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C,P. No. 81 

N,P.L, Aerofoil Catalogue and Bibliography 
-By- 

R. C. Pantiurst, PhD., 
of the Aeerodynar.ios Divician, N.P.L. 

14th July, 1951 

This report catalogues aerofoils which have been desi@sd (or 
substantially modified) at the l$2.LL. and which have been the subJect of 
theoretical investigations, aircraft design studies or wind-tunnel tests. 
Within these limits it is intended to be complete, except that it excludes 
a number of wing so&ions designed expressly to tho requirements of 
airomft firms. A full Bibliography is appended, Detailed numerical 
data have been collected tog;tther elsewhere+. 

The opportunity has been taken to assign to each aerofoil an 
NFL number which it is 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 
suooessive stages in the development of the design theory. Eaoh list is 
prefaced with a brief indioation of the family character of the aerofoils 
it contains. 

Abbreviations 

CAT Gamprcssd hr Tunnel, 
Froude Tank i (Ship Division, N.P.L,) 

N.P.L+ 

HST High Speed Tunnels, X.P.L. 
Theork : Theoretical results 

4 fto 
7 ft. 
9x7 

13 x 9 
Wind-tunnels, N2,L. 

LIST 1/ 

%,P,L. Aerofoil Sections: Tabulated Details, N,P.L. Aero/Zll, (July 1951). 
Copies ca be obtained on application to the Superintendent, 
Xerodynamios Division, National Physical Laboratoa, Teddington. 
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LIST 1 - Existing Aerofails to which Equations have been Fitted 

----- 
NPL 
NO. 

----- 

41 

51 
52 

53 
54 

55 
56 

:; 

59,61 
61,6 

These include approximatiuns to P2040 (a 20 per cent thiok 
Pieroy aerofoil with its maximumthioknessat 40 per oent ohord from the 
leading edge), RAF 6, Clark Y, NACA 16 and a de Havilland high-speed 
propeller section. 

- . 

-... 

I 

I 

( 

ot 
2 

fi 

F 

I 

. . 

-m-----w------s 

Aerof oil 
-.e------------- 

?2040 

UF 6 approx. 

Clark Y approx. 

le Havilland 
approx, 

lACA 16 approx. 

lACA 16 approx. 

?ropeller 
sections+ 

. . 
+These “NAOA 16 

NACA 16 fairi 
notation used 

P 
P: 

Ihiohes: Design CL 
.eC-----. ,----------, 

0.20 1@mnetrioal 

6132 ma 6897 (Thor.) 
6132 (Theor.) 

See 8863, (Theor.) fbL 
of thickness end 

0.12 0 
0.07 0.3 
0.07 
0.07 Z:Z 

0.04 0.35 
0.05 0.30 
0.06 0.22 
0.06 0.55 
0.06 0.88 
0.065 0.30 
0.07 0.55 
0.10 0.22 
0.10 0.30 
0.10 0.55 
0.10 0.88 
0.15 0.22 
0.15 0.55 
0.15 0.8% 

.-------, 
lrspeller sections” camprise an approximation to the 
:, superposed on a logaritbmio camber-liner In the 
.n the reports on these sections the third digit signifies 

Ref’erenoes (A&&. Report numbers) 
___--_-_-_---------_------------------- 

Airorsft Engineering I& 151 (1939) 
(Theor.); 4800, 8718 and 11084 @ST) 

0.10 
0.15 

0.06 
0.07 

0.10 
0.12 
0.15 
0.25 

6028 (Theor.); 9756 and R. & M205aoiST) 
6020 and 6897 (Theor.); 7308, 9756 
snd 11191 (HST) 

6028 (Theor .) 
6156 (Theor.) 

11191 (HST) 

0.07 
0.10 

the camber, and the fourth the thiokness, aooording to the following 
arbitrary soheme:- 

Code : . 1 4 5 6 
Design C 

Thickness (per cent t 
: 0.22 0.:5 o,ia 0~35 - - 
: 7 20 14 4 6 15 

For instanoe, WA 16/15 is osmbered to a design CL of 0.22 end is 
6 per oent thick. 
=I R. & M.2058 E AR0 6062 + 6528 + 7216 (HST: some CA3 results 

are also inoluded) . 
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LIST 2 - EC, EQ, ECH and EQiI Aerofoils 

The shapes of these aerofoils were actually defined by 
algebraio formulae. In each case the farring (half-thickness) comprises 
an elliptic forward portion and a cubic or quartio rear portion which, in 
the case of ECH and EQH, is replaced by a hyperbolic curve very near the 
trz,illng edge. The numbers following the letters mdicate the ma&mxa 
thiokness and its chordwxe position, followed by the value and position 
of the wxa.mum cpmber (if any). kor instance, the aerofoil EC 1250/0640 
comprises a f&ring with an elliptio nose rind cubic rear portion, with 
ucxmu~~ thmknass 12 per cent of the chord occurring at 50 per cent chord 
frcrm the leading edge; this fairing x.s superposed on a camber-line with 
mx1Iw.1 camber 0.6 per ctnt, occurring at 40 per cent chord. 

---- 
NETI 
No. 

---- 
101 

Aerofoil 
------------------, 
EC 1240 

102 EC 1240/0640 

103 

104 

EC 1240/0658 

EC 1250 

105 M: 1250 with 11933 and 42284 (BT). Further work in hand. 
concave control 

106 

107 

108 

'09 

3C 1250 with 10551 (HST): no results available. 
wedge tall Trallmg-edge angle 10.8“ 

x 1250/0640 10551 (HST): no results available 

Ec 1250/1050 10551 @ST): no results available 

SC 1550 ~978 (C&T); R. 8: N.2058 (HST); 8725 (Derivative 
measurements) 

116 GQ 1550, hollow 3725 (Derivative measurements) 
ground 

121 

122 

SQ 1550/1050 t978 (CAT) 

176CH 0747 7669 (Theor.) 

s81OH 0748 7669 (Theor.) 
c 

126/ 
%re preoinely, EC 12&O/058 40 

NOTE: __ ki. & lh2058 = ARC 6062 t 6528 + 7216 (HST; some CAT results 
are also included). 

References 

4726, 5272, 5862, 6532, 7026, 
11084 and R. & II.2058 (HST) 

7615, 8041, 8682, 

k-708 (HST)"; 5035 and 5255 (CAT); 
11084 and R. 6e If.2058 (HST)* 

5862, 8682, 

8682, 11084 ed R. 8e Ii.2058 (HST) 

6978 (Cm); 5622, 6130, 6146, 6378, 6662, 6999, 
7067, 7176, 7278, 7308, 74.48, 8395, 8682, 
10729, 11084 and R. & II.2058 (HST); 
I3906 (Flight) 



---- 
NPI 
No. 

---- 

126 

1.27 

428 

129 

130 

131 

132 

133 

134 

135 

---- 

.--------^---_ 

Aerofoil 
.---------w--- 

EQH 1240 

EQH 0950/l 050 

EQH 1.250 

EQH 1250/0640 

EQH 1250/1050 

EQH 1250/1550; 

EW 1250/4050 

EQH 1260 

EQH 1550 

EQH 155oho58 
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-----------_--------__r_________________------------- 

References 
--------------------____________________------------- 

5804 (Theor.) 

5547+ (cm 

5804 (Theor.) 

11084 and R. & Id.2058 (HST) 

5517+ (CA'P); 110841. and R, & ht.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) 

497d (CAT); 11084 and R. & Id.2058 (SST) 

_-c--_-__----_------____________________------------ 

+There mls-named 3 095o/lo50 

+There mia-named ENJ 12fjO/lO50 

kBiore preoisely, EQH 12*50/1550 (i.e., t = O.li8) 

&There mis -named EJ 1550/1058 

NOTE: R, & M,2058 = 
also inoluaea) 

ARC 6062 + 6528 + 7216 @ST; some CAT results are 



LIST 3 - "Roof-top" Aerofoils and Simple Camber-lines designed 
Aerodynamically 

These include the first aerof'oils designed, by Goldstein's 
approximate method,to have prescribed velocity distributions. 

(a) Symmetrical 'Qoof-top" Aerofoils - 

Ref.: 6225 (Theor.) 

tlerofoil : h B E F G H 
NPL No. : ?41 142 1:3 If4 q45 146 l47 148 

Ref. J. Williams 68-n 
(Theor.) (Theor. ) (1;7i89) (T%.) (T;i%) (1:3:$ 

I- ____y__- 
xerofoi1 8s 15% 18s 24% 
NE. No. 149 150 151 152 :g 

Sea also NFL 282 (LIST 4) 

(b) Camber-lines with gi constant when 0 < x < XI' and 
decreasing linearly thence to eero at the trailing edge+. 

Report 8548 (Theor.) gives the relevant data for X1' = 0.25, 
0.30, 0.35, - - - - 0.95, 1. The oamber-lines of the foll,owing two 
"roof-top" asrofoils are of this type:- 

herofoil NPL 177 1 "F!oof-top" ?442/-1547~ of Reports 8682, 9585 
znd 13531 @ST) 

Atrofoil NPL 178 : R 537 - 1515 of Report 10620 (Theor.) 

---“-----------_----_________________L__--------------------------------- 

xTested with distributed suction over the ,,egion of adverse gradient. 

+gi denotes the first approximation to the super-velocity when 
CL q CLoptt excluding the oontribu+lon due to the finite thiokness 
0:' t:-.e aerofoil (CL,,+, being the lift ooefficient at which the velocity 
over the camber-lfna alone is finite at the leading edge). 

q:signated "H.S.4" at R,A.E. (Not to be confused with the ISA series 
of LIST 5.) 
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(C) Camber-lirss for Which gi ---- -_ is oonstant (k) when 0 < x 4 XI', 
then varies linearly to sk at X2' and then linearly again to 
zero at the trailing edge. 

Ref.: a277 (Theor.). The follming table numbers these 
camber-lmes, regarded as aerofoils of zero thickness. 

_--- -_ -sm. .---_ _--_- .----------- ----r- ,-- ,__---_-----  -  

0.4 0.3 0.2 0.1 0 -0.1 -0.2 -0.3 -0.4 
--e-m. ---. .___. .---_ .-__-..------..------ ,..- .-----..------ 

180 181 182 183 184 185 186 187 188 
189 190 191 192 193 194 195 t96 197 
198 199 200 201 202 203 204 205 206 

018 207 208 209 210 211 212 213 214 215 
0.5 0.9 216 217 218 219 220 221 222 223 224 

150 225 226 227 228 229 230 231 232 233 

0~8 234 235 236 237 238 239 240 241 242 
0.6 0.9 243 244 245 246 247 248 249 250 251 

1 ro 252 253 254 255 256 257 258 259 260 
w_-__ _------- _--- -_ ---. .---- ----_ .L- .---- ------------- ._---- c - - - -  - -  

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

Aerofoil NPL 261 : Goldstein Reflex GR 1540/2037 of Reports 7209 and 
llC84 (HST) 

LIST l+./ 
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LIST 4 - -- Modified "Roof-top" Aerofoils 

In the '%iR" serlee the fquras following indicate (a) Xq, the 
designed chordwise positlon if peak velocity at zero lift, (b) the upper 
limit of the CL-rcnge of favourablti gradients on both surfaces, (c) the 
value of CLopt (defining the ember), md (d) the aerofoil thickness. 
Pm example, IS 640-018 ha3 the follomng propertics: Xq = 0.6; upw 
lirlit of CL-rage = 0.40; CLopt = 0 (zero camber); 18 par centi 
thick, 

NFL No. Aerofoil 

269 14.7% Goldstein 

270 In? 413-010 
271 UR 424-015 
272 MR 450-020 
273 1.R 51 j-O?0 
274 BR 523-015 
27.5 
276 

iVR 525-015 
m 546-020 

277 ER 613-010 
278 I!IR 622-015 
79 ER 645-021 

281 
232 
263 
"84 

14.7s Watson 

1541a 
1541% 
154lb 
15410 
1541a 

Reference 

8140 (13 x 9) 

1 
8532 (Theor.) 

j 

8941 (Theor.) 

i 
I 

1 

$3039 (7 ft. No. 2) 
J 

290 FXE 102+, cusped 11. C. Garner 
291 CalnbPred hAE 102+ - 

LIST 5/ 

__I___---_--_---------------------------------------------------------- 

qhi:s wts the buslo ("'Roof-top") sectica. 

+sse C.P. xo, 80 for details of thi: IW 102 aerofoil. 
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-- Aerofoils designed by Approximate Method USI.W Numerical 
hlJU&iOn 

"AN" signafies an aerof'oil designed by approximate methods 
using nw3rical ocnjugation; 'WW inf,iicates that the aerofoil also 
employs a new stock c-mber-line. The numbers following these letters 
have the same significance as for the %R" series, For instanoe, 
AN 420-109 has the following properties: Xq = 0.4; upper lrmlt of 
C&range = 0.20; CLopt = 0.1; 9 per oent thick. Similarly, 
NM 532-1415 has Xq = 0.5, upper limit of CL-range = 0.32; 

CLopt = O-14; 15 per ocnt thick. "HZ&" signifies "high-speed aerofoil". 

NEL No. Aerofoil Reference 

301 AN 414-011 8659 (Theor. 
302 l-J 528-015 8659 Theor. 
303 AI'J 420-109 t i 8942 Theor. 

304 Ha 1 9076 (Theor. 
305 HSA II 9076 (Theor. 
306 BSA III 9076 (Theor. 
308 Hsf. VW i 9809 (Theor. ; 11496 (4 ft. No. 2); 11560; 11758 
309 RSA VI3 9809 (Theor.) 
310 RSA VII B. Thaites (Theor.) 

311 
312 
313 

;; 

317 
518 
319 

320 

NAN 530-117 
IL?? 524-0412 
DJ1-N 532-1415 
ITAN 530-1413 
N&N 540-1513 
wx 522-112 
iXkN 525-110 
IVY 521-0411 
UN 545-1515 

r;pL 320 

L 10620 (Theor.) 

12154 (Theor.) 

321 NFL 321 Forthcoming report on tunnel tests wath 
distributed suction 

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

NPL No. Aerofoil Reference 

331 19.6% Syrrmtrmal 
33'; 13 % Symmetrical 
333 19.$ Syrmr.etrioal 

::'; 
14.1s Symmetrical 
13 $ Symmctrlcal 

316 15 ,% Symmetrical 
337 15 $ Symmetrloal 

8597, 
8597, 
0597, 
8597, 

Appendix I Theor. 
Appendxx VI Theor. See also 8650 
Appendix KC1 (Theor. 
Appendix X 

13003 (13 x 9) 
(Theor. i 

A. R. Curtis (Theor. 
A. R. Curtis (Theor. 

__-____________-________________________-------------------------------- 
Wesigned for use with distrLbuted suction over the nose. 
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LIST 7 - Low-drag Slot-suction Aerofoils 

Designed by Goldstein's approximate method 

NPL No. 

351 
352 
353 

Section References -- - 

I@?, cambered 8877 Theor.) 
A preliminclry design 6784 S.hape only) t 
16% synrmetricalGriffith 6784, 7178 and 7463 (4 ft. tunnel); 

7561, 7464, 8054, 8055 a-d 
9320 (13 x 9) 

357 
358 
359 

215 symmetrical Griffith A. R. Curtis (Theor.) 
223 symmetrioal Graffith 10096 (HST) 
3% symmetrical Griffith 8864, 9810, 1OO97, 10630 and 

11599 (13 I 9); 11610 (Theor.) 
3f$ symiietrical, multi-slot 11796, Atrofoil XIII (Theor,) 
3% cambered J. Williams (Theor.) 
33s symnetrical, multi-slot 11796, Aerofoll IX (Theor.) 

(b) Designed by Lighthill's exact method 

361 

362 
363 
364 

7i& sy~un6triaal 
(;~.odifitd Joukowski) 

345; symmetrical 
&t@ symmetrical 
48% synnletrical 

a597, 

8597, 
8719, 
8597, 

Appendix II (Tharr.) 

Appendix IV (Theor.) 
Fig. 1 (Theor.) 
Appendix V (Theor.) 

365 
366 

367 

371 
372 
373 
374 
375 
376 

377 

317> symmetrical (GIRT III)* 
GLU III vvlth spread 

velocity drop 
Stagnation-streamline 

modifio,:tion of GUT III 
12999 (Them.) 

Bulrush I A. R. Curtis 
bulrush II A. R. Curtis 
bulrush III A. R. Curtis 
Bulrush IV A. R. Curtis 
Bulrush V A. R. Curtis 
Dulruzh VI h. 12. Curtis 

257; "Lobster-pot" bi. B. Glauert (Theor. 
D. i;, Beughan (Expt. 

379 30:,, cambcrod 8597, Appendix XC (Theor.) 
380 4155, cambered 8597, Appendix XIII (Theor.) 

GLAS I* Ylao (Thtor.) 
GUS II 9180, 10933 and 11610 (Theor.); 

108% and 11797 (13 x 9); 

383 GIAS III 
3R4 GIAS IV 

385 3$+ carnberod 12999 (Theor.) 

306 Sink-slot modification of 12999 (Theor.) 
GLS II 

387 Sink-slot modification of 12999 (Theor,) 
NPL 385 LIST a/ 

-----_------_---_------------------------------------------------------- 
x"GLAS" indicates an aerofoil designed by Glnuert using LighthillS 

method, for use with suction at a single slot; a "GLnlp" aerofoil 
employs two slots. GLAS III is an exception to this rule. 
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NFL No. 

E 
403 
404 

$2 

407 
408 
409 
410 
411 
412 
443 
414 
415 
416 
417 

418 
419 
420 
421 
431 
432 
433 
434 

LIST 8 - Nose-slot Suction Aerofoils 

These are thin aerofoils designed for high ma&mm lift. 

Section 

11 $; symetrioal 
5.4$, bi-convex 
8,6%, ombered 
8,6%, round-nosed 

13 5, cambered 
14.2$, cambered 

References 

8597, Appendix VIII (Theor.) 

~0506 (4 ft. NO. 2); 11560 
10507 (4 ft. No. 2); 11560 
8658 (Theor, 
8658 (Theor. 

8% symnetrioal sections:- 

> 121&& (Theor.) 

A? 
A2 

E 
A5 
A6 
Bl 
Cl 
Dl 
D2 
El 

8% sections, cambered:- 

A2 -1 
A5 
u2 i 

12144 (Theor.) 

z,, / t 

m/z 
D2/3 

r 
13090 (Theor.) 

=/4 u 

LIST 9 - &erofoils designed for obtaining Lift Independently of' Inoidence 

Ref.: 10294 (Theor.) 

Seotirn 

451 34.23% (TFA III)* 
452 20 ,% TFA 
453 14.65% ('IT-A V) 

454 CVA 1+ 
455 CVA II 

BIBIXOGR&.PBY/ 

--_-__-----------_r-________________r___--------------------------------- 
*"WA" denotes "Thwaites Flap Aerofoil". 

+"GVA" denotes "Constant-velocity Aerofoil". 
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Staff of HIS.T. 

Williams, D. H. 
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5255 
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erofoils with l&y Paramters. 
Aircraft Enginwring 2, 383 
(1939). 

Tests of a New Atirof'oil in the 
HeSeT. at the N.P.L. 
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publishsd; no tntry denotes that publication may bt made later. 
"C,P,I' &&Piss pub:ioatim in t;la Current Paperfl Series, 
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