the work involved increases rapidly as the selected distribution 
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becomes more complicated. Only functions simple enough for their  conjugates to be evaluable 
can be used in prescribing the  velocity. As a result the  number  of  disposable parameters  is 
l imited, and for th in  aerofoils of convent ional  form, approximate  methods  probably give superior 
results, unless an exact velocity dis tr ibut ion is part icularly desired. The me thod  cannot  be 
used to find the  velocity over a given aerofoil, nor can it est imate the effects of modifications to 
a designed profile. 

The me thod  has numerous  fur ther  applications. Lighthil l  employed it in R. & M. 21121 to 
design two-dimensional  contractions and aerofoils in cascade, and it may  also be used to obtain 
bends for wind tunnels  and to design the  suction slot at  the  same t ime as the  rest of a suction 
aerofoil. These and other  fresh developments  lie outside the  scope of the  present report. 

2.  T h e  M a t h e m a t i c a l  M e t h o d . - - F o r  the  s teady irrotat ional  two-dimensional  flow of an 
incompressible inviscid fluid, there exists a complex potent ia l  w = 6 + iv which is an analytic 
function w ( z )  of the  complex variable of position z = x + iY .  $ is the  velocKy potent ia l  and 
~0 the  s t ream function. 

It follows that 
dw 

- -  u - - i v  

clz 

= qe  --'x , . . . . . . . . . . . .  (1) 

where q is the magni tude  of the  fluid velocity and  z the direction the  flow makes with the  x-axis. 
u and v are the  velocity components  in the  direction of the  axes. 

Now if a conformal t ransformat ion of the  region of flow in the  z-plane is made  to another  
region in tile C-plane, by  means of the  t ransformat ion function z = g(g), then  w = w{g(g)} 
gives tile flow in the  g-plane, wi th  boundary  conditions to be found from the transformation.  

The flow in the C-plane round the  uni t  circle [g] = 1, with the  Velocity at infinity uni ty  at an 
angle c~ with the  real axis, is given by  

1 
w = ¢e  -i° + g e_ i  ~ + ix log g ,  . . . . .  . . .  (2) 

where 2 ~  is the  circulation round the  circle, 

dw 1! e_ o 1 } - ¢ + . . . . . . . . .  ( 3 )  

On the  circle itself g = e ~°, and here 

dw 
- -  i e  - ' °  {2s in  (0 - -  e) + @ . . . . . . . . .  (4) 

d¢ 

Thus the  velocity over the surface of the  circle 

- -  [ d w I  = I 2 s i n  (o - -  c~) + ~ l  ~ . . . . . . . .  (5) - -  ~ -  

For n --~ 0, this shows there  are s tagnat ion points on tile circle at 0 = ~ and  0 = ~ + cq as 
would be expected. 



Suppose now the region outside the circle is conformally transformed into the region outside 
an aerofoil, in the z-plane, by means of an analytic function z(¢), such that  a definite point on 
the aerofoil, the trailing edge, corresponds to the point ¢ = 1 on the circle. Also let z --  ¢ --> 0 
as ~ ---> m. This ensures that  the conditions at infinity are the same in the two planes. 

By the Kutta-Joukowsky condition the velocity must be zero on the circle at 0 = 0, tile point 
corresponding to the trailing edge. Hence by equation (5) 

and 

= 2 sin c~ . . . . . . . . . . . . .  (6) 

[ ~ l  : t 4 s i n 2 c ° s ( 2 -  0~)[ . . . . . . . . .  (7) 

In the aerofoil plane let dw/dz = q e - %  On the aerofoil itself q is the surface velocity and 
Z is the direction of the tangent. 

Then dw [ dw d~ 
q =  & = d-~ " d-~" 

On the aerofoil surface dz = ds .  e ix, where s is the distance along the surface. Hence on the 
aerofoil at incidence c~, ignoring for the present the question of sign, from equation (7) 

q ~ = 4 s i n ~ c o s  - - e  . ~ ,  ( s )  

q0 = 2sin 0 dO . . . . . . . . . . . .  (9) 

ds -- 2 s i n 0  dO . 
qo 

. .  ( lO) 

Now dx = ds cos z, dy = ds sin z, hence 

f 2  sin 0 t x---- - - c o s z d 0 ,  
q0 

• • 

f 2  z dO. 
s in  o 

s in  Y =  qo 

(11)  

Consequently if q0 is prescribed as a function of the circle co-ordinate O, the aerofoil contour 
can at once be found if z is known. 

Further from equations (8) and (9) 

qa = qO 0 
COS 

(12) 

so a knowledge of q0 implies a knowledge of q at any other incidence. 
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N o w  since z - -  ¢ --> 0 as ¢ --> m ,  we m a y  wr i t e  

a l  a2 z = ¢ + g + > +  . . . . . . .  (13) 

d z  a 1 H e n c e  - -  1 
de ~2 

14) 

Also d W o _ _ l  - 1 de ~ ,  f r o m  e q u a t i o n  (3), 

dwo _ dwo de 
a n d  so - -  - -  - -  

dz de " d z  

a n d  

N o w  

hence  

= 1 - -  
1 + a l  

¢2 1 @ O D l l  

log dwo _ 
dz 

1 + a l  
¢2 

_= ~ b , ,+ ic ,~  
,,=2 ¢,, , say,  whe re  b,, a n d  c,, are real.  

d W  0 
dz  - -  qo e - ' z  

log dwo _ Jog q0 - -  iX • . .  
dz  

. .  ( i s )  

. .  ( m )  

. .  (17) 

. .  ( i s )  

T h u s  on  t h e  circle ¢ = e ~°, f r o m  e q u a t i o n  (17), 

log qo - -  ix  = X (b,~ + ic,,)(cos nO - -  i sin nO). 
2 

E q u a t i n g  real  a n d  i m a g i n a r y  p a r t s  

log q0 = ~ (b,~ cos nO + c,~ sin nO) 
g 

Z = ~ (b,~ sin nO - -  c,~ cos nO) 
2 t (19) 

w h i c h  are c o n j u g a t e  F o u r i e r  series. 

H e n c e  log qo a n d  x are c o n j u g a t e  f u n c t i o n s  of 0. Po i s son ' s  i n t eg ra l  r e l a t i ng  c o n j u g a t e  f u n c t i o n s  
is 

z(O) = log q0(t) co t  ½(0 - t)dt (2o) 

w h e r e  t h e  C a u c h y  p r inc ipa l  va !ue  m u s t  be t a k e n  a t  t h e  s i n g u l a r i t y  ~ = 0, 
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i f  log q0 is an even function of 0, as in a symmetrical aerofoil, z is an odd function and equation 
(20) simplifies to 

z ( o )  - sin_ o (~ l o g  qo(t) dt . . . .  (21) 
7r ) 0 c o s  0 - - c o s ~  ' " "  " "  

and if log qo is an odd function of 0 , 

1 f" log qo(t) sin t dt  . . . . .  (22) 
z (0) - -  ~ 0 c o s 0 - - c o s t  . . . .  

in each case the Cauchy principal value being taken. 

I t  is seen from equation (19) that  the Fourier series for log q0 contains terms only with n / >  2. 
I t  follows tha t  

f 
Yt 

A. log qo dO -= 0 

B. log qo cos 0 dO = 0 

c. log qo sin 0 dO = 0 

(23) 

Physically, the first of these equations says that  the velocity at infinity must be unity, and 
the remaining two require tha t  the aerofoil contour shall close up. 

The design method is now dear. log q0 is prescribed over the aerofoil as a function of 0, with 
three arbitrary parameters whose values are determined by equation (23). z is then found 
as the conjugate function, and the aerofoil shape is calculated from equation (11) by  numerical 
integration. The art is to choose a distribution of log q0 which enables the design requirements 
to be satisfied, and is simple enough to allow the integral for z to be evaluated and the aerofoil 
shape to be computed, without undue labour. 

When the shape has been calculated the chord is found, and its length is measured. This 
turns out to be a quant i ty  c rather less than 4. Now the aerodynamic characteristics of the 
aerofoilcan be determined. 

From equation (6) the circulation is 4= sin ~, 

hence CL - -  8 ~  s i n  ~ . . . . . . . . . . .  (24)  
c 

The lift-curve slope is 8 ~ / c ,  and so is rather greater than 2~. 

For the pitching moment, by Blasius' theorem, the nose-up moment at zero lift is the real 
part of 

M = l p o  z d z  . . . . . .  . . . . .  (25) 
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B y  equat ion (17), dzoo 1 + be + ¢c2 
dz ~2 + . . . .  , 

= 1 + b2 + ice p + . . . .  , . . . . . . . .  (26) 

since z - -  ~ --> 0 as ~ -+ oD. 

Hence  M = ½O • 2 ~ i .  2(b2 + ic2). 

The nose-up m o m e n t  is therefore - -  2~pc2. 

(27) 

Bu t  from equat ion  (19), , i  o c2 = - log q0 sin 20 dO, and hence 

4 f" log  qo sin 20 dO . (28) C M O  = - -  C-g - s  . . . . . . . .  

For  the  pi tching momen t  at  o ther  incidences, see R. & M. 21121. I t  is there  shown tha t  the  
ae rodynamic  centre  is at  a distance 

_1 (1 + _1 f f  log  q0 cos 20 dO) aerofoil chords forward of z = O. 
C ~ - ~  

( 2 9 )  

Since z - -  ~ -->0 as ¢ --> oo 

which becomes z - -  cos 0 - -  i sin 0 = E a,,(cos nO ~ i sin ~0) . . . . .  (30) 
n = l  

on the  circle where  ~ = C °. Thus z is a Four ier  series in 0 wi th  no constant  term.  Hence  

z d O = O  . . . . . . . . . . . .  ( 3 1 )  

Tiffs enables the  position of z - -  0 on tile aerofoil to  be found, once the  ordinates  and  abscissae 
have  been obta ined  relat ive to a rb i t ra ry  axes. The mean  value wi th  respect  to 0 mus t  be zero 
in each case. The position of the  ae rodynamic  centre  can then  be calculated from equat ion  
(29). 

If  in computa t ion  no constants  have  been omi t t ed  from X, as t hey  m a y  be wi thout  affecting 
tile result ing shape, the aerofoil as in tegra ted  is at tile no-lift al t i tude.  The incidence c~ occurring 
in equat ion (24) mus t  be measured  f rom this position. 

Thus pract ical ly  all the  ae rodynamic  characterist ics of the  aerofoil can be easily found. The 
evaluat ion of t he  veloci ty at points off the  surface of t he  aerofoil is complicated,  bu t  a discussion 
of the  problem is given in R. & M. 21121. 

3. Design at Inc ide~ce . - - I± is now t ime to t u rn  to  the  problem of designing an actual  aerofoil. 
The  usual  procedure  is to  employ the  me thod  of direct  design at  incidence, in which the  upper  
surface veloci ty  is prescribed at  an incidence cq, and  the  lower surface veloci ty  at a lower 
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incidence ~2. The range of incidence from ~ to cq is referred to as the  incidence range of the 
aerofoil. I t  follows from equat ion (12), tha t  on tile upper  surface 

and on the  lower surface 

log q0 = log 

log q0 = log 

0 
COS 

0 
COS 

c o s ( 2  - -  e2) 

+ log q~l. 

+ log qo~. 

(32) 

Where  the  upper  and lower surfaces join, 

cos (2  - -  e~) = 4- cos (2  - -  c@,  

and so 0 : e l  + e 2 o r  0 = n  + e l +  e2 . . . . . . . . .  (33) 

The upper  and lower surfaces join near  the  nose at 0 ---- u + c~1 + e2. I t  is convenient  to 
call this point  the  leading edge, though it may  in fact not  be the point  far thest  from the  trail ing 
edge. 

Thus for a cambered aerofoil, the  general expression taken  for the velocity distr ibution is 

log q0 = 

log 

0 
COS 

0 
COS 

+ log 0 

+ S  , 0 < 0 < 2 z  

(34) 

S is the  value of log q~l on the  upper  surface, and  of log qa2 on the  lower surface. If S is chosen 
as a simple funct ion of 0 over the  circle its conjugate can be determined.  The conjugate of the 
first two terms of equat ion (34), and  their  contributions to the  integrals of equat ion (23), are 
very important .  These are calculated in Appendix  II,  and listed in Appendix  I, bo th  in the 
general case and in various special cases such as c¢~ = - -  el ,  for a symmetr ical  aerofoil, and 
~2 ~ 0, for an aerofoil with the bo t tom of the  incidence range at ~ ~ 0. The conjugate is 

F ( T )  ~ - 2 f r  logx  dx , 
o X f i - - 1  

(35) 

where T = tan  ½(0 --  cq - -  c~2) tan  ½(cq --  e2). This integral  has been evaluated numerically 
and is t abu la ted  in Table 1. 
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At first sight it m a y  appear  difficult t o  prescribe a veloci ty dis t r ibut ion in terms of 0 to give 
an aerofoil wi th  the  required properties.  Exper ience  helps considerably.  For  a flat plate  the  
t ransformat ion  to a circle gives x ---= 2 cos O, and in most  aerofoils x varies ra ther  like cos 0. The 
conjugates  of a large n u m b e r  of fnnctions suitable for use in S are listed in Appendix  I, and 
also the  corresponding expressions to be used in satisfying equat ion (23). 

For  a symmet r ica l  aerofoil, cq = - -  ~2 = e, say, and  equat ion (34) takes the  simpler form 

log qo = log 

0 
C O S  

c o s ( 2  - -  @ 
+ S ,  0 < 0  < ~  . . . .  (36) 

in which S = log qo and log q0 is an even funct ion of 0. 

As an example,  a low-drag aerofoil m a y  be considered, in which  

l , 0 < 0  } < =  

S =  - -  k(cos 0 - -  cos S) , 0 < 0 < / ~  " 
(37) 

Here  the  veloci ty  is cons tant  at  the design incidence back  to 0 = ¢1, and thereaf te r  falls steadily. 
I t  is necessary to satisfy equat ion (23). Of the  three  equations,  c holds au tomat ica l ly  for a 
symmet r ica l  aerofoil. The  other  two equations,  t aken  over the  range [0.~] only, can be wr i t ten  
as follows, using Appendix  I. 

A. 1~ - -  k(sin/~ --/~ cos/~) - -  ={X(= - -  2~¢) + X(2=) X(=)} = 0 

B. - -  ¼ k{2/~ - -  sin 2/3} + k cos/~ sin/~ + a sin 2 ~ + sin 2 ~ log cot c¢ = 0 
(3s) 

Hav ing  chosen c~ and/~ to give the required incidence range and  position of m a x i m u m  veloci ty 

these two equat ions  are solved to de termine  1 and k. X(O) 1 f ° - -  - log sin ½tdt, and occurs 
FC 0 

in m a n y  conjugates.  I t  is t abu la t ed  in Table 2. 

Z is now found from Appendix  I as 

F ( t a n  c~ t an  ½0) - -  k__~ sin 0 + k (cos 0 - -  cos/~) log sin ½(0 +/~) 
= = sin ½(0 --/~) " 

(39) 

Fina l ly  the  aerofoil shape is obta ined  from equat ion  (11), the in tegrand  being tabu la ted  at  
intervals  of 0 sui table for numer ica l  integrat ion.  Several aerofoils are worked out  in detail  in 
R. & M. 21121. One of t h e m  is shown in Fig. 1. 

If  the  same technique  is applied to a cambered  aerofoil, using equat ion  (34), the  aerofoil has 
the  same veloci ty  on the  upper  surface at  the  top of the incidence range, as on the  lower surface 
at  the  bot tom.  This is usual ly  undesirable.  

The me thod  employed in R. & M. 21121 to overcome the  difficulty involves approximations.  
A more sat isfactory me thod  is as follows. F rom equat ion  (34), at 0 = a + ml + c~2, a l though 
there  is con t inu i ty  of log qo, d(log qo)/dO has a discont inui ty  of amoun t  

- -  cot ½(~1 - -  32) = --  cot c~0, say, . . . . . . . . . .  (40) 

where  c~0 = ½(el - -  ~2) and  is equal  to half the  ex ten t  of the incidence range. 
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Now if S is t aken  to include terms 

{ , i} + (a + ~1 + c~2 - -  0) cot ~0, ~ -}- ~1  "@ ~2  - -  8 < 0 < 97; -~- O~ 1 -}- 0~ -{- 0~ 2 

(41) 
there  is con t inu i ty  of log q0 and  d(log qo)/dO at 0 = ~ + ~1 + ~2, and also cont inu i ty  of log q0 at  
0 = Jr. -1- ~1 ~- 0{'2 - -  8, provided tha t  

m = ~ cot c~0 . . . . . . . . . . . . .  (42) 

The effect of this technique  is to increase log q0 on tile upper  surface by  an a m o u n t  m. The 
upper  surface veloci ty  at incidence ~1 is constant  up to 0 = a + ~1 dr_ ~2  - -  e. At incidence e2, 
the  lower surface veloci ty  rises very  slowly be tween 0 = a + ~1 + c~2 - -  e and  0 = a + cq + ~o, 
and  f rom then  on is constant .  Effect ively  the  leading edge has been moved  to 
0 = a  + c q  + ~ - - s .  

Complications arise in satisfying equat ion  (23). m m a y  convenient ly  be t aken  as one of the 
a rb i t ra ry  parameters  in log qo, but  the  equat ions are no longer linear. Since cot ~0 is large, 

is small,  and  a m e t h o d  of successive approximat ions  m a y  be used. Wi thou t  mak ing  use of 
equat ion  (42), all the  other  parameters  are e l iminated from equat ion  (23), leaving one equat ion  
connect ing m and  e. W i t h  s = 0 this equat ion  becomes linear in m and  can at  once be solved, 
giving m = rnl. Now from equat ion (42), wri te  e = ml t an  ~0 and  a modified l inear equat ion  
for m is obtained,  yielding a second approximat ion  m = m2, and  so on. The process converges 
ve ry  rapidly,  three  or four applications sufficing to calculate m to six decimal  places. The 
remain ing  parameters  can now be found as usual.  In  Appendix  IV, an aerofoil is designed 
mak ing  use of this technique.  

4. The Leading E d g e . - - I t  has been pointed out  in the  discussion of the  s technique,  t ha t  when 
using the  me thod  of design at  incidence, there  is a d iscont inui ty  in d(log qo)/dO of amoun t  - -  cot ~0 
at the  leading edge. The  e te rm only shifts the d iscont inui ty  along the  surface. Now if a 
funct ion  has a discontinui ty,  its conjugate  funct ion has a logar i thmic  infini ty at  the same point.  

Thus  the  conjugate  of k, ~ < 0 < ~ is h log [[sin ½(0 - -  x)]Esin ½(0 m)]l, which behaves like k 
;N 27~ 

log ( 0 -  Z) near  0 = Z. The ..conjugate of d(logqo)/dO is dz/dO, as m a y  be verified by  
dif ferent ia t ing the Fourier  serms (19), and  hence dx/dO becomes logar i thmical ly  infinite at 
t he  leading edge. The curva ture  of the  aerofoil surface = dz/ds = (dz/dO) . (dO/ds), so it also 
has a logar i thmic  infinity,  since dO/ds remains  finite and non-zero. If  the  d iscont inui ty  in 
d(logqo)/dO is small, the  effect on the  aerofoil shape is probably  not  serious;  bu t  cot s0 is large, 
par t icu lar ly  for fairly th in  aerofoils. As a result  of the  zero radius of curvature ,  a high veloci ty 
peal; will form at the  nose at  incidences above the  top of the  incidence range, l imit ing the  
m a x i m u m  lift-coefficient of the  aerofoil. 

To avoid this, a t e rm mus t  be added  to log q0 to el iminate the  discontinui ty.  Take  a new 
co-ordinate  ¢ measured  from the  leading edge. Thus ¢ = 0 - -  (~ + el + ~ - -  e). 

1 { a) a < ¢ < a (43) Consider K = ~ cot ~0 In¢ I + cos n¢ - -  2f ' - -  2-~ 2-~ . . . . .  

At  ¢ = 0 d K  ' de --  q- ½c°t  ~o . . . . . . . . . . . . . . . . .  (44) 

as required. 
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A full discussion is given in Appendix  I I I ,  where it is shown tha t  n = 3 is sufficient to give a 
posi t ive radius of curva tu re  at  the  nose, provided  the  incidence range is at least 4 deg. Exper ience  
has shown tha t  n = 6 gives a be t t e r  shaped nose and a reasonably large radius of curvature .  
If n is small there  is a large reduct ion of veloci ty  at ¢ = 0, and the  t e rm extends over a wide 
range of ¢. 

The conjugate  funct ion LG and  the Four ier  constants  are worked out  in Appendix  I I I .  In  
Tables 3 and  4 the  funct ion L6 is t abu la t ed  in degrees, for bo th  symmet r ica l  and cambered  
aerofoils. For  cambered  aerofoils one of the  te rms of L6 cancels out  wi th  the t e rm cot c%X(¢) in 
the  conjugate  of the  8 term,  and so is not  included. For  symmet r ica l  aerofoils the  complete  
conjugate  is t abu la t ed  direct ly  in terms of 0. 

I t  m a y  be no ted  tha t  there  is a second discont inui ty  of d(log qo)/dO at 0 = c~1 + 0c2, of amoun t  
- -  t an  e0. This is small and can be safely ignored, since the  aerofoil shape in this region near  
the  trai l ing edge is not  so impor tan t .  

The leading-edge te rm K6 was used in the design of the aerofoil shown in Fig. 3. I t  will be 
seen tha t  the  nose is well rounded.  

5.  The Trailing Edge.--At the  trai l ing edge the aerofoil shape is governed by  the type  of 
veloci ty  distr ibution.  W i t h  the  normal  choice of log q0 in terms of simple t r igonometr ical  
functions of O, as for example  in equat ion (37), log q0 is finite at  0 = 0, and so q0 has a non-zero 
value there.  As a result  the  t rai l ing edge is cusped. A cusp gives good low-drag properties,  
and  for most  aerofoils no modif icat ion is required.  W h e n  the cusped aerofoil has been designed, 
small  modif icat ions of shape m a y  if necessary be made  over the  rear  to th icken the trai l ing edge. 
The effect on the  veloci ty  dis t r ibut ion fur ther  forward is p robably  no greater  than  tha t  p roduced  
in any  case by  the  b o u n d a r y  layer  over t h e  tail. 

I~ there  is to be a finite trai l ing-edge angle r, z must  have a discont inui ty  - - ,  at 0 ---- 0. Since 
z is the  conjugate  of log q0, near  0 ---- 0 

log q0 = Z log 0 + P . . . . . . . . . . .  (45) 

where  P is a funct ion of 0, f inite at  0 = 0. Thus  near  0 = 0 

q0 = e ~' 0~/~ . . . . .  

A suitable t e rm to be included in log q0 is 

-~ log sin 0 - -  =- < 0 < (47) 
~rC ~ 2 '  2 . . . . . . . . .  

whose conjugate  is given in Appendix  I. Exper ience has yet  to be obta ined  as to the effect of 
various choices of P on the shape near  the trai l ing edge. 

W h e n  ~ = =, the trailing edge is rounded.  The larger P ,  the smaller is the  radius of curvature .  
Since this is usual ly  required to be small, P should be chosen to rise rapidly  as 0 decreases to 0. 
P robab ly  a similar behaviour  of P is also desirable when  ~ is less than '  ~. 

In the normal case, when the aerofoil has a cusp, the usual choice of log q gives similar velocities 
on the upper and lower surfaces near the trailing edge. It is sometimes necessary to produce 
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negative loading over the tail, by having a smaller velocity on the upper surface than on the 
lower. 

If 

log q0 = 

1 - - s i n ~ 0 ,  -- ~ < 0 < 0  
2~ 

-- 1 - - s i n n 0 ,  0 < 0 < ~  

+ S  , - - ~ < 0 < ~  

(48) 

at the tail, S must be taken to be 2 greater on the lower surface than on the upper, to give 
continuity at 0 = 0. There are no discontinuities in either log q0 or d(log qo)/dO at 0 = 4- a /2n .  
To spread the sharp change of velocity over a reasonable distance of the aerofoil surface, n is 
taken to be 6. The conjugate Q6 of the first two terms P~ of equation (48) is given in Appendix I, 
and tabulated in degrees in Table 5. I t  is employed in the design of the aerofoil considered in 
Appendix IV. 

6. S u c t i o n  A e r o f o i l s . - - T h e  method of design is admirably suited to producing suction aerofoils. 
Several are worked out in R. & M. 211P and 21121. A distribution of logq0 is chosen with a 

discontinuity k at some point 0 = ¢?. The conjugate z contains a term --  k_ log I sin ½(0 --  ¢~) ], 

and so has a logarithmic infinity at 0 =/~.  The shape of the surface near the discontinuity 
is shown in the next section to be approximately a logarithmic spiral, and methods are put 
forward for carrying out the integration in the neighbourhood to find the aerofoil co-ordinates. 
At this point on the surface, a suction slot is incorporated. I ts  primary purpose is to remove 
the boundary layer, which would otherwise separate owing to the sharp pressure rise, but there 
is also an effect on the velocity distribution, known as sink effect. The velocity is increased 
in front of the slot and decreased behind it. 

For a sink of strength 2sin on the circle at 0 = ¢~, the complex potential of the flow round 
the circle becomes 

1 
w =  ¢ e-~" + r e _ ~  + i K  l °g  ¢ - m { 2 1 ° g  (¢ - e ~ È ) - l o g ¢ }  . . . .  (49) 

d w  _ e -  ia 1 i K  m t 2 11 (50) 
de ¢ 2 e -  ~° + ~ -  - ¢ - -  e ~ -~f . . . . . . . . .  

Proceeding as before, the condition for a stagnation point at 0 = 0 is 

K = 2 s i n ~  + m c o t ~ -  . . . . . .  (51) . . . . .  

For a slot on the upper Surface, suction produces an increase of circulation and hence of lift. 
The nearer the slot is to the trailing edge, the greater the gain. Using equation (51), 

t dw]  4s in  0 (0 ) ~ 0 0--f i ]  .. (52) d~-I = ~cos ~ - -  c~ + m c o s e c  s i n g c o s e c - - 2  ] " 

Hence if q .... is the velocity with suction at incidence ct, 

~ a  m 

qo 0 
COS - -  

2 

+ ~ cosec 
O - -  fi 0 c o s e c - ~ s e c  (53) 
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and q°~--  1 + cosec cosec sec ( r  
qo 4 - -  . . . . . . .  

F rom these equat ions it is possible to calculate the  modified potent ia l  velocity distribution. 

The s t rength  of t h e  sink on the  aerofoil is 2~m/c where c is the  number  less than  4 occurring 
in equat ion (24). In the usual aerofoil notat ion,  this sink s t rength  is CQ = O/Uc, where Q is the 
vo lume sucked in uni t  t ime, U the  s t ream velocity and c the  aerofoil chord. 

The effect of suction on the  velocity distribution, as given by equat ion (54), is small except  
in the  vicini ty of the  slot, but  for an aerofoil with a slot at  the  nose this sink effect may  be 
uti l ised to postpone the  stall. In  R. & M. 21622 the  design of aerofoils to take  advantage of 
th is  effect is considered. 

I t  is also possible to design the aerofoil to take  account of the  suction directly. Suppose tha t  
at  incidence e with suction, there is a s tagnat ion point behind  the slot at 0 = /3  - -  7. F rom 
equat ion (54), 

m = 4 c ° s ( / 3 - 7 2  @ s i n ~ s i n ~ 2 ,  . .  . . . .  (55) 

then  equat ion (53) becomes 

q0 

Also q . . . . .  
g0 m 

sin ½(0 --/3 + ~) cos 1(0 - -  y - -  20~)1 
sin ½(0 --/3) cos ½0 ] 

c o s  ½ ( 0  - - -  

c o s  ½ ( 0  - r )  

( 5 6 )  

(57) 

provided  m is so adjus ted tha t  ~ is unchanged,  as ~ varies. 

Consider the  following velocity distribution. 

t sin 1(0 --/3 + 7) cos ½(0 --  ~) ' 

log J , c o s  - qo + log 
I c& ½(0 --  ~ - -  2~) 

+ S  

0 < 0  < 2 ~  

0 < 0 < 2 ~ .  

(5s) 

By equations (56) and (57), S is the value of log qo~ on the  upper  surface and of qo,~ on the  lower 
surface. The conjugates of the  first two terms of equat ion (58) are given in Appendix  I. I t  is 
thus  possible to design an aerofoil in which the  velocity with suction is prescribed right into the  
slot. The slot shape is worked out with the  rest of the  aerofoil, depending chiefly on the  type  
of velocity distr ibution assumed in the  slot mouth.  For  thick suction aerofoils wi th  the  slot 
well back on the  chord, as those in Figs. 2 and 3, the  modifications of shape through use of the  
me thod  are probably small. 

7. Practical Notes.--A]l the  necessary material  for satisfactorily designing aerofoils to fill a 
wide range of requirements  has now been set out and explained. I t  remains to consider various 
practical difficulties which may  be encountered  while actual ly carrying out the  design. 
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The method can very easily provide velocity distributions which, at a certain incidence, are 
either flat or changing steadily along tile chord. In the first case log q is made constant over a 
suitable range of 0, and in the second it is made proportional to cos 0. As pointed out earlier, 
x varies along the chord like cos 0, to a good approximation. There should of course be no 
discontinuities in the log q chosen, except at the slot of a suction aerofoil, and discontinuities in 
d(log q)/dO should be avoided as far as possible. I t  is difficult to obtain any required thickness 
exactly. The chief factor controlling the thickness is the extent of the incidence range, the two 
being roughly proportional for a given type of velocity distribution. I t  is always necessary 
to satisfy equation (23), and for this purpose enough parameters in log q0 must be left arbitrary. 
If it is desired to prescribe the pitching moment, another parameter must be included to enable 
equation (28) to be satisfied. For C~o other than zero, the value of the chord c must be guessed. 
This can usually be done with sufficient accuracy. When the equations have been solved and 
the values of the parameters determined, the velocity distribution over the aerofoil can be worked 
out. From the maximum velocity it can often be decided what the thickness is likely to be, 
making use of previous experience. If the calculated value is unsatisfactory, it is a waste of 
time to proceed further with working out the aerofoil shape. The form assumed for log q0 must be 
adjusted, and equation (23) solved afresh, until  a satisfactory-velocity distribution is obtained. 

The conjugate z is now found. If log q0 has been chosen in terms of the functions in Appendix I, 
this presents no difficulty. Next, the integrands in equation (11) must be calculated at intervals 
of 0 suitable for numerical integration. For an aeroIoil to be used in practice, seven figure 
tables should be used, and a calculating machine is essential. I t  is convenient to have available 
tables of cos 0 and log sin 1 0 tabulated to seven decimal places, for integral values of 0 in degrees. 
Factors of x or other terms of the integrand, constant over the whole range of 0 may be omitted, 
but care must be taken to take account of them when evaluating the chord c and the no-lift 
angle. In regions where there is a singularity in log qo, for example at the leading edge or near 
a suction slot, the interval of tabulation should be reduced. Simpson's rule may then be used 
throughout the integration to find the aerofoil shape. This is easily carried out on an adding 
machine. Methods of integration involving the repeated taking of differences break down 
owing to the awkward behaviour of the differences near the singularity, and it is easier to 
calculate a few extra points than to develop and apply a special rule. Simpson's rule of 
integration in the form 

3 2 y dx = y0 + + y ,  . . . . . . . . . . .  (59) 

gives the co-ordinates at even points of tabulation only. An application of the cubic rule in 
the form 

3 f3~ a o y dx = ~.{Yo + 3y. + 3y2~ + Y3~} (60) 

gives an odd point, and t h e  co-ordinates cf the remaining odd points follow by Simpson's rule. 
The cubic rule may also usefully be used to check the integrations. The accuracy of the whole 
work is shown by whether the aerofoil contour doses up on integrating round the circle. Very 
small errors may be smoothed out over the surface. 

The sign of the integrand in equation (11) must be viewed with suspicion. The difficulty 
is that  z has been defined in two ways, firstly as the direction of the velocity q, and secondly 
as the tangent to the aerofoil in the direction of 0 increasing. These two expressions may differ 
by a. At a stagnation point the former alters by a while the latter is unchanged, while at a 
cusped trailing edge the reverse is true. In practice there is never any difficulty in deciding 
by  inspection which sign must be taken in equation (11) to get the aerofoil contour. 
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On a suction aerofoil, the  in tegrat ion breaks  d o w n  near  each veloci ty  discont inui ty.  If 
there  is just  one such point  on the  aerofoil, it  is possible to in tegra te  towards  it f rom both  direc- 
tions, bu t  the  slot position and  the  accuracy  of joining up are not  determined.  If  there  are 
two or more  slots, the  in tegra t ion  should be carried out  over as much  of the surface as possible, 
in t roduc ing  a rb i t ra ry  constants  where necessary. 

Fo r  a d iscont inui ty  k in log q0 at 0 = #, the  value of z in the  ne ighbourhood m a y  be wr i t t en  

z = z 0  + k - l o g l 0 - - # ]  . . . . . . . . . .  (61) 
7g 

where z0 is cont inuous near  0 = ~. By  equat ion  (9), ds/dO ---- (2 sin O)/qo, so if s is measured  
f rom the  d iscont inui ty  and is small, 

2 s i n #  (0 #) . . . . . . .  (62) 
S . - t " ~  _ _  . . . . . .  

qO ' 

Hence  from equat ion (61), z = z~ + _k log s ,  . . . . . . . . . . . .  (63) 

which  is the  equat ion  Of a logar i thmic  spiral, if variat ions in z t are ignored, zl has a d iscont inui ty  
of k2/= at 0 = =, so the  two branches  of the  spiral are relat ively displaced. If k2/= = ~ the  
branches  coincide, and  it follows as an interes t ing corollary t ha t  the  m a x i m u m  veloci ty 
d iscont inui ty  theoret ica l ly  possible is e = . 

The theory  of t he  logar i thmic spiral can now be applied to provide the following relations. 
If the  aerofoil co-ordinates at 0 = # + n~, where d is the in terval  of tabula t ion,  assumed small, 
are z,~ = x~ + / y ~ ,  then  

arg { z , , -  z_,~} = z , ~ -  t a n _  l_,k . .  . .  . .  . .  . .  (64) 
:N 

where  z~ is the  mean  of the  values of z at  0 ----/~ - -  n~ and  0 = $ + rid. For  a t rue  logar i thmic  
spiral these two values would be equal, and  this provides an indicat ion if d has been t aken  small  
enough.  Also 

]z~ --z_, ,I  - n (65) 
. • • • ~ o . • • • • 

Z , n  - -  Z _ ,,~ ~4/b 

The slot position z0 lies on the  line joining z_,~ and z+,,, at the  point  dividing it in the ratio e k" 1, 
as is seen f rom equat ion  (62). 

This relation, together  wi th  equat ion (64) for n = 1 and  for ~ ---- 2, and equat ion (65) for 
= 1, m = 2, usual ly  provides all the  mater ia l  necessary to complete  the  in tegra t ion  and  check 

t ha t  the  contour  doses  up. Clearly the  points z,~ mus t  be so near  the  slot t ha t  the  approximat ion  
to a logar i thmic  spiral is a close one. 

This completes the calculation of the profile. The chord is measured, and the aerodynamic 
characteristics of the aerofoil can now be deduced. Several examples are worked out fully in 
R. & M. 2112 I, and other sections designed on the method are shown in R. & M. 21623 and 
2111 ~. In Appendix IV the design of one particular cambered suction aerofoil is considered in 
detail, as an illustration of the various points treated above. 
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A P P E N D I X  I 

Lis~ of ¢o@ugates 
, 

For  a funct ion f(O), periodic in 0 with  period 2~, tile Fourier  conjugate  funct ion G(O) is given 
by  Poisson's  integral  as 

G(O) = 2)- ~ f(¢) cot ½(0 --  ¢) d¢ .  

If f(0) is an even function of 0, this takes the  simpler form 

_ sin 0 [~ f(¢) G(O) de 
Jo c o s 0 - - c o s ¢  ' 

while iff(O) is an odd funct ion of 0 it becomes 

= cos 0 - -  cos ¢ 

The integrals for the first few Fourier  constants  off(O), which are required for various purposes 
in the  aerofoil design are 

A = f x f(O) dO, 
j -  

B = f ~ / ( o l  ~o~o do,  
J - -  

C = [~ f(O) sin O dO, 
3 -  

D = ~ / ( o )  ~o~ 20 do,  
.I-- 

E =  I"-~/(0) ~i~ 20 d0. 

These five expressions and G(O) are t abu la ted  below for a large number  of functions f(O). 
The terms of G enclosed in square brackets  are independent  of 0, and m a y  often be omitted.  In  
m a n y  cases reference is made to the  appropriate  section of Appendix  II ,  where the  method  of 
evaluat ing the  integrals is demonstra ted.  Where  no such reference is made the integrat ions 
are of a t r ivial  nature.  

The functions F(T) = _2 [r _!_og x dx and 
J 0  x 2 - -  1 ' 

X(O) -- ~-1 I i  log sin ½t dr, occur frequently.  These functions are t abu la ted  in Tables 1 and 2 

respectively.  

!. k ,~  < 0  < ~  G = k l o g [ S i n ½ ( 0  - - 2 )  
sin ½(0 --  #) 
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2. cos0,  ;~ < 0  < #  

3. s i n 0 , 2  < 0  <ff  

4. cos 20, i < 0  <ff  

A = k ( .  - , )  

B = k(sin ff - -  sin ~) " 

C = k(cos  ~. - -  cos if) 

D = lk (s in  2/, - -  sin 2~) 

E = ½k(cos 2t  - -  cos 2if) 

G - -  i f -  ~ s i n 0  + coS01og sin ½(0 - -  ~) [ 
2~ a sin ½(0 - -  if) I 

+ [ 2 ~  (cos ' - -  c o s f f ) ]  

A ----- sin ff - -  sin ;~ 

B = ~ {2(ff - -  ~) + sin 2ff - -  sin 2;~} 

C = 1 {cos  2~ - cos  2#}  

D - - - - ~ { s i n 3 f f  + 3 s i n f f  - -  sin 3~ - -  3 sin ~} 

E = } .  {cos3~t + 3 c o s ~ - - c o s 3 f f - - 3 c o s f f }  

G - -  ff - -  ~" sin 0 sin ½(0 - - / ' )1  2a  cos 0 + log 
s i~  1(o _ , ) 1  

+ [ 1  ( s i n * - - s i n f f )  1 

A = c o s i - - c o s f f  

B = 1 {cos  2~ - -  cos  2if} 

C ----- } {2(ff - -  ;t) - -  sin 2ff + sin 2~} 

D = }. {cos 32 - -  3 cos ~ - -  cos 3ff + 3 c o s f f }  

E = - } { 3 s i n # - - s i n 3 f f - - 3 s i n X  + s i n 3 ~ }  

G - - f f  - - ~ s i n 0  + - 2 s i n ~ - 2 ~  s i n @  + f f  - -  ~) 
2~ a 2 

+ ~ c ° s  20 log I sinsin ½(0½(0 ---- if) ~) + I 1~ (cos 2 ; ~ -  cos 2ff)] 

A =- } {sin 2ff - -  sin 2~} 

B = } { s i n 3 f f  + 3 sin ff - -  sin 3 1 - -  3 sin ~} 

C = ~. { c o s  3~ - -  3 cos ,1. - -  cos 3ff + 3 cos i f }  
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5. sin 20, Z < 0  < 

6. cos 30 ,~  < 0  < 

D = } {4(t~ - -  ,l) + sin 4t~ - -  sin 4X} 

{cos 42 - -  cos 4~} 

2~ cos 20 -- :~-sin cos@ + x) 
2 

+ sin 20 log ]sin ½(0 - -  ,t)] 
sin ½(0 -- ~) 

+ I 1  (sin 2,1 - -  sin 2¢)1 

A = } {cos 2,t - -  cos 2/~} 

B = ~. {cos 3;~ + 3 cos ;~ - -  cos 3~ - -  3 cos t~} 

C = ~ {3 sin/~ - -  sin 3tt - -  3 sin ;~ + sin 31} 

D = } {cos 4X - -  cos 4if} 

E = ~ {4(# - -  ;t) - -  sin 4~ + sin 4,t} 

G - -  ~ ~sin30 + _ 2 s i n  sin 20 + 2  
2~ ~ 2 

+ 2 sin 2(~ - -  ,~) sin (0 + ,l + ~) 

+ c ° s 3 0 1 ° g [ s i n l ( 0 - - ' ~ ) J ~  s i n } ( 0 - - ~ )  + I 1 6 d ( c ° s 3 ; ~ -  cos se)] 

A -= ½ (s in  3~ - -  sin 3,~} 

B = ~- {sin 4~ + 2 sin 2¢ - -  sin 4~ - -  2 sin 2~} 

C = } { c o s 4 Z - - 2 c o s 2 , t - - c o s 4 ~  + 2 c o s 2 ~ }  

D = ~v {sin 5¢ + 5 s in/ ,  - -  sin 5,l - -  5 sin ~} 

E = ~ { c o s S Z - - 5 c o s X - - c o s 5 ~  + 5 c o s ~ }  

7. sin 3 0 , ; ~ < 0  < 2~ cos 3 0 - -  sin cos 20 + ' +t~ 
2 

_ 2 s i n  2 ( / ,  - -  ~t) cos (0 + ~ t  + ~) 

_ _  sin 30 Isin ½(o - -  z) l 1 " 3~)] 
log ]sin 1(0 --/~) ] + [6~ (sin 3.~ - -  sin 

A = } {cos --  cos 

B = } (cos  4,t + 2 cos 2 t  - -  cos 4~ - -  2 cos 2~} 
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8. 0 , 4 <  0</*  

1 9. coso~0, X < 0  <ff  

10. sin ½0, 2 < O < ff 

11. { - - 1  - - s i n 6 0  , 

C = } {2 sin 2/, - -  sin 4/, - -  2 sin 21 + sin 42} 

D = ¢ ~ { c o s 5 Z  + 5 c o s 2 - - c o s 5 f f - - 5 c o s f f }  

E = ~ {5 sin ff - -  sin 5/, - -  5 sin 4 + s i n 5 4 }  

G = a - l o g  sin l (0 - -  4) l - -  ~-log s i n l ( 0 - - f f ' I  
g6 . ~ 

- x ( o  - x)  + x ( 0  - / * )  

B = / * s i n / *  + c o s # - - 4 s i n 4 - - c o s 4  

C = 4 c o s Z - - s i n 4 - - / * c o s f f  + s i n / *  

D = { {2/, sin 2/* + cos 2/, - -  22 sin 22 - -  cos 24} 

E = 1 {22 cos 24 - -  sin 24 - -  2/* cos 2/* + sin 2if} 

G --  cos_ ½0 log  I t a n  }(0 - -  2) 
t an  ¼(0 - / * )  

A = 2 {sin ½/* - -  sin {X} 

B = ½ {sin ~ff - -  sin ~-4} + sin ½ff - -  sin ½4 

C = .I- {cos  ~4 - cos  ~/*} + cos  ½2 - cos  ½/* 

D = } {sin ~ff - -  sin ~Z} + } {sin ~ff - -  sin az}  

E = } {cos  ~-4 - cos ~/*} + ~ { cos  ~4 - , ~ }  

G --  sin ½0 log t a n  }(0 - -  ;~) 
t a n  1(0 - -  if) 

A = 2 {cos ½4 - -  cos ½/*} 

B = ~ { c o s  ~4 - -  cos ~-/*} - -  cos ½4 + cos ½~ 

C = sin ½ff - -  sin ½4 - -  ½ {sin a ~/* - -  sin 11} 

~ {cos  ~/*} D = } {cos ~4 - -  cos ~ffj - -  ½ 14 - -  cos 

E = ½ {sin ~ff - -  sin az} - -  } {sin {ff - -  sin ~ }  

I _ P ~ ( o )  - -  ~-~-< 0 < 0 "  1 - - s i n 6 0  0 < 0 < - f 2 i - -  
12 ' ' 

+ [ l  (sin ½2 - -  sin }ff)] 

c = 0~(o) This  is w o r k e d  ou t  in A p p e n d i x  I I ,  sect ion 3, and  
t a b u l a t e d  in Tab le  5. 
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12. 

13. 

14. 

log tan ½0 

log sin 0 , 

log [sin ½( 0 +/*)[  
sin ½(0 --/*) 

A = 0  

B = 0  

C = 2 { 1 - -  

D = 0  

E = I - -  

36 ~ I = 0.0129526 cos 1-~J 

9 7~ g cos g = 0.0257214 

This is considered in Appendix  II ,  section 3. 

G = - -  F ( t a n / *  cot 0) + log tan  ½0 log sin ½(0 +/*)1 
2 ~ sin ½(0 - -  #) 

A = - -  2~ {X(/*) + x ( ~  -- /*)  - -  x ( ~ ) }  

B = 2 sin/* log tan ½/* - -  2/* 

C = 0  

D = sin 2/, log tan ½# - -  2 sin/* 

E = 0  

--/* < 0 </* 

- g < 0 < ~  This is considered in Appendix  I I ,  section 4. 

G =  1 0 - - ½ F  tan 21 0 - - ~  + g - b  

A = --  = log 2 

B = - - 2  

C = 0  

D - -  7r 
2 

E = O  

G = O  + [~] 

A = O  

B = O  

This is considered in Appendix II ,  section 5. 
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15. 

16. 

log sin ½(0 - -  4) 
sin ½(0 - -  if) 

log[COS (½0 - -  o~2) 
I cos  (½0 - < )  

17. 

I 0 
COS 

log 0 @ 
cos ( ~  - 

C = 2~ sin # 

D = 0  

E = ~ sin 2ff 

G 

A =  

B =  

C =  

D =  

E =  

G z 

A =  

B =  

C-- -  

D =  

E =  

This  follows d i rec t ly  f rom sec t ion  14, above.  

o + E ½ ( t ,  - z)] 

0 

~(cos ff - -  cos ~) 

~(sin ff - -  sin 4) 

½= (cos 2~ - -  cos 2;~) 

{~(sin 2ff - -  sin 24) 

This  is sec t ion  15 in a n o t h e r  form.  

0 + [ o q -  ~ ]  

O 

~(cos 2~2 - -  cos 2~1) 

~(sin 2c~2 - -  sin 2cq) 

½g~ (COS 4 0~ 1 - -  COS 4 ~ )  

½~ (sin 4 ~1 -- sin 4 ~2) 

0 < 0 < ~ ,  c o n t i n u e d  as an  even  func t i on  of o. 

See A p p e n d i x  I I ,  sec t ion  6. 

G = F ( t a n  o~ t a n  ½0) 

its,, ~ log x 
A = - -  2~ {X(2~)  + X ( z  - -  2o~) - -  X ( u ) }  = 4 x~dx 

oo 1 + 

B = 2(~ sin ~ 0~ + sin 2 a l o g  cot  0~) 

C = 0  

D = 2 sin 2 o~ - -  u sin 2 2 o~ - -  sin 4 c~ log cot  

E = 0  
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18. log 

0 
COS 

, c ~ < 0  < ~  + c~ This  is d e d u c e d  f rom sec t ions  16 a n d  17. 

G = F { t a n  ½ ~ t a n  ½(0 - -  e)} + [½c~] 

A = -- 2~ {X(~) + X(~ -- ~) -- X(~)} 

B = 2 Sin ~ cos c~ log cot  ½ a + a sin ~ c~ 

C : 2 sin ~ 0~ log cot  ½ct - -  ~ sin c~ cos 0~ 

D = 2 sin c~cos 2c~ - -  ½a sin~ 2 e  - -  ½ sin 4 ~ l o g  cot  ½a 

E : 2 sin ~ sin 2 ~ + }~ sin 4 c~ - -  sin 2 2 ~ log cot  ½ 

I 0_ 7 
COS - -  

19. log 2 , ~ + 7 < 0 < ~  + c ~ + 7 .  (0_, 
cos 2 

This  fo l lows at  once  f rom sec t ion  18. 

G ---- F {tan {etan ½(0 -- c~ -- 7)} + [½el 

A = -- 2~ {X(e) + X(~ --'~) -- X(~)} 

B = 2 s i n  e c o s  (c~ + ~) log cot  ½~ + ~ s i n  ~ s i n  (c~ + 7) 

C = 2 sin c~sin (~ + 7) log cot  ½ ~ - -  a sin ~ e o s  (e  + 7) 

D = 2 sin e c o s  2 ( a  + 7) - -  ½~ sin 2 e s i n  2(c~ + 7) 

- -  sin 2~  cos 2 (~  + 7) log cot  ½a 

E --- 2 sin ~ s i n  2 (~  + 7) + } a  sin 2 ~ c o s  2(c~ + 7) 

- -  sin 2c~ sin 2(a  + 7) log cot  ½~ 

20. 
o i o cos ~ cos 

log 0 ' e l  -~- ~2 ~ 0 ~ ~ + 0~ 1 + ~2 ; -~ log 0 ' 

- - ~  + ~1 + ~ . , < 0  < c q  + cq.  This  is a c o m b i n a t i o n  of sec t ions  16 and  19. 

W r i t e  ~1 - -  ~ = 20%. 

G ---- F { t an  C~otan ½(0 - -  ~ - -  ~ J }  + [}(~z + c~J] 

A ---- - -  2 z  {X(2~o) + X ( ~  - -  2c%) - -  X ( z ) }  

B = {sin 2cq - -  sin 2~2} log cot  ~o + ½~ {2 - -  cos 2 ~  - -  
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C = {cos 2 ~  - -  cos 2cq} log cot c~0 - -  ½~ {sin 2el  + sin 2e2} 

D = 2 sin 2c~0 cos 2(cq + c~) - -  ~ {2 - -  cos 4~ 1 - -  COS 4 ~ }  

1 {sin 4 cq - -  sin 4 e~} log cot c~0 - - g  

E = 2 sin 2c~0 sin 2(el  + c~2) + ~ {sin 4~1 + sin 4~2} 

- -  ±2 {cos 4~. - -  cos 4 ~ }  log cot ~0 

A P P E N D I X  II  

Evaluatiort of  Conjugates 

The nota t ion of Appendix  I is used throughout .  

1. G is readily evaluated for the  functions of Appendix  I, section 2, to Appendix  I, section 7, 
inclusive, by writ ing f ( t ) =  { f ( t ) - - f ( 0 ) }  +f(O) .  The bracketed te rm is then  divisible by  
sin ½(0 - -  t). 

For  example, in Appendix  I, section 2, 

G(O) = ~ cos t cot ½(0 - -  t) dt 

--  2~1 (cos 0 - -  cos t) cot ½(0 - -  t) dt + ~ cos 0 cot 1(0 - -  t) dt 

1 (cos Z --  cos ~) + 2~ sin 0 + cos 0 log sin ½(0 - -  2) 1 
sin ½(0 - - # ) l  " 

For Appendix  I, section 9, write 

cos I t = cos 1(0 - -  t) cos 10 + sin 1(0 - -  t) sin ½0, 

and G can easily be found. A similar technique is used for Appendix  I, section 10. 

2. Appendix  I, section 11, consists of the trailing-edge term, an odd function of 0. The 
conjugate (26 is made  up of 

1_ log 
yr, 

1 log 
7C sin ½0 

{ log jsi  0 _xog sin (0 +   l_xoglsinl(0_ )} 
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1 f,~n2 sin 6t sin t and Of dt ! 
a o  COS 0 - -  c o s t  

1 (~#2 cos 5t - -  cos 7t dt 
2~ I ~o cos 0 -- cos t 

1 { 1 5 ( ~ )  _ f T ( ~ ) }  2~ 12 ~ , as given in Ref. 2, Lemma 4. 

Hence Q 6 -  -1~  121oglsin½0 I - ( 1  + s i n 6 0 )  l o g l s i n ½ ( o  +~22)[ 

-- ( 1 - -  sin 60 ) log s in{  0 - - ] ~  + g  + ~ c o s 6 0  + 2  Z 
S = I  

$g 
sin (6 -- s) ]~ 

6 - - s  

This is tabulated against 0 in Table 5. 

The Fourier constants are easily found, and are listed in Appendix I, section 11. 

3. The conjugate of log tan 1 30, -- t* < 0 < t~, an even function of 0, is 

_ sin 0 (~ log tan 5¢ G(O) d e .  
J0 cos 0 - - c o s ¢  

Write t = t a n {  0 , / 5 = t a n l ¢ ,  

m = t a n  ½~. 

Then G -- 2_t ("~ log p dp 
:re Jo 2~ 2 - -  t 2 

= - - F  -21ogt x2 , writing = x  
~o - -  1 

-- --  F( tan Off cot 50) + 1 log tan ½0 log [sin 5(0 + ff) t 
sin½(0 - -#)  " 

. log ]sin 0 ] -- ~- < 0 < is an even function of 0 
' 2 2 '  

G(O) = - - s i n O l  ~/2 Jogsin_¢ de .  
J0 c o s 0 - - c o s ¢  

Write /5 = tan 1¢, t = tan 5 0 . Then as in the previous section, 

G =  1~1 152_1 log /5 + t  

dG 2 f~ p2 _ 1 
dt  - o (/52 + 1) (/52 _ t2) @ 

1 t2 - -1  I t - - l [  1 
---£" t(t 2 + 1} l°g I t ~  + 1 + t ~ "  
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Hence G = l  f t 2 - -1  t - - 1  -£ t(P + 1) l°g t ~  dt + t a n  - i t  

= G1 + ½0. 

Wri t ing successively t = t a n ½ 0 ,  0 - - ~ = 0 1 ,  t a n ½ 0 2 = t a ,  tl 2 = x ,  

G l = - - ½ F { t a n 2 ½ ( 0 - - 2 ) } .  

Thus G = ½ 0 - - ½ F  tan  ~½ 0 - -  + g ~ = ~ .  

i 

At 0 = 0,  G has a discont inui ty  of - -  a .  The arbi trary constant  is chosen so tha t  G ± ~/2 
at  0 = 0 .  

5. F rom Appendix  I, section 1, the  conjugate of k, - -  ~, < 0 < ~ is _k log s in  ½(0 + #) [ 
• ~ s i n ½ ( 0 - - ~ )  " 

Now if f(0) is the  conjugate  of g(O), the  conjugate of g(O) is --f(O). 

Hence the  conjugate of log s in  ½(0 + #) is - -  ~, - -  # < 0 < #. Since the  average value must  
sin ½(0 --  #) 

be zero, to this must  be added 2t*. a /2a  = ft. 

Further ,  since changes of ~ in X are unimpor tant ,  the  value of G may  be taken  as ~ everywhere.  

This conjugate  ma y  be eva lua ted  directly, but  the  work is laborious. 

Since the  function is odd, A = B = D ----- 0. C and E are easily found, making use of the  
relation 

f[ sin nt* cos nO dO = 
cos 0 - -  cos ¢ sin t* 

6. The conjugate  of the  even funct ion of 0 whose value for 0 < 0 < ~ is 

log 
C O S  

0 
cos ~ is given by  (0 ) 

G ( O )  - -  sin 0 de. 

cos~  
log 

cos 0 -- cos ¢ 

Writet=tan½0, ~b ---- tan ½¢, a=cot oc. 
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Then since I~ log sin a 0 de 
cos 0 - -  cos ¢ 

G = 2t f]  _+ lS 2 dp,  a s i n s e c t i o n 3 ,  

_ S I 1 _ . _  + a p 2  T 2 ' 
where P = p T t 

a a 

- - l f ~ a  1 + I p I ° g I P P - - T  + T I d p '  in tegra t ing  by  parts.  

~ - ? ~  1 4- P -P + T + P - 

__ 2 log T 
T 2 - - 1  

G is an odd funct ion of 0, hence G(0) = 0. 

Therefore G = 2 f { _  logx  dx 
x ~ - -  1 

= F(T). 

This is t abu la ted  in Table 1. 

0 
COS 

dO 

f: = 2 log tan  

f~ "" log x dx.  
= 4  1 + x  2 

This form is useful when tan  c~ is given exactly,  as the  in teg rand  m a y  be expanded in series, to 
give 

A = --  4 {log cot ~ ( t a n  oc tan3 c~ tanS~ ) ( t an~a  tanS~ )1 
3 + 5 . .  + t a n ~ - - - ~  + 25 "" [" 

If  c~ is an integral  number  of half-degrees, it is more convenient  to use 

I~ i ~ + ~  0 0 dO --  2 log sin dO A = 2 log sin ~ J2, 2 ' 

= - 2~ { x ( ~ )  - x ( ~  + 2~) + x ( 2 ~ ) } ,  

= - 2 ~  { x ( 2 ~ )  + x ( ~  - 2 ~ )  - x ( ~ ) } .  
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A P P E N D I X  I i i  

The Leading-Edge Term 

K = ~ cot ~,.,, 1~¢ I + cos ~¢ - -  g i '  ~<¢<~  
-2~ (III.1) 

This being an even f~nct ion of ¢, the  conjugate is 

L = _ 
cot e0 sin ¢ 

2 ~  f 
~/2n 

0 

nt + c o s n t - - ~  
2 

cos ¢ - -  cos t 
dr. (111.2) 

f 
~12n ~ fnl2n n t - - -  

sin ¢ 2 d t =  -- n 
-0 COS ~ - -  COS t -1o 

log sin ½(t - ¢) dt 
sin ½(t + ¢) " 

The contr ibut ion of these terms to L is thus 

2~ log sin ½(t + ¢) " 4 

By L e m m a  4 of Ref. 2, tile value of the  remaining term is 

f 9-£ n - - 2  

2 ~  cos n¢ log - -  2n sin u¢ - -  2 X 
sin ½ (¢ + , = o 

sin n - -  s - -  1 
2n 

~ - - S - - ] [  
sin(s + 1)¢ . 

For  a posit ive radius of curvature  at ¢ = 0, dx/d¢ must  be positive at ¢ = 0. 

The contr ibut ion of equat ion (111.3) to dL/d¢ is 

cot ~0 I~/2" 
- -  2 a  {½ cot ½(t - -  ¢) + ½ c o t ½ ( t  + ¢ ) } d t  

(111.3) 

(111.4) 

c ° t e ° { l ° g  s i n 1 (  ~ ) 2 ~  ~ ~ ] ( ~ ) ~  log 1 - - ¢  + l o g  sin½ + ¢  - - 2  s in~¢/  
1 

cot~0{ ~ ~ 
--> ~ log - - l o g s i n ~ i  as¢- - ->0 .  (111.5) 

The contr ibut ion of equat ion (111.4) to dL/d¢ is 

cot ~o I - 2 ~  n sin n¢ log 
s i n ½ @ - - ~ n )  ( - c o s ~ ¢ i ½ c o t ½  ¢ - ~  - ½ c o t ½  ¢ 

7~ 

+ ~ cos n¢ + 2 
n-2 s + l  y, sin n - -  s - -  1 2~ ~ . cos (s + 1)~ 

cot C~o 
2 ~  

c o t ~  + ~ + 2 E s + 1 s i n n - - s - - 1  
, = o n  - - s  - -  1 2n ze l a s ¢ - - > 0 .  . .  (III.6) 
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The other  main  cont r ibut ion  to z in this region is due to the  incidence term,  and is 

F {tan ~o tan  ½(¢ + ~)}. 

For  ¢ small  this  is 

2 [oOtao t,,n~,~ log x 
5 +  . . . . . . . . . .  Jo x~-  1 dx (111.7) 

The cont r ibut ion  to dx/d¢ is 

2 log {cot ~0 t an  ~ }  cot e 0 . 1  sec 2 ~¢ 
cot 2 ~o ta  n~" ½¢ - -  1 

--> co, o  {1o 0o, o 
Combining equat ions (111.5), (111.6) and (111.8) a measure  of dz/d¢ near  ¢ ~ 0 is 

cot e0 log sin s cot ~o log cot eo 
4n 

m c o t  c% { c o t  = = ,, - 2 2~# ~ + 2  + 2  E s + 1 
s = o ~ - - S - - 1  

sin ~ - - s  - -  1 } 
2~ 

(III.S) 

The condit ion dz/d¢ > 0 is thus  

1 Jcot ~ 
2-~t ~ + ~ + 2  

" -  ~ :~} z (111.9) X s + 1 s i n n - - s - -  1 --  log sin ~ > log cot 0% . . .  
s=o n - - s  - -  1 2~4 

I t  is seen t ha t  the lef t -hand side is a funct ion of ~ only, while the  r igh t -hand  side is a funct ion 
of ~o only. Calculat ion gives 

Lef t -hand  R i g h t - h a n d  
n side g0 (deg) side 

2 1.810 1 4 .048 

3 2. 714 2 3.355 

4 2. 999 4 2 .660 

6 3. 404 8 1. 962 

9 3 .814  12 1.549 

n = 3 m a y  be used for ~o ~> 4 deg, n = 6 is sufficient for c<0 >~ 2 deg. 

2~o is the  extent  of the  incidence range. Thus  n = 6 m a y  be used if the  incidence range 
extends  over at least 4 deg. 

1 { [ a) a < ¢  < a . .  (III .10) K . =  ~ c o t a o  6¢ + cos 6¢ - - 2 i  12 12" "" 

The conjugate  L~ is the  sum of equat ions (111.3) and (III.4), with  n = 6. 
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The  following relat ions are easiiy derived.  '° 

1 (1 ---~-) f K 6  d¢ : cot  s0.  

= - -  0"006491682 cot c% 

K6 cos ¢ de = cot  s0 gg cos ~ - -  1 

- -  0" 006476320 cot so 

f K 6  sin ¢ d ¢  ---- 0 

Ks cos 2¢ d¢ = cot s0 sin g - -  

= - -  0" 006430356 cot  ~0 

f K6 sin 2¢ de -= 0 .  

(111.11) 

In  each case the  in tegra l  is over  the  comple te  range [ - -  ~/12, ~/12]. 

In  R. & M. 21121 a different  lead ing-edge  t e r m  is given, n a m e l y  

1 ~ < ¢ < ~  . . . .  (111.12) K o = f f ~ c o t s o { l s i n n ¢ l  - - 1 } ,  - - 2 ~  2n"  

1 cot c% At  ¢ --  ~ K0 ---- 0 At  ¢ = 0 K0 --  2~ 2n 

d K o  __ -Jr- ½ cot ~o d K o  __ 0 
de de 

d2K° - -  0 . d2K° - -  ~ cot c%. 
de 2 de 2 2 

The  d i scon t inu i ty  is e l iminated ,  b u t  analysis  shows t h a t  a ve ry  large value of n is necessary  
to  get  a pos i t ive  radius  of c u r v a t u r e  at  ¢ = 0. The  con juga te  func t ion  is t roublesome,  and  
a s y m p t o t i c  fo rmulae  have  to be used.  A n o t h e r  d i s advan t age  is t he  large d i scon t inu i ty  in 
d2Ko/d¢  2 at  ¢ -~ ± ~ / 2 n .  B o t h  n and  cot c% are large, so t he  shape  m a y  be a l i t t le a w k w a r d  in 
t h e  ne ighbourhood .  

The  t e r m  given in equa t ion  (43) is 

' { I  } K=~coto% n¢ +cosn¢--~ , --2~ ~ "  
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- -  ~ K = 0  A t e  = 0  K - -  ~4n2c°t~6 A t e  = 4 - 2 ~  

d K  d K  
- -  4- ½ co t  C~o - 0 

de  de  

d'~K d"K _ n cot ~0 • --  0 .  
de  2 2 de  ~ 

The m a x i m u m  value of d2K/d¢ 2 is now at ¢ = 0, and  there  is no discont inui ty  of d2K/d¢ " 
anywhere .  As shown above, quite  small  values of ~ m a y  be used, and it is a pract icable 
proposi t ion to t abu la te  the conjugate  exactly.  

A P P E N D I X  IV 

D e s i g ~  of  an Aerofoi l  

A suction aerofoil is r equ i red  wi th  a slot at  about  70 per cent  chord on the  upper  surface, an 
incidence range ex tending  from ~ = 0 to as high a value as possible, and a thickness of about  
30 per  cenl of the  chord. This t ype  of section would probably  be used in an all-wing aeroplane, 
so it  is also requi red  t ha t  CM 0 = 0. On the  lower surface the  veloci ty  is to be increasing back  
to about  60 per  cent chord, to secure a large extent  of l aminar  flow. Thereaf ter  on the  chord 
the  veloci ty  is to fall steadily, at a ra te  which, it is hoped, will not  produce separation.  

The veloci ty  dis t r ibut ion selected is 

log qo = 

c o s  0 

COS 

+ l  

+ ( ~  + ~. - 0) cot 1~ 

- - j ( c o s  0 - -  cos  a) 

--y'(1 - -  cos a) - -  k 

+ ½kp6(0) 

, ~ < 0  < ~  + ~ , 

0 < 0 < 2 ~  

f i < O < ~  + c ~ - - e  

2u - - d  < 0  < 2 ~  

0 < 0 < f i  

, [the trai l ing-edge t e rm I . j 

( i v . l )  
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Here  the  range of 0 is specified over which  each t e rm applies. F rom the  design conditions, 
choose ~ = 15 deg, fi = 50 deg, ~ = 70 deg. Beh ind  the  slot the  dis tance is grea ter  t h a n  is 
ind ica ted  by  the  rule x -"- ½(1 - -  cos 0), since the  veloci ty  is low and  ds/d(cos O) is propor t ional  to 
1/qo, by equat ion  (9). When  this section was designed the  leading-edge t e rm was stilt under  



d e v e l o p m e n t ,  b u t  it  was cons idered  t h a t  for an  aerofoil  of this  th ickness ,  t he  l oga r i t hmica l l y  
in f in i te  c u r v a t u r e  a t  0 = a + e - -  e wou ld  no t  be i m p o r t a n t .  T h e  four  p a r a m e t e r s  l, m, 2" a n d  
k are  lef t  a r b i t r a r y  to enable  equa t i on  (23) A, B a n d  C, a n d  also equa t i on  (28) to  be satisfied.  

F o r  sa t i s fy ing  equa t i on  (23) B a n d  C, it is conven ien t  to cons ider  i n s t ead  the  equ iva len t  
equa t ions  

j log cos --co)  d0 = 0  q0 (0 

a n d  j log q0 sin (0 - -  g) d0 = 0 .  

Call these  equa t ions  B '  a n d  C'  respec t ive ly .  All t h e  express ions  occur r ing  in equa t ion  ( IV. l )  
a re  g iven  in A p p e n d i x  I. 

F r o m  c o n t i n u i t y  of log q0 at  0 = ~ + ~ - -  e, e = m t a n  g0~l . . . . . . .  (IV.2) 

e m u s t  be found  b y  a process  of successive a p p r o x i m a t i o n ,  as exp la ined  in sect ion 3. B' ,  C' a n d  
e q u a t i o n  (28) a re  f irst  solved w i t h  e ----- 0. 

B'  2 sin 15 ° log cot  7½ ° - -  m sin 35 ° - -  } j  { - -  sin 15 ° + sin 25 ° + . ~  cos 15 °} 

+ j cos 70 ° {sin 85 ° - - s i n  15 °} - - j ( 1  - - c o s  70 °) ( s in  15 ° + sin 35 °} 

- -  k {sin 15 ° + sin 35 °} + 0 .0064763k  s in  15 ° + B,,,' = 0 ,  

- -  0 .573576m - -  0 .830719k  - -  0.9265022. + 1 .049556 + B , , / =  0 .  . .  (IV.3) 

C'  a sin 15 ° + m {cos 35 ° + 1} + ¼j {cos 15 ° + cos 25 ° + {-a sin 15 °)  

+ j cos 70 ° {cos 85 ° - -  cos 15 °} - -  j(1 - -  cos 70 °) {cos 15 ° - -  cos 35 °} 

- -  k {cos 15 ° - -  cos 35 °} + 0 .0064763k  cos 15 ° + C,,,' = 0 ,  

1 .819152m - -  0 .140518k  + 0 . 2 2 9 0 3 1 j  - -  0 .813103 + C,,' = 0 .  

(28) 2 sin 15 ° sin 30 ° + ~ sin 60 ° - -  sin 2 30 ° log cot  7½ ° 

+ ½m {cos 100 ° - -  cos 30 °} =- bY { - -  cos 30 ° + 3 cos 70 ° - -  4} 

+ ½ j c o s 7 0  ° { - c o s 4 0  ° - l } - ½ j ( 1 - c o s 7 0  ° ) { 1  + c o s 8 0  ° } 

- -  ½k {1 + cos 80 °} + 0 .0128607k  + M, , '  = ' 0  

- - 0 . 5 1 9 8 3 7 m  - -  0 .573963k  - -  0 . 0 4 8 1 3 6 j  + 0 .432096  + M,,' = 0 .  

B,,', C,/, M,,/ represent t he  e x t r a  t e r m s  w h e n  e = m t a n  ½c~. 

F r o m  A p p e n d i x  I, 

B , /  = cot  ½c~ {1 - -  cos (m t a n  ½~)} 

= 7 .595754  {1 - -  cos (7-54313°m)} . . . . . . . . .  
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C,,,' = - -  m + cot  ½e sin (M t a n  ½~) 

= - -  m + 7-595754 sin (7. 54313°m) . . . . . . . . . . .  (IV.7) 

M,,,' = ½m cos 2~ - -  ½ cot  ½~ cos (2~ - -  m t a n  ½~) sin (m t a n  ½~) 

= 0"433013m - - 3 .  797877 cos (30 ° - - 7 .  54313°m) sin (7. 54313°m). . .  (IV.8) 

E l i m i n a t i o n  of j a n d  k f r o m  equa t ions  (IV.3), (IV.4) a n d  (IV.5) gives 

0. 981944m + 0. 138219B,,,' + 0. 4 9 1 7 9 0 C , , / - -  0. 320451M,,,' - -  0. 393273 = 0 .  . .  (IV.9) 

W i t h  B,,/---= C,, /= M,,,' = 0, th is  gives m - 0 .400504.  

H e n c e  f rom equa t ions  (IV.6), (IV.7), (IV.8),  

B , , / =  0 .010556,  C,,,' = - -  0. 000187, M,,~' = - -  0 .004953.  

W i t h  these  values ,  (IV.9) gives m = 0. 397496. 

H e n c e  B,,,' = 0 .010399,  C,,,' = - - 0 . 0 0 0 1 8 1 ,  M,,,' = - - 0 . 0 0 4 8 2 2 .  

W i t h  these  values,  (IV.9) gives m = 0. 397541. 

H e n c e  B,,,' = 0.010419,  C , , / =  - -  0 .000182,  M,,,' = - -  0 .004822.  

W i t h  these  values ,  (IV.9) gives m = 0. 397536. 

H e n c e  B , , / =  0.010419,  C,,' =- - -  0-000181,  M ~ '  = - -  0 .004822.  

W i t h  these  values,  equa t i on  (IV.9) gives m = 0. 397536. 

The  f inal  resu l t  is t h u s  

m = 0. 397536 ,  

e = 2 ° 59 .920 ' ,  = 2. 99866 °. 

F r o m  equa t ions  (IV.3), (IV.4), (IV.5) it  n o w  follows t h a t  

j = 0. 598405 ,  

k = 0. 334090 .  

E q u a t i o n  (23)& mul t ip l i ed  b y  180/~, gives 

- -  360 {X(15 °) + X(165 °) - -  X(180°)} + 360/ + (180 + 15 - - e  - -  50)m + ½era 

180 j  sin 70 ° + 7 0 j  cos 70 ° - -  50j(1 - -  cos 70 °) - -  50k = 0 . . . . .  (IV.10) 

f r o m  which  l = 0. 244941. 

T h e  ve loc i ty  d i s t r ibu t ion  is n o w  c o m p l e t e l y  d e t e r m i n e d .  I n spec t i on  shows t h a t  t he  va lues  
o b t a i n e d  for t h e  p a r a m e t e r s  ind ica te  t h a t  t he  aerofoil  is l ikely  to be sa t i s fac tory .  
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From Appendix I, the conjugate of log q0 is easily written down as 

Z ---- F { tan {c~ tan 1(0 - -  c~)} + m log [ sin 1(0 - - / / )  I 
l sin I(6 - - ~  - -  ~ + ,) I 

. . . .  cot !c~ 2 log [ sin ½(O -- ~ --  ~ + ,) l + c o t } ~ { X ( o - - ~ - - ~ +  ~ ) - - X ( o - - ~ - - ~ ) }  
$C 

y' cos  0 -- 2--£ j sin 0 log[Sin½(0 + ~ ) ]  + j c ° S b l o g ] s i n l ( 0 +  ~)1 
sin 10 [ ~ sin 10 

_ j ( 1  - -  cos ~) + k log I s i n l 0  l 
sin ½(0 --/~) 

+ ½k9.6(o)  . . . . . . . . . . .  ( i V . l l )  

Substituting the known values, and arranging in a form suitable for computation, this becomes, 
in degrees, 

z = F {0. 1316525 tan 1(0 -- 15°)} + 0. 167045 Q6(0) - - 6 .  6667 sin 0 

+ (25. 1295 cos 0 --  8.5948) log~0 [cosec 1(0 + 70°)[ 

+ (-- 25. 1295 cos 0 + 39. 1593) lOgl0 [cosec ½0[ 

--  47. 2587 log10 [cosec 1(0 --  50°)[ 

+ 435.2047 { X ( O  - -  192.00134 °) -- X ( O  - -  195°)} . . . . .  (IV.12) 

The next step is to select the values of 0 at which the integrals of equation (11) are to be 
calculated, to enable the  aerofoil shape to be found b y  numerical integration. The interval 
of tabulation is reduced near the leading edge and near the discontinuity. In the latter region 
a still closer spacing than tha t  actually chosen might have been desirable. In Table 7, the 
results of the computation, carried out using seven-figure tables, are shown, z is tabulated, 
and then the integrands of equation (11). For convenience the constant factor 2/e z is omitted. 
The integration is now performed by Simpson's rule, assisted as necessary by the cubic rule as 
explained in section 7, from the trailing edge round the surface in each direction to the slot, to 
get the aerofoil co-ordinates x and y. Logarithmic spiral theory shows that  the aerofoil contour 
closes up satisfactorily and enables the slot position itself to be determined. 

The chord length is measured and found to be 71.275 in these co-ordinates. Allowing for 
the factor 2/e ~ and for the fact that  5 deg was taken as the unit in performing the integrations, 
the true chord length is calculated to be 3-2458. In Table 7, the aerofoil contour is given in 
co-ordinates X and Y, in which the chord is of unit length and lies along the X-axis, and finally 
the surface velocity is tabulated at the bottom and top of the incidence range. 

The properties of the aerofoil can now be calculated. 

The lift coefficient at the top of the incidence range is 

8~z sin c~ CL-- 

= 2. 004. 
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The lift-curve slope 
8~ -- -- 7. 743. 
c 

In the (x,y) co-ordinates the aerofoil would be at the no-lift angle, if no constants had been 
omitted from z. By Appendix I, the omitted terms are 

1 8) 
+ U j ( 1  - c o s  

= 1 1 o 5 ½  , 

Thus in the (x,y) co-ordinates, the no-lift angle is - -11  deg.5½ min. To get the chord line 
horizontal in the (X,Y) co-ordinates, a rotation of 9 deg 16½ mln was imposed. Hence, relative 
to the chord line, the no-lift angle is --  1 deg 49 min. 

By use of equations (29) and (31) the aerodynamic centre of the aerofoil is found to be at 
X = 0.3077. 

The thickness of the section is 31.5 per cent and the position of the suction slot is X = 0. 6911. 
The whole design fulfils satisfactorily the requirements of the initial specification. The aerofoil 
is shown in Fig. 2. 
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T A B L E  1 

T F(T) 

0 0 
0.002 0.52632 
0.004 0.95150 
0.006 1.33852 
0.008 1.70076 
0.010 2-04458 

0.012 2.37372 
0.014 2.69066 
0.016 2.99716 
0.018 3.29453 
0.020 3.58379 

0.022 3.86576 
0.024 4.14111 
0-026 4-41040 
0.028 4"67411 
0"030 4.93263 

0"032 5.18630 
0.034 5-43544 
0.036 5"68031 
0.038 5.92116 
0.040 6.15820 

0.042 6.39162 
0.044 6.62160 
0.046 6.84829 
0.048 7.07185 
0.050 7.29240 

0.052 7"51007 
0.054 7-72497 
0-056 7-93722 
0.058 8.14689 
0.060 8.35408 

0.062 8"55888 
0.064 8.76137 
0.066 8.96161 
0"068 9-15969 
0.070 9.35567 

0-072 9"54962 
0 '074 9"74157 
0 '076 9.93160 
0"078 10"11977 
0.080 10.30612 

0"082 10"49068 
0"08.4 10.67350 
0.086 10.85464 
0.088 11-03414 
0.090 11-21204 
0.092 11.38836 

52632 
42518 
38702 
36224 
34382 
32914 

31694 
30650 
29737 
28926 
28197 

27535 
26929 
26371 
25852 
25367 

24914 
24487 
24085 
23704 
23342 

22998 
22669 
22356 
22055 
21767 

21490 
21225 
20967 
20719 
20480 

20249 
20024 
19808 
19598 
19395 

19195 
19003 
18817 
18635 
18456 

18282 
18114 
17950 
17790 
17632 

- A  

729 

362 
306 
558 
519 
485 

453 
427 
402 
381 
362 

344 
329 
313 
301 
288 

277 
265 
258 
248 
239 

231 
225 
216 
210 
203 

200 
192 
186 
182 
179 

174 
168 
164 
160 
158 
154 

T 

0" 392 
0" 094 
0" 096 
0" ~98 
0" 100 

0"102 
0.104 
0.106 
0.108 
0.110 

0.112 
0.114 
0.116 
0-118 
0.120 

0.122 
~i 124 

126 
128 
130 

0"132 
0"134 
0"136 
0"138 
0.140 

0.142 
0.144 
0.146 
0.148 
0.150 

0 '152 
0.154 
0"156 
0.158 
0.160 

~ '162 
"164 

~ .166 
.168 

0.170 

~ -172 
174 

~ 176 
178 

~ 180 
182 

F(T) A 

11.38836 
11.56314 
11.73642 
11.90824 
12.07863 

12.24760 
12.41520 
12.58145 
12-74638 
12.91001 

13.07238 
13.23350 
13.39339 
13.55209 
13.70961 

13.86597 
14.02118 
14.17528 
14.32829 
14-48023 

14.63109 
14.78091 14982 
14.92971 14880 

14779 
15.07750 14679 
15"22429 14580 

15.37009 14486 
15.51495 14389 
15.65884 14296 
15.80180 14204 
15.94384 14113 

16.08497 
16-22520 14023 
16.36456 13936 
16.50305 13849 

13763 
16"64068 13677 

16.77745 
16.91340 13595 
17.04853 13513 
17.18283 13430 
17'31633 13350 

13273 

17.44906 13194 
17"58100 13117 
17.71217 13041 
17.84258 12966 
17.97224 12892 
18"10116 

, Z12, 

1 ~4 
I iO 
1 i6  
1 13 
1 12 

1 37 
1 35 
1 32 
1 30 
1 26 

125 
123 
119 
118 
116 

115 
111 
109 
107 
1 O8 

106 
102 
101 
100 
99 

94 
97 
93 
92 
91 

90 
87 
87 
86 
86 

82 
82 
83 
80 
77 

79 
77 
76 
75 
74 
73 

T F(T) 

0 182 18.10116 
0 184 18.22935 
0 186 18.35681 
0 188 18.48355 
0 190 18.60959 

0 192 18.73493 
0 194 18.85959 
0.196 18.98357 
0.198 19.10686 
0.200 19.27949 

19.22949 
19.53321 
19.83293 
20.12877 
20.42081 
20.70917 

20.99395 
21.27522 
21.55309 
21.82762 
22.09889 
22.36699 

22.63199 
22.89397 
23-15300 
23.40914 
23.66245 
23.91298 

24.16080 
24.40598 
24.64855 
24.88858 
25.12612 
25.36122 

25.59393 
0.325 25.82429 
0.330 26.05233 
0.335 26.27811 
0.340 26.50168 
0.345 26.72307 

0.350 26.94232 
0.355 27.15946 
0.360 27-37456 
0.365 27.58764 
0.370 27.79871 
0.375 28.00784 
0.380 28.21503 

A 

12819 
12746 
12674 
12604 
12534 

12466 
12398 
12329 
12263 

30372 
29972 
29584 
29204 
28836 
28478 

28127 
27787 
27453 
27127 
26810 
26500 

26198 
25903 
25614 
25331 
25053 
24782 

24518 
24257 
24003 
23754 
23510 
23271 

23036 
22804 
22578 
22357 
22139 
21925 

21714 
21510 
21308 
21107 
20913 
20719 

- - A  2 

73 
73 
72 
70 
70 

68 
68 
69 
66 
66 

410 
400 
388 
380 
368 
358 

351 
340 
334 
326 
317 
310 

302 
295 
289 
283 
278 
271 

264 
261 
254 
249 
244 
239 

235 
232 
226 
221 
218 
214 

211 
204 
202 
201 
194 
194 
188 
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TABLE 1- -con t inued  

T F(T) 

0.380 28.21503 
0.385 28.42034 
0.390 28.62381 
0.395 28.82544 
0.400 29-02526 
0.405 29-22333 

0.410 29-41966 
0,415 29.61428 
0.420 29-80721 
0.425 29.99847 
0.430 30-18811 
0.435 30.37615 

0.440 30.56260 
0-445 30.74750 
0.450 30.93087 
0.455 31.11273 
0.460 31.29311 
0-465 31.47202 

0.470 31.64949 
0.475 31.82553 
0.480 32.00016 
0.485 32.17340 
0.490 32-34528 
0.495 32.51582 
0.500 32.68504 

A - - A  2 

20531 188 
20347 184 
20163 184 

181 
19982 175 
19807 
19633 174 

171 19462 169 19293 167 19126 162 18964 
18804 160 
18645i 159 

i 

i155 
153 18490 

18337 
151 18186 148 

18038 147 
17891 144 17747 

143 17604 141 17463 139 17324 136 
17188 134 17054 132 16922 131 

T 

0"50 
0"51 
0"52 
0"53 
0"54 
0 '55 

0"56 
0"57 
0"58 
0"59 
0"60 

0"61 
0"62 
0" 63 
0"64 
0"65 

0"66 
0 '67 
0"68 
0"69 
0"70 

0"71 
0"72 
0.73 
0"74 
0"75 
0"76 

F(T) --zj2 T F(T) 

32.68504 525 0"76 
33451 33"01955 508 0-77 32943 33.34898 494 0-78 32449 33-67347 484 0-79 

33-99312 31965 31494 471 0.80 
34.30806 457 31037 0.81 
34-61843 30591 446 0"82 
34.92434 435 0.83 

30156 35.22590 424 0.84 29732 
35.52322 416 0.85 29316 35.81638 404 28912 

0.86 
36.10550 395 0-87 

28517 36.39067 385 0.88 28132 36.67199 374 0.89 
36.94957 27758 366 0-90 
37.22349 27392 

27031 361 
0.91 

37.49380 352 0-92 26679 37.76059 342 0.93 26337 38.02396 334 0.94 26003 38-28399 332 0-95 
38.54070 25671 325 

25346 

38.79416 
39.04448 
39'29175 
39.53603 
39.77736 
40.01580 

40.01580 
40.25138 
40.48415 
40.71420 
40.94159 

41.16638 
41.38862 
41"60833 
41.82556 
42.04036 

42.25277 
42.46285 
42.67067 
42.87624 
43-07958 

43.28077 
43.47986 
43.67685 
43.87179 
44.06471 

0.96 44.25562 
25032 314 0.97 44.44455 

305 0.98 44.63158 24727 299 0.99 44.81673 24428 295 1.00 45.00000 24133 
23844 289 

286 I 

A 

23558 
23277 
23005 
22739 
22479 

22224 
21971 
21723 
21480 
21241 

21008 
20782 
20557 
20334 
20119 

19909 
19699 
19494 
19292 
19091 

18893 
18703 
18515 
18327 

286 
281 
272 
266 
260 

255 
253 
248 
243 
239 

233 
226 
225 
223 
215 

210 
210 
205 
202 
201 

198 
190 
188 
188 
185 

Notes  on Table 1 

F ( T ) - - 3 6 0  I ~ l ogx  dx 
o J0 x 2 --  1 " 

I t  occurs in many  of the conjugates in Appendix I, and is tabulated directly in degrees. I t  
is the true conjugate multiplied by 180/~. 

Interpolation may be done by use of Bessel's formula, using the coefficients given in Table 6. 
The values should be accurate to 4 decimal places. 

For T > 1 ,  

For T < 0 ,  use F ( - - T )  = - -  F ( T )  

For T < 0 .02 ,  interpolation is inaccurate. Use the relation 

F ( T ) = 8 3 . 9 8 8  (T + ½ T  3) 1og10~ + 0 . 4 3 4 2 9 ( T  + , } T  3) . 

The terms of higher order are negligible. 

f _ _ .  2"g2 ~ log x dx = - may be shown directly by contour integration. The relation x2 
0 - - 1  4 
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TABLE 2 

0 
deg 

0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

x(o) ~_ 

0 318965 
0.0318965 241951 
0.0560916 
0-0773800 212884 
0.0967810 [94010 

179979 
0"1147789 168800 

0.1316589 
0-1476094 159505 

151552 
0-1627646 144600 
0.1772246 
0.1910673 138427 

132877 

0.2043550 
0.2171385 127835 
0-2294601 123216 

118957 
0"2413558 

115005 
0.2528563 

111320 

0.2639883 
107869 

0.2747752 
0.2852374 104622 
0.2953934 101560 

98661 0.3052595 95910 

0.3148505 
93294 0-3241799 
90799 

0-3332598 88415 
0-3421013 86133 
0.3507146 83946 

0.3591092 
0.3672937 81845 
0.3752763 79826 

77881 0.3830644 
76006 

0.3906650 74196 

0-3980846 72447 
0.4053293 
0.4124050 70757 
0-4193169 69119 
0-4260703 67534 

65995 

0.4326698 
0.4391202 64504 
0.4454256 63054 
0.4515902 61646 

60277 
0.4576179 58945 

0.4635124 
0.4692771 57647 

56386 
0.4749157 55153 
0-4804310 
0.4858264 53954 

52783 
0.4911047 

A 2 

77014 
29067 
18874 
14031 
11179 

9295 
7953 
6952 
6173 
5550 

5042 
4619 
4259 
3952 
3685 

3451 
3247 
3062 
2899 
2751 

2616 
2495 
2384 
2282 
2187 

2101 
2019 
1945 
1875 
181G 

1749 
169C 
1638 
1585 
1532 

1491 
145( 
1408 
1369 
1332 

1298 
1261 
1233 
1199 
1171 
1142 

0 
eg 

[6 
[7 
[8 
19 
~0 

51 
52 
53 
54 
55 

56 
57 
58 
59 
30 

31 
62 
33 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 
91 

x(o) 

0.4911047 
0.4962688 
0-5013214 
0-5062651 
0.5111024 

0.5158357 
0-5204674 
0-5249997. 
0.5294347 
0.5337746 

0.5380213 
0.5421769 
0.5462432 
0-5502219 
0.5541150 

0.5579241 
0.5616510 
0.5652970 
0.5688640 
0.5723534 

0.5757667 
0.5791054 
0.5823707 
0-5855643 
0.5886873 

0.5917410 
0.5947267 
0.5976458 
0.6004993 
0.6032884 

0.6060144 
0.6086783 
0.6112813 
0-6138244 
0.6163087 

0.6187352 
0.6211050 
0.6234189 
0.6256781 
0.6278835 

0.6300358 
0-6321362 
0.6341855 
0.6361847 
0.6381345 
0.6400358 

A 
÷ 

51641 
50526 
49437 
48373 
47333 

46317 
45323 
44350 
43399 
42467 

41556 
40663 
39787 
38931 
38091 

37269 
36460 
35670 
34894 
34133 

33387 
32653 
31936 
31230 
30537 

29857 
29191 
28535 
27891 
27260 

26639 
26030 
25431 
24843 
24265 

23698 
23139 
22592 
22054 
21523 

21004 
20493 
19992 
19498 
19013 

840 

822 

578 

567 
559 
547 
538 
531 

519 
511 
501 
494 
485 
476 

105 

106 
107 
108 
109 
110 

111 
112 
113 
114 
115 

116 
117 
118 
11 c 
12C 

121 
122 
12~ 
124 
125 

12~ 
12] 
12~ 
12 c 
13( 

131 
13~ 
13~ 
134 
13~: 
13( 

x(o) 

0.6400358 
0.6418895 
0.6436963 
0-6454571 
0.6471728 

0.6488439 
0-6504716 
0-6520561 
0'6535987 
0.6550997 

0.6565602 
0-6579807 
0.6593618 
0.6607045 
0.6620092 

0-6632768 
0.6645078 
0.6657030 
0.6668629 
0.6679882 

0.6690796 
0.6701376 
0.6711630 
0.6721563 
0.6731180 

0.6740489 
0-6749495 
0-6758204 
0-6766622 
0.6774754 

0.6782606 
0.6790184 
0.6797493 
0.6804539 
0.6811327 

0-6817863 
0.6824152 
0.6830199 
0.6836009 
0.6841588 

0.6846942 
0.6852074 
0.6856990 
0.6861696 
0.6866195 
0.6870494 

A 
÷ 

18537 
18068 
17608 
17157 
16711 

16277 
15845 
15426 
1501C 
14605 

14205 
13811 
13427 
13047 
1267( 

1231( 
1195~ 
11599 
11253 
10914 

10580 
10254 

A 2 

476 
469 
460 
451 
446 

434 
432 
419 
416 
405 

400 
394 

9933 
9617 
9309 

9006 

384 
380 
371 

366 
358 
353 
346 
339 

334 
326 
321 
316 
308 

303 
297 
291 
284 
280 

274 
269 
263 
258 
252 

247 
242 
237 
231 
225 

222 
216 
210 
207 
200 
196 
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T A B L E  2--continued 

0 
deg 

136 
137 
138 
139 
140 

141 
142 
143 
144 
145 

146 
147 
148 
149 
150 
151 

A x(o) + 

0.6870494 
4103 

0.6874597 3913 
0.6878510 3726 
0.6882236 3544 
0.6885780 3369 

0.6889149 
3196 

0.6892345 3030 
0.6895375 
0-6898242 2867 

2710 0.6900952 
2557 

0.6903509 2409 
0.6905918 

2265 
0.6908183 
0-6910309 2126 

1992 
0.6912301 1862 
0.6914163 

LI 2 

196 
190 
187 
182 
175 

173 
166 
163 
157 
153 

148 
144 
139 
134 
130 
126 

0 
leg 

151 
152 
153 
154 
155 

156 
157 
158 
159 
160 

161 
162 
163 
164 
165 
166 

x(o) 

0.6914163 
0-6915899 
0.6917515 
0.6919014 
0-6920401 

0.6921681 
0.6922858 
0.6923936 
0.6924920 
0.6925813 

0.6926622 
0.6927349 
0.6928000 
0.6928578 
0.6929088 
0.6929534 

A A" 
+ 

126 
120 
117 
112 
107 

103 
99 
94 
91 
84 

809 

82 
727 76 
651 73 
578 68 
510 64 
446 

59 

1736 
1616 
1499 
1387 
1280 

1177 
1078 
984 
893 

0 
deg 

x(o) 

166 0.6929534 
167 0.6929921 
168 0-6930252 
169 0"6930532 
170 0-6930766 

171 0.6930957 
172 0'6931111 
173 0-6931230 
174 0.6931319 
175 0-6931384 

176 0'6931427 
177 0"6931453 
178 0"6931466 
179 0-6931471 
180 0-6931472 

A 
+ 

387 
331 
280 
234 
191 

154 
119 
89 
65 
43 

26 
13 

D 

1 

4 2 

59 
56 
51 
46 
43 

37 
35 
30 
24 
22 

17 
13 

8 
4 
0 

Notes on Table 2 

X(O) = _ ~1 fl log sin ½t d t .  

Second differences are given to enable interpolat ion to be carried out  by Bessel's formula, 
usirig Table 6. 

For  values of 0 outside the  range given, use 

X ( 1 8 0  ° + 0) = 2 X ( 1 8 0  °) - - X ( 1 8 0  ° - -  0) 
* 

and X ( - -  0) = - -  X(O). 

X(180 °) = loge 2, as may  be shown by integrat ing from 0 to ~, 

log sin t ---- log 2 + log sin at + log cos ½t. 

To evaluate { X ( , )  + X ( ~  - -  c~) - -  X(~)} when tan  e is known exactly, it is often convenient  
to make  use of the series given in Appendix  II,  section 6. 
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¢ 
deg 

Z] 2 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32" 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

/] 

I 
0 82257 
8.2257 81895 

16.4152 81177 
24.5329 80114 
32.5443 78718 
40.4161 77014 

48.1175 75023 
55.6198 72779 
62.8977 70315 
69-9292 67671 
76.6963 64896 

83-1859 62038 
89.3897 59159 
95.3056 56333 

100.9389 53657 
106.3046 51323 

111.4369 49353 
116.3722 47599 
121.1321 45999 
125.7320 44525 
130-1845 43154 

134.4999 41869 
138.6868 40661 
142.7529 39519 
146.7048 38436 
150.5484 37405 

154.2889 36423 
157.9312 35483 
161.4795 34582 
164.9377 33719 

I 168.3096 32886 

171.5982 32091 
174-8073 31316 
177-9389 30577 
180-9966 29853 
183-9819 29162 

186-8981 28485 
189-7466 27837 
192.5303 27199 
195.2502 26589 
197.9091 25988 

200.5079 25412 
203.0491 24843 
205-5334 24298 
207.9632 23759 
210.3391 23242 
212.6633 

¢ 
deg 

0 
362 
718 

1063 
1396 
1704 

1991 
2244 
2464 
2644 
2775 

2858 
2879 
2826 
2676 
2334 

1970 
1754 
1600 
1474 
1371 

1285 
1208 
1142 
1083 
1031 

L6'(¢) 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

982 71 
940 72 
901 73 
863 7 4  
833 75 

795 76 
775 77 
739 78 
724 79 
691 80 

677 81 
648 82 
638 83 
610 84 
601 85 

576 86 
569 87 
545 88 
539 89 
517 90 
512 91 

/] 

212.6633 
214.9363 
217.1601 
219.3352 
221.4634 

223"5452 
225"5822 
227-5749 
229-5248 
231.4324 

233-2991 
235"1252 
236-9122 
238.6603 
240"3709 

242-0442 
243"6814 
245"2828 
246-8496 
248"3820 

249-8812 
251"3472 
252"7813 
254"1835 
255"5549 

256-8957 
258"2068 
259"4884 
260"7414 
261"9659 

263"1629 
264-3325 
265"4755 
266"5921 
267"6830 

268"7484 
269"7887 
270"8056 
271"7973 
272"7657 

273"7108 
274"6339 
275"5337 
276"4118 
277"2681 
278"1040 

z6'(¢) 

22730 
22238 
21751 
21282 
20818 

20370 
19927 
19499 
19076 
18667 

18261 
17870 
17481 
17106 
16733 

16372 
16014 
15668 
15324 
14992 

14660 
14341 
14022 
13714 
13408 

13111 
12816 
12530 
12245 
11970 

11696 
11430 
11166 
10909 
10654 

10403 
10169 
9917 
9684 
9451 

9231 
8998 
8781 
8563 
8359 

/]2 

512 
492 
487 
469 
464 

448 
443 
428 
423 
409 

406 
391 
389 
375 
373 

361 
358 
346 
344 
332 

332 
319 
319 
308 
306 

297 
295 
286 
285 
275 

274 
266 
264 
257 
255 

251 
234 
252 
233 
233 

220 
233 
217 
218 
204 
218 

TABLE 3 

91 
92 
93 
94 
95 

96 
97 
98 
99 

100 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

111 
112 
113 
114 
115 

116 
117 
118 
119 
120 

121 
122 
123 
124 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 
136 

d 

278"1040 
278"9181 
279"7119 
280-4855 
281-2400 

281"9742 
282"6895 
283"3859 
284-0646 
284"7244 

285-3666 
285"9912 
286"5992 
287"1897 
287-'7638 

288"3214 
288"8638 
289"3897 
289"9004 
290"3959 

290"8772 
291"3432 
291"7951 
292"2328 
292"6574 

293"0678 
293-4651 
293"8494 
294"2214 
294"5804 

294-9273 
295-2622 
295-5858 
295-8973 
296-1977 

296-4870 
296"7659 
297"0338 
297-2914 
297-5390 

297-7770 
298-0049 
298"2235 
298-4329 
298"6337 
298"8252 

8141 
7938 
7736 
7545 
7342 

7153 
6964 
6787 
6598 
6422 

6246 
6080 
5905 
5741 
5576 

5424 
5259 
5107 
4955 
4813 

4660 
4519 
4377 
4246 
4104 

3973 
3843 
3720 
3590 
3469 

3349 
3236 
3115 
3004 
2893 

2789 
2679 
2576 
2476 
2380 

2279 
2186 
2094 
2008 
1915 

/]2 

218 
203 
202 
191 
203 

189 
189 
177 
189 
176 

176 
166 
175 
164 
165 

152 
165 
152 
152 

• 1 4 2  . 

153 
141 
142 
131 
142 

131 
. 130 

123 
130 
121 

120 
113 
121 
111 
111 

104 
110 
103 
100 
96 

101 
93 
92 
86 
93 
84 
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TABLE 3--continued 

¢ 

136 
137 
138 
139 
140 

141 
142 
143 
144 
145 

146 
147 
148 
149 
150 
151 

L~'(¢) 
deg i 

l 
' ! 

298.8252 
299.0083 
299.1830 
299-3499 
299"5085 

299"6594 
299.8029 
299.9394 
300.0684 
300.1906 

300-3061 
300"4155 
300"5182 
300"6149 
300"7058 
300"7913 

A 

1831 
1747 
1669 
1586 
1509 

1435 
1365 
1290 
1222 
1155 

/ ] 2  

84 
84 
78 
83 
77 

74 
70 
75 
68 
67 

¢ 
deg 

151 
152 
153 
154 
155 

156 
157 
158 
159 
160 

1094 61 161 
1027 67 162 
967 60 163 
909 58 164 

54 165 855 59 166 

M(¢) 

300"7913 
300.8709 
300.9453 
301.0147 
301.0794 

301.1391 
301.1943 
301.2453 
301-2924 
301"3352 

301"3744 
301.4101 
301-4426 
301.4717 
301.4978 
301.5213 

796 
744 
694 
647 
597 

552 
510 
471 
428 
392 

357 
325 
291 
261 
235 

A~ ¢ L~' (¢) 
--  deg 

59 166 301.5213 
52 167 301.5422 
50 168 301"5605 
47 169 301-5766 
50 170 301"5908 

45 171 301"6032 
42 172 301-6137 
39 173 301.6227 
43 174 301.6307 
36 175 301.6375 

35 176 301.6432 
32 177 301.6482 
34 178 301"6528 
30 179 301-6570 
26 180 301.6609 
26 

A 

209 
183 
161 
142 
124 

105 
90 
80 
68 
57 

50 
46 
42 
39 

Z~ 2 

i 

26 
26 
22 
19 
18 

19 
15 
10 
12 
11 

7 
4 
4 
3 
0 

Notes on Table 3 

L~(¢) is the conjugate of the leading-edge term, as developed in Appendix III,  and is an odd 
function of ¢, where ¢ = 0 --  K, 0 = K being the leading edge. 

L6'(¢), the function tabulated, is part of L6(¢) for % = 7½ deg, and is given directly in degrees. 

For this value of ~o 

L 6 ( ¢ )  = L 6 ' ( ¢ )  - -  435. 20465X((~). 

For other values of ~0, 

L6(¢) : 0. 1316525 cot s0, L~'(¢) --  57.29578 cot ~X(¢). 

First and second differences are given to enable interpolation to be performed, using the 
13esselian coefficients given in Table 6. 

The reason for omitting the term containing X(¢) from the tabulation is that it frequently 
cancels out with another term of z. 
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T A B L E  4 

0 z6(O) 
deg 

0 0 
1 0.0045 
2 O" 0093 
3 0"0140 
4 0"0186 
5 O' 0232 

6 O. 0279 
7 O. 0327 
8 O. 0373 
9 0.0418 

10 0.0466 

11 0.0514 
I 

12 ] 0"0560 
13 O" 0606 
14 O" 0654 
15 O" 0703 

16 O" 0749 
17 O" 0796 
i8 0.0845 
19 O. 0893 
20 O. 0941 

21 O. 0987 
22 O. 1038 
23 O. 1086 
24 0.1133 
25 0.1181 

26 O. 1232 
27 O. 1282 
28 O. 1330 
29 O. 1378 
30 O. 1431 

0 
deg z~(o) 0 o z6(O) 0 Lo(O) 0 L6(O) 

deg L6(O) deg deg deg 

31 0.1480 61 0.3141 91 0.5435 121 0.9465 151 2.1016 
32 0.1530 62 0.3208 92 0.5531 122 0.9661 152 2.1831 
33 0.1579 63 0.3271 93 0.5625 123 0.9866 153 2.2711 
34 0.1633 64 0.3334 94 0-5731 124 1.0075 154 2.3663 

35  0.1683 65 0.3397 95 0.5831 125 1.0294 155 2.4695 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

0.1733 
0-1783 
0.1838 
0.1891 
0.1941 

0.1993 
0.2049 
0.2101 
0.2155 
0.2207 

66 0-3469 96 0.5933 126 1.0517 156 2"5822 
67 0-3533 97 0.6033 127 1.0752 157 2.7054 
68 0-3599 98 0"6150 128 1.0991 158 2-8411 
69 0"3665 99 0.6256 129 1.1243 159 2.9912 
70 0.3740 100 0.6368 130 1'1502 160 3.1587 

71 0"3808 101 0"6483 131 1.1774 161 3"3468 
72 0.3878 102 0.6599 132 1-2054 162 3.5600 
73 0.3946 103 0.6720 133 1.2349 163 3.8049 
74 0.4025 104 0.6841 134 1.2651 164 4.0902 
75 0.4096 105 0.6967 135 1.2972 165 4.4310 

56 
57 
58 
59 
60 

0.2267 76 0.4170 106 0.7094 136 1.3301 166 4.8583 
0.2321 77 0.4243 107 0.7226 137 1.3651 167 5.3989 
0.2376 78 0.4325 108 0.7358 138 1"4011 168 6.0547 
0'2430 79 0'4401 109 0"7497 139 1.4394 169 6'8134 
0.2489 80 0.4479 110 0.7637 140 1.4791 170 7"6508 

0.2546 81 0.4557 111 0.7782 141 1.5213 171 8.5308 
0.2602 82 0.4644 112 0.7928 142 1.5652 172 9.4058 
0.2658 83 0.4725 113 0.8083 143 1.6121 173 10.2142 
0.2720 84 0.4807 114 0.8236 144 1.6610 174 10.8784 
0.2777 85 0.4889 115 0.8399 145 1.7132 175 11.2992 

0.2836 86 0.4981 116 0.8562 146 1.7679 176 11.3454 
0.2894 87 0.5068 117 0.8733 147 1-8267 177 10.8336 
0.2959 88 0.5156 118 0.8907 148 1.8886 178 9.4744 
0.3020 89 0.5244 119 0.9087 149 1.9551 179 6.7014 
0.3081 90 0.5344 120 0.9272 150 2.0257 180 0 

i 

Notes on Table 4 

L6(O) as t abu la ted  here is the  complete  coniugate  of the  leading-edge t e rm for a symmet r i ca l  
aerofoil. I t  is in degrees, and is given for cot ~o = 9. 

For  o ther  values of c%, the  expression mus t  be mul t ip l ied by  ~ cot ~0 • 
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TABLE 5 

0 
deg @(0) 

0 [124.185911 
1 --49.03250 
2 --24.56713 
3 --11.12722 
4 --2-49626 
5 ! 3.29487 

6 7.14583 
7 9.56006 
8 10.86246 
9 11.28767 

10 11'02183 

11 10-22498 
12 9.04494 
13 7.62871 
14 6.13779 
15 4-79781 

16 3.94527 
17 3"35155 
18 2"90055 
19 2.54405 
20 2.25485 

21 2.01573 
22 1"81505 
23 1.64454 
24 1-49817 
25 1.37144 

26 1.26083 
2 7  1.16365 
28 1"07774 
29 1"00139 
30 0.93321 

QdO) 

0.87204 
0-81692 
0-76707 
0"72183 
0"68066 

0-64306 
0"60859 
0:57698 
0"54786 
0"52103 

0.49619 
0.47320 
0"45184 
0.43198 
0.41347 

0.39620 
0.38005 
0.36493 
0"35076 
0.33746 

0-32496 
0-31319 
0.30209 
0.29162 
0.28173 

0"27239 
0-26354 
0"25515 
0.24720 
0-23966 

0 

de 

61 
6~ 
65 
64 

6~ 
67 
68 
6oc 
7C 

71 
72 
73 
74 
75 

76 
77 
78 
79 
8O 

81 
82 
83 
84 
85 

86 
87 

• 88 
89 
90 

Q6(o) 

0.23249 
0"22567 
0-21919 
0.21302 
0.20714 

0"20153 
0.19617 
0-19105 
0"18615 
0.18147 

0.17700 
0-17272 
0"16862 
0.16468 
0.16090 

0.15728 
0.15380 
0-15046 
0..14726 
0.14418 

0"14122 
0"13836 
0"13561 
0"13297 
0-13042 

0-12796 
0 - 1 2 5 5 8  
0"12330 
0"12109 
0"11896 

0 
de 

91 
9~ 
92 
94 
95 

96 
97 
98 
99 

00 

.01 

.02 
03 
04 
05 

06 
07 
08 
09 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

Q4o) 

0"11690 
0.11492 
0-11301 
0.11116 
0-10937 

0-10764 
0-10597 
0.10435 
0"10278 
0.10126 

0.09980 
0.09838 
0.09700 
0.09567 
0.09437 

0.09312 
0.09190 
0.09072 
0.08958 
0"08848 

0.08741 
0.08638 
0.08537 
0.08440 
0.08345 

0-08253 
0.08164 
0"08077 
0-07993 
0-07912 

0 
de~ 

121 
122 
123 
124 
125 

126 
127 
128 
129 
130 

131 
132 
133 
134 
135 

136 
137 
138 
139 
140 

141 
142 
143 
144 
145 

146 
i47 
148 
149 
150 

QdO) 

0.07833 
0"07756 
0"07682 
0.07610 
0"07540 

0"07472 
0.07407 
0.07343 
0"07281 
0"07221 

0.07163 
0-07107 
0-07053 
0.07000 
0"06949 

0.06899 
0.06851 
0.06804 
0.06759 
0.06715 

0-06673 
0.06632 
0.06593 
0.06555 
0.06518 

0-06482 
0.06448 
0.06415 
0.06383 
0.06353 

0 
deg 

151 
152 
153 
154 
155 

156 
157 
158 
159 
160 

161 
162 
163 
164 
165 

166 
167 
168 
169 
170 

171 
172 
173 
174 
175 

176 
177 
178 
179 
180 

Q6(O) 

0"06324 
0"06296 
0"06269 
0-06243 
0-06219 

0"06195 
0'06173 
0.06151 
0-06131 
0.06112 

0.06094 
0.06077 
0.06060 
0.06045 
0.06030 

0.06017 
0-06004 
0-05993 
0-05982 
0-05973 

0"05964 
0"05956 
0"05949 
0-05943 
0.05938 

0'05934 
0.05930 
0"05928 
0.05926 
0"05926 

Notes on Table 5 

Q6(o) is the complete conjugate of the  trailing-edge term, tabula ted  in degrees, for an upper  
surface velocity 2 less than  on the lower surface, as in Appendix  I, section 12. I t  is an even 
function of 0. 

The value at 0 = 0 omits 36? log sin ½0. This cancels out with another  term of z. 
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TABLE 6 

Coefficients ~ theSecond  Difference 

f/, 

0.000 
0.002 
0.006 
0.010 
0.014 
0.018 
0.022 
0.026 
0.030 
0.035 
0.039 
0.043 
0.048 
0"052 
0.057 
0-061 
0.066 
0.071 
0.075 
0.080 
0"085 
0.090 

- -B  

0.000 
0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 

1.000 
0.998 
0-994 
0.990 
0.986 
0.982 
0.978 
0.974 
0.970 
0.965 

0.090 
0.095 
0.100 
0.105 
0.110 
0.115 
0.120 
0.125 
0.131 
0.136 

B 

0.021 
0.022 
0-023 
0.024 
0.025 
0.026 
0.027 
0-028 
0.029 
0.030 0.009 

0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.017 
0"018 
0.019 
0.020 

0.961 
0.957 
0-952 
0.948 
0.943 
0.939 
0.934 
0.929 
0.925 
0.920 
0.915 
0.910 

0.142 
0.147 
0.153 
0.159 
0.165 
0.171 
0.177 
0.183 
0.190 
0.196 
0.203 
0.210 

0"031 
0 '032 
0"033 
0-034 
0.035 
0.036 
0"037 
0.038 
0.039 
0"040 
0"041 

n 

0"910 
0.905 
0.900 
0"895 
0.890 
0.885 
0.880 
0.875 
0.869 
0-864 
0.858 
0.853 
0.847 
0.841 
0.835 
0.829 
0.823 
0.817 
0.810 
0.804 
0.797 
O'790 

I 

0.210 
0.217 
0.224 
0.231 
0 '239 
0 '247 
0.255 
0.263 
0.271 
0.280 
0.290 
0.300 
0.310 
0.321 
0.332 

B 

0.042 
0.043 
0.044 
0.045 
0.046 
0.047 
0.048 
0.049 
0.050 
0.051 
0.052 
0.053 
0.054 
0.055 
0.056 

0.790 
0.783 
0.776 
0.769 
0.761 
0.753 
0.745 
0.737 
0.729 
0.720 
0.710 
0.700 
0.690 
0.679 
0.668 
0.655 0-345 

0.358 
0.373 
0.390 
0.410 
0.436 
0.500 

0.057 0.642 
0.058 0.627 
0-059 0.610 
0.060 0.590 
0.061 0.564 
0.062 0.500 

B = n(n -- 1)/4 and is always negative. In  critical cases in the table ascend. 

Notes on Table 6 

Let successive values of a function,  and its first and second differences be as fo l lows: - -  

f-1 

fo 

A 

A 

a 

d 
b 

e 
c 

T h e n  t o  f i n d  t h e  v a l u e  f ,  a t  a f r a c t i o n  n of  t h e  i n t e r v a l  f r o m  fo t o  f l ,  B e s s e l ' s  f o r m u l a  ' g i v e s  

f , , = f 0  + n b  + n ( n - - 1 )  (d + e )  
4 

= fo + nb + B ( d  + e) . 

T h e  v a l u e s  of  B a r e  g i v e n  h e r e  a s  a c r i t i c a l  t a b l e .  C h o o s e  t h e  v a l u e  of  B c o r r e s p o n d i n g  t o  
t h e  i n t e r v a l  in  w h i c h  t h e  r e q u i r e d  v a l u e  of  n lies.  
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TABLE 7 

0 (e~/q0) (et/qo) 
deg Z sin 0 cos Z sin 0 sin Z x y X Y q0 ql 

360 
355 
350 
345 
340 
335 
330 
325 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 

207½ 
205 
202½ 
20O 
197½ 
195 
192½ 
19o 
lS7½ 
~85 
lS2½ 
180 
170 
160 
150 
140 
130 
120 
110 
100 

90 
80 
7O 
6O 
57½ 
55 
52½ 

50 

47½ 
45 
42½ 
4O 
35 
3O 
25 
2O 
15 
10 

5 

0 

1 8 0 ° +  3054.8 , 
+ 4°56"8 ' 
+ 4°14"0 ' 
+ 2050 . 2 '  
+ 2°39"9 ' 
+ 3 ° 1"3 '  
+ 3°31"3 ' 
+ 4 ° 0"7 '  
+ 4023"9 ' 
+ 4033 . 5 '  
+ 3°22"4 ' 

_ _  0054.8 , 
_ _  5o59.1 ' 
_ _  9o10.5 t 
- - 1 1 ° 5 8 , 4  ' 
- - 1 4 0 4 4 . 3  ' 
- - 1 7 0 4 3 . 7  ' 
- - 2 1 0 1 5 . 7  ' 
- - 2 5 ° 5 2 . 6  ' 
- - 3 2 % 7 " 6 '  
- - 3 5 0 1 1 . 8  ' 
- - 3 8  P 2"7 '  
- - 4 1 0 3 0 . 4  ' 
- - 4 5 ° 5 1 . 1  ' 
- - 5 1 ° 3 3 - 8  ' 
- - 5 9 0 4 1 . 2  ' 

180° - -73°25 .9  ' 
85025.3 ' 
74043.7 ' 
66054.0 ' 
60042..8 ' 
55036.4 ' 
41 ° 6 " 1 '  
31024.7 ' 
23°59.9  ' 
17°48-9 ' 
12019.3 ' 
7°10.4  ' 
2 ° 6"1 '  

- -  3 ° 9 " 1 '  

__ 8054.7 ' 
- - 1 5 o 4 2 . 5  ' 
- - 2 4 0 3 9 . 3  ' 
- - 3 9 0 1 4 - 6  ' 
- - 4 5 0 1 1 . 6  ' 
- - 5 3 0 3 2 , 7  ' 
- - 6 7 0 4 6 . 8  ' 

- - o 9  

- - 6 7 0 4 4 . 4  ' 
- - 5 3 ° 2 7 . 6  ' 
- - 4 5  ° 3 . 7  ~ 
- - 3 9  ° 3"3 '  
- - 3 0 0 2 6 . 5  ' 
- - 2 4  ° 6"2 '  
- - 1 8 0 5 4 . 0  ' 
- - 1 4 0 1 5 , 7  ' 
- -  9°45.1 ' 
- -  4°15.1 ' 
+ 0°41"9 ' 

3054.8 , 

0 
- - 0 . 1 3 9 6 2  
- - 0 , 2 6 0 1 7  
- - 0 . 3 7 5 5 0  
- - 0 . 4 8 8 5 5  
- - 0 . 5 9 1 5 5  
- - 0 . 6 8 2 8 6  
- - 0 . 7 6 1 2 4  
- - 0 - 8 2 6 0 0  
- -0"91421  
- - 0 . 9 5 0 2 4  
- - 0 " 9 3 9 5 7  
-=0 .97994  
- -0"98721  
- - 0 . 9 6 3 3 8  
- - 0 . 9 0 8 7 8  
- - 0 . 8 2 4 9 0  
- - 0 . 7 1 3 9 0  
- - 0 . 5 7 8 3 4  
- - 0 . 4 2 0 3 1  
- - 0 . 3 7 7 3 3  
- - 0 . 3 3 2 8 2  
- - 0 " 2 8 6 5 8  
- - 0 . 2 3 8 2 2  
- - 0 ' 1 8 6 9 3  
- - 0 . 1 3 0 6 3  
- - 0 - 0 6 1 9 1  
+ 0 . 0 1 8 5 6  

0.06891 
0.11402 
0.15623 
0-19648 
0.34506 
0 .47737 
0-59297 
0.68964 
0 .76490 
0.81656 
0.84277 
0.84206 
0.81306 
0.75369 
0.65834 
0.50269 
0 .44249 
0.35999 
0-22046 

- - 0 . 6 2 4 4 4  
- - 0 . 9 3 5 4 7  
- - 1 . 0 5 3 8 6  
- - 1 . 0 9 5 6 8  
- - 1 . 0 7 2 5 8  
- - 0 . 9 7 8 3 6  
- - 0 . 8 4 7 1 8  
- - 0 . 6 9 4 2 9  
- - 0 . 5 2 8 1 6  
- - 0 . 3 5 0 6 3  
- - 0 . 1 6 5 9 9  

0 

0 
- - 0 . 0 1 2 0 8  
- - 0 . 0 1 9 2 6  
- -0"01861  
- - 0 . 0 2 2 7 4  
- - 0 . 0 3 1 2 3  
- - 0 " 0 4 2 0 2  
- - 0 " 0 5 3 3 9  
- - 0 . 0 6 3 5 3  
- - 0 " 0 7 2 8 9  
- - 0 . 0 5 6 0 1  
+ 0 " 0 1 4 9 8  

0.10268 
0"15945 
0 .20430 
0"23906 
0.26371 
0 .27779 
0.28054 
0"27081 
0"26615 
0.26045 
0"25361 
0"24541 
0"23554 
0.22343 
0 .20810 
0.23174 
0"25239 
0.26731 
0-27854 
0"28703 
0"30103 
0.29152 
0 .26399 
0-22164 
0.16708 
0"10277 
0:03093 

- - 0 . 0 4 6 3 7  
- - 0 . 1 2 7 4 9  
- - 0 . 2 1 1 9 7  
- - 0 . 3 0 2 1 7  
- - 0 - 4 1 0 6 2  
- - 0 " 4 4 5 4 9  
- - 0 . 4 8 7 3 0  
- - 0 . 5 3 9 6 9  

1"52558 
1"26237 
1"05613 
0"88901 
0"63033 
0.43771 
0.29005 
0.17648 
0.09077 
0.02607 

- - 0 . 0 0 2 0 2  
0 

0 
0 .216 

- -  0.819 
- -  1.772 
- -  3.069 
- -  4.693 
- -  6 ' 6 0 7  
- -  8 ' 7 7 7  
- - i 1 . 1 6 1  
- - 1 6 . 4 0 9  
- - 2 2 " 0 2 7  
- - 2 7 . 7 1 9  
- - 3 3 . 4 9 2  
- - 3 9 . 4 0 8  
- - 4 5 " 2 7 5  
- - 5 0 . 9 0 7  
- - 5 6 . 1 2 2  
- - 6 0 . 7 5 2  
- - 6 4 . 6 4 0  
- - 6 7 . 6 4 7  
- - 6 8 . 2 4 5  
- - 6 8 . 7 7 8  
- - 6 9 . 2 4 3  
- - 6 9 . 6 3 7  
- - 6 9 . 9 5 6  
- - 7 0 - 1 9 5  
- - 7 0 . 3 4 2  
- - 7 0 . 3 6 8  
- - 7 0 . 3 0 1  
- - 7 0 . 1 6 4  
- - 6 0 . 9 6 1  
- - 6 9 . 6 9 6  
- - 6 8 . 0 6 2  
- - 6 5 . 5 8 8  
- - 6 2 . 3 6 7  
- - 5 8 . 5 1 0  
- - 5 4 . 1 3 4  
- - 4 9 . 3 7 8  
- - 4 4 - 3 8 7  
- - 3 9 . 3 1 9  
- - 3 4 . 3 3 9  
- - 2 9 . 6 2 3  
- - 2 5 " 3 6 6  
- - 2 1 . 8 4 4  
- - 2 1 " 1 3 5  
- - 2 0 . 5 2 8  
- - 2 0 - 0 8 3  

- - 2 0 . 0 4 0  

- - 1 9 . 9 2 3  
- - 1 8 . 7 2 1  
- - 1 7 . 2 1 2  
- - 1 5 . 5 9 8  
- - 1 2 . 3 2 2  
- -  9 .234 
- -  6.489 
- -  4 .172 
- -  2 . 3 3 6  
- -  1 '015  
- -  0 .240 

0 

0 
- - 0 . 0 1 6  
- - 0 . 0 6 8  
- - 0 . 1 2 3  
- - 0 . 1 8 4  
- - 0 . 2 6 4  
- - 0 . 3 7 4  
- - 0 - 5 1 7  
- - 0 . 6 9 3  
- - 1 . 1 1 2  
- - 1 . 5 1 5  
- - 1 . 6 7 5  
- - 1 . 2 9 8  
- - 0 - 5 0 5  
+ 0 . 5 9 1  

1.927 
3.440 
5 .070  
6 '751 
8.411 
8"814 
9 ' 2 0 9  
9 .595 
9 .969  

10.330 
10.675 
10.999 
11-329 
11.693 
12.083 
12.493 
12.918 
14.696 
16.483 
18.158 
19.622 
20-793 
21 .607 
22-011 
21"967 
21 .447  
20.431 
18.892 
16-768 
16.127 
15"428 
14-659 

13-860 

11.477 
9 .394  
7.661 
6"206 
3 .946 
2"358 
1"275 
0"584 
0-188 
0 .018 

- - 0 . 0 0 5  
0 

1-00000 
0 .99705 
0.98881 
0.97574 
0 .95792 
0 ,93562 
0 .90937 
0.87964 
0-84703 
0 .77532 
0 .69844 
0.61999 
0.53921 
0 .45550 
0"37179 
0.29079 
0.21516 
0.14737 
0 .08973 
0.04434 
0.03515 
0.02688 
0.01957 
0.01327 
0 .00803 
0-00394 
0 .00118 
0.00007 
0.00017 
0.00119 
0-00307 
0.00578 
0-02438 
0-05460 
0-09540 
0 .14550 
0.20344 
0-26745 
0 .33564 
0.40591 
0"47604 
0.54363 
0.60606 
0.65963 
0.67089 
0 .68088 
0 .68878 

0.69109 

0.69819 
0-7  954 
0.74436 
0 .77000 
0.82047 
0.86681 
0 .90727 
0.94091 
0.96723 
0.98591 
0.99669 
1.00000 

0 
- - 0 . 0 0 0 7 1  
- - 0 . 0 0 2 7 9  
- - 0 . 0 0 5 7 1  
- - 0 . 0 0 9 4 9  
- - 0 . 0 1 4 2 7  
- - 0 . 0 2 0 1 2  
- - 0 . 0 2 7 0 1  
- - 0 . 0 3 4 8 4  
- - 0 . 0 5 2 5 1  
- - 0 - 0 7 0 8 0  
- - 0 . 0 8 5 8 8  
- - 0 . 0 9 3 7 2  
- - 0 . 0 9 6 1 2  
- - 0 . 0 9 4 2 2  
- - 0 , 0 8 8 4 6  
- - 0 . 0 7 9 3 0  
- - 0 . 0 6 7 2 0  
- - 0 . 0 5 2 7 2  
- - 0 . 0 3 6 5 4  
- - 0 . 0 3 2 3 1  
- - 0 . 0 2 8 0 5  
- - 0 . 0 2 3 7 6  
- - 0 . 0 1 9 4 7  
- - 0 - 0 1 5 1 9  
- - 0 " 0 1 0 9 6  
- - 0 . 0 0 6 8 0  
- - 0 . 0 0 2 2 9  
+ 0 . 0 0 2 9 0  

0.00861 
0.01475 
0.02123 
0.04954 
0.07988 
0-11036 
0-13935 
0.16546 
0 .18749 
0-20437 
0 .21523 
0.21929 
0.21589 
0.20421 
0.18276 
0 .17549 
0-16719 
0.15755 

0.14684 

0.11385 
0.08773 
0.06715 
0.05065 
0.02677 
0 .01176 
0.00298 

- - 0 ' 0 0 1 3 5  
- - 0 ' 0 0 2 6 8  
- - 0 . 0 0 2 0 5  
- - 0 . 0 0 0 6 1  

0 

0"72917 
0"79449 
0"85036 
0"87949 
0"89340 
0"91143 
0"93367 
0"96023 
0"99124 
1"06711 
1"16230 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27754 
1"27354 
0"95422 
0"63736 
0"38315 
0"17449 

0 
O-48447 
0"78117 
0"98412 
1"13366 
1 '24998 
1"34433 
1"42351 
1"49184 
1"55230 
1"60695 
1"65729 
1"70455 
1"71599 
1"72732 
1-73853 
1-74963 
0"56782 
0"57139 
0"57495 
0"57849 
0"58200 
0 .58900 
0 .59597 
0.60295 
0.60994 
0 .61700 
0-63096 
0.67074 
0-72917 

0"70432 
0-75844 
0"80213 
0"81956 
0"82219 
0"82808 
0"83711 
0"84915 
0"86409 
0"90196 
0"94901 
1"00248 
0 .95956 
0,90336 
0.83995 
0.76179 
0 .66130 
0 .52492 
0.32555 

0 
0.11725 
0 .25746 
0 .42829 
0"64121 
0.91427 
1-27754 
1-77956 
1 90117 
1 90117 
1 90117 
1 90117 
1 90117 
1 90117 
1-90117 
1.90117 
1-90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
1"90117 
0"61700 
0"61700 
0"61700 
0"61700 
0"61700 
0"61700 
0"61700 
0"61700 
0"61700 
0-61700 
0.62375 
0"65546 
0"70432 
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FIG. 1. Laminar flow aerofoil 13"0 per cent thick. 
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Fro. 2. Suction aerofoil with a single slot 31.5 per cent thick. 
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