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We snw in ports I1 and 11' that on o purely 1iner.r theory, 
. in which all squares and producte of t!lc thickness, camber and lift 

coefficient are neglected, the velocity q at the surface of en 
aerofoil in an unlimited stream TJ is given by Approximation I, 
namely, 

9 
- n 1+g = 1 + g, + ec + CL* . 
u 

We use the same notation tin, in Parts I rind II, "3 that 

x = g1 - co9 e), . . . . . (2) 

and 9 is positive on the upper and negative on the lower surface, 
and is zero at the leading edge and t:: at the trailing edge. Then 
gs is an even function and g, +'g~ an odd function of 8, SO 
that if we know Approximation I for s/v on both surfaces we know 

and go + gD separately. From a.knonledge of gs we can 
%sign the fniring and from R knowledge of gc + gD the centre line; 
this is sufficient for many purposes. 

(phe subject of this report is the design of the fairing 
when gs is known; but we may, c-6 6 foreword, ma!re a brief reference 
to the more general problem of finding the oerofoil when the die- 
tribution of pressure on the surface is given. In the first place, 
if me know the pressure then from 3ernoulli’s equotion we know the 
velocity.’ From the "exact" velocity distribution we hnve next.to 
derive Approximation I. We moy, if we wish, simply begin :ith o 
guess nt the difference between the exact distribution ?nd 
Approxim?tion I, since in any cnsc in exact work our first result 
for the nerofoil shnpe will hrve to be modified; but we mry obtain 
some guidance in "guesting" by considering the exact distribution 
as Approximation II, namely, 

Published by permission of the Director, Notional Physionl 
Lnborntory. 
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q (1 + -gc?co2)lsFn 31 
- = 

u (-4 a c sin2 S)* 
(1 + dl 

where 

co = 

and multiplying'the given values of s/rr by 

..,I. (4) 

(?p + srlna e)+ 

(1 + @oa)Isin 81 
. ..*. (5) 

to obtn5.n the values on Approximntion I. Since the nerofoil 
odinntes nre unknown 9 is, however, unlmo~& But $2 paa coa 
nre Smnll, nna the main effect is restricted to the,neighbourhoodsof 
the lending ona trciling edges, where Isin 01 is small. At the 
lending edge 

JI = 9, = ;Fo*Ze 
Y 

= u.m 7 = Q 
(“PL) , . . . . . (6) 

xk>o xz 

nna at the trailing edge 

li, = ljT = 1i.Q 2y 
e->n sin 8 = h& 

where PL, 'PT are the roaii of curvature nt the leralng rind 
trailing edges, respectively. If for + we tnke any function which 
remains smnll nna hns the values ti <ma 9~ nt the lending end 
%ruiLing edges (e.g., ~1 lineor function), nnd use the factor (5), 
we shall get c rensgnnble first npproximtion to the vnlues of 
1 + g. NOW (zp~)z ona 
from formulne given in S2, 

(2p~)+ Pre ensily found in terms of gs 
nna in finding preliminary vnlues we 

msy take the given a/v, or nny rensomble guess, ns 1 + g. 

In this w2y, trenting the given vnlues of q/U ns I 
Approximation II, we could, if we wished, proceed by successive 
approximntion, using in the factor (5) the vnlues of $ from our 
first attempt to provide n better vnlue of I + g, nna so on. 
It is doubtful, however, if this will ever be worth while, When 
once we hsve determined an npproxunnte shnpe for our nerofoil we 
find nccurntely (probnbly Apljroximction 111 will be nccurcte enough 
for most purposes) the velocity alstribution qt the surfnce of the 
aerofoil so found; when this is ronsonrbly nenr the required ais- 
tribution we correct the ordindes of the nerofoil by FI theory 
which relntes smnll changes in ordinqtee and smnll changes in velocit:;, 

Prom now on ne assume thct gs is k,no~~~ and proceed to 
show in aetnll how to cnlculate the ordinates of the fniring, its 
leading nna C,rnilm~age radii of curvature, nna those qur.ntities 
(Viz., cot Es, ES') whihzch nre required to find the velocity 
distribution on ApproxLmntion III. 

Certain restrictions on gs are necessary to ensure thnt 
the aerofoil bounanry is n curve which does not cross itself bet?;een 
the lending rind trailing edges; 
mentioned Inter. 

these restrrctlons will be brscfly 

.? ‘, 
/ 



-3- 

2. The Solution of the Problem in Generr.1 Terms. ' 

We saw in Part I, that, for a symmetrical aerofoil, if 

w 
4% = Ii c~cosne, . . . . . (8) 

n=o 

and if the ordinate y,(x) expressed as a function Of 0 is '_I** 
denoted-by f(G), then 

2378(X) = 2f(El) = (Co -&a) sin 0 + Y 6(c,, - cn*,) sin n0, 
n==2 

1 . . . ..'(zq" 

zf,(e) = (c, - &!,) cos 8 + T -&l(c,, - cn+,) COB n6, ,. (10) 
n=2 

_ 9 and * + 

g*(e) sin e = (co - -&cc, ) sin e + Y &l( c,, - Cn+,) sin n+3. (11) . . n=2 

The Fourier series for gs sin 0 and 2f'(B) are there- 
fore conjugate*, and from Part I, Appendix, Lemma (6), . . 

20(e) = ; P 6" :I:; ;in;,", dt, . . . . . (12) 

where, .as usual, P denotes that the principal value of the integral 
is to be taken. 

For the radii of ourvature at the leading and trailing 
edges we have, from (6) and (7), the following equations 

(2pL)+' = ;i$ $y = 2f'(o) = ; 6" g,(t )(I + cos t)dt, (13) 

(2PTP = lim zfo = - 2f'(n) =I ;< gs(t)(l - cos t)dt. (14) 
e-h sF~ e 

Equations (13) and (14) are the equations we require for p& and 
. Equation (12) gives us the derivative with respect to 8 of 

Be aerofoil ordinate; if, with the chord divided into any number 
of segments, in each segment g, is given by a suitable algebraic 
formula, then the necessary integrals may be evaluated in terms of 
simple functions by methods used in Psrts I and II. Moreover, the 
improper integral in (12) may be changed into a proper integral by 
the uee of Lemma (7) of Part I (Appendix), namely ? 

'6" 
~03 e 

"4,,, t = 0. ".,.. (15) 

!Chus/ 

*The relation between the Fourier series for gs Sin 64 and Zf'(9) 
has also been noted by Squire3 who proposes from a knowledge of 
ge to find the series in (II), and hence to deduce and sum the 
series in (9). 
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2f'(8) = . . . . (16) 

and the value of this integral mny be found by numericnl integmtion. 
Analytical methods should, however, be used wherever possible. In 
my case it is the value of f(e), not of f'(8), that is required, 
and it is generally easier to find f(8) directly as follows. 

Denote tempornril by F(8) the sum of the Fourier series 
conjugnte to thnt for 2f(G 3 in (9), i.e., let 

F(e) = (c, - 3~2~) cos e + c S(c,, - cn+,) cos ne 
n=2 

Also let* 
W-3 = Je 6p) sin 0 de. 

@hen 

F'(e) = -gs(e) sin e and 6" F(G)dG = O. 

Hence 

PC.8 1 = f 6" G(B)dB - G(B). 

From Pnrt I, Appendix, Lemmn (6), 

sin 8 
2f(e) = -- 

u Pdn 
F(t) 

cos e - cos t 

nnd from (15) it then follows thnt 

sin e u G(t) 

dt, 

Y,(X) = r(e) = 
2x pd 

dt. 
cos e - cos t 

. . . . . (17) 

,...* (18) 

. ..** (19) 

. . . . . (20) 

. . . . . (21) 

. . . . . (22) 

Equation (22), with G(8) defined in (18), is the equction 
we shall use to find the nerofoil ordinates. By the use of (15) the 
improper integral in (22) mny be changed into o proper intcgml, 
nmc ly 

Y,(X) = f(e) = 
sin-e A G(t) - G(8) 

d dt, . . . . . (23) 
2R cos e - cos t 

nnd numerical integration used, but wherever possible 
methods should be employed to evclurte the integral in (22 
method of nnnlyticnl evnluotion will bc considered in $3. 

l'he aerofoil contour must not cross itself, and y,(x) 
must be positive between the lecding and tmiling edges. 
v?nishcs nt the leading and trniling edges, 

Smce y, 

f!(n) negative; 
f'(0) 2ust be positive end 

in other words the values of (2p~)z and (2pT)i, given 
bv/ 

*Note thnt, in terms ofx, G = 21xgs dx. 
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by (13) rind (li), must be positive, with the proviso thnt for c1 'shnrp 
tmiling edge 1:: finite nt the trailing edge, 
then c sharp be a cusp, since, ns WC saw in 
Port I, if there is not n logarithmic infinity in g nt the trcil- 
ing edge then the tern in 1 -x in the cxpnnsion 09 ya in powers 
of (i -x) + is zero"). For n normal nerofoil shape f'(C) is 
positive over the front of the nerofoil, ccro nt the position of , 
mximm thickness, nnd negative over the rem. The two most 
knportont rcstrlctions m practice ore, however, 

I + COB t) dt > o, 

1, . . . . . . (2.4) 

- cos t) dt > o I .I 

Having obtnined formulno for th I: cerofoll ordinntcs and 
s for pL Ona pTy we proceed to fLnd formuloc for Co, es, &sl, 

which ore requirad in cnlculating the velocity distribution, on 
Approxiimtion III, of the aerofoil obtnined. We 0130 rcquirc 
lJ3(o 1 I which is found from the oerofoil ordinctcs by the equation 

I#,( 8) = 2y; cosec 0. . . . . . (25) 

Co, s3, ~31, however, nrc more c?sily found fron.thc vnlues of gs 
thnn from those of y, or 9s. From Port I, cquntion (13), WC see 
thnt L 

Es’(B) + Es!@) cot e + c, = g3(e). 

Hence 

$. (ES sin e) = g, sin 8 - CO sin C 
. . . . 

. . . . . (26) 

I..,.. (27) 

Ed sin 0 = 0 at‘e=o, so 

ES sin 0 = G(0) - Co(l - COB 0) 
. . . . '/ + 

a$ since Es sin e = 0 at 8 = 'it, 

. . . . . (28) 

a 

co = &G(n). . . . . . (2.9) 

Also/ 
3~1th a cusp +s = C(X - 0)2 near the trailing edge, and 

r I 
sin 0 

lim 
o->n (*JP + fiin2 B)& 

= 1. 

Hence at a cusped trailing edge,OD Approximation III 

s/v = eco(i + ~~1)~ 

for a symmetrical aerofoil when CL = 0; wh.en CI, # o, q/J -> -CO 
at the trailing edge if a0 < 271 ego; for F. = 2neC0, 

s/v = (1- CL2/aoa}+ eco(l + ss')2. 
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Also 

E8 = G(8) cosec 8 - Co tan -& 

f tan -&I 

i 

G(e) 
i 

1 - co9 0 - co 
I 

= cot $3 
G(n) - G(Q) 1 

1 + co5 8' I 
.a*.. (30) 

From the definition of G(O) in (18) we see that if 
is finite at the lesding 8nd trailing edges, G(Q) has a double 

gs 

zero at the leading edge 8nd G(e) 
trailing edge; 

- G(n) has 8 double zero at the 
the lest two expressions UI (30) therefore show that 

ES is zero at the leading and trailing edges respectively. 

Fmally we find that .- . 

ES'(@) = f&(S) - 
G(0) cos B CO 

sin" e 1 + cos e 
= g&J) 

- 1 G(Q) cos 0 

B + co 
J 

= g (o)' + tG(x) - G(o)] ~0s EJ Co 
. 

9 
sin2 e 1 - COB 0 

1 tG(n) - G(O)] cos 8 
= &JQ) - . . . . . (31) 

1 - cos 0 
co - 

1 + cos 0 I 

From (18) 

-G(o) 
lim 

g,(o) G(x) - G(O) g&d 
= lim = f . . . . . (32) 

Q->o sina 0 2 ' 0-h sina 0 2 

hence 

ES'(O) = 4-tg,w - COI, Es'(lI) = +{g,(n) -co}. . . . . . (33) 

We have now found all the formulae required, ye is given by (22), 

QL and 
"T 

by (13) and (14)) the most important restrictions on 
gs by (24 , Co by (29), es b 
at G = o and G = n by (33 . 7, 

(TO), ~sl by (31) and its values 

3. General Foundation for Special Cases. 

In carrying out the analysis for special cases it is more 
convenient, in general, to work in terms of 8, as in Part 11, 
than in teI3US of x 89 in Part I. 

!Po consider evaluations for special cases it is probably 
sufficient to suppose that, with the chord divided into any number 
of segments, in each segment gs is a polynomial* in x. Then 

as/ 
*The cnalysis may be carried out in other cases 

expressions for gs contain odd powers of 5 
for example if the 

x or (1 - xj*, but 
it is doubtftlF\LII if such results ti.ll be required. 
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aa we saw in Part II, by expressing powers of x in the manner shown 
in Lsmma 3 of Part II (Appendix), the interval (o,n) for G may be 

' divided into any number 8 of intervals, (O,G,), (G,, G2), (G,, G ), 
. . . . (e,,, E$), ,.. (es-,, n\ in my one'of which, say (e,,, erj, 

gs may be represented by an expression of the form 

g, = mE-amcOsne (e,, 686e,), ,..,..(34) 
Iwo - . ' 

Thus the expressions for f(G) etc., will each be the 
atuu of a number of contributions, of which a typical one is anr 
multipl%ed by the contribution from a term co8 ne in the 
expression for g, Fn the interval (eg,, G ). These contri- 
ixtions must be summsd for n from n = o 'to n = 

%' 
and 

then the results for all the intervals must be summed, W therefore 
proceed to find the contributions from a term cos. nG in the 
expression for gP in the interval (BYi, e,.), . 

. 
-. . 

- !k.oontribution to- G(Q) is as follows 
-: 

G(Q) . = 0 for o<odo, 

cos ne sin 0 df3 for oly 6 0 4 0, 

, 

/ 
Qr 

:: 

Qr-l 
cos no sin 0 do for 0, < 0 6 7c 

: . 

Hence, for na, tho'contribution to ' 

G(Q) = o for o<O(o,, 

= cos 6 - l‘l cos 0 for O,, 6 0 6 0, I / . . . . (36) 
I 

= cos OF, - co9 Q r for 0, 6 0 6 nf 
for n = 1, the contribution to 

'X09 / = o for 06~3 <Q,, 
') 

=$t 
t 

008 2e- -,cos2t3) for or-16e6Qr . . /37) 

a$( co9 20,, - cos 20r) for Gr+ 6 0 6 m, 

andfor n>2, the contribution to 

GC0 )/ 
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G(B) =--0 for 0606f3,, 

= 2(i+,) Ioos(n+l>oMaos(n+l)e~ - &{cos(n--l)f3y.?-cos(n-1)3] 

NOW write 

for 0, 6 3 6 A. 

.,... (38) 

qe,) = p 60' cosc~E~n~o~ t at. .,,.. (39) 

Then IO(x) = o, and general expressions for In(3r) sin e were 
given in Lemma 4 of Part II (Appendix). 

It now follows. from (22) that for n = c the con- 
tribution to 

27cyg = - ~08 o,r,(e,,) so 0 + cog @,I, (Q,) sin e 

- [In sin 0 - Ii(ep,) sin 01 

- (CO8 0 - co9 Or) log* 
6Fn Q/o - orI 

sin $(O + Or) 

+ (Qr-Oo,,) sin 0; . . . . . (40) 

for n = L the contribution to . 

23tys = -; COB 20M10(0r,) 

-31a(Or) sin 

33 co9 2Q - COB 20 r-l) 

-+(cos 20 - COB 2or) log, 
sin *IO - OrI 

sin $-(I3 + Or) 

++((~tio~-~sino~) sinO+$JO,-Om) sin 20; 

. . . . . (41) 

aM/ 
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and J!or n ) 2 the contribution to 

zny,. = -4 

i 

co8 (n + i)O,, 
-' 

COB (n - l)Q, 
' 

n+ 1 n-l 
Io(Q&.J sin 0 

COB (n + l)Q, co9 (n - i)O, " 
+& 

n+i n-1 1. 
IO@,) 6Ll.n 0' 

1 

2(n + 1) [I,+,(Q,) *in 0 - In+,(Qri) sin 01 , 
; , I 

1 
+ 

2(n - 1) 
[Ilrl(Qr) sin Q -I,,&-,) sin 01 

= 1 cos(n+l)9-oos(n+i)O,, cos(r+-cos(n-l)O, sq 8+& 1 
_- 

2(n+: 1 2t-1 _’ 
’ log, 
. 1’ s~HO+B,, 1. 

:’ 
cos(n+l)Q-cc3(n+1)Qr 

--I 

cos(n-l)3-cos(n-l)9r 
1 

' sin+I Q-Q;/ 

2(n+l) 2(=--l 1 I 
we 

sw@+Q,) 

-0 f 0, 1.7 
2(n + 1) 

sin(n+ i)O- Or-QM 

2(n - 1) 
sin (n - 1)Q 

1 n? Bin‘(n - S)Q, 7 Bin ,(n - 8)O L 
+ 

n + i 230 
= sin (El + 1)Q 

n-s 

1 
-- 

n-3 sin (n - 8 - 2)Q, - stn (n’- 8 - 2)Q-& 
c siri (s + l)Q, 

n- 1 s=o n -s-2 

,. 1 " . . . . . (42) 

where for n = 2 the last line in (42) is to be taken as zero, 
a 

*' yor the,purpose of computing ye' from (40), 141) and'(42) 
we may note here that 

sg &lo - orI 1 0 sin 0 
f 

- COB 0, cos 3 - sin r 

sin &(O + Or) 
. . . . . . (43) 

COB 0, -e co9 0 

Prom (13) &cl (14) it fol.l.6ws that the contributibn'to 

COB nt(i ,+ cos t)at. 
. . 

.:..c (44) 
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and the contribution to 

*(p*$ = 1 ,Or 00s nt(i - COB t)at, 
lE %-I 

Hence the contribution to 

. . . . . (45) 

(zP$* = L (0, - or, 
% 

+~Fno,-ssin~~,) for n = 0 

1 
a - sinor+nB,, + 0r-%-1 + 

sLn20r-sin20,, 
for n = 

7c ( 2 4 ) 

’ sJn *r-=n %-l t = - {’ 
sin(n-l)or-sin(nT1 )o 

7% n 2(ni) 

t 
sin(n+l)or-sh(nti)O, 

2(nti) 'I$ 
for n > 2, 

. . . . . (46) 
and the contribution to 

- sin 0, t sin o,,) for n = 0 

1 
= - sinor-sinOF, - 

( 

Qr%-l sin20,-sin2a,, 

> 
for n = 1 

n 2, 4 

1 
x -. 

sin no,-sin ml sin(rP1)0,73in(rm)8, 

n { n 2(n-1) 

sin(n+l)or-sin(nti)e,l 
forn>z. I 1 

2(n+1) . I 
. ..*. (47) 

Prom (29) ana (36), (37), (38) it follows that the oontributlon to 

co = Q(cos or, - co9 0,) for n f 0 

= &OS 2orr - ~0s 20r) for n = I 

1 ((48) E 
4(n + 1) 

fcos (n + l)O,, Jcos (n + r)O,l 

1 
{cos (n-Ti\FI -fm~! In-1313 1 t-n* 72b9 i 

4(n - 1) 
‘,-~ - - -  \ - -  ‘,wr, -“* - -  Y  -‘I 

The contribu;io; to 5s is then given by (30) with the contributions 
written out above (equations 

sim&ly the contributions to 
are given by (51) ana (33), with the 
twice the contribution to C,, and the contribution to 
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k&(e) .= G for 0 $S 6 S,, 
= cos ne for e,, < 8 6 er ..,. (49) 

. r 
= 0 1 for Or60 67~. 

, 

4. &roximste Velocity Distribution Represented by a Quadratic 
in Each of Three Se,qments. _ 

It appears to be sufficiently general for all immediate 
purposes to,consider the calculations when, with the chord divided 
into three peqents, in each segment g, is a quadratic in x. 
As special cases ge may be quadratic in each of two se@snts into 
which the chord. is divided., or linear Ln each of two or three see 
ments. c 

If gs is quadratic 5-n x in each of the“thr'ee:Tegments 
0 6 x 6 X1, Xl 6 x 6 X2, Xa 6 x 6 I, then if we write 

' 0% m "$ &n'-' &+, ea 1 2 sin-' &A . . . . . (50) 

and Fn the expression: for g, substitute, .c 

i&(1 - co9 8), X2 = 23 
I x =I - 4 006 e + ~08 ze),~ . . . . (51) 

we find gs in the following form 2 , . . . 
g, = a0 + a, 00s 8 + a, cos 213 for c 6 8 6 e1 

’ _ i =.bo+b,cos8+bacos?8 _ for e1 6 e 6 Ba . !,.... (52), 

1 co + cl cos e + ca COB 20 for Oa 6 0 6 n. ‘i -- 
In-the:formulae of the preceding section we first put 

0,1. 3: , 0, Qr = .Ql, and tnking n '= 0; 1, 2 h order 
multiply the results by so, %.nc &2 respectively; we then take 
e-,.-l = e1 and 8, = Qa and with n = o, 1, 2 in order 
multiply by bo, bi, ba respectively1 -rind finnlly'with 
el-i. F,.& nnd Or = TT and n. = 0, I,- 2 Ln-order we multiply 
by 00) 01) ca respectively rind add together nil nine contri- 
butions. In this way we find the following results, in which we 
hove written y 

I .  _ 

'a, - b, '= kr, br L cr .= I& (r = 0, I, 2). ..,.. ‘($3) 
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2nYs a cos36--cos3Q,)+3kl( cos2B-co52Q~)+6(2ko-h~)(~~~8--c~~Q,) 1 ( 

x lw, 
sin n 0 - 011 21 

sin 3(e + 91) 

-; {2S,( coe3~--cos3Q~)+38,(cos2C)--cos2Q~)~6(2~o-~a)(~~~~~~~~)j 

x loi?, 
sin Qle - 021 

sin go + 02) 

+ k,sinzQI+E2stia32)sinQ 

f- ’ t 3c,~+3k08~+3R~Qs+4kasin01+4aasinBs}sin2Q 
12 

czn + k& + &Da) sin 30; .*..* (54) 

(2~~) 4 
01 0s sin 01 

= Q(zco+c~) + - (2ko+&) + - (2&+&) + L 
2% 251 

2u (2ko+2ki+b) 

sin 08 sin 2Q, sin 2Qa 
+ (2tl)+2&+J,) + (kL+&) + (.4,t24,) 

2% 4% 4u 

ka sin 301 .E, sin 30a 
+ + I l . . . . (55) 

6s 671 

(2k0-kL) + Oa (GrJl) - 
sin O1 

(zko-zki+ka) 
2x 2% 27c 

sin Qa 
(2&?2..&+~,) - 

sin 2Q1 
(kc&) - 

sin 202 
(&-&3) 

2x 4% 471 

..,... (56) 

’ co = - (12% + 30, - 40, + 12co - 3% - 4cz) 
24 

-f (2% -ka) CO8 0% 

- a (2&-i,) COB 02 -Ik, COB 20% - J. E, 008 208 
a 8 

-lk, co8 30% - L E, COB 30s. . . . . . (57) 
12 12 

ALSO/ 
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G(B) = a0 +-$a1 - $qa - (a0 -$a8) co4 e--&_cos 28 -$aa, cos 313 

\ 

for 06060, 

1 
-a,+,,-+a,, - (ko -$k;kz) cos O1 -$k, coa 201 -$ka 00s 38% 

- PO -&i,) COB 0 -:bL cos 20 --$bz cos 30 

'for -0% < 0 < Oa > 
1 I a, + +l -F2 - (k. -':k3) cos Ox -+A cos 28% -$,kz cos 3& 

- (Jo --);Ra) cos 0, +, COS 20, -;& cos :02 

- (co - Ifon) cos 0 -$cl cos 20 - 
1 
yoCa cos 39 

'for 6~~60671. 
i 

. ..*. (58) 

:;;;e from (3O)we find, with the help of Lemma 6 of Part II (Appendix) 

ES = tan -$l{ao t +a, - Co + %(3a, + 4a,) 00s 0 + $aa, cos 28) 
\ 

for 0606'3, 

‘1 
: -='nna'&J ta0 f $%a, -g-a2 - (k. -+kks) co8 O1 --$-kl cos 281 

- $kkz cos 301 - (b. - $-ba) cos 0 - :bl cos '20 ' 

-$ba cos 331 - Co tan $0 for Q1 6 B 6 O2 

= cot -'io{co - co + $21 --33Cl - 4ca) co9 0 -$c2 cos 261 

and similarly from (31) ( 

1 
Es'(d - n, - 2 ' = cos 0 t 02 cos 20 t . 

2 3 1 + cos 0 
k. -.+g 

= b, f br COY J + ba cos 20 - 
co 

1 + cos 0 

-&a ~0s 301 - (bo --;-ba) cos 0 -+ e0.s 2~ -;bz cos 301 

for 01 < 0 < 02. 

Cl 2 

= - cos 0 t - c2 cos 20 t 2 3 1 -:,,, (0 -:-co) 

for 0263671. I 
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Formulae nppropricte to the cnse in which ge is quadratic 
in each of two segments into which the chord is divided nre obtain- 
nbleWimmedintely from the nbove formulae by putting O1 = 02, 
br a cr ona .t, = 0 for r = 0, 1, 2. 

A different simplification, UI which the number of pnro- 
meters in the expression for gs is consLaernbly reduced, is 
obtnined by taking g linear in ench of three segments; this 
simplification will be oonsiaered in the next section. 

Approxlmnte Velocity Distribution ILL. 71‘ in Etch of Three 
ZT;?69nents. 

If &I is linear in egtch of the three segments considered 
in S4 ma is e&in1 to 2, b, ct a Ot 0 = 0, f&, aa, x 
respectively, then, in the notntlon of $4, 

b -a cos 8% 
80 = t 

1 - 00s 81 

c 00s f3i - b cos 3a 
bQ = t 

CO6 8% - cos Bz 

309 a2 
cg = I 

1 + cos 32 

b-a 
kc- 

1 - cos 81' 

b-o 
bL = 

COB 01 - CO6 Ba' 

C -a 
c+ = 

1 + cos aa' 

a* = 0, 

ba = 0, 

Ca 3 0. 

. . . . . (CT- 

7 

(1~0~8~)(00~0~--0030~) ' 
&o = - kl cos Q1 

(62) 

la = 0, .t, = 
bc-(c-a)cosQ.t(b-a)cos0~ I J, = - .t, co9 Ela 

(lt00sa2)(00sa,-Oose,) 

By substituting these values into the formulae of 94 we find that 
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I b- C f (C - e) cos @I - (b - e) ~0s @:, 

ys = 47E 
-- 

(1 - co9 el)(cos e1 - cos cJa) 

- (sin 9, - 2QL cos 6,) sin 8 - &3sl sin 

I b - c-(c -d) co:3 GL t (b - d) co8 eJ 
-- 

- 4'il (1 f ccc cJ8)(COS 81 - cc5 e,) 

c + a cos o. ’ c-a 

-c 2( 
sin 8 + 

1 + cos e,) a( 1 + cm 0,) 
sin 28; (63) 

- a( 1 - 2 COS 83) 

I( 1 + co.5 G:2) 

I b- c + (c - n) cos Q1 - (b -a) cos B2 
-- 

271 (‘1 - cos Ol)(COS 81 - cos a,) 

x {@,(I - 2 co8 el) + 2 sm O1 -5 sin 201} 

I b - c: - (c -d) cm O1 + (b - d) cos O3 
c- 

27l ( 1 f SOS BJ)(COS 01 - COS a,) 

x I33(1 - 2 C”S Qz) + 2 sin 32 - : s1n 28zj; . ..* (64) 

and 

(2p,)l = 
c + a(1 + 2 ~06 o,,) 

2(1 + co!? O1.) 

1 b- c + (c - n) co:: 0; - (b - n) cos 0, 
+- 

27G (1 - COY Ql)(COS Q1 - con 0,) 

x {O,(i + 2 cm 0,) - 2 sin O1 -2. ain 213~1 

1 b - c - (c - 13) co6 O1 t (b - 6) cos ~3~ 
-- 

27l ( 1 + CDS Gz)(CcIS 0, - cos cl?,) 

x {Za(l + 2 CDS (3.3) - 2 sin 0.2 --h SUl 2021. (65) 

Also/ 
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Also* 

co = $r a + b t c + d + (c - a) cos Ok - (b - d) cos OF,}, . . (66) 

4 1 - z cos J1) + b b--n 
ES 

= tan $3 
: 

- co - 'I 
2(1 - cos 01) 2(1 - cos 81) 

cos 0 ( 

J 

I- 
= cosec 0 <-!(ntb)(l-cosOl) + b(cosOi-CosO) 

1 b-c 
e-e ( cos01-~os9)2 - Co tan +O 

2( cosQi-cOSO~) J 
for 81 6 B 6 32 

i 
$0 : 

c+d(l+2cos0~) C -a 
T cot 

! 

CfJ - COB 2 ! 
2(1+cos0g) 2(l+coso~) 

J 
for 02 6 0 6 lt, 

> L 

(67) 

ona 

h 
-n 

2(1 - cos 01) 

for c 6 0 6 0% 

b(cos 0 - co8 3a) - C(COS 3 - coc 0%) co 3 
cos 31 - COB '22 1 t cos 0 

cos 3 (1 

I 

- (atb)(l--cosOI)+b(cosOl-cosO) 
sin% 2 

I 
1 (66) 

b-c 
( cos 01 - co9 O)Z ! 

1 
for 6, 4 0 6 $a I 

2(coso~-cosog) 

' I 
c + d co9 02 

= 
1 - CO6 0'1 1tcosO~ 

c--d co.53 
2,(1 + cos 02) 

for Oa6067c. 
J 

6. Approxi~~to Velocity Dktribution Linezr in Er?ch of Two 
Segments. 

- 

A further consldernblc simplification is obt?incd by 
supposing that gs is line:jr in onch of two segments into which 

the/ 

*co is most ensdy fovnd by using the formu?r. 

co =i 

(See footnote on ~3~4.) 
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the chord is divided, the corresponding intervals for x being, 
say (09 Xl) rind (X1, I), whore 

Xl = -$T 1 ( - co9 01) = sin2 &I. ..*.. (69) 

The grnph of gs ng;:inst x is then a straight line 
from x = 0 to x = Xl, nna n second strnight line from 
x'= x,90 x = 1. We denote the values of gs n-t 
x = C', Xl, 1 by n, b, c respectively. The resnlts mny 
then be obt?inea from those of the preceding soctlon by first 
puttmg a = c and then letting O2 -> n; they mny also be 

' obtained independently, or ns P speclnl cnsc of two qwdrntics, 
The results now depend only on four pr.romoters, namely, n, b, c 
nna x, or Q1, rind ore 1iner.r in a? b nna c; it will be 
found thnt they mny be exprcssea in the following forms: 

where 

Y, = afo + bfl + cf,, . . . . . (70) 

f, = - 
(cos 0 - cos ol)a 

me 
sin310 --cl11 

4n(1 - 00s 01) sin -i(c) + Oi) 

sin 0% - 201 cos Q1 00. 
+ sin 0 + 

4X(1 - COD 01) 8ll( 1 - CDS (21) 
s?iJl 7.0, . . (71) 

\ ""I o- 
f, = 

cos 01)s 
me 

sin$[O--OLI 

2lC sin2 01 sin -&(Q + gl) 

L 
1 sin 0% - 201 cc9 0% 

+ sin 0 
2(1 + cofi Ox) 271 sin2 01 I 

[ 8(? 

1 01 
+ 

+ cos 01) 471 sLin2 01 1 sin 20, 

(cc9 0 - cos 01)" f, sin $710 - OII = - 

4x(1 + ccs 01) 
lOgo - 

sin %(a + 0,) 

. . . . . (72) 

sin OL + 2(71 - 31) cos 01' 7t - Qx 
f sin 0 - sin 20; 

4Tc(l + cos 0%) 8n( 1 + CO6 01) 

. ..*. (73) 

also/ -. 



- +- + COB 01 ; ) ..,.. (74) 
. . 

n I 

(2f# = {2 sin O1 - 201 CO8 01 - Cl1 + sin rjl coS 01) 

<,"I . 
2K(7 7,cos 01) 

, . 

b’ -1 1 
+- I ,- - (2 sin O1 

0%) 

- 20% cos 01 
1 + cos 0,[2 n(1 - CO6 

. 

- 01 + sin 0% CO6 0%) ! 

* d 

C 1 
+ i - + 01 cos 

1 + cos 01 2 

' + -- ( 2 sine1 - 201 cos 01 
2n 

I - cos Ox b 
u, = a +-+ 

4 2 

- a)(cos O1 - co9 0) a - c ,, 
EC.3 = tail $3 

f(b 
1 

i ‘I 
2(1 - CO8 81) 

(1 + cos e,) 
4 

for C68681 -' h77) 
. 

- c)(cos 81 - cos e) a - c 
= cot $3 

2(1 + ccs e,) 
+- (1 - cos .S,) 

4 i _ . 

for 81 6 8 6 71, 

ana/ 
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\% 
1 + cos 81 b a( 1 + co8 0,) cY 

= -- 

1 + cos e i 2(1 - 00s e,) 4(1 - cos e,) 4 

i 

, . 

b-a 
case ’ for 0 4 8.6 e1 

2(1 - cos e,) I , (ia) 

1 - ~06 e 
= 

II ,E- ~(1 - cos e,) ’ 
1 - 009 e l-2(1 + 10~ e,) 4 4(1 + cOssei) ) 

1 
” b-c 

+ cos 8 
2(1 + ~0.7 e,) 

7. , Numerical Examples with the Approximate Velocitv Distribution 
Linear in Each of l!wo Segments. 

When the ordinates of an aerofoil are to be calculated it 
will usually be most convenient if they can be calculated at exact 
values of ,x; hence in ICable 1 we have tabulated for a moderately 
small number of exact values of x powers of x and values of e 
and certain functions of 0 which will be found useful in such 
computations. This table may’alao be regarded as a supplement to 
Table 1 of Part I, which, as an aid to computing the velocity at 
the surface, gave values of certain functions at integral multi- 
ples of 2oejC 

In Table 2(a) the values of thefunotions fb fl, fa 
of the preceding section (see equations (71), (72) and (73)) nre 
tabulated for X1 = 0.5, 0.6 rind. 0.7 for the same values of 
OS in Tnble 1. From tables of fo, f,, fa- the ordinate y 
is very easily computed for any vnlues of n, b rind ‘c from 

X 

equation (70). For cnreful construction vnlues nt a grenter 
number of stntrons nlong the chord will be required than crux be 
obtpined from (Cables I nnd 2(3); for & = 0.6 tables of fo, 

2. f fa 1, nre given for n greater number of stntions in Tnble 2(b). 

In examples we always t?ke b>n 2nd b>c, soon 
the simple linenr theory 1 + b is the mnximwn value of r&J on 
the oerofoil surfnce, and x = XI is the position, of that 
DclXiJlUIl. For fixed values of Xl, n/b ond c/b the thickness 
and cl1 ordinntes of the nerofoil cre directly proportional to b. 
Over the forward part of the aerofoil the slope of the velocity 
graph against .x on the linear theory is U(b.- o)/Xl for a chord 
of unit length, i.e., 

, Ub-a 
S =: -, . 

C k 
. . ..# (79) 

for a chord of length o. 

The resulting aerofoil has a sharp trailing edge if we 
whrch for specified values of X1, a and b 

a specified maximum value of s/U on the surface, a 

specified/ 
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specified pooltiou of that mflxin~m, and a specified slope over the 
forward portion of the aerofoil) gives a definite value of c. 
As we s?w in SZ, such a shorp trailing edge iS 3lwCyS.n CUSP. 

s For illustrntive purposes we hqve computed C short list of 
serofoil ordin?tes for eight aerofoils, with b = 0.2 for all 
of them, with X1 = 0.5 for four of them and X1 = 0.6 for the 
other four, and with various values of 3 - nnd d. For each acro- 
foil we have also computed the velocity ct the surface at zero 
incidence according to Approximation III. Particulars of the 
eercfcils are given in Tables 3(a) to s(h). At the head of each 
table we give-the values of Xi, a, b, c and (b - a)/X1, 
together with the values of pI and P;F' c end ecO. 
Aerofoil C (Table 3(C)) has a cusp at tke trailing edge; aerofoil 
D (Table 3(d) hea R very small radius of curvature at the trailing 
edge, which is therefore almost a cusp. In etch table we give 
the ordinstes in the second column and the values at zero incidence 
of s/U at the surface on Approximation III in the last column; 
in the third, fourth and fifth columns we 71~0 give values of +s, 
Es) Es' which are used in finaing q/U on Approximation III and 
'which will be required nlso ih finding S/IJ. for ccmbered Tero- 
foils which have these thickness distributions (see Part'II). 

The results for the ei ht 
illustrated in Figs. l(e) - l(n 3 

symmetrical aerofoils are 
. 

the same as in the tables; 
The aerofoil designations are 

in each figure the aerofoil shape is 
shown below, the assumed velocity distribution on the linear theory 
iS shown 6ottk.d ona the full curves give the velocity distribution 
cn Approximation III, these velocity distributicns'being for zero 
incidence. 

We conclude by setting out numerical formulae for 
XI = 0'5, 0.6 2nd 0.7. 

For X, = 0.5, .co3 ok = o, e1 = +JL, M.II 8% = 1, 

1 1 -sin8 7 
fo = 

1 
-- cosa 0 log" +- 

Icos sl 4% 
sin8+-ssin2e, 

471 16 

1 
$1 = 

1 - sin 9 
- cosa e log, 

1 1 
+ --- 

2n Ices el ( ) 
sin 8, 

2 2A 

1' 1 
fEa = 

-sin 0 1 
-- cos" 0 log, 

1 
+- 

4x 
Sin 0 -- sin 28, . 

Ices 01 4x 16 

co/ 
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co = +++b++c, 

E = tan -:*{$(a - c) - -$(b - ~3) COS a] for (f 6 0 4 4-n 
3 cot &{$(a - c) -‘+(b - c) cos 0) for h 4 8 4 ?X 

d 
and. 

1 , 

E' = 
1 t cos e 

(.z" ,- ;", .;" ", "III " 
'. 

for 0 < e 6 -$n 
; “^ _ * ? I 

= c-&b - + -+c) + $-(b - ;) cos 8 " 
1 -. cos 8 

for $n60<lL. 
For XI = 0'6, co9 8% = -0.2, 81 = 1'77215425 radians, 

sin e1 = 0'97979593, 

, O-208; 1 + 0'2 cos 0 - 
f. = - (0'2 + co's e)a log 

0*97979590 sin 0j 

71 .e 
. 

0'2 + co9 e . I 

+ o'111982585 sir. 8 + o-05875981 sin 28, 

0*5208j 

1 t 0'2 cos 8 0'97979590 

- 

sin f, = (b-2 + CO8 8)a 
x 

log,, 81 1 
0'2 + 00s e I 

+ 0'34504354 sin 8 + 0'00935046 sin 28, 

0'3125 , 
fz = - (0'2 t cos 0)2 log 

‘1 + 0'2 co9 8 - o-97979590 sin 0, 

n e . 0'2 + cos 9 , 

+ 0°042g7388 sin 0 - o-06811028 sin 28, 
, 

(2pLj&' =*. 

I (I 
1. 

0'6149437go + o*3;7'64053b + 0'04741568c, 

(2pT)% = ' 'I 0'0928854go + oe3g278628b + 0*51432823c, 

co = 0'30 t o'5b + 0.2~) 

E = ton 3?{0*28jo - o*oS~b - 0*2c - o*4l:(b - a) co9 e} 
for 04x4 0'6 

= cot &3{0*3c 2 o'125b --'0*175c - o'625(b -:o) co8 6) 
.I '. 

r 

for 0'6 < x < 1, 
I J 

and.. 
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and 

1 
&f = {o.jb - 0.1;~ - O-2:] - o’4l:(b - a) co9 8 7 

1 + cos 0 
for o 6 x 6 0.6 

l 
1 

= {o’75b - 0.3~ - 0*45c} + o*625(b - c) CDS 0 
1 - cos 9 

for 0'6 6 x 6 

Par x, = 0'7, “92 ;I = -0’4, 0% = 1’98231317, 
1 = 0'91651514, 

0*17i5714: 1 + 0'4 co9 e - 0'91651514 53. 
f. = - 

x 
(0'4 + co9 o)a log, 

0'4 t cos e 

+ 0'14223710 Sin '3*-0'05633838 Sin 20, 

o'59;238o; 1 + 0'4 cos 8 
fi = (0'4 f cos a)a log, 

- o*g1651514 sirvj 

n- 3'4 + CO6 8 

+ 0'35920968 sin 8 + 0'02053873 sin 20, 

C'41Z 1 + 0'4 co9 8 - 0*91651514 sin f, = 
(0'4 t cos a)2 log, 

@[ - 
fl; 

0'4 + CO6 e I 

- 0*00144678 Sin 0 - 0*07687711 sin 23, 

o*6556g56g5” t o’31434788b + 0’02995648c, _ 

(v,)+ = 0'12163548n f o*42788172b f o*45048279c, 

co = 0.35n t o*5b + 0'15c, 

E = tnn %{oe295857i& - o*i4285ib - 0=15c - o’3;7142i(b - D) cos G 
; ’ 

for 0 6 x 6 0.7 

= cot &{0*35n - 0.5, - o*ol;c - o&(b - c) cos 8) 

for o-7 6x6 1 

and 

1 
Ef = {oc2i4285jb 

1 f COG 0 
- 0'06;2857ic - 0'15~) 

' 

- &7142;(b n) COB 0 for 04x4 0*7 - 

1 

= 

1 - CO8 0 

I l*ltb - 0*35a - 0'81kj + o*8j(b - c) co8 0 I 
for 0'7 6 x 6 1. 

Summary./ 
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0. Summnrv, 

If tho velocity distrrbution r,t the surfnce of's a'ymmetriccl 
aerofoil~eccording to the purely linerr theory (Approximntion I of 
Part I) is specified, then the nerofoil shcpe may be ensrly cnl- 
culnted. Genercl'%rmulce 'are given for the aernfoil ordinates, 
both in terms of Fourier seriee and as an integrrl, If the 
velocity distribution is expressible as a single polynomial in x 
over the whole chord (where x is the distance, in fractions of 
the chord, from the leading edge meas-u-red along the chord), then 
the Fourie,r series terminate and should be used, It is shown how 
the ordinates may be' obtauled analytically if, with the.chord 
divided into any number of segments, the velocity distribution is 
expressible a3 a polynomial in x in each segment. Simple 
general formulae are also obtained for pi and ~9, the radii of 
curvature at the leading and tmiluzg edges, and for those ,quantities 
(Co, Es* Es') whxch cre required for calculating LI much closer 
;.pproximation to the velocity distribution (Approximation 111) for the 
r).ctual oerofoil obtained. 

Bormulne for the ordinates ond for p&, 
pl? 

' co, ES9 
&3’ ore set out if the approximate velocity dlstri ution is 
expressible as c quadratic in x in each of three se@ents into 
which the chord is divided, nnd the results for the case in which, 
with the chord divided into two segments only, the velocity distri- 
bution is quadratic in x in ench of them Ire immediately obtnin- 
nble. IThe formulne are then simplified for the cnse in which the 
velocity is c linear function of x in each of three segments; 
the results for this case ore expressed in terms of,the given vnlues 
of the cpproximck velocity at the lending nnd trnilmng' edges and 
nt the joins of the segments, Finally the formulae nre simplified 
stsll further for the cnse in which the velocity is n line?r functioLl 
of x in each of two segments, For this cnse tables nre*provided 
from which the ordinates may easily be computed if the JO+ between 
the segmnts, which will~norm?Jly be the position,of maximum ' 
velocity, is at x = 0.5, 0.6 or 0.7; For eight oerofoils of 
this class, four with the join nt x = 0.5 md four with the 
join ot x = 0.6, numerical values of the ordinctes nnd'of 

co f 499 1 and the velocity ct zero lift on 
$&co%ktion III &"&v",~ in the tnbles; the results ark illus- 
trctcd by grnphs of the !?crofoil‘shnpes nnd of the velocity dis- 
tributions, 

f  

.  I  
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Table I. 

._-_____-_-----L---- __-_-- ---- ---- 
x3 j xl+ 

-; 
; x5 / 

-----------, ----~~~---! -_- I~~2 
,I/2 

---- f---~~~' ~---~i~~irn--- ______--__----- 
x j x* 

------+---e------ 
0.005 i 0. @00@25 
0.0075 : 0.00005625 
0.0125; 0.00015625 

: 0 . 000625 0.025 
0.05 
0.075 
0.1 
0.15 
0.2 
0.25 
0.3 
‘0.35 
0.L 
0.45 
-0.5 
0.55 
0.6 
0.65 
0.7 
0.75 
0.8 
0.85 
0.9 

j 0.0025 
' 0.005625 
: 0.01 
1 0.0725 
j o.oJ+ 
; 0.0625 
i 0.09 
j 3.1225 

0.16 
0.2025 

j 0.25 
i 0.3025 
j 0.36 
, 0.4225 
I 
I 
i 

0.49 
0.5625 
0.64 
0.7225 
0.81 
0.855625 
0.9025 
0.950625 
O-97515625 

-- 

I 
T 

.--------------------- 

0.00000012 0.00000000 
L------------,----------------------~~-----------~-----------~----,----- 

0 oocoooooo 0.07071068 IO.00035355 ' 0.000Gg37 (0.oooGGo01 I o.owocooo 
0. ooooooL&? 0.00000000 0: 00000000 0.08660254 j 0.00064952 ! 0.00000487 '0.00000004 0.~00GGQ00 
0.00000195 0.00000002 0.00000000 0.1:180340 
o. 00001562 0.00000039 0.00000001 0.15811388 

O.GOl39754 : 0.000017~;7 j 0.0OGOOO22 ; O.COW'XO@ 

0.000125 0.00000625 0.0000G031 0.22360680 
,0.00395285 j 0.00009882 i 0.00000247 ; O.@GOWGO6 

0. 00oL2187 0.00004154 0.00000237 0.27386128 
i 0.01118034, 0.00055902 ~3.00002795':0.000@01L0 
, 0.0~053y60 , o.G015'..0&7 J 3.0001:~53 0.00000866 

0.001~ 
o-003375 
0.008 
0.015625 
0.027 
0.042875 
0.064 
0.091125 
0.125 
0.166375 
0.216 
0.274625 
0.343 
0.421875 
0.512 
0.614125 
0.729 

i 0.0001~ 
j o.kT625 

O.00031623 
0.00130713 

: o.cO390625 
i 0.0081 
I 
I 

o.01500625 
0.0256 
o.c&100625 
0.0625 

0.00001 ;0.31622777 
0.00007594 aO.33729833 
cl00032 / 0.1~721360 
0.0009765~ ;0.5 
0.00243 i0.54772256 
0.00525219 jO.591607;'E 
o.o102l+ 0.63245553 
0.01845281 i 0.67082039 
cl.03125 

j 
0.70710678 

0.050328!+4 ' 0.71~161985 
0.0~176 0.77459667 
0.11602906 

; 
0.80622577 

0.168W i 0.83666003 
j 0.86602540 

0:05aoy475 0 03',62278 ~0.0067?421 3.02Tii5223 

o.oti944.272 
0.125 

/ 3.01788854 
0.03125 

0.16431677 j ! 0.G49.929503 
0.20706273 1 0.072L7138 

oIco3j7j7i 
0.0076125 
0.01478851 

0.03303;62 
@.000736G7 
0.0007?554 
0.001953125 
0.00!~3655 

;;;;20625 

0:17850625 
0.2401 
0.316~+0625 
0.1,096 
0.52200625 
0.6561 

..~. 
0.25i982ii ~0.10119288 
0.301e6918 ' 0.1358l~113 
0.35355339 ! 0.17677669 
0.40789092 I0.224.34000 

0.2373&6y 
0.32768 
O.L&370531 
0.59049~ 
0.67718708 

0.46475800 ' 0.27835480 
0.52r.0.$675 i c.31+063039 
0.58566202 j 0.4~?96341 
0.6~951905 ! b.48713929 

O.OCe87782 
0.01619086 ' 
0.027JO783 2 
0. &!Ll9417 I 
0.06786285 
0.1003B773 
o. t4391634 
0.20088207 

3.73209414 
0.01450625 
0.90368709 
0.950~~931 

0.89442719 
O.y2195L+45 
0.9486ajjo 
0.~96176920 

/ / 

0.77378094 / 0.97467943 0.77378094 / 0.97467943 
0.8810~~63 0.98742088 0.88109>63 0.98742088 
0.93y0-4309 jo.99373035 0.93y0-4309 jo.99373035 

.---------A .---------A _-__-_---- _-__-_---- 

0.83963651 i'C.82291377 
0.92594546 ’ c:a796@19 
0.96273536 j 0.93866697 
0.98130~72 ~0:96Yw36 
,____-_L-- --, -- 

0.02536519 
o.Ow47715 
0.06112851 
0. ma38835 
0.12338700 
0.16731208 
0.221L.0975 
0.28697439 
0.365354~7 0.271:.01585 
0.1:5794672 0.36635738 
0.56619527 0.48125598 
0.69159012 0. 62L'..jlAl 
0.76119523 0.7oino560 
0.83566570 0.79388~~.9 
0.91520029 0.89232029 
0.95692334 o.y!.! 96771 
_,______,--L----------- 

Table 1 conta./ 

0.925 
0.95 
0. >71;1 
0.9875 i 

I ------. 

0.79145312 I 

0.857375 1 
0.92685937 
0.96296G80 
,----__- --- ! - 

. 



Table 1 Contd. 

__________-_____________________________---- ---_----------__________________________ 
1; e CO& cos 29 cos 3 SiIf3 sin 23 sin 3e coseoe Tan l/2 e cot l/2 e 

-_-____------------_I__ -- --I-~ ------------------------------------------------------- 

0.025 

0 

CbO5. 
0,075 
3. I 

3.005 

c.15 
3.2 
y.25 
4.3 

a 0075 

2.35 
0.4 
0.45 
3.5 

0. 0125 

0.55 
u.6 
0.65 
0.7 
0.75 
G, 6 
0.85 
029 
0.925 
o.s5 
0.975 
c 9875 

1 

s-0.451027 

0.317560 

-0.9 

0,95 

1 

s-o.317560 

0.451027 0.9 
0.55483 I 

-0.95 

0.141053y 

0.85 

~-0.224075 

0.643501 0.8 

a 99 

0.795399 0.7 

-0.975 

0.927295 0.6 
1.047198 0.5 

0.173422 

57 

1.159279 0.4 

0.985 

-1 

1.266104 0.3 
I.369438 0.2 
1.4;0629 0.1 

0.224075 

.-,.4;oz29 

a 975 

0 
-0.1 

~-1.369436 -0.2 
+1.266104 -0.3 
~-1.159279 -0.4 
~-1.047198 -0.5 
rwO.927295 -0.6 
~-0.795399 -0.7 
X-0.6!+3501 -0.-8 
~-0.554811 -0. a5 

0.805 
0.62 
0.445 

1 

0.28 
-0.02 

0; 805 

-0.28 
-0.5 

0.9602 

-0.68 

0.90125 

-0. a2 
-0.92 
-0.98 

0. vu45 

) I 

-1 
-0.98 
-0.92 
-0. a2 

0.90125 

-0.68 
-0.5 
-028 
-0.02 

0.28 
a 44.5 
0.62 

0.9111196 
0.8676865 
0.7az375 
0.5795 
0.216 

-0.0935 
-0.352 
-0.728 
-0.936 
-1 
-a 944 
-0.792 
-0.968 
-0.296 

z.296 
0.568 
0.792 
a 944 
1 
e. 936 
0.728 
0.352 
0.0935 

-0.216 

0.14:0674 
0.172551:3 
0.2222cvk.9 
0.3122499 
0.4358899 
0.5267827 
0.6 
0.7141428 
0. a 
o. 86602% 
0. VS6515.l 
0.9539392 
0.9797959 
0.9949874 
1 

0.279~135 
O-3399320 
0.4332996 

Fz%z% . 
O.kj5306 
0.96 
0.9998000 
0.96 
0.86602% 
0.73321% 
0.5723635 
0.3Vl9184 
0. I 989975 
0 

0.41 G733 
0.4971117 
0.6227293 
C-8149722 
O.;7;;m;; 

(J. 936 
0.6C55771 
0.352 

-:. 3299454 
-0.6105211 
-0.a23oes5 
-0.9551 a79 
-1 

oc 
7.ooa0100 
5.7952772 
4.5003508 
3.2025631 
2.2941573 
q.ava3q59 
1.6666667 
1.4002802 
1.25 
1.1547005 
1.09m335 
I. 048281&a 
I. 0206207 
1. oo5o379 
1 

0 
0.0708881 
0.0669291 
0. I I 25058 
0.1601281 
0.2294157 
o-2847474 
0.3333333 
3. 4.20084.0 
0.5 
0.5773503 
0.6546537 

03 

11~~067360 
11.5036225 

a. 88819k4 
6.244vvao 

? ::::gi 
3' 
2.3804761 
2 
I. 7320508 
1.5275252 
1.3627703 
1.2247449 
1.1055416 
I 

0.99L987L -0.1989975 -0.9551879 1.0050379 1-10551,1c; ’ n. 9N. GZ,. n ___ ._ _ _-.- ~-_- ~._ 
0.9797959 -0.3Yl9184 -0.8230285 1.0206207 I.2247449 
0.9539392 -0.5723635 -0.GiO5211 

0.8464966 
I.0482848 1.3627703 0.9165151 -0.7332121 -0.3299454 1.0910895 1.5275252 $;:I';;: 

0.8660254 -0.8660254 0 1.1547005 1.7320508 
-0.96 

0:57;3503 
0.8 0.352 1.25 2 0.5 
0.714x.28 -o.9998000 0.6855771 1.4002802 2.38a4761 
o. 6 -0.96 0.936 

0.1&2oot4&0 
1.6666667 3 0.3333333 

0.5267827 -0. a955306 0.9956193 1.8va3159 3.5118846 
0.4358899 -a 7wm 8 0.9763934 

0.a7474 
2.2941573 4.358a989 0.2294157 

-a 5795 _ $3122499 45932748 0.8149722 3.2025631 6.2449980 0.1601281 
-0.7824375 0.2222069 -0.4.332996 0.6227293 4.5003508 a. 8881944 0. I I 25088 

-1 0 0 0 00 00 0 

Table 1 Cc&L/ 



Tal,le 1 Contd. -- 

0. o&l 
0.0075 
0.0125 
0.325 
0. oj 
0.075 

::‘l5 
c. 2 
0.25 
0.3 
0.35 
0.4. 
0.45 
0.5 
0.55 
o. 6 
0.15 
0.7 
0.75 
0.8 
0.05 
0.9 
0.925 
0.95 
0.975 
0.9875 

I 

A- 

--. 

0 
0. CU2C&6 
0.0j5!‘.l308~ 
o.o-~132y3 
0.1028257 
0.14B6913~ 
0.1864283' 
0.22063$ 
C.285071+6 
o. y+g6yg2 
0.41T2007 
o.L+w7277 
0.55;4555 
0.7237037 
0.952 772Lh5 

oc 
O.T52772.~5 
0.7~37037 
0.5S64555 
0.4987277 
0.4lY2OC7 
0.3&967 j2 
s.235074.0 
0.2206356 
0.1%64263 
0.14%696T5 
C.1028257 
0.071~2TO 

0 

T’ I-’ 
_-_---___-_____ 

Xl = 0.6 
--I----__-_____ 

0.03&87 
O.C&~2616j 
0.05%0~715 
O.OSj7135 
0.12067~+7 
.0.1507679 
0.1777450 
0.2275623 
0.2753794 
0.3258695 
0.3797153 
0.4w4211 
0.5123000 
0.6OjOj67 
0.72ii7037 
0.9463087 

CQ 
0..9329715 
0.7025653 
0.33 0943 
0.453724.3 
0.3622252 
C.275T7T4 
0.2317372 
L1Oj%1%3 
O.I264TOO 
0.0%1;2;344 

0 
.-------_----__ 

-, 
1 ,dW, 

--. 

x1 = 0.7 
-_---___----_ 

0 
0.0295649 
0.0362602 
0. (34697L.9 
0.0669~20 
0. os63& I 3 
0.120076T 
0. IL1 1922 
0.1797020 . 
0.2163434 
0.2531727 
0.2326614 
0.3332602 
0.3737153 
0.4335256 
0.4987276 
0.5828055 
0.702565j 
0.311&,.80 

0. z&15 
0.63?91TY 
O.l&A927 
0.357& 
0.2T66626 
0.2325667 
0.1.509j90 
o. I I 05062 

0 
---I- ---_---- 

T&le 2(b)/ 
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T~b,i-,le 2.(a) 

t'alues a? fQ , fL<.Q" __ _..-. . - . -,- . _- --------------------------------------------------.---_-----__---,_,_-,________ 
.x1. = 0.5 

x '___________________________________ 
f. : f 1 ;2 f, : f 1 Ii f2 ------------~-----'-----------------------~------------------------~---------- 

0 c 0 ! 0 / >o 
: 0.0397j91 j 0.02j929G ; O.CW:&50 1 0.@'L~.j3i)21~ 

1 
0.005 
0.0075 0,01&.j1~~ / 0.031?371/‘9~ o.oo~r,2i: I 

I o.&, / o.o03;G25 

0.012j 3.061;j6j 0.04154s3 : 0.00765'58j 1 
o.o>253B6 j o.o27~1i;~+ 0.00!+1242 
0.067?121!. 

O.W5 0.3851278 0.0600287 O.OlO$G& 
0.03sj502 

0.088348k5 0.015jGoj 
/ i o.Or,i6252 

I 0.0%6852 
0.11220Ll o. 0196230 
0.133LjO365 0.0230462 I 

1 0.1035628 
0.015943a )' 

o.oj O.llj6358 
0.075 / O.?Jl56~+j 
0.1 0.14304.82 
0.15 O.ljlc2358 
0.2 ! 0.1551349 
0.25 0.1472427, 

oO::j ' 0.1387088 0.1251050 
0.4 / O.lOy7616 

0. op:sj21 
0.1253352 
0.1462412 
0.16062y2 
0.1771241 
0.1827927 
0.1811331 
0.1741958 
0.16339515 
0.1498258 
0.1344216 
0.1180635 
O.lo16797 
0.0366ylO 

or0053399 
0.0076077 _ 
0.01092255. 
0.0135873 

, 
0.1735688 0.02y26381 

j 0.123427j 
0.02019y6 ' 

L 0.2097302 
jj 

0.035134?- 
, O.l597'kT7 

! 0.2427804 ;0.04.09896 
0.27249145 
0.2yJ3050 

I IO.3193G45 
.0.45 ! 0.0939979 
,0.5 0.0795775 

j 0.3343727 
: : 0.3408451 

0.55 
0.6 

0.0470573 
0.0535596 
0.0607718 
0.0691232 
0.0795775 
0.0939979 
0,10y76?6 

i 0.19j0181~; 0~021~1891 
' 0.2237436 /0.0281300 

0.2518969 !0,032164y 
0.2771559 0.03641S5 

j 0.2990452 / ;'2$;;;7" 
i 0.31690~ 

, 

I * 0.3298414 
0.3365246 
0.3344076 
0.3189395 
0.2947450 
0.26&?74 
0.?292480 
0.185y9101 

0.0520952 
0.0592694~ 
0.0687993 
0.0828Tj8 , 
O.OY81076 
0.1119825 
0.1224512 
0.1270772 6.85 

0.9 
-’ 0.525 

0.95. : 
-, 0.975 

P.7875 

0.65 , 0.0535596 10.2983050 
0‘7 ’ Oag470573 i 0*27247145 

c ,0.75;; j 0.0409896 ! 0.2427804 
0.8 ., 0.035131+7~ i 0.2097jO2 

0.02926385 
0.0230482 
0.0196230 
0.0157605 
O.O109Gtu, 
0.00769585 

0 

0.1735688m 
0.13390365 
0.1122OJ+1 
0.086 j4865 
0.0600287 
0.0415463 

0 

0.12j1050 
0.1387085 
0.1492427 ./ 
0.155lj47 j 
0.1542388 1 

0.0751363 
0.06540505 
0.0566128 
O.Q&83008 
0.01&.008&2 

0.1430482 0.0314786 
0.1315643 j 
0.1138j58 / : 

0.0267670, 
0.02147j8 

0.0851278 1 0.011~9289 
0.0618583 ; o.OlOL695 

0 1 0 

0.1l+630355!0.1222179 
0.1223951 : 0~~142293 
0.0961526 j0.1003185 ’ 
0.0651348 10.0760613 
o.0450012 10.0556317 

0 ,I 0 

:  

*  

- - - - - - - , - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - , ~ - - - - - - - - -  

Xl = 0.7 I I -. x, = 0.7 
x i--------------------,--------l x / -----------b--------- 

-I 
____-__--- 

f” 1 fl ' f2 f, i fl r2 ----------------------------~---------i---------- 
0 0 ) 0 : 0 

0.005 o.q.60015, 0.0224081 ! 0.00212~1 i 0.5 
0.0075 i 0.0561182 ' u.3275539' 0.0026051 / 0.55 

0.1564665 / 0.3117118 ~0.0318017 

0.0125 0.0718764. 0.0358533! 0.0033727 / 0.6 
0.1376794 io. 3221002 ; 0.0357140 

0.0996367 0.0516846; O.OO48034 I 0.65 
1 0.122jo16 / 0.3271749 1 O.O&OQl4 

0.025 0.1050678 a 0.3254809 ' 0.0464209 
0.05 : O.ljj2773 I 0.0757753: 0.006SYl8 I 0.7 i O.O8905I+5 ; 0.3141619 1 0.055%12 
0.075 0.15868& ] 0.0959398 / 0.0085671 i 0.75 ; 0.07596&2 / 0.2880519 j 0.06853766 
0.1 0.1757337 0.1142211 j 0.0?001~52 ' 0.8 0.0642757 i 0.2524144 10.0833099 
0.15 
0.2 

; 0.1967332 ! 0.1476134 0.0127@+8 i 0.85 
0.2065073 / 0.1703091 / 0.0151836 ! 0.9 

0.0530370 / 0.2100374 ~0.0937970 

0.25 
O.OJ~11+727 j 0.1617576 L 0.0967G97 

j 0.20859l0 j 0.2068014. ~0.0176~53 ] 0.925 ! 0.0352028, 
0.3 0.2050035 ; 0.2331701 j 0.0200840 0.95 , 0.0281968 / 
OS35 0.1970918 0.2572189 / 0.0226588 / 0.975 0.0195749 1 
0.4 
0.45 

/ 0.18~8531 j 0.2786341 0.0254:02 (O.y,875: 0.01;7187 1 
0.1720891 / 0.2969835 / 0.02842,O ! I -i 

0.1350739 0.0931146 
0.105.(935 j 0.0839546 
0.0713596 0.0651904 
0.&91710 O.W:82127 

0 ) 0 
,______---_---------- 

Table 2(b)/ 



2(b). Table 

Values of f,, f,, f2 for x, = 0.6. 

0.02 0.0838563 0.0433593 
0.025 0.0928921 0.0556252 
0.03 0.1908170 0.0614115 

C$$5 
0:05 

0.1078816 O.llJ+2509 0.0668&Z'6 0.0719982 
0.1253352 '0.0816c~2 

0.06 0.1346857 0.0907620 
0.07 0.1426757 0.099386~ 
0.00 '0.1495532 IO.1076625 
0.03 0.15549~1 0.115660l 
0.1 0.16062Y2 0.1234271 
3-12 0.1688639 0.138398Y 
0.14 0.17~3,.68 0.1527610 
0.16 0.1789793 o.166Gl67 
0.18 0.1815537 0.1800251 
0.2 0.1827927 
0.22 0.1028735 

l0.19301815 
0.2056103 

0. UC O.l81vI+O8 0.2173033 
0.26 0.1801162 0.2295926 
0.28 0.1775041 0.2~,09632 
0.3 0.174"1958 0.2518969 
,_---------------i---,----,. 

0.00150035 
0.0021229 
0.0026015~ 
0.003005sj 
0.0033625 
0.003G8555 
0.00398315 
0.0OJ+26065 
0.00452275 
0.00476925 
0.00523055 
0.00565615 
0.0060538 
O.OOG4287 
0.0067~ 
0.0076077 
0.0083587 
0.00905555 
0.0097?01 
0.01092255 
0.01203915 
0.01308.52 
0.0140775 
0.01502755 
0.0159438 
0.01769875 
0.01937925 
0.02101005 
0.022630865 
0.021,1891 
0.0257625 
0.0273384~ 
0.0289251,.; 
0.0305316' 
0.0321649 

0.32 
0. jL 
O.jG 
0.38 
0.4 
0.42 
0.44 
0. 1,G 
0.48 
0.5 
0.52 
0.54 
0.56 
0.58 
0.6 
0,62 
0.64 
0.66 
0.68 
0.7 
0.72 
0.74 
0.76 
0.78 
0.8 
0.82 

E% 
0188 
0.9 
0.92 
0.94 
0.96 
0.98 

1 
.---- 

--------_-, 

f0 
-------w-v. 

0.1702728 
0.1658087 
O.lGOeJ713 
0.1555238 
0.1:~~98258 
0.1438349 
0.1376070 
0.1311979 
0.1246639 
0.1180635 
0.1114590 
0.104Y199 
0.0985280 
0.0923906 
0.086G910 
0.0817391 
0.0772549 
O.O73Of%.V 
0.0691521 
;pw;5 

0:0583204 
0.0549244 
0.0515924, 
0.0483008 
0.0450253 
0.0417399 
0.0384142 
0.0350105 
0.0314786 
0.0277u.6 
0.0236877 
O.Ol90755 
0.0133085 

0 
----^----- 

-----__---, 
f 

1 ----------. 

0.2623704 
0.2723559 
0.2818217 
0.29073lk 
0.2990452 
0.3067168 
0.3136951 
0.3139219 
0.3253300 
0.329Rl4 
0.3333624 
0.3357773 
0.3369346 
o.3jGG15E 
0.331$+076S 
$ ;‘;;m$ 
.2 

0.3146819 
0.3052577 
0.2947450 
0.2832617 
0.2709016 
0.2577409 
0.%38406 
0.22921+80 
3.2139960 
LL1981003 
3.1815543 
0.16ie189 
0.148jo355 
0.1273262 
O.l07W-15 
O.cO45838 
0.0577287 

0 
,---_-em-- 

---------- 
f2 

_-----mm-- 

0.03383295 
06 03554k15 
0.0373070 
0.03913105 
~0.cx+10270 
0.0430068 

0.0520952 
0.05477 “y 0.057730-5 
0.060924.35 
O.OQ447321 
0.06879v3 
0.07406995 
0.0798824 
O.O8594lY,c 
0. U9206635 
0.0981076 
0.1039323 
0.10942225 
0.11441785 
0.1188133 
0.1224512 
0.12516615 
0.12676585 
0.12701855 
0.12563215 
0.1222179 
0.1162224 
0.10677765 
0.0922999 
0.0689628 

0 
,-e-e --- 
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Table 3 (a). 

Aerofoil A. 

~3 = 0.5 

a = 0.11667, b = c 0.2, = -0.11, (b - a)& = 0.16666 

PJ, = O.O086L+2 pT = 0.000164 

C o = 0.1016675, eco = 1.10701 

0 
0.005 
0.0075 
0.0125 
0.025 
0.05 
0.075 
0.1 
0.15 
0.2 
0.25 
0.3 
0.35 
OJ+ 
0.45 
0.5 
0.55 
0.6 
0.65 
0.7 
'0.75 
0.8 
0.85 
0.9 
0.925 
0.95 
0.975 
0.9875 

I 

0.~092917 
0.011377? 
0.0146801 
0.0207311 1 0.1328 
0.0292173 
0.0356319 
0.0409349 
0.0494898 
0.0561808 
0.0614594 
0.0655052 
0.0683654 
0.0699939 
0.0702377 
0.0686798 
0.0645994 
0.0588894 
o.o521L$32 
0.0&7305 
0.0367216 
.0.0287804 
0.0211617 
0.0137345 
0.0102582 
0.0069866 
0.0039214 
0.0024031 

0 

j 0.0027 
0.1:41 ' 0.0044 
0.1353 i 
0.1364~; 

0.00605 
0.0078 

0.1386 / 0.0116 
0.14045, 0.0158 
0.1419 I 0.0207 
0.1427 0.0262 

0.0324 
0.0395 
0.01+75 

0.1433 
O.lWV 
0.1412 
0.1374 
0.12v85 
0.1202 
0.1093 
0.0976 
0.0853 
0.07245 
0.0593 
0.0458 
0.03895 
0.0321 
0.0251 
0.0216 
0.0181 

0.1315 1 0 

! 0.0748 
i 0.0674 
, 

I 

0.0602 
0.05365 
0.0450 
0.0327 
0.0234 

0 

0.0757 j 

0.0777 j 

0.0775 , 

/ 

I 

0.0075 
0.0082 
0.0085 
0.0072 
0.0108 
0.01425 
0.0177 
0.0213 
0.0287 
0.0365 
0.0447 
0.0536 ; 
0.0631 
0.0736 / 

g-g;; I . I 
0.0271 ! 

iO.0082 1 
-0.0119 
-0.0315 1 
-0.0507 

-0.1058 

q/u for t?L = o. 
_----------I---- 

0.:220 
0.8940 
0.9679 
I.,0383 
1.0830 
1.1018 
1.1138 
1.1305 
1.1434 

:*:gi r . 
1.1751 
1.18Ll.6 
1.1938 

01.2027 
1.1686 . 
1.1350 
1.1017 
1.0689 
1.0366 
1.0049 
0.7736 
0.9430 
0.9277 
0.7126 
0.8972 
0.8881 

0 

Table 3 (b)( 
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Table 3 (b) 

A erofoii B. 

Xl = 0*5 -- 

a = O.15833, b = 0.2, c = -0.11, (b+k., = 0.06334 

PS = 0.012035, pT = O.003220 

CO = 0.1120825, e% = 1.11861 

^______ 
x 

e-_-v-- 

0.:05 
0.0075 
G,O125 
o-c25 
O"O5 
0,075 
Cl 
0.15 
0‘2 
0.25 

:::5 
0.4 
0.45 

,-- 
I 

=f 
YS s 

,-------- 
+ y 

-------- 

0 0.1551 
0.o:O94ao G.1552 
O.Ol13949 / 0.15"?- 
O.Ol~'r571 I 0.15$> 
0.0?/+2775 j 0.1555 

0.1558 0.3339517 / 
0.0411129 I 
o.oL&3y42 / 
0.055?154 / 
0.0626437 / 
0.0676768 i 
0.0712838 i 

O"lj61 
.0.3563 
0.1566 
0.156G 
0.1563 
0.1.5555 
0.1543 
0.1522 
O..lJ+VO5 
0,14-40 
0.1351; 
0.1254 
0.1140 

0.5 
0.55 
0.6 
0.65 
0.7 1 
0.75 
0.5 
0.85 

0.0720150 I 
0.0674790 1 
0.06142~1 
000543795 ' 
0.0466909 I 

j 0.0366293 
1 O.O3w!Jtl 

0.9 1 
0.022~Eoa 
0.01!$.6946 

0,925 1 0.0110757 
0095 j 0.0076~32 
a;975 

I 
0. oit&a3j 

0.9875 0.00~7r37 

0.07357j3 j 
0.0745666 / 
0*071!537 2 

I / O 

0,101p 
0.0892 
0.0761 
0~0627 
0.0490 
0.042O5 
0.0351 
0.0280 
0.0245 *> OCO~~10 

0 I 0.0231 
0.0033 
C.0040 

j oew355 
0.0053 / 0.0238 

0,00-/i; 
0.021+2 ( 

/ 0.0253 : 
0.0111 o.w75 ( 
0.0<41 

/ 
4 0.029$ 

O.OlGS : 0.0322 ! 
0.0221 ; 0.0371 ; 
0.0273 ! 0.0424 
0.0327 j o.w2 1 
0,0"35 0.0545 
0,04!+6 : 0.0614 
0.0514 
O&C',88 

/ O.O@l 
i O,O7?8 

j 

0.0671 
00074.7 

! 0.0879 
I 
/ 

0.0644 
0. OCOI i 

; 
0.0423 ; 

0;0833 0.0211 
o;oE%5 +o.oocs I 
0,0&35 
0.0600 

j -0.0!89' / 
/ C.0738 I -0.0_568 -0,03805 

",.fz; / -O.O752 
j 

r ' -0.0&+2 
i 
I 

0:0&l+ / -0.OY22 j 
0.0343 

/ 
-0.1022 / 

0.02455 -0.1066 I 
0 i -0.1110 

I 

0:70*79 
0.8710 
0.9607 
1 .ogw 
1.1070 
I'.?295 
I.1422 
1.j57.5 
1.:674 
I..!751 
1.1516 
1.1873 
1.1925 
I.1374 
1.2O-i8 
j.7676 
1.1338 
I.1005 
1.0677 

: e z:;: 
.0:9723 
0.9~16 
0;9262 
0.9 110 
0.8954 
0.8865 

0 

Table 5 (a)/ 
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' T&l-) 

~ercfoi'l c. 

. _ Xl = -0.5 - 

a = 0.11667, b = 0.2, c' = -0.141904~5, (b - a)& q 0.16666 

pL = 0.008358, p, = 0 

co = 0~09369?4, oco = 1.09822 

“------------.“------------------------ 
x ‘_ Y, ; -i/J; I ES 

‘------r-----‘-I--;--;-------‘----------- 

“___--------------__-------~.- --. 
E’ , 

___--- 9- ----- ‘7’ --. 

0 ’ 0 
i 

0.1293 i 0 
0;005 i 0.0?91371 / 0.1295 / 0.0017 
0.0075 i 0.0111875 
O.OlZj-/ O.O144j'+6 
0.025 I 0.0203811 
o.c5 0.0287145 
0.075 / 
0.1 ' 

0.0350058 

0.15 j 
0.0401995 
0.01&361 

0.2 1 
0.25 ; 

O,OF,50598 
o.cGol516 

0.3 ] o.c640038 
0.35 1 0.0666566 
0.4 . 

0.5 j ! 

0.0630550 
0.45 0.068Oj24 

0.0661607 
0.55 I 0.0616004 

0.0115 
0.0122 
0.0125 
0.0132 

0 II 

0165 
0.7 
0.75 
0.8 
0.85 
0.9 
0.925 
0.75 

i 0.0321601 
/ o.02~bo309 
) 0.0:62402 
/ 0.0c91706 
/ 0.0060607 
I 0.0033547 

-0.1297 : 0.00205 i 0.1299 1 0.0027 i 
0.1305 0.004.0 j 0.0149 
0.1317~ j 0.0062 

0.0083. 
/ 0‘0181,~ 

0.1329 ., 
0.1340 I 

0.02205 
O.OlOi+ / 0.0257 

O.lj60 : 0.014y 0.0334 
0.13765 : 0.01ys o.c414 
0.1jey / 0.0253 0.0500. 
0.1397 j 0.0314 :- 0.0593 
0.1397~ 1 0.0383 j' 0.06~3 
0.1389 i 0.0460 0.0803. 
O.tj675 ': 0.0547 j 0.0925 
0.1373 I 0.0646 O.lOGj 
0.1238 I 0.0739 

/ 
; '0.07955 

O.OCC7 ; 0. ogrf‘!t 
/ 0.0551 I 0.0305 

0.0871 +0.00755 
-0.OlL6 

O.lOiO 
0.08795 

~~:~~ . 
0.0455 
0.0306 
0.0230 
0.0154 
0.0077' 
0.0039 

0 

0.0867 
cl.0336 
0.0774 
O.OG71 
O.Oj98 
0.0501 
0.0364 
0;0260 

0 

-c.03&. 
-0.0571 

r:-:;;; 
-0:0979 
-0.1079 
-o.l12a5 
-0.1178 

0.975 j 0.0012054. 
0.9975 j 0.0001~9G 

I I O 
/ 

--,,-L-----. 

, 
1 
I 
I 
I 
/ -- 

cyu for CL i 0. _--- -.__-r-.--ll..-- 
0 

0.8282 

0.8973 
0.9720 

;.;g5 . 
1.1029 
1.1146 
l.ljlO 
I.1437 
;.;g5 

d1751 
1.1844 
1.1334 
1.2020 
I.1646 
?.j2765 
1.0913 
1.0555 
1.0203 
0.9858 
0.9517 
0.91E8 
0.9025 
0.8864 

:*E% 
0:8547 

Table 3 (a)/ 
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Table 3 (cl) 

Aesofoil ?. 

.- - Al = 0.3 

a = 0.15833, b = 0.2, 0 = -@.11&1, cl5 - a)& = 0.08334 

PL = 0.011647 pT = o.KJoooo 

C o = 0.102855, 80' = 1.10833 

0 0 /0.1526 0 0.0277 
0.005 1 0.0107692 j 0.1527 1 0:0039g i C.0282 
0.0075 I 0.0131755 : 0.1527 ; 

/ 0.?528 
O.OO@:, ; 0.0284 

0.0125 o.oi6973i I 0.0063 0.0289 
0.025 0.0238727 j 0.1529 j 1 0.0300 
0.05 

j 

/ 
0.0333780 

j O.OOgO5 
I 0.0132 ' 0.0324 

0.075 0.04Oj886 
[ 0.15315 
, 0.1533 ! 0.0167 : 0.0348 

0.1 
0.15 
0.2 
0.25 

:::5 
0.4 
0.45 

;:;5 

ok5 
a7 
0.75 
0.0 
0.85 
0.9 
0.925 
0.95 
0.975 
0.9875 

1 

/ 0.0460435 0.1535 ! O.OIY+ 0.0373 
0.05U3352 0.1536 0.0259 

j 
I 0.0426 

j 0.061346~ 
/ 
I 
; 

0.1534 j 0.0319 _I 
j 0.0661639 0.1523 ! 0.0380 / 

o.ow2 

1 0.0695469 C.1518 G.Gi;-45 
;.;tlt; 

j 0.0716OG4 ! O.ljOl~ 1 0.0514 ; LO685 _- 
0.0723235 
0.0716023 
0.0690778 
0.0640~y6 
0.0573698 
0.0497619 
0.0&15712 
0.0331207 
0.0247181 
0.0166879 
@.OGY4247 
0;0062196 
0;0034&~5 
0.0012362 
o.ooow5 

0 

0.1476 
0.1439 
0.1382 
0.1267 
0.1171 
0.1043 
0.0907 
0.07G5 
G.C618 
0.0467 
0.0314 
0.0236 
0.0158 
0.0079 
0.0040 
0.0000 

; 0.0589 

j 0.oG71 0.0763 
: 0.0847 
, 0.09~6 

0.0942 
! o.oyy+ 
f 0.0941 

0.0902 
O.Wjl 

j 0.0717 

i 0.0637 0.0533 
/ 0.0386 
: 0.0276 

I Q 
, 

0.0768 
0.0862 
0.0971 
0.0710 
O.G463 
0.0227 

+o.oooo 
-0.c220 

z2;; 
-0:08d 
-0.0949 
-0.1050 
-0.1.150 
-0.1199 
-a.1243 

0 
0.7948 
0.8771 
0.9656 
1.0534 
1.1089 
1.1306~ 
1.1431 
1.15eo. 
I.1677 
1.1752 
1.1816 
1.1872 
1.1923 
I.1969 
1.2010 
I.16295 
1.1254 
1.0884 
1.0521 
I.0164 
0.9814 
0.9471j 
0.9135 
0.8972 
0.8809 
0.8648 
0.8568 

0 

Tabie 3 (e)/ 
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z%Lud 
Aer0~011 E. --I- --- 

' sr,- = 0.6 

.a = 0.1, b = 0.2, c = -4.11, (b - a),'& = l/6 

pL = 0.007664 P '1 =- O.OOOl$T 

co = 0.105 $0 = I.11405 . 

0 
0.005 
0.0075 
0.0125 
0.025 
orno5 
0.075 
0.1 
0.15 

.0.2 
0.25 
0.3 
0.35 
0.4 
0.43 
0.5 
0.55 
0.6 
0.65 
0.7 
0.7: 
0.8 
0.85 
0.9 
0.925 
0.95 
0.975 
0.9875 

1 

I 

0 I 0,1238 0 
0.0087551 0.1241 ; 
0.01072jl Oil243 

-0.0005 
/ , -0.0006 

0.0138439 0.12'+6 : -0.0008 
0.0195774 
0.0276695 
0.0338421. 
0.0389945 
0.047&-w@ 
0.0542221, 
0.0597689 
0.061~2608 
0.0677647 
0.0702786~ 
0.0717452 
0.07204&15 
0.0709552~ 
0.0679827 
0.0621G32 
0.0546977 
o.oh.62267 
0.03721005 
0.028011Y 
0.0139646 
0.0145905 
o.o1cy+2y 
0.00615jl 
0.0039277 

0 

.L. 

Oil254 
0.1270 
0;1285 
0.1300 
0.1329 
0.1356 
0.1390 
0.1402 
O.lL21 
OIlk35 
0.1442 
0.1 ',&I 
0.1426 
0.1383 
G.1304 
0.1194 
0.106E 
o.oy30 
0.0784 
0.0632 
0.0554 
0.0475 
0.0394 
0.0354 
0.0313 

-0. oooy 
-0. 0009 
-0.0005 
10.0001 

0.001y 
0.001+3 
0.0074 
0.0111 
0.0155 
0.0207 
0.0267 
0.0337 
0.0418 
0.0514 
0.0604 
O.G6G6 
0.0699 
0.07025 
0.0672 
0.05975 
0.0538 
0.0456 
0.0334 
0.0240 

0 

a0040 

2%~ 
-@too25 
-0;00095 
+0.00215 

0.0053 
0.0085 
0.0151 

I 
I 

I 

! . 

:- 
j . 
I. 

I 

I 

I 
/ 

0.0221 
0.0294 
0.0371 
0.0454 
0.05ut 
0.0643 
0.0753 
o.oe79 
0.1025 
0.0723 
0,0436 
10.0161 
~.0103 
.o.o35y 
.0;0608 

-0.0731 
-0.0852 
-0.0971 
-0.1031 
-0.1090 

0.9659 
1.0297 
1.0700 
I;0872 
1.0982 
1.1139 
1.1263 
1.1373 
1.1476 
1.1575 
1.1670 
1.1762 
1.1850 
1.1936 
1.20.18 
1.1589 
1.1168 
1.0754 
1,03~$ 
0.9949 
0.9558 

0.8828 
0 

Table 3 (f)/ 
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Table 3 &, --. ^ .- 

&~<O..;O&~. 

Xl = 0.6 
-II 

a = 0.15, b = 0.2, c = -0.11, (b - a)& ,= l/12. 

pL = 0.011943, @ = 0.000645 

20 = 0.123, eco = 1.13089 

-_----------------__-------------.-____-_-___-_______--__-._L_______ 

x I STS ‘y3! E3 E’S 
: q/u for CL = 0. 

-----------------------------4--------------------~--------------- 

o,:os I 
0.0075 
0.0125 
0;025- I 
0.'05 i 
0.075 i 
0.1 / 
0.15 ! 
0.2~ ; 
0.25 i 
0.3 
0.35 / 
0.4 , 
0.45 : 
0.5 I 

.0.55 j 
0.k~ 
0.65 
0.7 
0.75 
0.8 

0 
0.01@9097 
0.0133500 
@.017201,5 
0.0242220 

. O.ojjyj62 
0.@411541 
0.0470260 
ch0562y62 
0.0633617 
0.0688256 
0.0729706 
0.0757344 
0.0777699 
0.0784663 
0.0779473 
0.0760402 
O.Oj23i7j 
0;06594OC~ 
c.c579679 
0.0490573 

0.1546 
0.1547 
0.1547 
0.1549 
0.1551 
0.1557 
0.2562 
0.1568 
0.1577 
0. I 584 
0.1589 
0.1592 
0.1592 
0.1537 
0.1577 
0.1559, 
0.1528 
0.1~76 ., 
0.1382 
0.1265 
n.1133 

I 
0 , 0.0135 

j 0.0019 ! 0.0139 

I 
0.0024 0.0141 
0.0031 i 0.0145 

I 0.0045 
0.0067 

, 0.0154 
I I 0.0174 
1 0.0086 i o.Oly+ 
I 
/ 

LO104 1 0,0215 
O.Oll+O ! 0.0258 

; 
i 

0.0177 
j 

0.0304 
0.0216 0.0354 

0.85 

::;25 
0.95 
0.975 
0.9875 

1 

~~0396251 o.@)yl 
0.03001615 0.0841 
0.0205385 0.0685 
0;015y283~ 0.0605 
0.0114166 O.Oj24 
0.00689~5~ 0.0442, 
c .OC~l451 2 0.0L.c1 

0 O.Ojjg 

; 
/ 

0.0552 : 0.0784 
0.0637 o.oyoO 
0.0715 j o.oflo7 

: 0.0764 I 0.0329 
0.0786 'io.GO61 

i 0.07775j-0.0197 
; 0.0735 '-0.0447 
j o.06475~~.06y2 
j 0.0581 j-o.0812 
; 0.0490 
I 0.0358 

,-0.0931 
I-C.1048 

; O.Q257 i-0.1107 
0 b.1165 

I 

0 
0.7031 
0.8654 
0~9540 
I.0424 
1.0984 
1.1206 
1.1331 
1.1482 
1.1581 
1.16575 

, 1.1723 
1.173.l 
I.1834 
1.18825 
1.1927 
1.1969 
1.2006 
1.1575 
1.1152 
1.0736 
1 .Oj28 
0.9928 
0.9535 
0.9337 
0.9142 
0.8928 
0.8779 

0 

---------______ ------------L---,---,-i,-,,---_--,-,____---------- 

' Table 3 (g)/ 
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pale 3 (g) 

Aerdoil G. II"..--- 

XL*_=,"'6 

a = 0.1, b = c.2, 0 = -0.14, (b a)& = l/G. 

0.005 ' 0.0086542 
O.OOj~ j 
0.0125 ( 

0.0105gj35 
O.Cl36837 

0.025 I 0.0193492 
0.05~ ; 6.0273418 
0.075 I 0.03%345 
0.1 , 0.0385162 
0.15 j 0.0468340 
0.2 ! o.om.964 
0.25 1 0.0589250 
0.3 0.06j2959 
0.35 1 0.0666721 
0.4 
0.45 

/ '0.0690478 
c.c7oj602~ 

0.5 ' 0.0704813 
0.55 0.0691772 
0.6 

/ 
0.0659187~ 

0.65 / 0.05YG964 
0.7 o.o51754J+ 
0.75 1 o.ow672 
0.8 I 0.0335365 
0.85 I o;oa+lg96 
0.9 '0.0152981 
0.925 , 0.0111636 
Q.Y5 j o.oc73333 
0.975 i O.OOj8713 
0.9675 1 0.00225875 

I/@' 

0.1224 
0.1227 
0.1229 
0.1232 
0.1239 
0.1255 
o.126g 
0.1284 
0.1 j12 
0.1337 
G.1361 
0.1381 
0.1398 
o.IlL,og 
0.1414 
0.1f+10 
0.1391 
0.1346 
0.1272 
0.112y 
0.09yo 
0.003t3 
0.!26p 
0.0.!30 
0.0$24 
0.0336 
0.024B 
0.0203 
0.0158 

0.0@&$. 
O.OC7j 
0.0109 
0.0151 
c.01yy 
0.0256 
0.0321 
0.0397 
0.0485 
0.0538 
0.0634 
0.0750 
0.0784 
0.0755 
0.07J+Y 
0.0665 
0.0::78 
0.050G 
0.03705 
~0266 

0 

-0.0010 
-0.0001~ 
-0.0001 
+0.0006 

0.0021 
0.0053 
o.oosj5 
0 OIla- . I, 
0.0187' 
0.0258 
0.0334 
0.0414 
0.0501 
0.0594 
0.0698 
o.m13 
0.0945 
0.1100 
0;c.770 
c.0457 

+0.01575 
-0.0131 
-0.0411 
9.0683 

~-0.0817 
-0.0949 
-0.1080 
-0.1145 
-0.1210 

l.C7095 , 
1.0379 
1 . OyKX 
1.1143 
1.1266 
I.1375 
1.1478 
1.1575 
l.1G6g5 . 
1.17G05 
1.134Ll 
1.1931 _ 
1.2011 
1.1543 
.1.1085 
1 .OGj5 
1.019G 
0.97G6 
0.9345 9 
C.9140 
0.3975 
0.87j2 
0.8622 

0 

Table 3 (h)/ 
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'I'able 2 .-- - pli 

P eroPoi1 1-I “i . . *.. .-w- 

x1 = 0.6 

a = (‘.lc,, b = 0.2, 0 = -C.?46, (b - a)& = l/12, 

p*> = ~'.WlGbl, P '1 --L c .oom51 

% 
q 0.1153, $0 r: 1.12277 

-___ _ _______L..______I________I____ 

-2 __._ ,'_____ 31: ______ I --I_ YL 

_ _._--- i-l _------ I .-----". ""....-"--". ---.. 

.__--. t",:_,LEs _____r----.. ,::: _-d..---- 
. q/v 'I c, = 0. 

0.75 

0 
c.005 

0.8 

0.0075 
0.0125 
0.025 
0.05 

0.85 

0.075 
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