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This report catalogues aerofoils which have been designed (or
substentially mcdified) at the N.,P.L, and which have been the subject of
theoretical investigations, aircraft design studies or wind-ftunnel tests,
Within these limits if is intended to be complete, except that 1t exoludes
& number of wing scetions designed expressly to the requirements of
eireraft firms, A full Biblicgraphy is appended, Detailecd numerical
data have been collected together elsewheret,

The opportuanity has been token to assign to each aerofoil an
NPL number which it 1s hoped will be quoted in any future reference %to it.
It is intended to continue this numbering with aerofoils designed
subsequently .

The arrangement of the lists of aerofoils follows broadly the
sucoessive stages in the development of the design theory. Each list is
prefaced with & brief indication of the femily cheracter of the aercfoils
it conteins.

Abbreviations

CALT ¢t Compressed far Tunnel, T, P.L.
Frovde Tank (Shap Division, N.P.L.)

HiST ¢ High Speed Tunnels; N.P.L,
Theoras ¢ Theoreticel results

L T,

7 fte .

9 x 7 Wind-tunnels, N.P.L.
13 x 9

s o e 2 s i S e s e S ot PP, T e S8 T T 00 e e G o e T e e 0 . e i b

TWyP.L, Acrofoil Sections: Tebuleted Details, N,P.L. dero/211, (July 1951} .

Copies cun be obtained on application to the Supcrintendent,
Lerodynamiss Division, Nationsl Physical Leboratory, Teddington.
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LIST 1 « Existing Aerofolls to whioch Equations have been Fitted

These include approximations to P2040 (a 20 per cent thick
Piercy aerofoill with its maximum thiokness at 4O per cent chord from the
leading edge), RAF 6, Clark Y, NACA 16 and a de Havilland high-speed
propeller section,
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NEL
No. Aerofoil Thickness| Design CL References (A4R.C. Report numbers)
4 | P204D 0.20 {Symmetriocel {| Airoraft Engineering 11, 151 (1929)
(Theor.); 4800, 8718 and 4108k (HST)
51 |RAF 6 approx. 0,10 - 7780 iThﬁor.;
52 0.15 - 7780 (Theor,.
53 |Clark Y approx.] 0.06 - 6028 (Theor.); 9756 and R. & M.2058 (HST)
5l 0.07 - 6028 and 6897 {Theor.); 7308, 9756
end 11191 (HST)
55 0,10 - 6028 (Theor,)
56 0.12 - 580k, 6028 and 6156 (Theor.)
57 0415 - 6028 ETheor.g; 11491 (HST)
58 0425 - 6028 (Theor.
59,60!de Havilland 0.07 - “6132 end 6897 (Theor.)
61,62]  approxe 0.10 - 6132 (Theor.)

63 [NACA 16 spprox.| 0.12 0 580k (Theor.)| See 8863 (Theor.) fo.
64 0.07 0.3 6897 (Theor. renge of thickness end
65 0.07 0.5 6897 (Theor. camber

66 0.07 0.6 6897 (Theor,

67 |[NACA 16 approxe! 0.0L 0435 7308 and 9756 ﬁHST}

€8 0.05 0.30 Tests in hand (HST

69 0.06 0.22 9756 and 11191 (HST)

70 | Propeller 0.06 0.55 10559 (HST): no results available
71 sectionst 0.06 0.88 10554 (HST): no results available
72 0.065 0.30 Tests in hand (HST)

73 0.07 0.55 9756 and 14191 £HST;

7h 0.10 0.22 9756 end 411084 (HST

75 0,10 0.30 11414 end 13238 (HST)

76 0.10 0.55 9756 and 11084 (HST

77 0.10 0.88 9756 and 14084 (HST

78 0.15 0.22 11084 (HST

79 0.15 0.55 11084 (HST

80 0.15 0.88 L11191 HST LIST 2/

NiCA 16 fairing, superposed on & logerithmic camber-lines In the
notation used in the reports on these sections the third digit signifies
the camber, and the fourth the thickness, according to the following
arbitrary soheme;-

Code 1 1 2 3 L 5 6
Design Cr, ¢+ 0.22 0.55 0,88 0435 « =«
Thickness (per cent) 7 10 4% L 6 15

For instance, NACA 16/15 is combered te & design CT, of 0.22 and is
6 per cent thick,

NOTE: R. & M.2058 = ARC 6062 + 6528 + 7216 (HST: some CAT results
sre also inoluded).
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LIST 2 - EC, EQ, ECH and EQH Aerofoils

The shapes of these aerofoils were actually defaned by
algebraic formulae. In each case the fairing (half-thickness) comprises
an elliptic forward portion and e cubic or quartic resr portion which, in
the case of ECH and EQH, is replaced by & hyperbolic curve very near the
troiling edges The numbers following the letters andicate the meaxdimum
thickness and its chordwise position, followed by the value and position
of the maximum crmber (if any). For instonce, the aerofoil EC 1250/0640
compriscs a fairing with sn elliptic nose and cubic rear portion, with
neximim thickness 412 per cent of the chord occurring at 50 per cent chord
from the leading edge; this fairing i1s superposed on a camber-line with
naxirm cmaper 0.6 per cent, occurring at 40 per cent chord.

W ke e W B S s o U Y T ED M o Ry MO G S A et e s W S Tt e e e e B e e ol P e e el U S e Sl - G D o T e e e e gt e S G ey S S S S

No. Aerofoll References

_____ o e e e i

101 |EC 1240 4726, 5272, 5862, 6532, 7026, 7615, 8041, 8682,
11084 ond R. & M.2058 (HST)

102 1 EC 1240/0640 4708 (HST)®™; 5035 and 5255 (CAT); 5862, 8682,
11084 and R. & M.2058 (HST)*

103 { EC 1240/0658 8682, 11084 and R. & 1i.2058 (HST)

104 | EC 1250 4978 (CAT); 5622, 6430, 6146, 6378, 6662, 6999,

7067, 7176, 7278, 7308, 7448, 8395, 8682,
10729, 11084 =nd R, & M,2058 (HST);
13906 {Flight)

105 | BC 4250 with 11933 and 12284 {(HST), Further work in hand.
concave control

106 {EC 1250 with 10554 (HST): no results availsble,
I wedge teal Trailing-edge angle 10,8°
107 |EC 1250/0640 10551 (HST): no results available
108 | EC 1250/1050 10551 (HST): no results available
‘09 |EC 1550 4978 (CAT); R. & M,2058 (HST); 8725 (Derivative
measurements

116 {EQ 1550, hollow 8725 (Derivative measurements)

ground
117 | EQ 1550/1050 4978 (CAT)
121 | E76CH 0747 7669 (Theor,)
122 | EB4CH 0748 7669 (Theor.)

126/
¥ilore precigely, EC 1240/055 40

NOTE: K, & Mi2058 = ARC 6062 + 6528 + 7216 (HST; some CAT results
are alsc included).
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EQH 1240
EQH 0950/1050
EQH 1250
EQH 1250/0640
EQH 1250/1050
EQH 1250/1550°
EQH 1250/4050
EQH 1260
EQH 1550
EQH 1550/1058

- ]
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5804 (Theor.)

5547+ (CaT)

5804 (Theor.)

1108k and R. & M,2058 (HST)

5517% (CAT); 411084 and R, & M,2058 (HST)
6676, 6785 and 6998 (13 x 9)

6156 (Theor,)
5804 (Theor.); 5592 (Froude tank, 13 x 9 and 9 x 7)
8682, 11084 and R, & M,2058 (HST)

L»978r4 (cAT); 11084 and R. & M,2058 (HST)

- . o

b o e e o i s e, A U O e e T L o i S S T T 7

+There mis-named EQ 0950/1050

*There mis-named EQ 4250/4050

Aiiore precisely, EQH 12%50/1550 (1.e., t = 0.118)

#There mis-named EQ 1550/1058

NOTE: R & M.2058 = ARC 6062 + 6528 + 7216 (HBT; seme CAT results are
slso included)

LIST 3/
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LIST 3 - "Roof«top" Aerofoils and Simple Camber-lines designed
Aerodynamical ly

These include the first aerofoils designed, by Goldstein's
approximate method, to have prescribed velooity distributions.

(a) Symmetrical "Roof-top" Aerofuils

Ref.: 6225 (Theor,)

serofoll A B G D B F G H

NPL No. 14t 142 443 kb 145 146 14T 148
Ref., J. Williams 8877 9748 7814 7814 13446
(Theor.) (Theor.) (13 x9) (Theor.) {(Theor.) (13 x 9)
(.. }
Acrofoil 8% ;5% 18% 2L 338"

NFL No, 149 150 154 152 153
See also NPL 282 (LIST L) '

(b) Cember-lines with g; constant when 0 < x € X{ and
decreasing linearly thence to zero at the trailing edge*.

Report 8548 (Theor,) gives the rclevant data for X' = 0.25,
0430, 04355 = = - = 0.95, 1. The cembsr-lines of the following two
"roof ~top" acrofoils are of this type:-

Lerofoil NFL 177 1+ '“Roof=-top" 1442/1547%% of Reports 8682, 9585
end 13531 (HST)

acrofoal NPL 178 : R 537 - 1545 of Report 10620 (Theor,)

TS ar Y A W kT T S o W e @ S S e R s B e ST g v VP e P e i e e S e e e e e S B e A e s g e S A g 4l 1 o

Hleated with distributed suction over the .egion of adverse gradient.

*g3 denotes the first approximation to the super-velocity when
CL = CLopt, ¢xcluding the contribu*zon due to the finite thickness
ol the serofoil (Crept being the 1ift ooefficient at which the velocity

over iine camber-line ulone is finite at the leading edge).

¥ ssigneted "H.SW4" at R.AE.  (Not to be confused with the HSA series
of LIST 5.)
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(¢) Cember-lirss for which g; 1is constant (k) when 0 < x < X',
then varies linearly to sk at X' and then linearly again to
zero at the trailing edge.

Ref.: 8277 (Theor.). The following table numbers these
cember-lines, regarded as aerofoils of zero thickness.

The camber-line of the following "roof-top" aerofoil is of this
trpe:-

derofoil NPL 264 : Goldsiein Reflex GR 154L0/2037 of Reports 7209 end
11C8L (HEST)
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LIST 4 - Modificd "Roof~top" Asrofoils

In the "MR" series, the figures following indicate (a) Xg, the
designed chordwise position of peak welocity at zero 1ift, (b) the upper
limit of the Cp-renge of favourabls grndicnts on both surfaces, (c) the
value of Cpgpt (defining the camber), and (8) the acrofoil thickness.

For example, |R 640-018 has the following propertics: Xy = 0.6; upper
linit of Op-renge = 0.40; Cpropt = O (zero camber); 18 per cent
thicka
NEL No. Asrcfoil Reference

269 14.7% Goldstein 8140 (13 x 9)

270 IR 443-010 i

27 MR 424-015

972 MR 450-020

273 IR 543-010 |

27k MR 523-015

275 R 525-015 > 6532 (Theor.)

276 MR E46-020

277 MR 643-010

278 MR 622-015

279 IR 645-021 |

250 14475 Watson 8944 (Theor,)

281 15415 |

282 1549% |

283 1541b ; 13039 (7 ft. No., 2)

a8k 1541e r

285 15414 l

290 RAE 102+, cusped H. C, Garner

291 Combered HAE 102t -

LIST 5/

- - B R . S S T N S e e ke T A S e e S T G W S W S S W N S R U N S A e e e e

¥'his was the basio ("Roof-top") sectica.

+gce G F. No, 80 for details of ilhe RAE 102 aerofoil.
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LIST 5 - Aerofoils desigmed by Aoproximate Method using Numerical
Crnjugation

"AN" signafies an aerofoil desipned by approximate methods
using numerical conjugation; “NANY irdicates thet the aerofoil also
employs & new stock cumber-line. The numbers following these letters
have the same significance as for the "MRY series, For instance,

AN 20-109 has the following properties: Xy = Ouj upper lomat of

Cl-ronge = 0.20; OCLopt = 0.1; 9 per oent thick. Similarly,
NAV 532-1415 hes Xg = 0.5, upper limit of Op-renge = 0.32;
Clopt = Oul4; 15 per cent thick, “HSA" signifies "high-speed serofoil"”.
NFL No. Aerofoil Reference
304 AN 414-011 8659 (Theor.
302 LN 528-015 B659 {Theor.
303 LN 420-109 8942 (Theor.
304, HSA I 9076 (Theor.
305  HSA II 9076 (Theor.
306 HSA III 9076 (Theor.
308 H3A VE 9809 (Theor.); 11496 (4 £t. No. 2); 11560; 11758
309 HSL VIE 9809 (Theor.)
30  HS4 VIT B, Thwaites (Theor.)

311 NAN 530-117 |
312 HIN 524=0412

343 NN 532-1415

344 NN 530=-1443 !
315 NN 540-1513
346 TN 522-142
317 NAN 525-140
518 NN 524-0441
319 NI B45-1515

320  NFL 320 42154 (Theor.)

v

10620 (Theor.)

~d

321 NPL 324 Forthcoming report on tunnel tests wath
distributed suction

LIST 6 = Low=-drag Aerofoils designed by Lighthill's Exact Method

NPL No, serofeil Reference
331 19.6% Symmetrical 8597, Appendix I Pheor.
33z 13 % Symmetrical 8597, Append x VI ({Theor,) Scc also BEH8

333 19.2% Symsetrical 8597, Appendix VII (Theor.
334 1h.1% Symmetrical 8597, Appendix X  (Theor,
335 13 % Symmetrical 13003 (13 x 9)

356 15 % Symmetrical A. R, Curtis (Theor.g

337 15 % Symmetrical A, R, Curtis (Theor.

i R R s L S e e e U T S e B e W e ey S L e e e R M A L e A A R e e e Y e . -

¥Designed for use with distraibuted suction over the nose.
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LIST 7 - Low-drag Slot-suction Aerofoils

(s) Designed by Goldstein's approximate method

NEL No., Section References
351 163, cambered 8877 ETheor.)
352 A preliminary design 6784 (Shepe only)

353  16% symmetrical Griffith 6784, 7178 end 7463 (4 £t. tunnel);
7561, Thek, BOSL, 8055 end
9320 (13 x 9)
354 215 symmetrical Griffith &. R, Curtis (Theor.)
355 22t symmetrical Graffith 10096 (HST)
256 30% symmetrical Graffith 8864, 9840, 10097, 10630 ond
11599 (13 x 9); 11610 {Theor.)
357 30 symmetricel, multieslot 11796, écrofoil XIIT (Theor,)
358  30%, oambered J, Williams (Theor.)
359 3%% symnetrical, multi-slot 14796, Acrofoil IX (Theor.)

(b) Designed by Lighthill's exact method

364 70% symn.trioal 8597, Appendix IT (Theor.)
(i.odiricd Joukowski)
362 34 symmetrical 8597, Appendix IV (Theor.)
363  L40% symnetrical 8719, Fig. 1 (Theor.)
364 48% symuetrical 8597, Appendix V (Theor.)
365 34 symnetrical (GIAT ITI)* 10933 ETheor.;
366 (LAT YII wath spread 12999 (Theor.
velocity drop
%267  Stagnationegtresmline 12999 (Theor,)
modaflcation of GIAT IIT
371 Bulrush I &+ R, Curtis ETheor.%
by pulrush 1T A, R, Curtis (Theor.
373 bulrush TIT 4. Re Cortas ETheor.
37k Bulrush IV As Re Curtis (Theor.
375  Bulrush V A, R, Curtis ETheor.
376 Bulrush VI hy R, Curtis (Theor.
377 255 "Lobster-pot" ile By Glauert (Theor.;;
D, liy Heughan {Expt.
379 307, cambored 8597, ippendix XI (Theor,)
380  41¢5, cambered 8597, hppendix XIII (‘Theor.)
381 GLAS I 9180 (Theor,)
382 GL.S IT 9180, 10933 and 11610 (Theor.);

10854 and 11797 (13 x 9);
14269 (CaT)

®3  GLAS TIT 9180 Theor.g
3L GL4AS IV 9180 {Theor,
385  38%, casbered 12999 (Theor.)
386 Sink~slot modification of 12999 (Theor.)
GlaS IT .
387 Sink-slot modification of 12999 (Theor,)
NPL 285 LIST 8/

e P b T et e I S e Wl e e W e e M e - O L G e U T U AR T A W S P e W R

ENGLAS" indicetes an serofoil designed by Glauert using Lighthalll

method, for use with suction at a single slot; a "GLaT" acrofoil
employs two slots., GLAS III is an exception to this rule,
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LIST 8 - Nose=slot Suction Aerofoils

These are thin eserofoils designed for high maximum 1ift.

NFL No. Seotion References
1401 11 % symmetricel 8597, Appendix VIII (Theor.)
402 544%, bil-convex 8658 ETheor.
INeL B.6%, cambered 8658 (Theor.); 10506 (L4 ft. No. 2); 44560
LOL 8,6%, round-nosed 10507 (4 £+, No. 2); 11560
405 13 %, cambered 8658 (Theor.,
406 14425, cambered 8658 (Theor.

8% symmetrical sections:-

N

LO7 A1

408 A2

409 A3

410 Al

RE &5

L2 A6 > 12144 (Theor.)
L43 B1

RN C1

L15 D1

416 D2

417 Eq ]

8% sections, cambered:-

418 a2

t;g gg . 12420 {Theor.,)
424 E1 J

43 D2¢1 3

432 D2/2

153 D2/3 r 13090 (Theor,)
L3k p2/y |

LIST 9 - Aerofoils designed for cbtaining Lift Indspendently of Incidence

Ref.: 10294 {Theors)

NPL No. Secticn
L5 ' 0..23% (TFA TII)®
452 20 % TFA
453 14.465% (TFA V)
L5k V4 It
L55 ova II

BIBLIOGRAPHY/
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ENTFAY denotes "Thwaites Flap Aerofoil",

+PCVAY denotes "Constant-velocity Aerofoil",
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