NATIONAL AERONAUTICAL ESTABLISHIIENT
LIBRARY cp No 70
(6225)
A RC. Technical Report

!

NATIONAL ALRONAYTIGNL
t:‘..mUSH':E:.J i

. r :’::‘l‘f IN") )

L LI 'Y '\J-

@ E\‘lf:"- C o

22w 4 'y

MINISTRY OF SUPPLY

AERONAUTICAL RESEARCH COUNCIL
CURRENT PAPERS

Approximate Two-dimensional Aerofoil Theory
Part |11. Approximate Designs of Symmetrical

Aerofoils for Specified Pressure Distributions

By

S GOLDSTEIN, F.RS. and E J RICHARDS, B.Sc,
of the Aerodynamics Diviston, N P.L.

LONDON  HER MAJESTY'S STATIONERY OFFICE

1952
PRICE 8s 6d net






NATIONAL AERONAUTICAL ESTABLISHMENT

LIBRARY

COPCNOQ 70

Approximatn Two—Limensional Aerofoll Theory R
Port III, Approximante Besigns of Symmetrlcal Aerofoils '
for Specified Pressure Tistributions.

--By-— -

S, Goldsteln, F,R.S5., and I. J. Richards, B,Sc.,
of the Aerodynamice Division, N,P,I.

“
4"

24th October, 194

We saw in Parts I and IT® thot on o purely linecr theory,
in which all squares snd producte of the thickness, camber and 1ift
coefficient are neglected, the velocity q &t the surface of en
gerofoil in an unlimited stream U is given by Approximation I,
namely,

q
E=1+g=1+gs+gc+sz,- voeen (1)

We use the seme notetron se in Parits I snd II, o that
x = #(1 — cos 8), cveee (2)

and 9 is positive on the upper and negetive on the lower surface,
and is zero at the leading edge and +*x =2t the trailing edge. Then
g8s ls an even function end g + g an odd function of 8, 8o

that if we know Approximation I for g/U on both surfaces we know
gs and gp + g1 separately, From & .knowledge of gg we can
design the fnairing and from a kmowledge of gq + g1 the centre line;
this is sufficient for many purposes.

The subject of this report is the design of the fairing
when gg 1is known; but we may, ¢s a foreword, make a brief reference
to the more general problem of finding the serofoil when the dig~—
tribution of pressure on the surface is given, In the first plnce,
if we know the pressure then from Bernoulli's equation we kmow the
velocity. TFrom the "exact" velocity distribution we hnve next to
derive Approximation I. Ve may, if we wish, simply begin .dth &
guess ot the difference between the exact distribution #nd
Approximrtion T, since in ony cnse in exact work our first result
for the nerofoil shape will hrve to be modified; but we mry obtain
some guidance in "guesoing” by considering the excet distribution
as Approximrtion IX, namely,
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£ 2 3 :
a (1 + %Co®)|sin 3| (158, )
U (p* + sin? 8)%
where
1 T 1 L
Co = — [ Y(8)de = —-{ Pg(6)40, cenee (4)
2% =1 T

and multiplying the given vnlues of @/U by
' 4
(p? + sin® 9)=

veess (5)

(1 + ,3,;-003)|s:i.n 6|

to obtain the volues on Approximation I. Since the aerofoil s
vrdinntes nre unknown ¢ 1is, however, unknown, But ¢® ond Co
are small, and the main effect is restricted to ?he,nelghbourhoodsof
the lending and trailing edges, where |sin 6] is small, At the
leading edge '

2y y
b o= ¢ = lim = lim — = (sz)Jz", ceeve (6)
6—>0 8in © >0 X7
and at the trailing edge
!
2y A
Y = Pp = lig = CZPT)E’ eevss (T)

6->1n 8in ©

where py, op ore the radii of curvature at the lerding and ]
trailing edges, respectively. If for 4 we take any function which
remains small and has the values Yy, and ¢p at the leading ond
trediling edges (e.g., 8 linear funciion), and use the factor (5),

we shall get o reasonnble first approximation to the values of

1+ g, Now (2p1)% and (2pp)% ore easily found in terms of gg
from formuloe given in §2, ond in finding preliminary volues we

mey take the given /U, or any rensonaoble guess, as 1 + g,

In this way, treating the given values of /U as
Approximation II, we could, if we wished, proceed by successive
approximation, using in the factor (5) the values of 1 from our
Tirst nttempt to provide o better value of 1 + g, and so on.

It is doubtful, however, if this will ever be worth while, When
once we have determined an approximate shape for our aerofoil we
find accurntely (probably Apsroximetion ITI will be accurnte enough
for most purposes) the veloeity distribution % the surfnce of the
nerofoil so found; when this is rensonrbly nenr the required dig—
tribution we correct the ardinstes of the aerofoil by a theory
which relntes smnall changes in ordinrtes ond smnll chmnges in veloecitw,

From now on we assume thot gg is known, and proceed to
show in detnil how to colculate the ordinntes of the fairing, its
leading and *railing—edge radii of curvature, and those quentities
(viz., Co, &g, €g') which are required to find the velocity
distribution on Approximation TTT.

Certain restrictions on gg are necessary to ensurc that
the aerofoil boumdary is o curve which does not cross itself between
the leading and trailing edges; these rvestrictions will be briefly
mentioned later, ;

/
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2, The Solution of the Problem in Genexrsl Terms,

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

o0
g = L Opn cos nd, veeer (8)
n=0
end if the ordinate yg(x) expressed as a function of 6 is o
denoted by £(8), then
oo
2yg(x) = 2£(0) = (Co — £Ca) sin & + nie -%-(Cn__1 -'On*1) sin n@,
’ L I B I I (9') h
’ >
2f¥(g) = (Co — %0z) cos 8 + nﬁz %nfcn—1'" Cn*1) cos n9, .. (10)
and ! . . - !
o}
gs(0) sin@ = (Co —#C:) sin @+ % #n(c,_, ~C,,.) sinne. (11)
- » N =2

The Fourier series for gg sin 8 and 2f!'(@) are there=
fore conjugate*, and from Part I, Appendix, Lemma (6),

1 gg(t) sin® ¢

2f1(0) = at, eesns (12)

y!
7 { cos § —cos ¥

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

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

(2p )ét = 1im‘ 21(e) = af'ko) = l-Jﬂ g.(t)(1 + cos t)dt, (13)
L 9—>0 sin o n 8
2f(8)

1 n

(2pp)¥ = 1im = —2ti(n) = — [ gg(t)(1 —cos t)at. (14)

o—>7 8in © n
Equations (13) and (14) are the equations we require for pr and
pm.  Equation (12) gives us the derivative with respect to 6 of
the aerofoil ordinate; i1if, with the chord divided into any number
of segments, in each segment gg i given by & suitable algebraic
formula, then the necessary integrals may be evaluated in temms of
simple functions by methods used in Prrts T end II. Moreover, the
improper integral in (12) may be changed into & proper integral by
the use of Lemma (7) of Part I (Appendix), nomely

T dt

P = 0. cenes (15)
J co8 8 — cos t ‘

Thus/

*Phe reletion between the Fourier series for gg sin 6 and 2£!(8)
hae also been noted by Squire® who proposes from a knowledge of
gg to find the series in (11), and hence to deduce and sum the
gseries in (9).
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1 7 og(t) sin® £ — g () sin® @
2£1(8) = — = = dt, .... (186)
T cos8 6 —cos b

and the value of this integral moy be found by numerical integration.
Anolytical methods should, however, be used wherever possible, In
any case it is the value of £(8), not of <£1(8), thnt is required,
and it is generally easier to find £(8) directly as follows,

Denote temporarily by F(®) the sum of the Fourier series
conjugate to that for 2f(e¥ in {9), i.e., let

(#9]
F(8) = (Co — %Cz) cozs 8 + I #(Cp, = Cpeq) cOS 08 (ool (17)
n=2
Also let* o
G(e) = { g,(8) sin 8 4de. ceone (18)
Bhen
T
F1(0) = —g4(0) sin® =and { F(9)d®e = o, ceres (19)
Hence
1 &
F(_e) = ""'J G(G)de hand G’(e). s e e v (20)
i
From Part I, Appendix, Temmn (6),
) sin © 7 P(t)
Zf(e) = - P d‘t, L I ] (21)
b cos 8 — cos t

and from (15) it then follows that

gin © T G(t)
ys(x) = f(e) = P dt. .-e s ab (22)
: 2% cos B8 — co8 1t

Equation (22), with G(©) defined in (18), is the equetion
we shall use to find the aerofoil ordinates. By the use of (15) the
imprgper integral in (22) mny be changed into o praper integrnl,
nomely

gin-® w G(t) - G(8)
Ve(x) = £(8) = at, ceees (23)
27 cns g ~¢cos t

and numerical integration used, but wherever possidble analytical
methods should be employed to evelucte the integral in (22%; o
nethod of nnnlyticnl evaluation will be coneidcered in §3,

The nerofoil contour must not cross itself, and y_(x)
must be positive between the lending nnd trniling edges, 5¥nce
venishes at the lending nnd trniling edges, f£'(0) gust be positivd ad
£*(n) negative; in other words the values of (20L)% and (2pm)%, given

by/

*Note that, in terms of x, G = 2gxgq dx,
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by (13) and (14), aust be positive, with the provise that for a 'sharp
trailing edge p,, = O. (If g, 28 finite nt the trailing edge,
then a sharp tra?ling edge will"be & cusp, since, ns we saw in

Pert I, if there is not a logorithmic infinity in g, at the trail-
ing edge then the term in 1 — x in the expansion of ¥s in powers

of (i —-x)% is zero*). For a normal nerofoil shrpe £t(8) is
positive over the front of the aerofoil, =zcro at the position of
maximum thickness, nnd negntive over the rear. The two most
importent restrictions in practice fre, however,

L 1 =
(2p }*° - g (t)Y(1 + cos £} 8t > o
L . J ] ’

. vessrs {24)

r

1 =
(2pT ;-g gs(t)(1-— cos t) at > 0#

Hoving obtnined formulae for the cerofoil ordinntes ‘and
for Py, and Pmy WE proceed to find formulae for Co’ € e,
' a” ak

which are required in cnlculating the velocity distribution, on
Approximation IIT, of the cerofoil obtained. We also require
Yg{n), which is found from the aerofoil ordinates by the equation

yo(®) = =2y, cosec 0. veees (25)

Cor Egs ss', however, are more ersily found from the values of gq
thon from those of yg or 1. From Part I, cquation (13), we see
that -

‘ e,'(8) + e lg) cot g + C, = g,(0). ceees (26)
Hence
d
Eg-(es sin @) = g4 sin 8 — Co sin 6 Vesasas (27)
Eqg 8in @ = 0 at 6 = 0, 80
eg 8in 8 = G(g) — Co(1 — cos @, eraes (28)

[

and since g sin ® 0 at ¢ = m,

C, = %G(wm). _ ceees (29)

Also/

S
With a cusp Py = O(n — 6)2 near the trailing edge, and

sin O
lim T = 1.
! 0—>r ("4)3 + sin? §)*

Hence at a cusped trailing edge, 00 Approximation TIT
U = e%(1 + eg')?

for a eymmetrical aerofoil when Cp = 03 when Cp # 0, 9T > —
at the trailing edge if a, < 21 eVo;  for a, = aneco,

A
1 — 2 ] C
Q/U (1 CL /aoa} e 0(1 + Bs')3°
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™
Il

G(9) cosec & —~ C, tan 38

G(e
= tan 36 (8) "Col

1 —co8 8 J
= cot ‘é’@ CO - G(n) _ G(e).l R (30)
1 + cos ©

From the definition of G(6) in (18) we see that if g
is finite at the leading and trailing edges, G(6) has a double
zero at the leeding edge and G(8) — G(n) has a double zero at the
trailing edge; the last two expressions in (30) therefore show that
ey 18 zero at the leading ond trailing edges respectively.

Pinally we find that

: G(8) cos @ ¢, _ 0)
©'(0) = &(8) == Tt cos o | S
1 {G(G) cos 0 J
— + 0
1+cosel’1-—cose ©
fe(n) — ()] cos ® C
= gg(0) + : - L,
sin® § 1 — co8 O
1 ) {G{n) -~ ¢(8)} cos @ (51)
= &(0) 1=—cos 0| ° 1+ cos O
From (18)
Lin - G(0) _ gS(O)’ Lin &(n) — G(0) _ gs(n)’ el (52)
f—=>0 sin®® O 2 f—=>1 gin?® 0 2
hence
e5'(0) = H{gg(0) — ¢ by egt(m) = FHey(m) —Cibe vonvs (33)

We have now found all the formulae required, yg 1s given by (22),
py, &nd p§ by (13) and (14), the most important restrictions on
4),
0

gy by (2 Co by (29), eg by (30), eg!' by (31) and its values
at 9 = end 8 = ® Dby (333'.

3, General Foundation for Special (Qases,

-

In carrying out the anelysis for special cases it is more
convenient, in general, to work in terms of o, as in Part II,
then in terms of x as in Part I.

To consider evaluations for special cases it is probably
sufficient to suppose that, with the chord divided into any number
of seguents, in each segment gg is 2 polynominl¥* in x, Then

as/

*Mhe onalysis may be carried out in other coses, for example,,if the
expressions for gg contain odd powers of x% or (1 — xsé‘, but
it is doubtfal if such results will be recguired,
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es we sew in Part II, by expregsing powers of x in the manner shown
in Lemma 3 of Part II (Appendix), the interval (o,n) for © may be
divided into eny number ¢ of intervals, (0,6,), (61, 8,), (8,, @

)s
seey (91_1, Gr), vee (Bgyy ne in any one'of which, say (91,__1, erg, |
g, may be represented by an expression of the form

gs = mE anr co8 nd (Gr_,‘ < 3] < er)c ,'|t¢¢(34)
=0 - .o

Thue the expressions for £(6) ete., will each be the
emw of o number of contributlons, of which a typical one iz =
multiplied by the contribution from a term co8 nd in the nr
cxpression for g, in the interval (er"_1, er). These contri—
bations must be summed for n from n "= 0 "to n = %, and
then the results for all the intervnls must be summed, We therefore
proceed to find the contributions from a term cos. n9 in the
expression for g, in the interval (er_1., 8.).

- The.comtribution to 6(0) is ns follows

G(e‘) = 0 for 0<0¢< 0.

f@

o cos nd gin 0 46 for o €6 <0

1

0., . T AL (35
Or

= cos n0 sin 6 40 for Gr<0<n
® :

5

Hence, for n = o, tho‘cc‘)ntribution t0 ) .7

G(6) = o for o0<€ 0 0y

= co08 ér_‘l-coso for OI_1<O<OT b eves (36)
= ¢08 01_1-—009 Or for Or<0<ﬂ§$ )
for n = 1, the contribution to Co-
G(6) = o for 0< 06 <0, )
= %(cos 20, , — cosg 20) for Opey €0 €0, 5., &37)
= -:-(cos 201;_,1 - coslzor) for 8, <0 ( Ty

and for n » 2, +the contribution to

&(8)/
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G(e) =0 for 0<€ 86 ¢ I

2(n+1) 2(m1)

for er__1 €06 £ er,
1

.
=

2(n+1) 2(n—1)

for er<e<n.

- b re (58)
Now write
(6.) 9. cos nt (39)
8 = P at. rveeeer {39
R b[ cos 8§ —cos t
Then Io(r) = 0, and generel expressions for In(8,) sin 6 were
given in Lemma 4 of Part II (Appendix).
It now followa from (22) that for n = ¢ +the con—
tribution to
2nyy = ~— co8 91-110(91--1) gin 0 + cos O, (6,) sin 8
~ [12(0,) sin & -~ I1(04,.,) sin 8]
gin #|0 ~ O
= (cos 8 — cos E‘H) logg | ———I:"
gin 3(0 + 9r—1)
( \ sin #{0 — 6_|]
-~ {(c0o8 0 — cos O log ——
T ® sin (0 + 0..)
+ (Gr--or__,l) sin 93 veoee (40)

for n = 1 the contribdbution to

i i
2nyg = — g co08 20, ,To(0,_,) ®in O + 7 cos 20,10(0,) 8in O

— HIa(0,) #in 0 — 1a(0, ) 8in 0]

ain é|e - ex_1]

b N
a —(cos 20 — cos 20___,) log
¢ ™ ® sin #(0 + 0,_)

. sin {0 — GrI

3
— —(008 20 - cos 20} log
4 r e sin %‘_(0 + Or)

. . X a3 . .
+ &(sin 0, — sin 0_,) sin 0 + (0, ~ 0,_,) sin 20;

ceese (41)
and/

{cos(n+1)@1_1-cos(n+1)e} - —'-——1——{003(11--1)81._'_1-00:3(11—1)6}

feos(n+1 )BH—-cos(nH )e.. - ——-—1--—-— {feos (-1 )GH—cos(n—ﬂ )er}

s
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and for n > 2 the contribution to

cos (n + 1)0 cos (n = 1)0
21nye.‘= —%{ . smed B — R I°(GH) gin 8
s é{ cos {n + 1)er _ cos (n — 1)91, Io(Br) oin 0.
n+ 1 n— 1 o ) -
‘ \
_m [In+1(er) gin 6 — In+1(er-1): 'sin 6]
1
+ e [Inrﬂ(er) 8in 0 — I, §6n_,) sin 6]
={cos(n+1)9—cos(n+1)0r_1 _ cos(rl—1)8~cos(n—1)61__1 log sin%je—ex_1 g‘
2(n+1) ©a(em) L[ eind(ete, )
.. cos(n+1)8—cos(n+1)0,, c«::s(n—'e)(3---cos(n—1)8r]7 ' sin%|9—01:|
‘ .{ 2(n+1) - 2(n—1) _J °Ce sink(0+0,,)

g, —9 O.—0
+—-I.‘_.-._msin (n+1)0—._1:‘.-—__.r:_181n (n_..-])e
2(n + 1) 2(n — 1)

1 n—t sin‘(n — 8)6,. = gin (n — 8)0

+ et §

gin (s + 1)06
n+ 1 8=0 n-—g

1 13 sin (n— 8 — 2)0
T T
n—1 8=90 n—g-—2

—8in (n'— s — 2)6;

—

o ‘ ceer. (82)
where for n_ = 2 +the last line in (22) is to be taken as zero,

"’ For the' purpose of computing yg " from (40), '(41) and’ (42)
we may note here that

sin #|0 — Or] 1 ~cos 0, cos @ —sin 0O, sin @

= LI B B 4 (43)
sin %(0 + 0,) cos 0, ~ cos §

From (13) end (14) it follows that the contribution to

‘ 3 1 GI‘ .
(2p1)% = -—O S 7 cos nt(1 F cos t)dt, reeed (48)

i T

and/

T gin (s + 1)0,
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and the contribution to
% 1 er
2(pp)® = — [ 7 cos nt(1 — cos t)dt, veeve (45)
n0

1
Hence the contribution to

1
(EPL)% = -;- (9:- ~ 8., *9in 6, ~ 8in er__1) for n = o
1 06 8in26_—sin2g
= = [sino,~eino, , + e und Y L L) for n o= 1
b 2 4 \
_ 1 [sin 09 ~sin né,_, . sin(n—1 )g:[l,--es:i.n(n:-ﬂ)Or__1
T n 2(n—)
gin(n+1)0_~sin(n+1)0
L =1 for n » 2, )
2(n+1) .
as ey (46)
and the contribution to
(2 )é'=-1(6 -6 —gin 0o +s8ing_,} for n = o
Pp A I T Y 1 !
1 8 9 sin28, —sin26
= - <Bin0r_sin0 e St R = Ih“') for n = 1
1
i 2. 4 \
1 }8in n8_~8in no 8in(zmr-1)8, ~sin(n—1)9
= e S I Sent W ( ) X ( ) =1
n n 2(n—1)
sin(n+1)e_~sin(n+1)6 ‘
- X L for n ) 2. . )
2(n+1) . ‘ J
cenee (47)
From (29) and (36), (37), (38) it follows that the contribution to
™,
Co = %(cos €n.q — CO8 er) for n = 0
X :
= G{cos 28,  —cos 28,) for n = 1 L
1 ((48)
= —————— {cos (n + 1)6 — cos {(n + 1)0.}
4(n + 1) T *
1 (n — 1) )
- ——————— {c08 (n —~ 1)6 ~ cos (n — 1)0 for n 3 2,
4(21 — 1) { 1 r s

T

The contribution to ey 1is then given by (30) with the contributions
to G(8) and Cp, written out above (equations (36}, (37), {38)
end (48)); similarly the contributions to eg4'(8), eg'(0), ecg'(n)
are given by (31) and (33), with the contridbution to &(n) equal to
twice the contribvution to C; and the contribution to

gg(8)/



\
gg(®) = o© for 0 <8 € O,

I

cos n6  for By <6< oL > cooe (49)

il

0 . for er €6 <7,

A

4, Approximate Velocity Distribution Represented by a Quadratic
in Fach of Three $egment$.

It appears to be sufficiently general for all immediate
purposes to,consider the calculations when, with the chord divided
into three segments, in each segment gy i1is a quadratic in x,

As special cases gg may be quadratic in each of two segments into
which the chord is divided, or linear in each of two or three seg—
ments, .

If g i1is quadretic in x in each of ‘the' three segments
0 ¢ x€ X3y, X x¢€ X3, Xz€x<€ 1, then if we write

' 61 = “é B:"l.n L ,Xj_%..’ : 83 = 2 Sin—1 XQ%, LRI A (50)
and in the expressions for gy substitute o
' a ] '
x = #(1— cos @), x® = (3 — 4 cos @ + cos 20), ,... (51)

1

we f;nd. gs in the following form . i .
g = 8¢ *+ 8y cO8 O + az cos 28 for ¢ €0 € 94

=. Bo + by 008 B8 + by cos 28 for By < 8 < €zp ... (52),

= ¢p + ¢y CO8 8 + cg cOB 20 for 05 € 9 € =w. L

In the: formulae of the preceding section we first put

Bpeq . = 8p = 01, ond teking n'= o, 1, 2 -in order
multiply the results by 8y, az, az respectively; we then take
Bp—1 = O, and 6p = 0 and with n = o0, 1, 2 in order

multiply by Yo, bl, bg respectively;y -~ naond flnally 'with

Or—1 = O ond Gp = w and n = 0, 1, 2 in-order we multiply
by cos €1y Cz respectively nnd add together all nine contri—
butions, In this way we find the following results, in which we
have written -

a. —b. = k

r I‘ r, br;-cr ‘= z. (r = 0' 1, 2)' o r e (’53)

r

-Zﬂyy/



1
2Ny = — = {21{3(00339—005301)%1&:1(cosze——cosael)+6(2ko—ka)(0039—00591)}
12

sin £[0 — 0, |

X log
e Sin.%(e + 91)

. 1 '

— — {2£3(00830—C09305)+34, (c0820—C0520,3)+6(2L0—F3) (c089—Cc080 )}
12

sin &[@ — Oz

sin #(6 + 03)

X 10ge

1
+ - {3(200-03)ﬂ+3(2kb”k3)61+3(2zo—¢g)03+3k1$in91+3£191n92
v 6

+ k,8in20,+4£,8in20,}8ind

1
+ — {30, M+3Ka 02 +3£205+4k381in0;+4£581in 0} ein20

12
1
+ - {Ca‘ﬂ: + k391 + 48393} Sin 36; > (54)
6
% 91 69 gin 01
(2p1,)% = #(2cotea) + — (2kotky) + — (2£0+41) + = (2ko+2ky+ka)
21 271 27
gin 04 sin 26, 8in 20,
b o (2fpt283+E5) (ki+2ky) + (£1+2£3)
2% 4T 47
ky 8in 3064 33 gin 30,
+ + $ vesrs (55)
67 6T
% 91 02 Sin 91
(2pp)° = #(200m01) + — (2ko—%k,) + — (2£0—F1) — (2ko—2k1+ka)
2% 2T 2M
gin 04 8in 204 gin 20,
- (289—284+L3) — (ky—2ksz) — (£1—2£3)
bl 1o 47 4T
ks g8in 304, £ 8in 30,
- - ; [ I (56)
6T 6n
1 1
Co = — (120 + 30, ~— 405 + 12¢o — 3¢5 — 4Cg) —~ ~ (2ky — k) cos 0,
24 4
1 1
~ = (280—£fs) co8 04 —~k,; co8 20, — ~ {4 ¢OS 203
4 8
1 1
—— kB cos 301 o — 32 coS 302- as v s (57)
12 12

hlso/
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1 1 1 : 1 1
- G{8) = a4 hem8g =~ w8 — (&g --;ag) co8 -~ 381 CO0S 20 ~ ~ay cos 30

for O<G<@1

1 1 1
= gqo + —a4 —'"3"‘8,:3 - (ko """:13'-1{:3) cos G4 "'""‘Z’kl coi 281 _'Ekg COS 304

~ (bq ""?s‘oa) cos8 § —-E-b,, cos 28 --%ba cos 30

for 0y €6 < 8

™~

= Ay T ifa,. ——}az ~ (kg — %ks) cos 0Oy --;i?k,_ co8 203 "'%ka CO9 304
~ (£y — %f2) cos 0, ~~:~£1 cos 28, —%—Iz cos 78,
~ (¢co — %ea) cos 0O —--2-01 cos 28 ‘-’3”03 cos 30
for ©,< 6 < m. |
veess (58)

Hence from (3o)we £ind, with the help of Lemma 6 of Part II (Appendix)

that
L 1 .
eg = tan $0{ao + Fay — Co + (381 + 433) cos 0 + Faz cos 20}

for 0<8<91

- ' 1 T i 1
P Tmlang’'g L2 + T8y — T8y — (ko =~ gka) cos 0y —~ “¥y cos 201

—-ia-kz cos 380, =~ (bg —~ %ba) cos © "‘E‘bz cos ‘20
-—-15-‘03 cos 30} — Gy tan 20 for 0. € 0 € 0,
1 i
= cot 20{Co — co + ey — =(3c, — 4cy) cos O — Sty cos 26}

for 05, €60 € =,

N

y
eeees (59)
and similarly from (31) \
' . N
I : Y 2 1 ap
es'(oﬁ == 08 0 + — a, cos 20 + =—————— |a, —— —~ O
2 3 1 + cos 0 3

for 6 £ & € 6,4

Co
= by + by cos I + by cos 20 ~
1 + co5 O
cos8 Q 1 . .
= {80 * 781 — 502 — {ko ~ %ks) cos 0y — Tk cos 20,
gin® ¢

-1;-1«:3 cos 30, — (bg ~— Fbz) cos O ——%bl cos 20 —-%ba cos 30}

for 0, € 0 < Q02

Cl 2 1 CE‘;
=~ c08 § + — ¢z cog8 20 + ——————— [(gg = —— ~—~ (g
2 J 1T = c0% 0 z

Tor 03<9<7\'..




Formulae appropricte to the cnse in which gg 18 quadratic
in each of two segments into whaich the chord is divided nre obtain-—
able immedintely from the above formulae by putting 6. = 0z,
bp = ¢p and £p = o0 for r» = 0, 1, 2,

A different simplification, in which the number of paro—
meters in the expression for gg is considerably reduced, is
obtained by toking g 1linear in each of three segments; this
gimplification will be considered in the next section.

5, Approximate Velocity Distribution Tir-nr in Faoch of Three
Segments,

If gg dis linear in each of the three segments coneidered
in §4 and is equal to 2, b, e, 4 at 9 = 0, By, 92, ®
respectively, then, in the noiation of §4,

b —a cos 6, b—a
ao = ’ = — —1
1 — 008 Q4 - 1 — cos 81’ de %
. i ¢ 008 63 — b cos 93 b — o
e = - s by = =
cos 83 — cos 8, cog 0, — cos 63, ba Or ﬁ
208 0O, c —d
Co = 3 (o] = —
1 + cos Op * 1+ cos 05 a = O
oo (61)
Hence
b~ct+(c—a)cosB,—(b~a)cosg,
kﬁ=09kl=" ’ ke = — ki cos 6,
(1=cos81 ) (cosd1~cos03)
S (62)
b—c—(c—d)cos0y+(b~d)cosd 5 - -
£y =0, &4 = o keo= f2 008 9
(1+cos83)(cos8~coe8a) .

By substituting these values into the formulae of §4 we find that

e/



— 5

1 b—c¢c+ (c—=2) cos @, —~ (b —2a) cos O,
Yg =
® 4T (1 — cos 8,){cos B8, — cos B3)

sin %

£

. 8 ~— 8,

(cos 0 — cos 8,)% log,

X
sin 2(0 + 6,)

—P

-
L]

~ (gin 9, — 20, cos 8,) sin 8 -%61 gin 28}

J
1 b —=c~(¢c—=43d) cos ¢, + (b —~4a) cos O,

i

47 (1 + cos 85}{con 61 — coB B5)

sin 4|0 —6,]

X < (cos 8 — cos 8,)% log,
cin X0 + 8;)

— (sin 85 — 28, cos 6,)sin 6 — Y 9, oin 28

w

¢c +ad cos 057 c—d
+ sin 8 + — sin 283 (63)
2(1 + cos 83) 8{1 + cos 8,)
1 3¢ —d(1 — 2 cos 9y)
(293) B 2(1 + cos 0p)
1 b==c¢ + (c—=2a) cog 8, — {(b ~—2) cos 8,
27 (1 — cos 8;,)(cos 84 — co8 83)
X {6,(1 ~ 2 coa 8,) + 2 811 8, —  sin 28.}
1 b—c¢—=(c=—4d) cog 8, + (b — 3) cos 8,
+-2ﬂ (1 + cos 8;)(cos @, — cog 83)
X {3z(1 — 2 cos 0yz) + 2 san 95 ~ % sin 205}3 .... (64)
ond '
1 ¢ + d{1 + 2 cos 0;)
(EPT) - 2(1 + cos 05)
1 b=c¢+ (¢ =n02) cos 0 — (b= 2a) cos Gy
' Z; (1 — cos G,)(cos G, — cog 9 ,)

X {0.(1 + 2 cos Uy) — 2 sin 0, — % ain 20,}

b—¢=(c=4a) cos 0, + (b —a) cos @

2

[

(1 + cos G,)(cos 04 — cos Q)

X {02{1 + 2 cos 8,;) — 2 sin G, — 5 s1n 20,}. (65)



Also*
G = -%{a +b+c+d+ (c—a)eos 0z ~ (b—4a) cos Oz}, .. (66)
a{1 — 2 cos Jg) + b b —a L
£y = tan 30 ~ Qo — cos 9 ;
2(1 — cos 0z) 2(1 — cos 0;) J

for 0 <€ 0 € 04

= gosec 9-1%(a+b)(m~cosol) + b{cos0,—c080)
b—c¢

- (cosf.‘)l--coss))“':L — Cp tan 40 > (67)
2{coe01—c0s0s) J

for 94 € 9 € 3,
‘ ctd(1+2c080z) ¢c —a [
cot 30 { Cp — - cos 2
l 2(1+cos03g) 2(1+cos0y) J

il

for 05 €0 ¢ =,

'

and

-~

1 Jb—a co8 04 L b —a
""8 =T "'Co -

1 + cos O l 1 — c08 94 J 2(1 — cns 01)

N

cos 3

for ¢ € 0 € 04

b(cos 0 =~ cos 23) — c¢(cos 9 — cos 01) Co

¢c0s Jq — c08 g 1 4+ ¢cos 0O

1}

cos 2 {1
i“‘(&+b)(1“C0$01)+b(COSGf'COSO) > (68)
2

gin2Q

b - ¢ l
—_ (cos 0y — cos 0)% L for O, €0 < 93
2(cos0y—cos0ys) J
1 J'c + d cos Oy [ c — 4
= g —~ Co 5 + cos 0
1 —cos 0 L 1 + ¢cos Og J> 2{(1 + cos 03)

for 05 € 0 € .

J

6. Approximate Veleocity Distribution Linear in Each of Two
Segments.

& further considernble simplificction is obtrinced by
gupposing that gg is lirerr in ench of two segments into which

the/

¥Co is most easily found by using the formula

1
Co = wC{n)} = g g dx,

e

(See footnote on p.4.)



the chord is divided, the corresponding intervals for x being,
say (0, X3) and (Xy, 1), where

Xi = ‘%’(1 - CcQ8 01) = Sinz -’%Oj_o L e (69)
The graph of gg ogninst x is then a straight line
from x = 0 to x = X,, and a second stroight line from
X' = Xy to x = 1, We dencte the values of gg ni
X = 0, X34 1 by a8, b, ¢ respectively. The results may
then be obtrined from those of the preceding section by first
putting 4 = ¢ and then letting 06; = n; they may alsc be

obtained independently, or as ¢ specinl cnse of two quadratics,
The results now depend only on four perameters, namely, a, b, ¢
and X, or G,, ond are linenr in a, b and ¢ it will be
found thnt they may be expressed in the following forms:

Yg = afo + bfy + cfy, cevs. (70)
where
(cos 0 ~ cos 04)7 sin /@ ~ 04}

- log
4n(1 — cos O0y)

H
<
]

© &in 3(0 + 04)

gin 04 ~— 2064 cos 9, By .
+ gin 3 + gin 26, ,, (711)
4n(1 = coe 04) 8n{+ — cos 01)

\vwe 0 — cos 0,)3 sin %[0 ~ 04|

£y = log
L e
2 8in® 0,

ein H(0 + 04)

+ —
L.2(1 + cos 01) 21 sin? Oy

1 gin 04 -~ 204 ¢08 04
sin O

-

1 04
+ - sin 20, eeee. (72)
, L8(1 + cosg 04) 4w 8in® G4 :

(cos 0 —~ cos 04)% sin %[0 —~ 94]
£ = — 1ogc
4m(1 + cos O1) sin 5(0 + 03)

sin 04 + 2(m — 01) cos Oy - T - Oy
+ sin 0 — sin 20;
an{1 + cos 0y) 8n(1 + cos 0,)

eeees (73)

also/



also
% ° | -
(apL) = {2 ain 03_ — 23, co8 84 + 84 — s58in Gj_ cos 91}
2n(1 — cn8 D4) - .
b 3 1 .
+ —~ (2 sin 0y = 20; c08 04
1+ cos 03 |2 m{1 ~ cos 0;1)
~
+ 07 — 8in 3, cos® ‘Gl)}
o |1
TR (2 sin 64 — 204 cos 03 + Oy — &in 6, cos 0;)
1 % cos 04 \211; h
— % + cos 011,‘_ : ) eeeee (74)
1 L3
(2pp)% = {2 ein G, — 20, cos 0y ~ Oy + &in 9, cos 04}
2n(1 = cos 04)
\‘s A -
b J‘“1 1
+ S (2 8in 05 — 204 coS 84
1 + cos Ol[_a (1 — cos 31) .
— 0, + sin 0, cos® 01)1'
c 1 T
+ — + ¢O08 01 ;
‘ 1+ cos ©4 |2 ‘
1 . . ;
+ —- (2 sin 0y — 20, c08 0y — 0, + 8in 05 c08 01), «. (75).
2%
) 1 = 08 Oy b 1 + ¢os 04
OO = a -+ ¢ [) RN (76)
4 2 4 N
((b-a}(cos 8y —cos 9) a —c¢ e i
Eg = tan 40 + (1 + cos 81)L
2(1 — coe B4) 4 |
for ¢ <6 <0y p(T7)
(b —=c)(cos 64 —cos ) a—c
= cot 30 + (1 — cos .81)
2(1 + cos 81) 4
Lor 91 £ 0 < To J

and/



—1G =

and ~
: 1 + cos 6 b a(1 + cos 8;) ¢
ss‘(e) = - —_——
1+ cos ® |2(1 —cos 8g) 4(1 —cos 8y) 4
b—a . . p
t cos & for o 0.€ 04 '
2(1 — cos 0,) ‘ . > (78)
1 — ¢os ei‘f b a ¢(1 —cos 64)
1 — co8 B ]2(1 +c08 81) 4 4(1 + cos 83} |
b—c¢ ‘
+ ‘ cos 6 for ©; € 0 < 7,

2(1 + cos 8,)

¥

Te ‘,ﬂUmerical Examples with the Approximate Velocity Qistribution
Tinear in Bach of Two Segments,

When the ordinates of an aerofoil are to be calculated it
will usually be most convenient if they can be calculated &t exaet
values of .x; hence in Table 1 we have tobulated for a moderately
small number of exact values of x powers of x and values of @
and certain functions of 6 which will be found useful in such
computations, This table may alac be regarded as a supplement to
Table 1 of Part I, which, as an ai1d to computing the velocity at
the surface, gave values of certain functions at integrel multi-
ples of 208/,

In Table 2(2) the values of thefunstions I £., f»
of the preceding settion (see equotions (71), (72) and (73)) are
tabulated for X, = 0+5, 0°6 and 0+7 <for the same values of x
as in Table 1. From thLES of f,, £, f£5- the ordinate J¥
is very ersily computed for any values of a, b nnd ‘¢ from
equrtion (70). For careful construction vnlues at a greater .
nunber of stntione 2long the chord wall be Fequired than can be
obtrined from Tables 1 and 2(a); for X, = 0°6 tables of £,
£f,, L5 oare given for n greater number of stntions in Table 2(b),

In exomples we always teke b > 4 nnd b > ¢, 80 on
the simple linear theory 1 + b is the maximum vrlue of ¢/U on
the rerofoil surfnce, and x = X; 1is the position of that
maximum, For faxed vnlues of X;, /b and c¢/b the thickness
and 2ll ordinntes of the nerofoil cre directly proportionnl to b,
Over the forward part of the aerofoil the slope of the velocity
graph against .x on the linear theory is U(b — 2)}/X; for a chord
of unit length, i.e.,

Ub—a=g
B = =

o} Xy

. ceevs (79)

for a chord of length o, '
The resulting aerofoil has a sharp trailing edge if we

put pp = 0, which for specified values of X;, & and b

(i.e., a specified maximum value of ¢/U on the surface, a

specified/



specified pocition of thet mAximum, and a specified slope over the
forward portion of the serofoil) gives a2 definite value of c.
As we sow in S2, such s shorp trailing edge is always.a cusp,

° For illusirative purposes we bhave computed ¢ short list of
serofoil ordinntes for eight aerofoils, with b = o0°+2 for all

of them, with X, = 05 for four of them and X, = 0+6 <for the
other four, nnd with vrrious values of a- and <. For each aecro—
foil we hove also computed the veloeity ¢t the surface at zero
incidence according to Approximetion ITI,. Particulars of the
aerofoils are given in Tables 3(a) to 3(h). At the head of each
table we give -the values of X,, &, b, ¢ and (b = a)/X,,
together with the values of py and pmp, C and eCo,

Aerofoil ¢ (Table 3(c¢)) has a cusp at tﬁe trailing edgej @erofoil

D (Table 3(&) hes 2 very smell radius of curvoture at the trailing
edge, which is therefore flmost a cusp, In each tnble we give

the ordinstes in the second column and the values at zero incidence
of g/U at the surface on Approximetion III in the last column;

in the third, fourth and fifth columns we rlso give values of g,
eg, eg! which are used in finding ¢/U on Approximation III and
which will be required also ih finding ¢/U for combered nero—
foils which have these thickness distributions (see Part II).

The results for the eight symmetrical aerofoils are
1llustrated in Figs, 1(2) ~ 1(1). The 2erofoil designations are
the same as in the tablesy in each figure the aerofoil shape 1s
shown below, the assumed velocity distribution on the linear theory
is shown dotted nnd the full curves give the velocity distribution

on Approximation IIT, thesc velocity distributions’ being for zero
incidence, '

We conclude by setting out numericel formulae for
Xy = 0°5, 0°6 and 0°7.

For _&1 =_0*5, .c0o8 8,4 = 0, B1 = ‘;’i’ﬁ, ‘ain B, = 1,
1 1 —8in @ 1 1

£6 = —— cos® § log, ———=—-—e— + —— gin @ + — sin 20,
4T |cos 6] 4T 16

1 1~ 8in 8 1 1
£1 = — cos® 8 log + (— — == 8in @,

2n € |cos 6] 2 2;/
1T 1=g8in @ 1 1
fa = —~— cos® 0 log, —————— + — 5in 6 ~ — sin 20
e ¢
47 |cos 0] am 16
1 11 2 /11
(ZPL)A = 4 ""'*"—)'*'b —_——l4+ ———, .
T 4 7 T 4 :
1 A 2 WA
(2pT)““= Bl===t+tDb{ 1 ~—=1+c ==+ =]
R 4/ ) T4



Co = %a""%'b'*‘%'cy
e = tan %e{%{a —c) — %(b —a) cos 8} for 8 < 6 < #n
= cot #6{3a —c) —%(b — ¢) cos 8}  for <O < m
and
1 1 1 . : N
gt = ——— (3b — 7@ —~¢) — &(b —a) cos @
1 + cos 8 "

for ¢ € 9 € %n
n =~ - . 5 ?;'

(3b -%ﬂ ~'%c) + 5(b ~ é) cos 6

1

i

1 — cos 9§ .
for %m € 0 € =.
/
For X4 = _0°*6, c08 8, = —0*2, By = 1°*77215425 radians,
gin 6, = 0*9737959%, '
_ . 02083 , 1+ 0°2 cos 8 — 0°97979590 sin 8]
fo = ————— (0°2 + cos 0)% log,
T ‘ 02 + cos 8
+ 0°111982585 sir © + 0°05875981 sin 20, .
0°52083 1+ 0*2 co8 & — 0*97979590 sin 6|
i = ~——— (02 + cos 0)% log, : 5
44 0*2 + cos © l
+ 0°34504354 8in 6 + 0°00935046 sin 28, -
0°3125 1 + 0°2 cos B8 — 0°97979590 sin O

f = - (0-2'+ cos 0)% 1dge

T

- 0*2 + cog 8 . )

+ 0704297388 sin 6 — 0°06811028 sin 20, .

- = s
oy

i

(2955%‘ 0+614943798 + 0°33764053b + 0-047;15é8o{

(ZPT)% = 00092885498 + 0°39278620b + 0°51432823¢,

Co = 0°3a + 0*5b + o0-2c,

e = tan $6{0°283a — 0+0835b — 0*2c — 0°416(b — &) cos 8}
for o< x <€ 06

= cot 30{0°30 — 0°125b — 0°175¢C = 0°625(b ~.c) cos 0}

for o6 € x< 1,

[ -

ond/



and
1 i ™
et = {o-ib — 0°130 - or2c} -0-41é(b — a) cos 8
1+ cos B
for 0 € x € 0°6 !
1 >
= {o*750 = 0*3n - 0*45¢} + 0°625(b ~ ¢) cos ©
1 ~ ¢c0os 9
for o046 € X< 1.
Y
For X, = 0+*7, ¢CO8 0y = =-—0"4, 04 = 1°98231317,
gin 9y = 0°91651514,
0°17857142 1+ 0°4 cO8 6 — 0°91651514 s
fo = -— (0*4 + cos 8)3 log,
.3 0*4 + cos B
+ 0014223710 sin 0+ 0°05633838 sin 20,
0'59523805 1 + 0*4 ¢co8 O —~ 0*91651514 sinej
£, = - (0*4 + cos 0)® log, .
A 9¢4 + cos © :
+ 035920968 sin @ + 0°02053873 sin 20,
6°416 1+ 074 cos § — 0°91651514 sin 6/
fa = — (0*4 + cos 8)%2 log, |
! 0*4 + cos B |
— 0*00144678 8in O — 0+*07687711 8in 23,
(sz)% = 0'655695655a + 0*31434788b + 0°02595648¢,
(EPT)% = 07121635480 + 0°42788172b + 0°45048279¢,
Co = 0°35a + 0°5b + 0°15¢,
e = ton $0{0°292857148 — 0+142857b — 0*15¢ — 0°3571428(b — 2) cos &
for 0€ x < 0°7
= cot $0{0*35a — 0*3b —~ 0°016c — 0°893(b -~ ¢) cos 8}
for 07 € x <€ 1
and
1 ™~
e! = {0°2142857b — 0064285712 — 0"15¢}
1 + cog B .
— 0°3571428(b — a) cos O for o € x § o*7 >

1

= —————— {1°16b — 0°350 — 0-81éc} + 0-85(b — c) cos ©
1 — co8 0

for o0°7 € x< 1.

/
Summary. /



8. Summary,

If the velocity distribution at the surface of g symmetrical

aerofoil raccording to the purcly linecr theory (Approximntion T of

art I) 1is Spe01f1ed, then the aerofoil shape mny be easily cnl—
culanted, Genernl’ formulee are given for the aerofoil ordinates,
both in terms of Fourier series and as an integr:l. If the
velocity daistribution is expressible as a single polynomial in x
over the whole chord (where x 1is the distance, in fractions of
the chord, from the leading edge measured along the chord), then
the Fourler geries terminatc and should be usged, It is shown how
the ordinztes may be dbtained analytically if, with the, chord
divided into any number of segmentis, the ve1001ty distribution is
expressible &8 & polynomial in x in each segmont. Simple
general formulae are also obtained for py, and pp, the radii of
curvature at the leading and trailing edges, and for those .quantities
(Cos €gs €g') whach ere required for calculating o much closer
approximation to the velocity distribution (Approximation III) for the
netual aerofoil obtained.

Formulae for the ordinntes ond for Prs Pps " Cos gy
eg! are set out if the approximate velocity distribution is
expressable as o quadratic in x in each of three segments into
which the chord is divided, ond the results for the case in which,
with the chord divided into two segments only, the velocity dlstri—
bution is <q@adratic 1n x in each of them ~re immedirtely obtain—
able, The formulae are then simplified for the cnge in which the
velocity is a linear function of =x in each of three segments;
the results for this cnse ore expressed in terms of the given values
of the 2pproximate velocity ot the leading and trﬂlllng edges and

at the joins of the segments, FPinally the formulae are simplified
st1ll further for the case in which the velocity dis n linear functiouw
of x in eoch of two segments. For this cnse tables nre.provided

from which the ordinates moy ensily be computed if the 301n between
the segments, which will normally be the position.of mhximum

velocity, is at x = 0°5, 06 or 0°7. For erght cerofoils of
this class, four with the Join at x = 0°+5 ond four with the
join at x = o0°6, numericnl values of the ordinates and-’of

PLs PT» Cos Ygy c£g, eg! and the velocity ot zero 1lift on
Approximntion IIT are given in the tobles; the results are illus—
troted by grophs of the ferofoil shapes ﬂnd of the velocity dis—
tributions,

'
' 1
'

i
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Table 1.

x x2 R A </ 2 e 2 2
_— ! S — e
0. 005 | 0.000025 0.00000012 | 0, 00000000 | 0, 00000000 ; 0.07071068 | | 0,00035355 ' 0, 0000CA 77 | 0. 00000001 %o 0OVOC000
0. 0075 : 0, 00005625 | 0, C0000042 | O, 00000000 ;o. (0000000 0. 08660254 0, 00064952 ' 0. 00000487 | 0. 0000000 0. LOOAN00
0.0125 | 0, 00015625 | 0. 00006195 l » 00000002 | C. 00000000 | 0. 14180340 | 0. 0013975k ; C. 00001747 | 0, 00000022 0. COCO0000
0,025 ; 0. 000625 0. 00001562 ! 0. 00000039 io 00000001 | 0.15811388 | G. 00395285 | 0. 00009882 | . 0. 00000247 ! 0, 0GO00006
0.05 | 0.,0025 0.000125 | 0.00000625 | 0, 00000031 } 0. 22360680 : O. 01118034 ' 0. 00055902 0.000027% : 0. 00000110
0.075 ! 0.005625 0. 00042187 | 0, 00003155 | 0. 00000237 | 0. 27586128 { 0. 02053950 | 0. 0015047 | 0, 00014553 * 0, Q0000866
0.1 . 0.01 0. 001 0. 00C1 i 0, 00001 1 0.31622777 0,03462278 | 0.0T516223 | 0. 00031623 1 0, 03305162
0.15 10,0225 0. 003375 0, 00050625 ! 0, 0000759% * 0. 33729833 | 0. 05809475 -o.ooawm §o 00130743 0. 00019607
0.2 Q.04 0. 008 0, 0016 | 0,-00032 o.up?2136o 0, 08944272 | 0. 01788854 | 0, CO357771 , O, 0071554
C.25 ' Q.0625 0. 015625 0. C0390625 | 0, 00097656 }o. 5 0. 125 | 0.03125 io 0078125 | 0.0C1953125
0.3 0,09 0. 027 0. 0084 0. 00243 i 00 54772256 | 0, 16431677 | 0, 01929503 ;o. 01178851 i 0. OC:;I+3555
035 10,1225 0. 042875 0, 61500625 | 0, 00525219 | 0.59160758 | 0.20706279 + 6. 07247198 1 0,02536519 : 0.00887782
Ouls 0,16 . 0, 064 0. 0256 0. 01024 1 G 63245553 | 0, 25298221 | 0, 10119288 b0, 007745 | 0. 1619086
0.45 * 0.2025 0. 091125 0, Q100625 | 0, 01845281 | 0.6?082039 0. 30186918 | 0.1358,113 | 0, 06112851 . 0. 0270783
0.5 10.25 0.125 0. 0625 0,03125 | 0, 70710678 | 0.35355339 | 0.17677659 | 0. 08838835 . 0. Q4LAGLAT
0.55 - | 0,3025 0. 166375 0. 09150625 | 0, 0503284 0. 7164985 | 0.40789092 | G, 22434000 } 0, 12338700 , 0. 06786285
0.6 10,36 0.216 0. 1296 0,07776 . | 0. 77459667 | 0.46L75800 ! 0, 27835480 0, 16731288 | 0.10038773
0.65 | 0.4225 0. 274,625 0. 17850625 i 0, 11602906 - 0, 80622577 | 0. 52L Q675 | G. 3063039 | 0, 22140975 ! 0. 14391634
0.7 0. 49 0. 343 0. 2,01 10,16807 | 0.83666003 | 0.58566202 | G.50996341 | 0, 28697439 | 0.20088207
0.75 0. 5625 0 421875 0. 31640625 | 0, 2373065 | 0. 86602540 | 0. 65951905 | C.48713929 | 0, 36535447 + 0, 27101585
0.8 0. 64 ' 0. 512 0. 1096 0.32768 i 0,894427149 | 0. 74554475 | 057243340 | O.LL79672 | 0. 36655738
0. 85 0. 7225 0. 614125 0. 52200625 | 0. 12.370531 | 0.92195645 | 0. 78356428 | C, 66611209 | 0, 56619527 | 0.148126598
0.9 0. 84 0. 729 0. 6564 0.59049  , 0. 94860330 | 0.8)381497 | Q. 76843347 | 0. 69159012 | G, 62203111
0.925 | 0.855625 | 0.79145312 | 0.73209k1L | 0,67718708 | 0,96176920 | 0,83963651 I'C. 82291577 | 0, 76119523 '0.70240560
0.95 0. 9025 0.857375 0. 4450625 | 04 7737809, | 0, 97467943 | 0. 92594546 :G.'a7964819 0, 83566578 : 0, 79388249
0. 275 | 0.950625 0.92685537 | 090368789 | 0. 88109569 | 0. 98742088 | 0. 96273536 | 0. 93866697 | 0. 91520029 . 0. 89232029
0.9875 | 0.97515625 | 0.96296680 | 0.95092971 | 0. 9390309 i 0. 99373035 | 0.98130872 | 0.9690236 1 Q. 9)o9¢931+ 0. 9% 96771
et i e B A e it e b Bt . e s - e e ey v el e — o e e s e it A . e . e
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Table 1 Contd.

ha e Cos8 Cos 29 Cos 30 Sind Sin 20 Sin 38
0 0 1 1 4 o 0 0
N 005 0. 141539  0.99 Oe 9602 0.911196  0.1440674  0.2793135 O 4149733
Ja 0075 0.173422 0.985 0.9hOL5  0.8676865 0.17255L.3  0.3399320  0.4971447
0. 0125 0.22,075 C.975 0.90125 0.782L375 0Q,222200,.9  0,1,332996  0.6227293
0. 025 0.317560  0.95 0. 805 0. 5795 0.3122,99  0.59327,8  C.8149722
0 05. 0.451027 0.9 0. 62 0. 216 0.4358899  0,784,6018  0.976393L
0,075 0.554811 0,85 0s 445 ~0. 0935 0.5267827 0.8955306 Q9956193
%o 0. 643501 0.8 0. 28 -0, 352 0,6 0. 96 Ve 936
Ce 15 0.795399 0.7 -0, 02 -0, 728 0. 7441428  0,9998000 Q. 6855771
22 0.927295 0.6 -0, 28 ~0.936 0.8 0. 96 0.352
Te25 1.0L7198 0.5 -0, 5 -1 0. 866025,  0,866025,. O
Je 3 1.159279 Q.4 -0, 68 =0 944, 0. 9465151 0.7332424 -0.329945.
Je 35 1.26610. 0.3 ~0.82 -0, 792 0.9539392  0.5723635 -0,6105211
Cu k. 1.369438 0.2 -0.92 -0, 568 0.9797959  0.391918,. ~0.823®S5
0e2t5 1.470629 0.4 -0, 98 -0, 296 C. 9949874 0.1989975 -3. 9551879
2.5 z 0 -1 0 1 0 -
Ja 55 ﬂ—1.h$0%29 -0e 4 -0, 98 0. 296 0, 994,987, ~0.1989975 ~0.9551879
Ve 6 7i~1e 369438 0.2 -0.92 0. 568 0,9797959 =0.391318L ~0. 8230285
2 65 R"i=1.26610 <0, 3 -0. 82 0.792 0,9539392 -0.5723635 -~0,6105211
0.7 %=1, 159279 -0.% -0, 68 0, 42, 0, 9165151 =0, 7332121 -0, 3299454
75 71,7198 -0.5 =05 4 0. 8660251, ~0,866025, O
8 70, 927295 ~0.6 ~0.28 0. 936 0.8 -0 96 0. 352
0s 85 7=0. 795399 ~0.7 -0, 02 0. 728 0. 7141428 -0,9998000 0, 6855771
¢, 9 7=0. 643501 -0,8 0.28 0. 352 0.6 -0, 96 0. 936
06925  7-0.554811 -0.85 Os 415 0. 0935 0.5267827 -0.8955306  0.9956193
0.55 7=-0.4.51027 ~0.9 0. 62 -0 216 0.4358899 -Ca 7846018  0,5763934
0,975 ®-0.317560 -0.95 0. 805 -0.5795 _ 0.3122499 -0,5932748 0. 8149722
C,9875 w®-0,22,075 -0.975 0.90125 <0.7824375 0.2222049 =0, u;igsa% 0. 6223293
1 = -1 oo -1 0

Cosect

—— — e . s e s i

7.0088100
5. 7952772
4. 5003508
3.2025631
2. 2941573
1. 8983159
1. 6666657
1. 4.002802
1.25

1. 1547005
1. 0940835
1. 082848
1. 0206207
1. 0050379
1

1. 0050379
1. 0206207
1. (4,.828,8
1. 0940895
1. 1547005
1.25
1.4,002802
1. 6666667
1. 8983159
2, 2941573
3. 2025631
4. 5003508

o0

Tan 1/2 6 Cot 1/2 ©
0 [ o)
0. 0708881 4L, 1067360
0.0869291 11.5036225
0.1425088 8, 888191,
0.160128%  6.2,2.9980
0. 2294157 4. 3588989
C. 284,747, 3,5118846
0.3333333 3
20 4.2008,.0 2,380,761
0.5 2
0. 5773503  1.7320508
0. 6556037  1.5275252
0.733799%  1.3627703
0. 8164966  1,22,7L49
0.9C453L0  1,1055416
1 4
1.1055416 0. 9015340
12247449 0, 8164966
1.3627703 0. 733799
1.5275252 0, 6546557
1.7320508 0, 5773503
2 0.5
2.3804. 761  0,42008.0
3 0. 3333333
3.51188,6 0, 28,747k
4,3588989 0,229,157
6,24,4,9980 0, 1601284
8.88819%4  0,1125088
oo 0

Teble 1 Contd./
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1 sin 2| 9 = Oy 1
X - = loge e where 94 =2 sin“ﬁ(ﬁ, for
T sin z (0 +94)
_________________________ e ot e e e
_1 )C.! = 0uh X1 = 0,6 X.i = 0.7

0 0 G 0
0. 005 Ts Q452046 0, 0368887 0. 0205645
0. 0075 0. 0551808, 0, Q2616 5 0. 0362682
0. 0125 3. 0719298 0. 05861715 0. WL5ST70S
0. 025 0, 1028257 0, 0837135 0. 0669820
0, 05 v 1486969, 0, 120677 0. 0963413
0. 075 0. 1864.283" 0. 1507679 0. 1200769
0 1 0. 2206350 0. 4777150 0. 1411922
0, 15 Ce 2850746 0, 2275823 0.1797020
Ca 2 04 34:96992 0. 275979, 0u 2163430
0.25 0, 1192007 0. 3258655 0.2534727
0.3 0. 4987277 0.3797153 Qe 2916641,
0. 35 0. 5551555 Q. 4204211 0. 3332602
O s 0. 7257037 0. 5123000 0. 3797153
Q.45 G 9527725 0, 6030569 0. 4355256
G. 5 oo 0. 7257037 0. 4587276
0. 55 Ce 95277205 0. 9463087 0. 5828055
0.6 0. 7297037 oo 0. 7025653
0. 65 Gu 5564555 0.9329715 0. 9118480
O 7 0. 4887277 0. 7025653 o%
G 75 Cu 192007 Ou 53510943 0. 8312915
0e & Q. 3496252 0. 4537203 0. 6399139
0.85 2, 2350745 0.3624252 Q. h.8H1.927
Co 9 Ca 2206356 0. 2759794 0. 3575355
0. 925 0. 1864283 0. 2317372 0. 2966626
0. 95 0s 14869695 Us 1358183 0. 2326667
0. 975 0. 1028257 0. 1264500 0. 1589390
0, 9875 0. 0719298 0, 0BL230,. 0, 1105062

1 G 0 0
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Table 2(b)/

Teble 2.§a)
Values of fo, £, £,
- : Kqe= 0D J - XJl = 0,6
x T T T T T e e s e e e e e e e e
fo % f'] H L0 ' fO f1 1 f2
0 C | 0 ! 0 .0 ' o, 0
0. 005+ C.0397591 | 0,0259206 ;0. 00L8L50 10,073092) + 0, 0210787 | 0. 0033625
0,007 0, 08430, ¢ 0. 03182081, owbmgﬂ:oxwmga;gaoz%wﬁ 0. 0041242
0.0125' 0. 0615535 0. (415053 + 0. 00769585 | G, 0672124, 0. 0585502 ,0.0055599
0,025 + 0.0851278 + 0,0600287 , 0.010558L" | 0.0928721 | 0. 0056252 : 0. 0076077 .
0,05 0,1138358 | 0. 08834865 .0.01;7605 i 0,1253352 | 0,0816872 | | Co 01092255,
0,075 ' 0.1315643 | 0,11220447 | 0,0196230 | 0. 1462412 | 0.1035628 | 0, 0435873 .
Ou 1 0. 1430482 | 0.1335036 | 0,02304,82 | 0.1606292 | 0.1234274 | 0. 0159438 +
015 0.1542388 1 0.1735688” § 002926385 | 0.4774241 | 0.1597,77 | 0. 0201996 -
0,2 ! 0.4551349 | 0,2097302 30.03513a9 0.1827927 i 0, 19501815 0, 0241891
0.25 ' 0,1492427, | 0,242780 , 0. 0409896 | 0,1841334 | 0.2237,967| 0, 0284300
0.3 1 0.1387088 | 0.272491h5 | 0.0470573 | 0.1741958 | 0,2518969 |0, 0321659
0,35 | 0.1251050 | 0,2933050 | 0. 0535596 | 0.16339515 | 0.2774559 10.0364185
Gl ' 0.1097616 | 0.3193645 | 0, 0607718 | 0. 1498258 | 0.2990452 | 0. 0410270
C045 1 0,09359979 i 0.3343727 | 0.0691232 | 0.1544216 | O.316906k |0, Q61657
0.5 ; 00795775 1 0.3,.08451 | 0.0795775 | 01180635 | 0, 329841k | 0. 0520952
0.55 | 0,0691232 l0 2343727, 1 0.0939979 | 0,1016997 | O.33652L6 %0.05926945
0u6  + 0.0607718 | 0, 3193685 | 01097616 { 0,0366910 | 0. 3324076 10, 0687993
0.65 . ' 0,0535596 | 0,298%050 | 0,1251050 | 0,0751363 | 0.34189395 |0, 0828938
0.7 .} 0uQ470573 ; 0.272491ks5 | 0.1387088 | 0. 06540505 | 0, 2947450 | 0. 0981076
(0,75, | 00409896 | 0,242780L" + 0. 1492627 | 0.0566128" | 0. 2644170 50.1119825
0.8 ., 0.0351349 | 0.2097502 | 0,15513L9 " 0, Q483008 | 0, 2292180 10, 1224,512
0,85 | 0.02926385 | 0.1735688. | 0.1542388 | 0. 0400842 | 0,1899101 0. 1270772
. 009 1 0,02304827 | 0.13390365 ¢ 0, 1430682 | 0, 0314786 | 0.14630355, 0. 1222179
0,925, ¢ 0, 0196230 \ 0.1122064” ! 0.1315643 | 0, 0267670, | 0,1223954 {0y 1142293
0.95, . 0,0157605 .0.08834865 1 0.1138358 0, 0214738 | 0.0961526 }0.1003185
. 0,975 ' 0,010968) | 0,06002877 | 0. 0851278 | 0.0149289 | 0.0651348 0. 0760643
0. 9875 | 0. 00769585, | 0, O445483 | 0,0618583 | 0, 0104695 | 0 OB50012 {0, 0556317
AT 0 ; 0 ' 0 0 o 1 0
“““““““““““““““““““““““““ .“"""“"""‘""'""'"""‘["“'""-'""'""-""-"‘""""":“'"’"""‘:"""""""
X4 =07 - i i Xy = 0sv
X T S5 S e e e x | T e e s . — _i ----------
£, £y Y | £ i T } £,
0 o i 0 o ‘ |
0,000  0.0460015 0,022,084 ; 0.0021254 05 o.ajoaassi 0.3117148 | 0.0318017
0, 0075 | 0, 0564182 + U, 0275539 - 0. 0026051 ; 0. 55 0. 1396794 | 0. 3221002 | 0, 0557140
0e 0425 0,074876L . 0.035853%3 | 0,0033727 1 0.6 < 0,1225016 | 0, 3271749 | O. 0401214
0,025  0,0996367 ' 0, 054CLB | 0. 00O t 0465 | 0.1050678 jo.325:+809l 0. OLL61.209
0.05 . 0,4352773 . 00757753  0.,0068918 1 0.7 ¢ 0.0890545 | 0. 3441619 1 0. 0550412
0,075 . 0.158884; ; 0,0959398 ! 0, 0085671 ' 0,75 | 0.0759642  0.2880519 | 0. 0683966
0s 1 ;0.1757357, 0. 1142214 1 0. 0100452 1 0,8 0, 0642757 | 0.2524444 | 0. 0833099
0e15 . 0.1967332 1 0, 1476334 | 0.01270481 0.85 - 0.0530370 | 0, 2100374 | 0,0939970
0,2  0.2065073 ! 01783091 | 0,01548%6 | 0,9 ° 0. QW1L727 | 0, 1617576 | 0, 0967697
0.25 1 0,2085910 0.206806L= 0, 0176453 ; 0,925 , 0,0352028 | 04350739 | 0, 0931146
0.3 0. 2050035 ' 0.2334701 | O. 0200840 0,95 . 0.0281968 | 0.1057935 | 0. 0839546
0435 mwm%eo&ﬂmw 0, 0226588 1 0,975  0.0195749 | 0, 0713596 | 0. 0654190k
Ok, 0.4858536 | 0.2786341 | 0, 0254102 @ 0. 9875 0.0137187 | 0. Qk91710 ! 0, 082127
0l ¢ 0.4720891 | 0.2969835 | 0,02842.0 1 4 0 0 ; 0



At
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0. 019412
0., 0274023
0. 0335002
0, 0386128
0. 0430921
0. 0471200
0. 0508032
0. 0582124
0. 0573965
0. 0603942
0. 0659145
0. 0709362
0. 0755567
0. 0798463
0, 0838563
0, 09289214
0. 1008470
0, 107881€
Ou 1142509
0.1253352
Os 1346857
0. 1426757
0. 1495532
0. 1554941
0. 1606292
0, 1688639
O, 1708463
0. 17689793
0. 1615537
0.1827927
0. 1628735
0. 18194.08
0, 1801162
0, 1775044
e 1744958
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Table 2(Db).

Valuss of fg, £4, f2 for X4 = Q6.

0
0, 0106954,
0. 0151515
0. 0185883
0. 0215003
0. Q240737
0. 0264.21L,
0, 0285863
C, 0506112
0. 0325222
0. 0343383
0. 0377402
0, 0408981
O. 0«’4-3861[.6
0, OL66764
0, 0493593
0. 0556252
0, 0614415
0, 0663426
Ce 0719982
0. 0816872
0, 0907620
0, 0993864
0. 1076625
0s 11565601
O, 1234274
. 1383989
0, 15276410
0. 1666467
0. 1800254

0. 2056103
0, 2476039
0, 2295926
0 25,09632

0.2518969_

sk b e o e gy i e g

o et e ot Gt oy 2t g

0. 00150035
Q. 0024229
0. 00260155
C. 00300585
0, 0033625
0. 003068555
0. 00398315
0.00&76925
0. 0052305
0, 0565615
0. 0060538
0, 0064287
0. 0067844
0, 0076077
0., 0083587
C. 00905555
0. 00971014
0, 01092255
0, 0120391 5
0, 0130852
0. 010775
0. 01502755
0. 0159138

0. 01937925
0, 02104 005
0. 0226086 5
Qe 024183
0. 0257625
0.02735845
0.02892545
0, 0%05316
0, 0324649

—————————————

o g e . g

b e . g

I
h
!
i

t

— o e e ——

0. 1702728
0, 1658087
0, 1608713
0, 1555238
0. 17.98258
0. 1438349
0, 1376070
0s 1311979
0, 121,.6639
0s 1180635
0, 114,590
0. 1049199
0, 0985280
0, 0923906
0. 0866910
0. 0817391
0, 0772545
0. 0730845
0, 0694524
Oa 06540505
0, 05618049
0. 058320,
0, 054924
Co 0515924
0, 083008
C, 0450253
0. 0417399
0. 0384442
0. 0350105

| 0s 0314786

0. 0277446

0, 0236877 -

0. 0150755
0, 0133085
0

e e e e e o et i e

0. 2623704
0. 2723559
0. 2818217
0. 2907316
0. 2990452
0. 3067168
0. 3136951
0. 3199219
0. 3253300
0, 3298414
0, 3333621,
0, 3357773
0. 3369346
0. 3366158
0w 3300768
0. 3295774
0. 3228627
0o 3146819
0s 3052577
0. 294, 74,50
0. 2832647
0. 2709016
0. 2577409
O' %B&FOG
0. 2292180
2. 2139960
Ja 1981003

} 9. 1315543

0. 1643189

| 0v 14630355

0. 1273262

0. 1070245

0. 0345838

0. 0577287
0

et e i -

. o o s

et e s g e o e

0. 03383295
Ca 03551;1;.15
0, 0373070
0. 0110270
0, 0430068
0. 04,5088
Os 0“-72??65
0. 04960595,
0. 0520952
0, OBL.77

Ce 05?700._5
0. 06092135
0 0647521
0, 0687993
0. 07406995
0. 0798824
0, 0859419
0. 0920663 5
¢, 0981076
0, 1039323
0.11441?85
0. 1188433
e 1224512
0. 1251661 5
Cal 2676585
0, 1270185
0. 1256324 5
0. 1222479
0. 1162224
0.ﬁ0677765
0, 0922999
0, 0689628

0

S
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0. 11667,

0.0092917 ;
0,0113774 |
0.0146801 |
0.0207311 |
0.0292173 |
0,0356319 !
0. 0409349 ,
0. 0494898 '
0.0561808 |
0. 0614594
0.0655052 :
0.068565)
0.0699939 |
0.C702377 |
0.0686998 '
0.0645991,

0.058889mi
0.0524482 *
0. 0447305 |
0.0369216 .

.0,0289801,

0,0211617

0,0137345 |
0.0102582

0.0069866 |
0.0039 21} |

o.oozaos1i
|
!
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Table 3 (a)

Aerofoil A.

= 0-5
= 0.2, ¢ = =0.11, (b—a)/-_@ = 0.16666
0.008642 Pp = 0.00016k
0,1016675, e = 1,10701
. Y¥s 1 ey e  g/U for ¢, = O
__________________ S N SO UUOND A s U
| | | '

L 0.1315 1 0 10,0075 | 0
0.1317 | 0.,0011 ! 0,0082 0.8220
0.1319 | 0.0014 i 0,0085 | 0.8940
0.1321 | 0,0018 0,0092 | 0.9679
0.1328 | 0.0027 | 0.0108 | 1,0383
04Z4t | 0,004 | 0,01425 | 1,0830
0.1353 | 0.00605' 0,077 | 1.1018
0.136k5| ©0.0078”, 0.0213 { 1.1138
0.,1386" | 0.0116 | 0,0287 | 1,1305
0.140ks . 0.0158 |  0.0365 | 1,143
0.14197 1 0.0207 | 0,0447 1.4546
0.1429 . 0.0262 ; 0,0536 ° 1.1652
0.1433 . 0.032L i 0.0631 ! 1.1751
0.1429 | 0,0395 | 0.0736 | 1.1846
0.1412 + 0Q.0475 | 0.0852 | 1.1938
0.1374 | 0.,0567 | 0.0983 | 14,2027
0.12985 | 0,0653 |  0.0739 1.1686
0.1202" | 0.0716 i 0.0509 1.1350
0.1093 | 0.0757 | 0.0291 ! 1.1017
0.0976 | 0.0777 : +0.0082 1.0689
0,0853 i 0.0775 | =0.0119 1.0366
0.072hg! 0.0748 | =0,0315 1. 0049
0.0593 1 0.0694 | =0,0507 0.9736
0.0458 | 0.0602 | ~0.069.k 0.9430
0,03895; 0,05365| -0.0786 0.9277
0.0321 0.0450" | ~0.0877 0.9126
0.0251 | 0.0327 | -0.0968 ! " 0.8972
0,0216 | 0.023L | -0.4013 0,8881
0.0181 | 0 ~0,1058 0

1

Table 3 (b)/

i
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Table 3 {b)
Aerofoll B.
X1z 05
a = 0,15833, b = 0.2, ¢ = ~0,11, (b-ay&, = 0.0833%
py, = 0.012033, pp = 0.000220
Co = 0,1120825, e = 1,11061
|
x| ys L VYs gg | S'g | 9 foro =0,
———————— s et 4t s - g ——— v o v o T e gl e gt A el ol o T (8 ot
|
0 0 0.1551 0 D 0,0231 "0
0.005 | 0,0109480 : Co1552 | 0.0033 ! 0.07355 0.7879
0,0075 | 0,0133949 | o0, 1rh99 C.0040 | 0.0238 0.8710
0.0125 | 0.0172571 1 0,15537 |, 0,0003 ' 0.0242 | 0. 9607
0,025 C.0202775 { 041555 0,0076 1 0,0253 | 1405C2
0,05 0.0339597 | 0.1558 | 0,0111 | 0.0275 ! 1,1070
0,075 | 0.0k11129 ¢ 041561 0,0441 1 0,0298 j 141295
Cot . 0,0468942 | .0,4563 | 0.0168 | 0.0322 101422
Qe15 | 0.055915h ; 0,1566 | 0,0221 . 0,037 | 144575
0.2 | 00026437 1 0.,1566 | 0,0273 | 0,042k 1.1674
0,25 + 0.0676768 | 0,1563 | 0,0327 | C.0u82 | 1.1751
003 | 0,0712838 1 0,15555 | 0.0735 ' 0,0545 l 1.1816
0.35 | 0.0735773 | 0.1543 0,0L46 . 0.0614 1.1873
Quy 1 0,07h5666 | 0.1522 [ 0,0514 | 0,0691 | 11925
Qsk5> | 00741537 Q41h30g | 0,C088 ; 0,0778 | 161974
0.5 , 0,0720150 1 0.1440° | 0,0671 | 0,087 1 1,2018
0.55 1 0,0674790 | 0.1356 0.0747 © 0.0644 1.1676
0.6 0.0614241 ° 0.12BL ( 0.0801 ' 0.0423 | 141338
065 0,0543795 1 0.,1140 | 0.0833 0,021 | 1,1005
Go 7 0. 0466309 | 0.1019 00845 4+0,00C8 e 0677
0.75 0.0386293 | 0,0892 0.0835 ;=0,0189" | 1. 0351,
0.8 0.03C%441 | 00,0761 0,0800 ; ~0,0380s 1.,0036
0,85 | 0,0223608 | 0.0627 | 0,0738 | ~0.0568" | ' 0,9723
0,9 ' 0.01%6946 | 0,090 | 0.0637 | -0.0752 | 0,9416
0,925 | 0,0110757 | 0,04205 | 0,0566 | ~0.0842 | 05,9262 -
0,95 | 0-0076L32 | 0.03517 | 0.0h74 | -0.0972 0,910
0,975 | 0.00L3783 1 0,0280 | 0,0343 |, ~0,1022 ! 0,895
0.9675 | 00027237 | 0,0245 | 0,02455 ! -0,1066 | 0.8865
1 | 0 0. 0210 0 ; ~0,1110 1 0

Table 3 (o)/
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" Table 3 (o)

éerofo{l Ce

1

0

0. 141904535, (b - a)/Xy =

= 1,09822

0416666
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0.005
0,0075
0,0125 -
0,025
0,C5
0.075
0.1
0415
02
0.25
0uJ
0.35
Ol
0.’4‘5
0.5
0.55
0ot

0.65

i
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OQO0.00000
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040203811 !
0.0287145 .
0. 0350058 |
0. 0401995
0.0485561 |
0.0550598 {
0.C501516 !
0,C6L0038 |
0.0666566
0.0630550
0, 068CH2L,. |
0.0661609
0.061600). |
00553875
Oo 0’4—81 568 H
0.0403051 |
0.0324601 |
0.0240309
0.,0162408
0.0091706
0.0060607
0.0033347
0,001205L,
0,000,296
0 1
i

+

1 e e s ot s et o o

< Rq o= ‘0:2
= 0.2, ¢ =
0.008358, Py
0.093691k, 60
CalTs l i

W P g ]
04293 | O
041295 1 0.0017
0.1297 "~ 0.00205
0. 1299 % 0,0027 ¢
0.1305 ' 0,0040
0413175 | 0.,0062
0.1329" | 0.0083
1340 | 0.010L
0.1360 | 0,049
0.4389" ' 0.0253 |.
0.1397 )] 0103124- &‘
0.13975 | 0.0383 I’
0,1389” ; 0.0460
0. 15675  0.0547
0,1%23 1 0,0646
0.1238 1 0.0739
01131 | 0.08CT7 |
0.1010 | 0.0851 |
0.08795 : 0.0871
0,0743" | 0.,0867 l
0.0601 0.0336
0. 0455 0.0774
0.0306 | 0,0671
0.0230 | 0.0598
0.0154 | 0,0501
0.0077" | 0,036k
0.0039 00,0260

0 0

0.0115
0,0122

0.0125
0,0132
0. ML9
0501815.5
0.02205
0.0257
0.0334.
04 Cl L

0.0500 |

0.,0593
0.0693
00,0803,
0.0925
0.,1063
0.07955
0,050
+0.00755
"Oo01 14-6
~0,0364
-0,0777
~(1,0378
~0,0979
"‘Oo 1079
-0.11285
""On 1 178

0.8282

0.8993
0.9720
1.040%5
1,084
1.1029
1.1146
1.1310
1.1437
115485
1,1652
1.1751
1,184
1.1934
1.,2020 |
1.16L6°
1.12765
10913
1.0555
1,0203
0.9858
0.9519
0.9188
0.9025
0,886
0.870L
0.0628
0. 8547

T~
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Table 3 (d)

Aerofoil D.

i = 045

a = 0.15833, b = 0,2, o = =0.14691, (b - a)/X, = 0.0833h

oL = 0.011647 pp = 0.000000
Co = 0.102855, P’ = 1,10833

X ¥s CWs Es e's ' /U for Cp = O

o 0 ' 0.1526 | 0 L 0.0277 j 0
0,005 ' ©,0107692 | 0.1527 | 0,00395 | 0.0262 | 0. 7948
0.0075 | 0.0131755 10,1527 : 0.00485, 0.0284 | 0.8771
0.,0125 ' 0.0169731 |0,1528 | 0,0063" | 0,0289 0.9656
0,025 ; 0,0238727 |0.1529 | 0.00905 ' 0,0300 1,053
0,05 . 0,0333780 |0,15315 ¢ 0,0432" ¢ 0,032h | 1,1089
0.075 | 0.0403886 ; 0.1533 2 0.0167 | 0,0348 | 1413065
0vt  * 0.0460k35 10,1535 | 0,099 | 0.0373 | 101431
0415 0.0548352 |0,1536 . 0,0259 | 0.0426 141580
0.2 | 0.0613469 ;0.,1534 ! 0,0319 | o0,0482 | 1.1677
0,25 1 0.0661639 |0C.1523 ' 0,0380 | 0.0543 141752
0.3  + 0.0695469  C.1518 , 0,045 @ 0,0611 1.1816
0.35 | 0.071600L ;0.1501 | 0,05tk [ ¢,0685 |  1,1872
Ou4 0.0723235 | 0.1476 ' 0.0589 | 0.0768 ; 11923
0.45 | 0,0716023 1041439 , 0,0671 1 0.0862 | 1.1969
0.5 - 0.0690778 [0,1382 | 0,0763 ; C€.0971 | 4.20%0
0.55  0.0640096 |0.1287 © 0,0847 0,0710  ; , 1.16295
0.6 0,0573698 ' C.1171 , C.09C6 * 0Q.0b63 14 1251
0.65 0,0497619 - 0.1043  0.0942 . 0.0227 "1 41,0884
0.7 1 0.0415712 0,0907 | 0.095h  +0.0000 1.0521
0.75 + 0,0331207 {0.0765 @ C,0941 . -0,0220 | 1,016
0,8 0,0247181 10,0618 . 0.09C2 | -0,0434 0.981L
0,85 0,0166379 | C.OLE7  0,0831 | =0,0643 ! 0. 9471
0,9 ' 0.009417 |0.0314 ! 0.0747 | ~0,08.8B | 0.9135
0,925 | 0,0062196 i0.0236 . 0.0637 | -0,0949 , 0.8972
0,95 1 0.00345 | 0.0158 10,0533 ' ~0.1050 | 08809
0.975 | 0,0012362 10,0079 | 0,0386 | -0,1150 0.8648
09875 | 0,0004405 '0,0040 | 0.0276 ' -0,1499 ; 0.8568

1, 0 0,0000 | O | «0,1249 | 0

Table 3 (e)/
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Table 3 (&)

serofoal B.

' Y4 = 0.6
‘A = 041, b = 0.2, c = «0.141, (b=-a)im = 1/6
pr, = 0.00766k4 pr = 0.,000409
C, = 0,108 o = 1,11405
x | v ‘, '1|fs ‘ Eg ' £y ’Ofui'oroLzo
! ! ' .

0 0 10,1238 1 0 1 -0.00L0 0
C.005 : 0.008755%  0,1241 ' =0.0005 |-0.0034 ! 0.830
0.0075 i 0.01072,1 1 0.1243 |, =0.0006 | -0,0031 ! 0.897
0.0125 | 0,0138439 C.1246 @ =0,0008 '| =0,0025 | 049659
0,025 | 0.019577k !0.425k | -0,0009 ' -0;0009s | 1,0297
0,05 0.0276695 | 0.1270 ' -0,0009 |+40,00215 1, 0700
0.075 | 0.0336421, . 0.1285 | =0.0005 | 0.0053" | 10872
0ut 040389945 041300 | +0,0001 = 0,0085 .  1,0982
0e15 1 0,047LHOC :Q.1329 |  0.0019 ; 0,0151 1,1139
0,27 1 0,05L2221 10,4356 | 0,0063 © 0,0229 | 1.1263
0425 0.0597689 | C.1380 0.0074 | 0.029% | 1.1373
0.3 0,06L2608 ' 0,1402 '  0.0411 | 0,0371 141476
0435 0.0677647 10,1421 |  0,0155 | 0.045k | 1,1575
Ol 0.07027865 1 041135 | 0,0207 | 0,054k ! 1,1670
Ouh5 0,07178527 1 0. 1442 | 0,0267 0.0643 | 1.1762
0.5 0.0720k15 O, 40kt | 0,0337 ' 0,0753 1,1850
0.55 | 0.07095525 0.1426 , 0.0418 | C.0E79 1.1936
0.6 . 0.06798277 1041388 1+ 0.054 g 0.1025 i 1,2018
0.65 0,0621032 {G4130k * 0,060k . 0.0723 | 1.1589
0.7 0.05L6977 10,1194 | 0,0666  0.0436 | 1,1168
0.75 0.0162267 | C.1068 | 0.0699 40,0161 | 1.0754
0.8 | 0,03721005 ,0,0030 | 0.07025 , -0.0103 | 1.0348
0.85 0,0280119" 10,0784 | 0.06727 | -0.0359 ! 0.9949
0.9 C.0M896L46 | 0.0632 | 0,05975 | -0.0608 | 0.9558
0,925 | 0.0145905 {04053k | 0405387 |-0.0731 | - 0.9363
0,95 'iI 0.0103429 [0.0475 | 0.0456 -0.0852 | 0.5168
0.975 i 0.0061531 |0.039% | 0.033h |-0.0971 | 0.8962
0.9875 | 0.0039277 | 0.035% | 0.0240 | —0.1031 | 6.8828

7o 0.0313 0 | -0.1090 | 0

S | i '
N B e e e e e e

Table 3 (£)/
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0.0109097
0.0133500
0.0172045

0.0242220

. 0.0339362

0.0470260
040562962
0.0633617
0,0688256
0.0729706

0.07593544,

0.G777629

0,078,663

0.0779473
0. 0760402
0.0723173
0. 0659L0¢
C.C579679
0.0490573
0. 0396251
0.0300164
0,0205365

' 0,01592835

0,0114166
0.00689955
(. O0k4512
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Table 3 (£)
dero. 01l T
X‘I = 0.6
= 0.2, ¢ = =0.11, (b=-a)/X = 1/12.
0,011943, g. = 0.000645
0,123, eCo = 1,13089
\Ils i €y e! 5 L q/0 for O = Q.
{
Ca 1546 ! 0 - 0.0135 0
0.1547 | C.0024 0,014 0.865L
01049 | 0.0031 | 0,0145 0.9540
0.1551 |, 00,0045 | 0.0154 | 1. 0424
0.1557 1 0,0067 1| 0.0174 10984
0.1562 | 0.0086 | 0,019k | 141206
0e1568 ¢ C,0104 » 0,0215 | 141331
0.1577 | 0.0140 | 0.0258 1.1482
0,158k | 0.0177 , 0,030k | 141581
0.1589 | 0.0216 | 0,0354 | 1416575
0.1592 | 0.0259 | 0.047 | 1.1723
C.1552 ! 0.0305 ' 0.0466 ] 14,1781
. 0.1587 | 0.0357 | 0,055 1,1834
0.1577 |, 0.041h , 0,0603 | 1.18825
0.1559 | 0,0478 i 0,0687 | 141927
C0,1528" 1 0.0552 | 0,078h | 1,1969
0.,1476 ' C©,0637 ' 0.0900 | 1.2006
0.1382 | 0,0715 | 0.0607 | 1,1575
0.1265 | 0.076k . 0.0329 1,1152
044133 0,0786 40,0061 | 1,0736
0.0991 | 0.07775,~0.0197 ! 1.0328
0.0841 - | 0.0735  '~0.,0447 | 0.9928
0.0685 | 0.06475:~0,0692 | 0.9535
0.0605 | 0,05617|-0,0812 | 0.9337
0,052 | 0C,0490 |~0,0931 | 0.9142
0.0442 | 0.0358 |~C.1048 | 0,8928
0.0LC1  + 0,0257 |~0,1107 | 0.8779
0.0359 ' 0 i-0,1165 | 0
|
H
b

-t 9 e T Sy -

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

Leroloil G.
aulotol. =

X = 08 ‘
a = 0., b = €2, ¢ = =014, (b a)/fqy = 1/6.
p1, = 0.C07L89, Py = 0.000125
Co = 0,102, efo = 1,10738

X | Vs ‘ Vs } €y : S's .¢/U for Cp, = O,
———————————————————— U L G 8 B S G b S D el P R ik e v o ol L D AR ot B el o8 rrd ek kil P e S G ek ol y Mk i v Tl e b o

o oo | ow122 | 6 ¢ -o.0010 ! 0
0.005 ' 0,0086542 | 041227 | -0,0001 '@ =0,0004 . 0.8346
0,0075 | 0.01059935 | 041229 ! -0,0001  ~0.0001 0,9014
0.,0125, 0,C1368577| 0.1232 | -0,0001 , +0,0006 . = 0.,96835
0,025 | 0.0193492 : 0.1239 | 0,0000  0,0021 1.03467
0,05 | 0,0273418 | 0,1255 | 40,0005 ' 0.0053 1.07095
0,075 | 0,0334345 & 0,1269 | 0,0012 - 0,00855 | 1.,0379
0ot 1 0.0385162 ! 0.128L f 0,0021 0.01185 1,0930
0,15 | 0.046B340 | 041312 | 0,004 G,0187" - 101143
0.2 | 0.053496L @ C.1337 . 0.007> 0.0258 1.4266
0.25 | 0.0589250 | G41361 ' 0.0109 0,0334 | 1,1375
0.3 , 0.0632959 | 0.1381 ! 0.0151 . U041k 1.1478
0,35 | 0.0666721 | C.1398 * .0159  0.0501 1.1575
O.h | '0.0690L78 | 041409 . 0,0256 = C,059L 1.16695
Oeli5 0.0705602g | 0.4 | 0.0321 ' 0,0698 1,17605
0.5 ' 0.070.813 } 0.140 ¢ 0.0397 . 0.0813 41,1048
0.55 | 0,0691772 . 0.1391 | 0.0485  0,0065 . 11931 _
0.6 0,0659187. | 0.1346 . 0.0588 0., 4100 1,201
0.65 % 0.0596964 | 0.1252 « ©.0634 , 0.0770 141543
0.7 © 0.051754 | 0.4129 | G,0750 1 CLOLET | 4.1085
0.75 | 0.0420672 , 0.0990 | 0,078k +0.01575 . 1.0635
0.8 1 0.0335365 ! 0,0833 | 0,0785 =0.01317 1,0196
0.85 | 0,0241996 | 0.0678 @ 0.0749  ~0.0411 ! 0.,9766
0.9 | '0,0152981 , 0,0510 ! 10,0665 :-0,0683 09345
0.925 | 0,0111636 | C,0424 | 0,0598 0,087 G. 9140
0.95  0,0073333 i 0.0336 | 0,0506 , =0.0949 . - 0.3935
0.975 | 0.0038713 ! 0.0248 | 0.,03705 | =0.108C ! 0.8732
0.9875 1 0.00225875 1 0,0203 . G.0266  =0.1145 0.6622

1 i 0 | 0.0158 0 ' -0,1240 ' 0

| H
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wable 3 (h)

Aeroioil H
X = 0.6
a = 015, b = 0.2, ¢ = -G48, (b ~a)fKy = 1/12,
P, = (,0M1681, Pp = 0C0151
C, = 0.1158, o = 1,12277

x Ve Cy e, 1 Bl 'q/U .oz 0p, = O,

o o0 0,58 ' o oot 0
C.005  (,010G7357 0,153C ' 0,002k | 0.0175 ' 0. 78775
0.0075  0.0132015  0,1530 0.0030 | 0,0177 ' 0.8696
0,0125  0.,0170123 ' 0.1531 .  0.0039 | 0,01%1 | 0.9571
0.025  0,0239481 | 0,153 . 0.00556 ' 0,0194 ' 140
0,05 0.0335430  0.1539 . 0,0083 . 0.0217 ! 1,0996
0,075  0,0h06650 0.154% - 0.0406 ' 0.0233 f 11214
0u1 0.046L520 ° C.1548 0.0120 | 0,0255 ' 1.1337¢
0.15 ' 0.0555690 ; 0.15% | 0,0170 | 0,0300 1,11868
0.2 . 0,0824909  0.1562 | 0,0213 1 0,0349 l 1.1583
0425 0.0678429 : 0.1566 ' 0,0258 | 0.04LO? | 1.16585
0.3 ! 0.0718127 | 0.1567 | 0,0306 | 0,0459 14172k
0.35 1+ 0.07462335, 0,156hs |, 0.0358 | 0,0524 ‘ 4.1784
O.h ' 0,076293071 0,1557° | 0.0k15 | 0,0591 : 1,1833
Ouhs5 0,0768013 & 054k |  0.0,79 ' 0,0669 ; 1. 1831
0.5 . 0,0760719  0.1521 ' 0,0550 ' 0.0759 § 14192k
0.55 - 0,0759065 ' 0.1486 | 0.0631 : 0,086k ; 1,1563
0.6 | 0.0698405 : 0,1426 = 0.,0725  0,0990 ! 141998
C.65 1 C.0629558 . 0,1320 , 0,0840 | 0.066k | 1.1520
0.7 0,0543605: 041188 . 0.086ks 0,035k ’ 1410515
0.75  0.0450260 | 0.1040 ' 0,0807  '+0,0057 f 1.0593
0.8 . 0:03521685' 0,0800 | 0.08765 -0.0231 ; 1.0145
0.85 0,02551147 1 0,07125 ,  0.0827" -0,0510 z 0.970C
0.9 0,0161387 © 0,0538" | 0.07285{-0,0782 j 0.9281
0,925 ' 0.0118466 ! 0,049 | 0,0653  1~0.0915 ‘ 0.9072
0,95  0,0078051 | 0,0356 ! 0.0551 ~-0.,10L8 : 0,8862
0.975 - 0,00416135! 0,0267 * | 0.0402 1~0,1179 . 0.3653
0.9875  0,0024484 | 0,0220 . 0.02885|=0,124L ! 0.85h1

1 0 L0,007% 1 0 T i=0,1309 | 0
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