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CONTINUATION OF REPORTS Nos. 93, 124, 182, and 244
By TsE NarioNaL ApvISOrRY COMAMITTEE FOR AERONAUTICS

REPRINT OF REPORT No. 286, ORIGINALLY PUBLISHED APRIL, 1828

INTRODUCTION

This collection of data on sirfoils has been made from the published reports of a number of
the leading aerodynamic laboratories of this country and Europe.! The information which was
originally expressed according to the different customs of the several laboratories is here pre-
sented in a uniform series of charts and tables suitable for the use of designing engineers and for
purposes of general reference.

It is & well-known fact that the results obtained in different laboratories, because of thelr
individual methods of testing, are not strictly comparable even if praper scale corrections for
size of model and speed of test are supplied. 1t is, therefore, unwise to compare too closely the
coefficients of two wing sections tested in different laboratories. Tests of different wing sec-
tions from the same source, however, may be relied on to give true relative values.

The absolute system of coefficients has been used, since it is thought by the National Advisory
Committee for Aeronautics that this system is the one most suited for international use and yet
it is one from which a desired transformation can be easily made. For this purpose a set of
transformation constants is given. ‘

Hach airfoil section is given a reference number, and the test data are presented in the form
of curves from which the coefficients can be read with sufficient accuracy for designing purposes.
The dimensions of the profile of each section are given at various stations along the chord in
per cent of the chord length, the latter also serving as the datum line.. When two sets of ordi-
nates are necessary, on account of taper in chord or ordinate, those for the maximum section
(at center of span) are given on the individual characteristic sheets, while those for the tip
{dotted) section are given in separate tables, page 375. The shape of the section is also shown
with reasonable accuracy to enable one to more clearly visualize the seetion under consideration,
the outside of the heavy line representing the profile.

The authority for the results here presented is given as the name of the laboratory at which
the experiments were conducted, as explained under abbreviations, with the size of model,
wind velocity, and year of test.

TRANSFORMATION CONSTANTS

For the convenience of those who prefer to use a system of units other than the absolute
system, there is given below a table of transformsation constants based on the standard eondition
adopted by the National Advisory Committee for Aeronautics of—

Temperature =15° C. =59° F.

Pressure =760 mm Hg.=29.92 in. Hg.
Humidity =0.

Gravity =9.80665 m/fs® =32.1740 {t./sec.?

L A previous collection of airfoil sections numbered I to 623 and Charts 1to 16 may be found in N. A. C. A, Reports Nos. 93, 124, 182, and 244
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thus giving values of specific weight of air

W=1.2255 kg/m® =0.07651 1b./ft.?
and of density -
p=0.12497 in the French engineering or kilogram, meter, second system.

Or p =0.002378 in the English or pound, foot, second system.
In absolute units. . ___ . ____________ o ___. P=0V?/2
In kg/m® (/). o oo P =.0625 OV?
In kg/m? (km/hY. . . P =.004822 O1?
Inlb./sq. ft. (ft./sec.) oo P =.001189 OV*
Inlb./sq. ft. (mi/he) . ______._ P=.002558 OV?

(Note that these constants are half as large as those used in Reports Nos. 83 ard 124 and that the absolute
coeflicients used in this report are twice as large as the old coefficients. See Report No. 240 regarding change in
absolute coefficients.)

INDEX

Three separate types of index are given—chart indexes which make it possible for a designer
to select the wing section most suitable for the particular design in which he is interested; a
group index which is arranged by countries and laboratories at which tests were conducted, each
section also being designated by a reference number; and an alphabetical index.

CHART INDEX

In order that the designer may easily pick out a wing section which is suited to the type of
airplane on which he is working, four index charts are given which classify the wings according
to their aerodynamic and structural propertics. In the charts of this report a lower-case letter
is placed adjacent to the reference number giving V7 values, so that a comparison can be made
without referring to the individual drawings. In this value V represents the wind velomtv in
feet per second and f a linear dimension, the chord length in feet.

In chart No. 17 the minimum drag, O is plotted against the L/D at one-fourth the maxi-
mum lift, C;. This chart should be used in choosing & wing section for a high-speed airplane,
the wing sections being more suited for this use the farther they are from the lower left-hand
corner,

In chart No. 18 the niean spar depth is plotted against the maximum lift, C%, in order to
show the possible strength and lightness of the wing structure. The higher the maximum
lift coefficient is the smaller will be the wing area and the lighter the structural weight, and in
the same way the greater the depth of the spars the lighter will be their weight, so that the
sections the greatest distance from the lower left-hand corner will give the lightest and strong-
est wings. The‘“mean spar depth ' is obtained by assuming the spars to be located, respectively,
at 15 and 60 per cent of the chord, and by dividing the sum of their thicknesses, in per cent of
chord length at these points, by 2. In the case of sections tapered in ordinate or chord, or both,
the mean spar depth of the maximum section (section at center of span) is taken in per cent
of the constantchord for the ordinate taper, and of the mean chord for the chord taper, although
accompanied, in certain airfoils, with an ordinate taper.

In ehart No. 19 the maximum L/D is plotted agsinst the maximum lift, ¢y, which Is of
use in choosing the wing section for a slow and efficient airplane. In the same way as before
the sections farthest from the lower left-hand corner are the best for this purpose.

In chart No. 20 the L/D at two-thirds the maximum lift, (' is plotted againgt the maximum
lift, ¢;. This chart can be used for choosing a section that will give an efficient climb or a
Iong range at cruising speed. The best sections for this purpose will be farthest from the lower
left-hand corner of the chart.
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Engineering Division, MeCook Field, U. S. A
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REFEREKCE X0, 700 Percent of Chord N.kiC.he REFERENCE X0, 701 Percent of Chord N.k:C. Ae
30920 2030 4o 60 60 70 80 90 100 50020 20 30 40 £0_ 60 70 £0 90 300
£ {opir | 1wiR Hll % lupr | 1¥'m %I%
o | 3.85| 3.38 o | 3.00] 3.00
14 | 5.5 | o.80| . 320 15| 50| fieol L. w?fl
28 | 7.0 0.30] & HT - 2% | e.50| r.zs| g, |
? 9.15] 0.00 Séww 5 | 7.85; 0.85] § S0 H —
+ 210,45 C.10] & il = 1% | s.%0] o.s55) & -y
107 {2185 0.25) Lo of 107 | 9.75) 0,401 &y Off
BB N 3oLl ol °
. 00 11.50) 0,15|
% 15.80 | 1,55 i -36 30 | 13.00 0.10 10 -36
15.90 | 2.8 13. 0.00 N
50 |16.00] 1.85 3% o | 10.85| 0.00 .34
60 |13, 1,80 0 | 9.45( 0.00
70 110,70 1.85 1.6-.32 76 7.85| 0.00 1.64.32
&0 ;gg é'é‘; €0 5.50 0.00
90 . . . 90 3.00| 0.00 .
55 | | ous T 30 3 | Liss| oo _ »
28 : : = 1428 28 .01 0.9 Lk-.26
[ L~ / 2
26 |80 /; 26 26 %10 .26
= / A& e i B N O B
24 |u20 ne |2k 24 Ju20) v e f.a%
g F / 3 —~ g -~ ~
223 Vi ‘ a2t 22330 Z = 23
030 / ) el /L R g . — = 223
= L q a0 & L / I\ o 9
20 [gho — 1. E'ZOS 20 gk.o "Q 7 L 2.2 g
¥ £ 5 = o _ R L/D N / 5 =
<!
£18 V50 o7 1 I d1e vsc AN a7
a |7 N / g 2 a Iz \ . 8
316 350 >< 74 53 .16% 316 365 T -8k 16
5] o P ©
» Vi o » i ™
43k 1u70 / \ 7 :’”‘E Hak y70 AN H n.:wt:
3k J . 88 Bk A0 N1 A o8, 8
~512 5&4 ’ N 3 :. ® 0312 Eau /‘ \y/ . ::' %
A
:-\‘310 £90 / l / el .“:’10 290 // 7 4108
FIREAN / B & I8 | / ™ e
8 | =00 / / 08 &} 500 7 NS .
N, p M S I P B / ™ ©
6l / 4 ~ 61, 7
o 14 L : ’/
Lin P 2. ks 2. Ok
H N A £ [} ~
i 02 213 A .2
Cp4 ‘p © ¢p
[} 0 ) .00
2 Wame of section: G8ttingen 593 2 Hame of section:Gittingen 593
- . Size of model: 39.37% x 7,874% C/f/ Size of model: 38,37 x 7.874"
" -.2]¥ind velocity: 8.4 f4./ses. & 5 -2} Mind veloclty: 88,4 ft./seo,
A Yoore tested: Gttingen Date: 1838 J/ ¥here tested: GOtiingen Date:1938
«12 10 -8 ~6 -4 -2 0 2 4% 6 & 10 12 1% 16 18 &0 22 -12 -20 /s -6 <% -2 0 2 4 & & 10 12 1% 16 15 20 22
Angle of Attack in Degrees, Angle of Attack in Deghees.
REFERENCE X0, 703 Percent of Chord N.A.C.A. REFEREKCE ¥0. 703 Percent of Chord M.A.C.A.
209 20 30 Ho 0 60 70 80 90 100 30 20 30 Ho Ko 60 70 86 90 100
£ tgper | rwen i % jupR | r¥'m
o | a.e0! 3.80 20 4.80| 4.80 20
1% | 4.45| 1.95] % 1L | 6.63| 3.39f LB
23 | s.15) 185w, il 2t | 7.48| 3.85] B o
5 6.20 | 1.15| &8I0 = — 5 8.77| 2.03f §80
7% | 7.10| o.%0f & - 7%} e 1.4 & ol
10 7.80| 0.70| &y 0 107 110.50] 2.00] & w 0 i
15 | 8.75| 0.45 15 111.85] 0.42
20 | 9.35| 0.30 10 .36 20 | 13,50 6.10 1o .36
30 | 9,70 0.15 ¢ |iz.l0! o.10
i0 | 9,401 0.0C L 0 |12.80| o0.e0 %
o | 8.75| 0.00 34 50 |11.80] 1.30 -3
o 7.75| 0.00 60 | 9.80| 3.00
70 8.35 | 0.00 1.67.32 70 8.00 | 2.40 1.67.32
50 ;?Q g.gg : g0 s.20| 3.2
90 . . 5 90 3. ¥ .30
95 1.30| 0.00 3 a5 é.gg g.gé 3
26 10% 0.00] 0.00 1.4-.28 28 10% - - 1.4-1.28
26 {10 .26 26 |%10 _7.26
3 ] & & i) * & &
24 |20 575 12 .o 24 [520 0 ne |.2%
5 N\ 9.7 bl L/D /?\J 0
il o 5l
22330 N —— o & .223 22330 — A .2z§
2 DT C.P L, 9 3 ~ /| =} /' l h [
20|gh0 \ 1>} ;._Q.ZOE 20 |0 / . .20;
w15 /] A .3 w 8 L~ £ =
F1g [+50 7 S8, Fiefso = N ae’;
= 2 / £ § 5..8 5 |8 ‘ />< / 5., 8
016 36 81,163 016960 -Bad.26 -
8304 | / K RRC I g / VARN / as
i b ~ e o bl
&1k 570 f qBY Gl N / E i
e I I 69128 D% Nt/ 69,128
~ 3.19) - . ~ &0 . .
o T/ TN EN W R N7 N
2100 Aol [ 104
310 ,'éso /7 //’v / = A 310 gso I / / \ 4 A
& So0 / ’ 2 o8 - S0 ' / \\ .08
£y / % i / %
6 { €y, 4 v
° \ P o / <
bile X e 2 .ok s [ A 2-.0%
2|8 N\ ‘ / 02 A / A 02
8 \\t_x’a__,.{n' 15 24
Q 4] 3 00
2 Fame of section: G8ttingen 595 Fame of section: Eiffel 400 (Psscara)
- / ] Size of model: 39,377 x 7,874" -2 Size of model: 35.43" x 5,81°
i -.2| Mind velccity: ©8.4 ft./seq. & ~.2] Wind veloeity: 81,86 ft./sen,
7\1/ ¥oore tested: GBttingen Date: 1938 Where tested: S, T, Ad. Lib, Date: 1835,
s2-10-8 -6 B .2 0 2z ¥ 6 & 10 12 1. 16 1§ 20 22 -12-20 -8 -6 -4 .2 0 2 & 6 8 10 12 1% 16 15 &0 2

Angle of Attack in Degrees. Angle of Attack in Degrees,



AERODYNAVIC CHARACTERISTICS OF AIRFOILS—V 165

’

HEFERIACE XO. 704 Percent o Choxd K.4.C.4. BEFEREXSE X0. 705 Fercent of Chord N.&.C.A.
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REFERENCE KO. 748 Percent of Chord LN REFERENCE X0, 749 Percent of Chord ¥.4.C A
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TABLE OF ORDINATES NOT GIVEN ON INDIVIDUAL CHARACTERISTIC SHEETS

Ordinates for dotted seciion, at iip, where ratio of ordincie Additional ordinaies required to give camber at stations,

to chord differs from thai of section at center of span not given on individual characterisiic sheets
Reference 624 Reference 626 Reference 627
N.A.C.A. 87 B~ C-2
Stations in per cent of chord (tapered) ] Statiog{s cllxxlo?ér cent (Modifed M-$0) (Modified 31-50)

TUpper Lower Upper Lower Upper Lower

0 e o 3. 06 3.06 8.95 e 0.00 |- 0. 00

1.25__ 3. 94 2.00 1270 ] 7.36 |ooo_____ 7.388 [oceo___

250 __.__ —_ 4,28 1. 66 2250 _______ 8.28 |________ 8. 58 0.78
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0 oo - | 5381 0. 68 4500 __ .- 840 ________ 820 |oo_.__
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60_____._ 4 05 0.23
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100 e~ 0.00 0. 00
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