%:E:?A%

(RFndR-B A A BT

A -

BEAHBRAY O %
‘ Wi B A B OB
£ Al %

ﬂﬁﬂOE%wK@U§D§%%ﬁkﬁ&%Lb&%&@%ﬂ%%2ﬁ5?$ﬁ
Mo THE. ROBERN2EPR LY 2 e @RARK L LTRETOHRR
JB & Mgk s 2 0 Biic RO 2 EE L, TBFENELASMCHFET 2H 2 F~h
EREBCIH BN LR MK Z0 R T 2HFXBERLLD LORDRI
HoRAKEGErREKO Lo VESBRe LOAE R bR, (T hEEREOK
RN 2B HC AL o, D, COWABUKRLS Bl & BT LEBEOHTD
2. PrIEHOBRMABMCEKBETIRFTINTLH22, ThERILTEIGTHES
HATCHKRILTHZ. ZORLTIT YT 2B~ UZISHE bHBRBERP L &
BAROHARICKOTRKHPTRE. 2O PRI ECSE I/ LA TLHLVEY,

BhsAirBo KBS CFEC L 2HETRAB L FoHIHHE.

This document is provided by JAXA.




No. 228.

(Published April, 1942.)
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Abstract.

In order to reduce the frictional drag of the aerofcil it is desirable that the flow
in the boundary layer retains laminar as possible along the surface. As the increasing
pressure gradient is a cause of early transition from laminar to turbulent flow, it is
necessary to make small the increasing pressure gradient along the surface. For this
parpose the point of the maximum thickness of the aerofoil section must be shifted
suitably backward. In the present. paper the symmetrical aerofoil sections of such

.kinds were designed by the method of sources and sinks and the aerofoils with

nearly uniform pressure distribution, were obtained.
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464 ’ T. Okamoto and H. Mors.

Introduction.

It is an important subject in improving the speed of aeroplane to
reduce the air resistance of the parts of the aeroplane. As a method
of reducing the frictional drag of the aerofoil it has been considered
that the flow in the boundary layer retains laminar as possible along the
surface.  Although there are many unknown matters in the phenomena
of the transition from laminar to turbulent flow, it is 2 well-known fact
that the increasing pressure gradient is an important .cause to hasten
the transition. Consequently, it is desirable in designing the aerofoil
sections suitable for high speeds to make small the .rising pressure
gradient and, if possible, to retain the pressure uniform along the
surface. In order to shift backward the point of the lowest pressure,
it is necessary to bring suitably backward the point of the maximum
‘thickness of the aerofoil section, and this seems also favorable
when considered from the point of view of delaying the occurrence
" of the compressibility burble to the highest speed as possible (Reference
1). The aerofoil sections of this kind have been designed by Tant
and Mrruist (Referénce 2) and Fukatsu (Reference 3) by using the
method by which the N.A.C.A. aerofoils were designed (Reference 4).
In this method the thickness distributions or the symmetrical aerofoils
were expressed by the polynomials. In the present paper a group of
the s};mtnetrical aerofoil sections were designed by method of combining

sources and sinks (Reference 3).

Flows due to sources.

In order to find the contours of the aerofoil section, the point
source and the line sources having three types of strength distribution,
namely, the uniform, the linear and the parabolic, were combined. We
will ’now consider the potential flows due to sources.

(i) Point source. Suppose that a point source of strength m exists

at the origin. Then , the potential function of the flow due to the source is
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Design of Symmetrical Aevofoil Sections Suitable for High Speeds. 465

w=~'—n—logz, .................... (1)
27 .

where 2z =x+1y. Writing C= zﬂ , the velocity potential @, and the
T

" stream function g are -

2~ 1og @+, eeennennnn e (22)

%i = tan"' Y — for <o,

x .
. ee.. (2b)
W _ tanr ¥ for = >o0.
C x

(ii) Line source of uniformly ~ dis-
tributed  strvength.  Suppose that the ¥
sources are distributed uniformly along the
length I. Let m be the total strength.

Then, the strength of the elementary strip

d¢ is m# Hence, the velocity potential

and the stream function of the elementary

source are from Eq. (1)

dq,l_ﬂ.flilgr—c‘if log
2 1 l

dyy = M. 9 g COE( (1 ¥ .
T 1 l x—

where C=%, n=1 if <€ and n=o0 if ¥ >¢. Integrating

these,

o ﬁfllog{(x—-f)z FUYAE, e e (33)
¢
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466 7. Oéamoto and H. Mori.

=lftan ————dE L,

2
= —%—[ x tan"lﬂ-y——(x—l) tan~- Y +llog —gﬁz—iy——.]—L ,
x x p—

where L== if ® >o0, L=7r(l—-—:—§—) if o<l and L=o0 if
l<x, _’ ’ ¢

(ili) Lzne source whose strength increases
y © lnearly along the line. Let m be the total
strength of the line source distributed along

the length [. Then, the strength of the

elementary strip df is m 2gd{-' .

Hence,

the velocity potential and the Streamv func-

tion of the elementary source are from
Eq. (1)
_m 2&d§. _ CEdE
= —T logr = 7

log {(x—&F+¥°},

2

dipe = 2. 28dE, _ 2CCd/ tan‘l—y ——'mr) ’

2 [? 2o\ x—¢&

~where n=1if < § and n=o0 if x>$.. Integrating these,

%2__ = flog (x—&)* +y2}EdE e, e (4a)
N _

-1 Y —_
C lzftan x_Ede M,

-——[(:z: —?) tan'li——(xz y?—F) tan™ ﬁ_‘ly

+xylog (xngzi . ]—-M ..... (4b)
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Design of Symmetrical Aerofoil Sections Suitable for High Speeds. 467

where M= if <0, M=1r_(1—%) if o<x<l and M=o if
<. B ‘

(iv) Line source whose strength in-
creases parabolically along the line. Let m
be the total strength of the line sources
distributed along the length I. Then, the
strength of the elementary strip d§ is

2
m-3 Eﬁdf . Hence, the velocity potential

and the stream function of the elementary

Fig. 3.

strip are

T

B

_om 38dE, _3CE8dE(. Y _ .
dirs = o B 6 7 (tan o mr)

where n=1 if <& and n =o if & >&. Integrating these,
I —52 1q2le2d '
25 Jlog{@—8) PP, e (52)
0 ) .

— 3 (tan Y e2qe—
l3 Jtan w—EE dé—N ,

Qs afs

= il— 322+ 3xl,—(x—1)? tan"1-Y—_ +a8tan" L
B x—I x

W ) — P e Y ] |
. (l—2x) ) log(w_l)z+y2] N, ... (sb)

3
where N== if x <o, N=7r<1——%~> if o<x<l and N=o if’
l<z. L and L denote the bracketed terms in the equations (3b) and

(4b), respectively.
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468 T. Okamoto and H. Mori.

Determination of the contours of the aerofoil sections.

The velocity potential and the stream function of the parallel floy

of velocity U are

Po=Ut, Ap=Uf evuerrerererr.... (6) §

Superimposing this paraﬁel flow on the flows due to soﬁrces, the velocity

potential and the stream function become

P S e U P

c C ' C C:v-i-ZC.,.. (7a)
¥ ¥ Vi U i

R DI Sl R G e (7b)

This combined flow of the parallel flow with the flows due to sources
gives a boundary curve, which is, in general, not a closed curve. It be-
comes a closed curve, however, if the sinks are taken in the system of
sources and the total sum of strength is made equal to zero.

' | Suppose that the sources and sinks are
suitably distributed along the line OS, and
let the curve PAR be the boundary curve
due to the combined flow of the parallel

flow with the flows due to sources and

sinks. Then, the stream function at any

- point P(x,y) on the boundary curve is
Fig. 4. from Eq. (7b)

‘\If = Uy+2 ‘\IJ‘;’ . A

The value of « is the quantity of fluid passing through the line P(Q,

and the fluid cannot pass across the boundary curve. It follows that -
the value of 4 must be equal to the quantity of fluid appearing from
the line OQ. Let this quantity be 3] Q;. Then

Uy+> 4= 21 Q: .

Putting +;—Q; = i, the above equation becomes
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Destgn of Symmetrical Aevofoil Sections Suitable for High Speeds. 469

which is the equation of the boundary curve. If the values of

/
— Z \gi are plotted against y for various values of &, then the boundary
curve is graphically determined by the intersection of the lines of

U . ,’,’.
——y with the curves of — i R
c? ~2C

The coordinates of the leading edge are determined from the condi-
tion that the velocity at this point is zero, namely,

u="(Uz+Sg) = o
ax

o LT T, e o

v=0 y=0

Therefore, the coordinates of the leading edge can be found graphically

from the curves of —z < %th) plotted against . The values of

Uz y=0
—L> are as follows:
v -0 .
for a point source
2-;) =10 (Jio_ S
g, y eeeens ceeans (10)
( C y=0 C y=0 &x

for a line source of uniformly distributed strength

(%) = %fiog (x—E)dE

y=0
I
= | (l—x)log (x—0) +xlogx—1]|,
71(—2)10g )+ log ]
) = Tog T, i, (11
oV S )
for a line source whose strength increases linearly along the line

() =2 [elog @—ene

¥=0 i 0

I 2 l!
- F[(zz—xz) log (&—1)+a* log x——lx———] ,

2
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470 7. Okamoto and H. Mors.

(%) ‘='%(:xilog;9£_—¥—l), teeenneeannneaes (12)

y=0

and for a line source whose strength increases parabolically along the

line

P\ = 3 Lo, .I._
(‘Pa) lsof&'zlog(”v £)de

<
“
(=3

2 3

) = 32100 & — gL ' '
C) ’l§<xlogaz——l xl 2). ceereaee. (13)

y=0

= L[(—o) log a—D+# loga—t—LE-L |,

The contours of the aerofoil sections calculated and the corresponding
combinations of sources and sinks are shown in Fig. 5, and the
ordinates of the contours of the aerofoil sections are tabulated in

Table 1.

TaBLE 1(a). Ordinates for Aerofoil Sections.

(Stations and ordinates in percent of aerofcil chord.)

Station|| K.D. r | K.D. 2 | K.D. 3| K.D. 4| K.D. 5| K.D. 6 | K.D. 7| K.D.8 | K.D. 9 |[K.D. 10

o ‘0 o o] o | o o o o 0 o
05 — — — — 1 1.53 1-27 | 0-95 0-85 0.68 1-€o
1.25 1.88 : 1.04 0-5I 0.26 | 2-48 1-98 1-46 1.-24 0-97 2-45
2.5 2.9z | 1.75 | 09I | 0-49 | 3-48 | 2-68 1-92 | I1.61 1-27 3-38
5.0 449 2.82 1-57 0-88 | 4.72 3-58 2-49 2-06 1-61 4-€0
75 5-70 3-66 2.12 1-21  s5-€o 4-23 2.91 2.39° | 1-85 5-49
10 6-70 4-37 2-59 1.48 6-30 4-74 3-25 2-66 2.05 6.23 | .
15 8.27 | 551 | 334 | 1-94 | 736 | 553 379 | 3909 | 238 | 7-43
20 949 6-39 3-91 2.28 8-19 €14 421 3-43 2.€4 8.38
30 | rr.xo | 753 | 463 | =271 | 929 | 695 | 475 | 387 | 2-98 | 96
40 11-88 | 8.09 4-98 2-93 9-81 733 | 499 4-07 ‘3.13 } 10-09
50 11.99 | 8.18 5-02 2-96 9-83 7:33 | 499 4-07 3-13 9-88
60 | 11.50 | 7-83 | 478 | 2-81 | 935 | 695 | 4-72 | 384 | 297 | 9-00
70 10-37 | 7-00 4-23 2:47 829 |.6-10 411 3-32 2-56 748
8o 8.44 | 560 | 333 | 192 | 654 | 473 | 313 | 25I 1-92 5240
90 549 | 349 2.00 1.12 3-95 2-80 1-79 1-42 1.07 2.87
95 336 | 2-04 1.11 0-61 2.25 1-58 0-98 0-78 0-58 1-48
100 o , o o o 0- o ; o© o 0 o
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Design of Symmetrical Aerofoil Sections Suitable for High Speeds. 471

TasLE 1(b). Ordinates for Aerofoil Sections.

Station|| K.D. 11 |K.D.12|K.D. 13| K.D. 14| K.D.15| K.D.16 | K.D. 17| K.D.18 | K.D.19 | K.D. 20
o o o o) o o o o o o o
0-5 1.26 0-89 o-€4 1.67 1-42 I.12 0-74 1.86 1-43 1.24
1.25 1.88 1.28 0-88 258 2-09 1-57 1-01 2.90 2.29 1-88
2.5 2.54 1-68 I-11 3-61 2-84 2-06 1.29 | 3-99 312 2-50
5.0 3-35 2.18 131 4-82 379 2.67 1-65 5-31 410 316
745 3-96 2+56 1.€6 5-68 4-46 312 1-91 6-14 4-70 3-60
10 4-48 2-89 1-88 637 499 3-48 2-12 €.80 517 3-94
15 536 | 345 | 225 | 746 | 582 | 404 | 245 | 7-80 | 5-88 | 4:46
20 6-06 3-90 2-54 8-29 645 4-48 2-71 8.55 6-41 4-84
30 6-97 4-49 291 9-32 7-24 5-03 3-03 9-52 7-08 5-32
40 7-31 4-70 3-03 9-€9 7°51 5-20 313 9-98 7-40 5-54
50 710 | 454 | 292 | 945 | 7-28 | 501 | 300 | 9:99 | 7-4I | 555
60 638 | 403 | 259 | 858 | 654 | 446 | 2:€4 | 956 | 707 | 528
70 5-I9 3-22 2-07 7-11 533 3-58 2-09 8.58 6-30 4-68
8 | 363 | 220 | 1-39 | 514 | 378 | 2049 | I-43 | 6-93 | 502 | 369
90 1-85 1-09 0-68 2-74 1-97 1.26 0-72 443 3-08 2.23
95 0-93 0-54 0-33 1-41 1-00 0-63 0-36 270 1-76 1-27
100 o o o o o o o o o o

TaBLE 1(c). Ordinates for Aerofoil Sections.

Station| K.D.21 |{K.D. 22| K.D.23| K.D.24 |K.D.25|K.D.26 | K.D. 27 | K.D.28| K.D. 29| K.D. 30
] o o o o o o o o) o o
05 1-85 1-49 1.20 1-10 0-87 0-57 0-36 — — —
1-25 2.86 2.32 1-84 1-65 1-24 0-81 0-50 | '0-32 0-20 0-10
2.5 394 3-16 248 2-27 1-62 1.07 0-63 0.62 0-39 0-20
5:0 5-28 4-18 3-18 3-07 2-17 1-41 0-82 1.18 0:73 0-38
7°5 €20 | 485 | 365 | 373 | 264 | I.y1 | 0-99 | I.71 | 1-06 | O-57
10 691 5-36 4-01 432 3-08 1-99 1-15 222 1-39 0-75
15 8.00 6-16 4-59 5-38 | 389 2.51 I-4% 3-18 2.03 1-12
20 8-82 677 5-03 6-34 4-€3 2-99 1-73 406 2.63 1-48
30 982 | 7-54 | 557 | 799 | 591 | 384 | 224 | 556 | 367 | 213
40 10-15 7-77 571 9-20 6-88 4-51 2-67 6-67 4-48 2.€3
50 084 | 748 | 547 | 986 | 7-43 | 4901 | 203 | 7-30 | 496 | 2.92
60 892 | 670 | 4-87 9-87 7°45 | 494 | 296 | 7-33 | 5-00 [ 2-95
70 741 | 548 | 394 | 910 | 685 | 454 | 272 | 672 | 458 | 2:69
8o 539 | 390 | 276 | 7-49 | 558 | 367 | 217 | 544 | 368 | 2.14
g0 2-94 2.05 I-42 494 3-60 2:30 1-30 348 2.27 1.29
95 1-54 1-05 0-72 3-16 2.18 1-35 0-72 2.14 1-34 0-73
100 o o o o o o o o o) o
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472 1. Okamoto and H. Mor:.

Flg 5. The contours of the aerofoil sections and the corresponding

distributions of sources and sinks.
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Calculation of the pressure distribution.

The pressure distribution along the surface of the aerofoil section

for zero angle of incidence is from BERNOULLI'S equation

pg—ﬁ = 1—(%)2, ............... (14)

where py, U are the pressure and the velocity of the undisturbed flow,

», g the pressure and the velocity on the surface of the aerofoil, and

¢ =1+ = U+ ul+Cvf. ..ooo.... (15)

The values of u; and v; are as follows:

for a point source-

Do B Y (16b)
C dy x4y )
for a line source of uniformly distributed strength -
2

W _ Ben 1 f 1 log
C Caux 2! (x—€)2+y2 2l T (x—IlR+y

. |
vn o _ 1 ._I_ 29 ge— L[ tan-t Y tan-x,:zm,,] ,
x—1 x

.....................................

where n =1 if o z<land p=o0if <o orl<x,

for a line source whose strength increases linearly along the line

U _ dp _ 1 ‘Z_(x_f_)é_d_ [w..21.+,y,.ﬂ_;1_] g
c ~ow B Gtrags LT ¢t C 7 ) 082)

VA _ 3 (1 20 e [}i_.}i___y_._“_l] .. (18b
C~ Cow B, P wr okl Iy o Bl DR
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474 7. Okamoto and H. Mori.

and for a line source whose strength increases parabolically along the

line
%—%zzl" %d&
v _ 8 _ 3 (T 29
C Cuy 28/ &P+
AG-BE el o

The press{xre distributions calculated are shown in Fig. 6 and tabulated
in Table 2.

f P~
Lou?
2

TasLE 2(a). Values o

(Stations in percent of aerofoil chord.)

Station| K.D. 1 | K.D. 2 | K.D. 3| K.D. 4| K.D. 5 | K.D. 6 | K.D. 7| K.D. 8 | K.D.g | K.D.10
o 1.000| 1-000| 1.000| I.000{ 1-000| 1.000| I-000| I-000| 1-000| I-.000
o-5 — — - — 0-420| 0-410 [—0:070 |—0:120 | —0-175| 0-530
1.25 || 0-530({ 0.520| 0-520| 0.530(—0-030|—0-089 |—0-158 |—0-142 |—0-170| ©O-162
2-5 0-235| 0-240| 0-250| 0-296 |-0-134 | —0+178 \—0-180 | —0-152 |—0-144|—0-094
5:0 [|—~0.057 —0.017| .0:006| 0.011 |—0-283|—0-255 |—0-198 |—0-160 |—0-126|—0-270
7.5 {|—~0-196 —0-128 | —0.093 | —0.046 |—0-348 |-~0-290 {—0-205 |—0-172 |—0-130|— 0-330
10 || —0.295 —0-205 [—0-140 | —0.080 [—0-384 | —0-304 |—0-213 {—0-178 | —0-136|—0-366
15 1—0-339. —0:317 | —0-196 |—0-115 | —0-423 |—0-320 | ~0-220 |—0-182 | —0-140|—0-420
20 || —0-522 —(+3€0|—0-222 [—0-130 |-—0-440 |—-332 [—0-222 | —0-188 | —0-142|—0-466
30 || —0-583 —0-396 |—0-243 |—0-140 |—0-458 | —0-338 |—0-230 | —0-186 | —0-139| - 0-532
40 |[—0-591 |- 0:397 | - 0-239 | —0-137 | —0-465 |—0:339 |—0-230 |—0-180 | —0-137|—0-553
50 |'—0-588 —0:395 |—0-237 |[—0:136 |—0-468 | —0-342 |—0+232 | —0-186 [—0-142|—0-520
60 ||—0-571 —0-388 |—~0-237 |—0-138 | —~0-465 |-—0-336 |—0-231 |—0-190 [—0-142|—0-421
70 || —0.518 —0-350|—0-210 [—0-120 |—0-408 | —0-284 |—0-200 |—0-160 {—0-120{—0~ 312
80 |—0-392 —0-260| —0-155 | —~0:082 {—0-277 |—0-194 | ~0-126 | -0+ 112 [—0-077 {—O-150
90 [[—0.142 —0-075|—0:036 | 0028 [—0-026 |—0-019 {}:0-005 |—0-020 |—0-005 |4 0-082
95 |-4+0-077 +0-086 |+40.069 |+0-046 |40-204 |-0-160 | ©-108 |[40-092 [+0-065| ©-325
100 1-oooi 1.000| I1-000| 1.000{ I:000| I-000| 1.000| 1-000| I-000| I-000
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Design of Symmetvical Aerofoil Sections Suitable for High Speeds. 475

TasLE 2(b). Values of N it
o0
2
Station|| K.D. 11 |K.D. 12 |K.D.13|K.D.74|K.D.15|K.D. 16| K.D.17|K.D. 18 |K.D. 19| K.D. 20
o 1.000| I1.000| 1.000| 1.000| 1-000} 1-000: I1.000| 1.000| I-000| I-000
0-5 0.360 |—0-062 |—0-120| 0-450{ 0-18C |—0-120:—~0-183: o0-360| 0-560{ 0-0I0
1.25 |—0-072 |[—0-119 |—0-122| ©0-115|—0-138 [—0-178 | o0-180} 0-032 —0.080{—0-180
! 2.5" [|—0-178 |—0-144 |—0-110 |—0.160 |—0-276 |-—0-226 . —0-163 | - 0-202 | —0-317 —0-256
50 |l—0-240 |~0-159 |—0-100 |—0-332 |—0-323 |—0-250 . —0-147 |—0-384 —0-386|-—-0-306
7.5 | -0-259 |—0-168 |—0.102 |—0-378 |—0-327 |—0-246 | —0-134 —0-448 | —0-383{—0-305
. 10 |—0-274|—0-178 |—0-112 |[—0-398 |—0-330 |—0-242 —0-126 | - 0-464 | —0-374|—0-291
15 [ —0-303 [—0-194 {—0:120 |—0-435 |—0-339 [—0-234 | —0-134 —0-466 |—0-354{ —0-270
20 |—0.338 |—0-213 |—0-134 |—0-465 {—0-361 |—0-240 | —0-140 | —0-461 | —0-339 —0-258
30 [[—0-380 |—0-242 [—0-153 |—0-503 |—0-392 [—0-263 —0-158 | —0-4€0 | —0-326]|—0-246
40 | —0-400 |—0-254 | —0.161 | —0-512 |—0-400 | —0-264 ~0-162 | —0-452 |—0-324{—0-241
50 |—0-373|—0-235 |—0-150 |—0-484 |—0-367 —0-248 {—0-142 {—0-450 | —0-325| — 0-243
€0 |—0-312|—0.192 [—0-120 |—0-406 |-—0-308 |—0-206 { ~ 0-113 | 0-454 |—0-335 —0-245
70 ||—0.206 |—0-126 |—0-074 |—0-288 | —0-207 |—0-133 i ~0.072 | - 0416 | —0-300|—0-224
80 |[—0-088 | —0-044 |—0-024 |-—0-132 [—0-094 {—0-0€0 |—0-021 |—0-320 |—0-223 —0-163
90 |+0:072 |+0-068 |4-0-046 |+0-053 |-}-0-061 |[4-0-031 {4-0-042 |—0-095 —0-078|—0-039
95 o-171| 0-158! 0.102| 0-206] o-I99| 0-I18: 0-075 +0-1€0 |40-224{-+40-100
100 1.000| 1.000| 1-000{ 1-000{ 1.-000| I-000; 1.C00| 1-000| I-000| 1-000
TasLE 2(c). Values of PP
Lot
2
Station|l R.D. 21 | K.D. 22| K.D. 23| R.D. 24| K.D. 25 | K.D. 26 | K.D. 27 K.D.28 |K.D.29 | K.D. 30
e -
. o T ,
o 1.000| 1-000| 1.000| 1-000| I1.000| 1.000! 1.000| I-000| I:000{ 1000
0-5 0-740| o0-4f0! o-2€0| 0-130}—0-002 —0:116 |—0-1g0 — — —
1-25 0-320 |—0-118 |—0-242| 0-065 |—0-020 |--0-108 |—0-104 | 0-440 0-380! 0-220
2-5 ||—0-198 |—0-284 |—0-311 | 0-00I |—0:020 |—0-047 —0-038| 0-2€0] 0-200] 0-116
50 |l—0-412|—0-380|—~0:332 |—0-054 |—0-041 |—0 022 |—0-019 | O-141 0-103| 0-0€4
7.5 || —0-451 |—0-394 |—0-31§ |—0:082 |—0-057 |—0:034 | —0-019 0-083| 0-068| 0-042
10 {|—0-468 |—0-380 |—0-293 |—0-105 |—0-068 | —0-043 |—0-020 0-038| 0-035| 0-025
15 (|—0-492 |—0-375 |—0-278 |—-0-182 |—0-107 —0-065 |—0-032 |—0-056 | —0-029—0-013
20 |—0-506 |—0-380!—0-280 |—0-220 |—0-151 |—0-091 |—0-050 | —O-121 |—0-075,—0-042
30 |—0-530 [—0-402 |—0-294 |—0-333 |—0-239 —0-156 |—0-088 |—0-242 |—0-158|—0-096
40 |l—0-532 |—0.403 |—0-296 |—0-442 |—0-318 | —0-205 |—0-122 |—0-330 —0-220{—0-127
50 [ —0-497 |~0-375 |—0-272 |,—0-520 |—0-380 | —0-247 —0-146 |—0-397 —0-268!—~0-157
€0 ||—0-420 |—0-310 |—0.220 |—0-540 |-0-404 | —0-265 | —0-156 | —0-419 —0.287|—0-1€8
70 |l —0-299 |—0.208 |—0-152 |—0-518 |—0-387 | —0-252 | —0-150 —0-388 |—0.273}—0-158
80 ||--0.133 |—0-0y6 |—0-061 |—0-434 |—0-316 | —0-197 |—0-120 |—0-310 |—0-200|—0-120
90 -||40-040 |40-036 |-+ 0-055 |—0-217 |—0-140 —0-0f4 |—0-041 |—0-122 |—0-083|—0-038
95 0210 |+ 0-162! 0-127 |4 0-153 |+ 0-045 |+ 0-052 |-+0-032 |-+-0-047 +0-048|40-036
100 1-:000| 1.000| 1-000| 1-000| 1.000| 1.000| I.000; X-000| I-000; I-000
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Fig. 6 (a).

The calculated pressure distributions for zero angle of incidence.
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Conclusions.

The symmetrical aerofoil sections whose pressure distributions are
satisfactorily uniform over the large portions of the surface were theo-
retically obtained. The radius of leading edge increases with increasing
the strength of the point source located at the nose. These aerofoil
sections may be used -as the thickness distribution in designing the

cambered aerofoil section.

Research fund given by the Nippon Gakudyutu Sinkokwai enabled
the above work to be carried out, for which the authors express their

appreciation.

Aerodynamics Institute, A
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