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REPORT NO. 233

THE AERODYNAMIC CHARACTERISTICSOF SEVEN FREQUENTLY USED
WING SECTIONS AT FULL REYNOLDS mER

By MAX M. MUNK and ELTON ‘W. MILLER

SUMMARY

This report contains the aerodynamic properties of the wing sections U. S. A. 5, U. S. A. 27,
U. S. A. 35 A, U. S. A. 35 B, Clark Y, R. A. F. 15, and Gottingen 387, as determined at various
R-eynoIds Numbers up to an approximately full scale value in the variable density wind tunnel of
the NationaI Adfiory Committee for Aeronautics.

It is shown that the characteristics of ihe wings in~estigat ed are affected greatly and in
a somewhat erratic manner by variation of &he Reynolds Number. ln general there is a smaIl
increase in maximum Iift. and an appreciable decrease in &ag at all Iifts.

NTRODUCTIO?4

The tests described in this report were made in the variable density wind tunnel of the
Nat ionaI Advisory committee for Aeronautics. The construction of this tunnel, fihe features
particular to it, aud the reasons for providing such features will be the subject of another report.

Since the effective linear model size is equal to the actuaI model size multiplied by t-he ratio
of the test density to the normal density of air, full scale values of the Reynolds Number are
obtained in the variabIe densi~y wind tmmel with moderate wind speeds on models of ordinary
size by compress~~ the air to about twenty times its nornd density (or normaI pressure).

The present tests are among the f!rst made in the variable density rind tunnel, and, as
&uht be expected from the newness of the work, there are certain runs and individual readings
which do not appear to check with the remaining data. Owing to the general interest in these
data and their probable value to airplane designers, it has been decided to make the data im-
mediately avaiIabIe in the present form and to give more complete and more accurate data in
some future report or reports. The general effect of the Reynolds Number and the characteristics
of the various airfoils at large ReynoIds Number are considered to be given with reasonable
accuracy by these data..

METHOD OF TEST

The modek were smoothly cut of duralumin in rectangdar form, 30-inch span and 5-inch
chord, with eqwd and parallel sections aIo~o the span, The span of the modeIs, 30-inches, is one-
half of the throat diameter of the wind tunnel. In the tests each model was faste~ed to the
tunneI balance by means of thin wires and a vertical shielded bar extending across the tunneI in
rear of the modeL A skid rigidIy connected with the model was hinged to this bar, so that the
ang!e of attack could be changed during the tests by moving the bar up or down.

Each modeI -was investigated through a range of angles of attack at an approximately
constant pressure of the air circuiting in the wind tunnel. This pressure was increased in steps
and each time the test repeated.

In the same way the resistance of the wires and of other auxiliary parts was determined.
This Iatt er test incIudes the slight fo,rces exerted by the air flow on the baIances direct&, in
consequence of smaIl leakages between the test room, the baIance room, and the return channel.
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The corrections found were applied to the readings obtained with the modeI at various angles of
attack and at various pressures. The velocity of the air flow is approximately the same in all
tests, with an average value of about 76 feet per second.

RESULTS OF THE TESTS

The resuIts of the tests are given in the tables and diagrams of this report. Tabie XXXV1
gives the exact shape of the wing sections tested, the ordinates being obtained by measuring
the finished model. It is worth mentioning in this connection that in several cases no strict
specification of the section exists, as, for instance, several tables of ordinates for the R. A. l?.
15 published at difTerent times differ from each other. In such cases the ordinates in general
use have been adopted.

Tables I to XXXV give the lift coefficient, drag coefficient, and some of them the moment
coefficient for a series of angles of attack, each table for an approximately constant dynamic
pressure. The lift coefficient CLand drag coefficient C. are obtained by dividing the measured
lift L and the corrected drag D by the wing area 8 and by the dynamic pressure q.

where

The velocity is always about 76 feet per second. The moment coefficient, &is obtained from
the moment measured with respect to the point on the chord one-quarter chord length from the
leading edge, by dividing it by the wing area, by the chord c and by the dynamic pressure q,

OK is positi~e if it tends to increase the angle of attack; that is, to lift the leading edge up and
turn the trailing edge down. The average Reynolds Number for each test is also inserted. The
Reynolds Number is computed with reference to the chord as characteristic length of the model,

The results are illustrated by diagrams in the form of the so-called polar curves. There are
two diagrams for each section. The one refers to the test at about 20-atmosphere tank pressure,
which can be considered as equivalent to a full-size test for an airplane of moderate size. This
diagram contains a profile of the section. The Iift coefficient is plotted vertically, and against
it to the right are plotted the induced drag coefficient (giving a parabola), the observed drag
coefficient (giving the polar curve proper), and the negative moment coefficient.

In a second diagram alI polar curves of one section observed at different pressures, and
hence at different Reynolds Numbers, are drawn side by side. The parabola of induced dr~g
is inserted again.

It appears that the polar curves obtained at diflerent Reynolds Numbers dif?ier appreciably
from each other, particularly with the thicker s,ections. The drag coefficient has generaHy the
tendency to decrease with increase of Reynolds Number, while the lift is not very much affected
except in the neighborhood of its maximum.

Table XXXVII has been prepared by Lieut. Walter S. Diehl to supply a condensed sum-
mary of the test data in the form commonly used for study of comparative tests. It should
be noted that these data are not comparative with tests conducted on other models in other
wind tunnek unless appropriate corrections are applied.
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CONCLUSIONS

W%ile only conclusions of the most general nature can be safely drawn from these tests,
there are certain outstanding features, as follows:

(1) At any given lift coefficient the drag coefficient has a tendency to decrease as the
Reynolds &Tumber is increased.

(2) The greater the value of minimum drag coefficient at one atmosphere the greater the
decrease in minimum drag with increase in Reynolds hTumber. This is true whether
the decrease be t~ken as art absolute value or as a ratio. In this connection Lieut.
Waiter S. Diehl points out that the absolute decrease in minimum drag coefficient
in passi~~ from 1 to 20 atmospheres for the se-ren airfoils of t&Q report varies approxi-
mately as the cube of the minimum drag coefficient at 1 atmosphere. This relation
is probabIy accidental and is merely cited to show the general mdmre of the variation.

(3) Except in the neighborhood of the maximum, the Lift coefficient does not appear to be
influenced by change in Reynokle hTumber.

(4) The maximum Jift coefficient is very much aflected by change in Reynolds Number.
The effect on maximum lift coefficient is quite erratic, and in passing from I atmos-
phere to 20 atmospheres ~aries from an increase of 14 per cent to a decrease of 23.4
per cent.

Since there is no Imown reason for doubting that the ~ariations obtained in airfoil character-
istics at the higher pressures area direct effect of tie variation in Reynolds iNumber, it is believed
that the aerodynamical properties obtrained from tests made in the variable density wind tunnel
at. full scale values of the ReynoIds h’umber are more reliable and more directly applicable to
design than similar data obtained in the ordinary atmospheric wind tunnels at the usual LOW
-rahles of Re-ynolds Number. This conclusion is supported by the fact that at a pressure of 1
atmosphere the tiariable density wind’ tunne~ gives results -which are in -rery good agreement
tit]. those obtained in the con~entional atmospheric wind tmnneIs.

TABLE I TABLE II

[.Airfoilsection U. S. A.. 3 model No. 15; span, 30 [Airfoil section, U. S. A, S model No. 15; span, 30
inches (76.2 centimeters); chord, 5 inches (12.7 inch-m (75.2 wntimetcra); chord, 5 inches W7
centimeters); area, 0.0%.S L@; &spect ratio 6] cenhmeters); area, O.W mz, espect ratio, 61

Dfi~ q, kgfm~
2a1

–4. 5 I 28.0
-3. a

2!
-i: ~ tio

%. 1
2: 28.1
4.5 28.1

28.1
U ~ z. o

12.0 2.%0
M.o 28.0
16.0 28.0
2!. o 27..9

I

Lift j Drag
i

I An.lelef ~ ;&mU&
coefficient coefficient

CL
–o. 151

.Cml

.141

.254

.354

.489

:El

i%!
L 111
L 111
L 144
L 051

CD
0.0559
. 0=3s2
.0204
.0142 ,
.0152
.0197
- (1~~
.0341
. 04S37
.0648
.0945
.1421
. 2i39
.3650

Lift
coefficient

–0.%6
.011
.132
.256
.3&5
. 4S3
.593
.697
.811

L G47
L 127
1.202
L 165
L 058

Drag
(

coefficient 1
!

(?D ;
0.0573
.0401 ;
.0202
.0140 ~
.0147
.Om ~
.0263
.0333 t
.W1 ~
.0667 ,
.Mfi i
- 1~~
. 2%7 t
.3642

.

——+-

_— --.

.4verage tempere.ture 23° C.; average tank pressure, Average tempcratwe, 20” C.; avera e tank prea-
1 atmosphwe; average Reynolds N-umb+z, 179,W. fsine, 2.62atmospheres; average Reyno da Number,

4@Jy@.
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T44BLE III

[Ai;foil section, U. S; A. 5; model No. 1$ span, 30
inches (76,2 cenhmet,ers); chord, 5 inches (12.7
centimeters); area, 0.0968ml; aspect ratio, 6)

TABLE VI

[Airfoil section, U. S. A. 27; model No. 16; spfm, 30
inches (76.2 centimeters); chord, 5 inches (12.7
centimeters); area, O.Ok%m~;aspect ratio, 6]

D“rag I
coefficient

—1

10.a.02%
.0177
.0188
.0194
.0247 I.0297;.0396f
.0471
.S6S3 [
. cQ47 1
.1228
.1891
.2552

I

D_e6~~es

-4.5
-3.0
-1.5

0.0

k:
4.5
6.0
9.0

12.0
15.0
18.0
21.0

,j;,pz I _o$k,
27;1 :072
27.1- .190
27.1 .232
27.1 .392
2a.8 .494
26.S .628
27.2 .72S
27.2 .830
27.2 1.015
27.2 1.19s
27.2 1.304
27.1 1.270
28,9 1.142

Average temperature, 23° C; average tank pres.
sure, 1 atmosphere; sverage Rt?yrmlds Number,
175,1w’L

Average temperature, 26° C.; average tank pres-
sure, 4.86atmospheres; average Reynolds Number,
863,fXXL

TABLE IV

[Airfoil section, U,. S. A. 5; mcdel No. lti span, 30
inches (76.2centimeters); chord, b inches (12.7centi-
meters); area, 0.066$.m!; aspwt ratio, 6]

[Airfoil section, U. S. AT27; model No. 16; span, 30
inches (76.2 centimeters); chord, .5 inches (12.7
centimeters); area 0.0968m~; aspect ratio, 6]

+n#e&f i Dynamic

—t

preesure
Lift I ‘-1Drag

coefficient coetlkknt
Aa~ffi:f I Dynamic

pressure
—1
Degrees ~ Q,kg/m~

-6.0 310
-4.5 311
-3.0 312
-L 5 312

0.0 , 312
1.5 312
3.0 313
4.5 313

310
:: 310

12.0 I 310
15.0 310
18.0 307
21.0 303

CL
–o. 041

.0$2

.168

.260

.367

.474

.579

.678

.7%

.989
L 165
1.214
1.167
1.154

CD
0,0469
.0265
.0171
,0149
.0176
.0218
.0269
; 0J3J;

.0649

.0869

.1304

: :!:8

I
I

I-0,%1
-.025

.127

.234

.351

.467

. .X32

.668

. W6
1.010
1.159
1.1%3
1.151
1.092

i
I

L ig~m~

7<3
73.6
73.6
’73.6
73.6
’725
72.5
72.6
72.5
72.5
72.5
71,8
71.8

Average temperature, 33° C.; average tank pres-
sure, 10.48atmospheres; average Reynolds h’umber,
I,840,M3.

Average temperature, 2fJ”C.; aver e tank Pms-
7sure, 2.58 atmospheres; average Reyno ds h-umber,

456,03+3.

TABLE }7111

[Airfoil section, U. S. A. 27; model No. 16 span, 30
inches- (76.2 centimeters); chord, 5 inches (12.7
centimeters); area, 0.6968mi; aspect ratio 61

[Airfo!l section, U. S. A. 5; modeI No. 1X span, 30
iuches (76.2centimeters); chord, 5 inches (12.7centi-
meters); area, 0.6368mg; aspect ratio, 6}

Dynamic i
pressure ~ coe%lent ~ X%%&

I I

Drag ! L:of:t
coeffi- ]
cient cient 1

.4n#e

attack

D:e&p

-4:5
-3.0
-1.5

0.0

k;
4.5
6.0
9,0

12.0
15.0
18.0
21.0

Degrees
–6. O
–4. 5
–3. o
-1.5

0.0

i:
&5
6.0

J 8
15.0
18.0
21.0

g,:~~m~ i

148
148
148
148
146
148
148
148
148
148
148
146
146

I CD
0.0441
,0253
.0144
,0131
.0159
.0203
.0251
.0322
.0408
. 00Q0
,0852
.1293
.1091
.2529

—l— -
i, ldm~

633 –0!:33
635 -: ::;
639
645 .237

g \ ;#2

643 .602
.782

2$ L 001
641 L i88
640 1,184
626 1.134
621 1.030

I

c.!{
-0.071
-.012
-.059
-. c93
-, w
:: ~

-.110
-. Om
-.080
-.078
-, 122
-.121
-.154

Average temperature, 29° C.; average tank pres-
sure, 5.10 atmosphems; average Reynolds hTumber,
W),OWL

I

1Moments taken about a point at 25per cent of the
chord.

Average temperature, 35° C.; average tank ptes-
sure, 20.07atmospheres; average Reynolds h’umber,
3,630,1nxl.
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TABLE IX TABLE XII

[.lkfoif seetion, U. S. A. m model No. 16; SPem,30
inches (76.2 centimeters); chord, 5 inches (12.7
centimeters); erea, 0.0968ml; aspect ratio, 61

[Airfoil section, U.S. A. 35 A; model No., lZ spen,
W inches (76.2 centimeters); chord, 5 inches (12.7
centimeters); are% 0.0968m!; ssgwt rntio, 6[

Lift ~ Drag ~
eceficfent coefficient j

1

Lift ! Drag ~
coefficient c0ef5%ient

I I

Angie of
attack

3 gnamic
pressnre

—=.—
CL

0.003
.209
.3%
.4ci3
.515
.629
.739
.s’44
.945

L 047
L 213
L 3.59
L 445
L&o
1.430

I
0:;:

.0202

.0234
-ml
.0337
.0414
.0491
.05f11
.0701
. G%w
.1253
.1670
.3620
.4110

I
De5e= ~ Q ~lp
–6. Q
—4.5

I
318

–3.0 ! 318
–1.5 318

0.0 318
1.5 i 318
3.0 ; 320

;;l~

lzo \ 319
15.0 ; 316
IS.o I 316
2L0 I 313

-o.c&
.031
.131
.234
.345
.455
.565
.659

::;
L 148
L 290
1.246
L 140

CD
0.0307
.0120
. oL19
.0130
. OIM ,
.0203
. o~59
. 032s
. 040i
.0302
.0857 \
.1160 ,
. 1s4s
. 9%33 \

D:gya

–i o
-4.5
—3.o
—L5

0.0
L6
3.0
L5
6.0
9.0

J2. o
15.0
1S.O
21.0

g,k&/m~
72.4
72.6
72.‘a
725
71.8
71.8
n. 8
71.8
iL8
7L 8
7L8
7L 3
7L3
7L 3
n. I

—.

——

.4verage temperature, 27 C.; average tank prrs-
ytu& l&14 atmcspheras; awcega Reynolds IVnmber,
,., .

——
Average temperature, 22? C.; average tank pre5-

.mre, 2.~43atmospheres averege Reynolds Nrtmber,

TABLE X
45J),M. -

[.4irfoil section, U.S: A. n model No., 10 span, 24
inches (76.2 centuneters); chord, 5 inches (12.7
centimeters); ares, 0.696$m!; aspect ratio, 61

TABLE <XIII

[Airfoil section, U.S. A. 35& model No., In spa% 30
inches (i6.2 centimeter); chord, 5igches (12.7centi-
meters); srea, O.G+%ml; aspect ratm, 6]

I
Lift f Dreg

coefficient coefficient
Dynamic
pressure

Angle of
attack

-= -

o:;~

.0171

.0215

. 025S

. 0S19

.0401

. @.79

. 05.S1

.0694

.0953

.1303
.1721
. 232a
.2790

D:gy-s

–6. O
–4. 5
–3. o
–L 5

0.Q

k:
4.5

:8
120
15.0
1s.o
2L O

gi$g//m~

lti 3
156.3
157.1
Ifs. o
15%o
m. 5
155.5
155.5
155.5
155.5
156.3
M.5.a
15-5.0
1340

CL
-0.045

.186

.2UI

.4W

. W?

.626

.731

.828

.936
L 044
L 215
L 363
L412
1.424
L 424 -

LMomenk taken about a pint at 25pa- cent of the
chord. Average temperature, 25° G.; arerage taak ma-

Sure. 5.37atmmuheres; arerage Remolds Nnmber,
.4verage temperature, 34°C.; arerage tank prea-

~;:. l&92 atmospheres; average Reynolds N’umber,
,,.

TABLE XI

[.4irfoiIsection U. S. A.35 .4; model No., 17; span, 30
inches (76.2 centimeters); chord, 5 inches (I2.7
centimeters); area, 0.0968m~; aspect rztio, 6]

960,60J3, -

TABLE XIV

[Airfoil section, U. S. A. 35 S modef No., In SW, 30
inches (76.2centimeter); efmrd, 5 inches (U.? centi-
meters); area, 0.G’363m!; espect ratm, 6]

—

Dynamic ; Lift
I

Drag 1
pressure , coefficient w-efficient ~

Drag ~
weftkient

—1

A@&f
.—c

m$es

-6:0
—4.5
–3. o
-~~

0.0

::
4.5
6.0
9.0

12.0
15.0
1s.o
2L O

f, ;~jmf ~
1 –0.%S

315 .173
318 .259
319 -337
311 j .491
313 .602
313 ;
310 :E
310 ; . WI

. w
%? ; L 162
304

I
L 225

310 L 240
3W L 2)5
304 I. 131

0. :&l ;
.0154 ,
.0156 ~
.02% ,
.0247
.0313
.0391
.fMo
.0535 ~
. @576
.1042 :
. 14’W
.lw /
.2402
. 2%7 ~

D~~

-6.0
-’45
-3.0
–I. 5

0.0

;;
&5
8.0
9.0

120
15.0
18.0
2L o

—.-
—-

Averege temparatme W C.; average tank pres- Average temperature, 2i0 C.; average tank Prea-
~8m,qm1atmosphere; average Reynolds Number, ~mr u&5 atmospheres; average Reynolds Number,

,,
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TABLE XV TABLE XVIII

[Airfoil section, U. S. A. 35A; model No., 17;span, 30
inches (76.2centimeters); chord, 5 inches (12.7centi-
meters); area, 0.0968m~;aspect ratio, 13]

[.kirfoil section, U. S. A. 35 B; model No., la s an,
r30 inches (76.2centimeters); chord, 5 inches 12.7

centimeters): &rea,0.036Sm~; aspect ratio, 61

I

‘ Dy-
A~:~e \ namic Lift Drag Mo’a#t

pres- cOeffl- cOeffi-
~ttack sure , tier.rt , cient cient 1

Dreg
co+tlcient

-O.ck
–. 036

. fhs9

.180

.28$

. 40s

.624

. 6W

. S52
L 054
L 221
1.301
1.232
L 106

0.259
.0111
.0115
.0123
.0154

:%%
.6336
.0529
.0782
. low
, l~~g
.2210
.2627

I
)egrees 1p, kglm~
–9. o 629
-6.0 637
–4. 5 636
-3.0 632
–1.5 630

0.0 612
617

k: 617
4.5 631
6.0 631

630
1:! 627
15.0 615

617
;!: ] 616

-0%75
.146
.252
.365
.468
.580
.692
.798
.684
.984

3.142
L 203
L 201
L 152
1.CP37

0:p&
.0162
.0196
.0240
.0304
. 037’s
. 046S
.0554
.0677
. O?J56
.1399
.1934
.2424
. 2.s77

-217
–. 118
-.116
-.112
-.107
-. lc$
~, 107
-.104
–. 101
-.110
–. 105
–. 127
-.142
–. 150
-. lx Average temperature. 41” C.; average tank Pres-

s#@#24 atmospheres; e.veraga Reynolds I$urnber,

I Moments taken about a point at 26per cent of the
,.

chord. TABLE XIX

Average temperatrrre, 40” C,; average tank pres-
sure, 20.3 atmospheres; average Reyrmlds Number,
3,520,W0.

[Airfoil swtion, U. S. ,A. 35 B; model No., 18; span,
30 inches (76.2 centimeters); chord, 5 inches (12.7

TABLE XVI centimeters); area, 0,0968ma; aspect ratio, 6]

_l I I I

[Airfoil section, U. S. A. 35 B; model Nro., 1% span,
30 inches (76.2 centimeters); chord, 5 inches (12.7
centimeters); area, 0.0968m!; aspect ratio, 61

Dyuamic ~ Lift
pressure , coefficient

-0.%8
-.053

.0-54

.189

. 2s0

.397

.510

.625

.845
L 050
L 240
1.370
I. 327
L 167

0,a
.0103
.0101
.0125
.0144

I

.0191 i

.0266

.0335

. 05U4 1

.0760 \

. low

.1411 I

.2144

.2865 /

Angle of ] Dynamic
attack I pressure

Lift
coefficient

Dreg
coefficient

qy
-6:0
-4.5
–3. o
-1.5

0.0

ki
6.0

1::
15.0
18.0
21.0

0. :~6
.0264
.0214
.0207
,0227
.0264
.0314
,0395
.0473
. 0S39
.0847
.1125
.1525
. 25Ii6
.3572

D:~r:es

-60
–4. 5
–3. o
–L 5

0.0

i;
4.5

q,kgim~
24.0
25.0
25,2
25.2
25.2
25.2
25.2
25.2
25.2
25.2
25.2

‘0.?57 i
-.021

.08’2 I

.185 ;

.291

.401
,520
.640
,763
.865 ~

1.060
L 218
L 245
1.150
.930 1

6.0
9.0

12.0 25,2
15.0 25.2
18.0 I 25.0
21.0 25.0

I

Average temperature, 40” C.; avera e tank pres
fsure, 10.2 atmospheres; average Rwno ds Number,

1,695,W).
I

s-
TABLE XX

[.kirfoil section, U. S. :4.35 B; model N’Q.,la aparr,
30 inches (76.2 centimeters); chord, 5 inches (12.7
cent imeters); area, 0.0308m!; aspect ratio, 6]

Average temperature, 32” C.; a_veragetank pru
suure~l atmosphere; average Reynolds Number,

,.
TABLE XVII

[Airfoil section, U. S. .4.35 B; model No., 1% sprm,
30 inches (76.2 centimeters); chord, 5 inches (12.7
centimeters); area, O.6%8 mi; aspect ratio, 6]

Dy. I I
namic i Lift Drag

we5-pres- Ci=t c5effi-
eure cieut

‘Angle

1 a$a!ck

Koment
metlf-
cicnt 1

—
Drag

coefficient
D ynautic
pressura

Lift
coefficient 1—

0.R&
. W94
. CQ93
.0107
. 013s
.0174
.0231
. cu309
.0497
.0746
.1030
,1365
.2149
.2965

CM
–O. 072
-.074
-. Oil
-.070
-.070
–. 052
-,054
–. 081
-.054
-.059
-.064
-.0$3
-.696
–, 152

l—

Dfi~oes

-6:0
-4. b
–3. o
-1,5

0.0
L 5
3.0
4.5
6.0
9.0

12.0
16.0
18.0
2L o

g,kg/m~
65.6
65.6
65.6
65.6
65.7
65.5
65.0
65.5
65.0
65.0
65.5
65.5
64.3
64.3
64.3

-@%;
.073
.186
.292
.410
.526
.627
.736
.852

1.053
1.211
L 253
1.21.2
1.083

cD
0.0675
.0148
. 014L
.0149
.0185
.0215
.0279
.0932
.0431
.0535
.0794
.1077
.1561
.2151
.3187

-.-...—-

~Moments taken about a point at 25 per cent of
the chord.

Average temperature, 40° C.; avera e tank pr@s-
?sure, 19.82atmospheres; average Reyno de Number,

3,470,W0.

Average temperature, 28° C,; average tank pres-
sure, 2.45atmospheres; average Reynolds Number,
415,cW
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[Airfoif sectionj Clark Y modeI No., 1* spanj 30
inches (76.2 centimeters); chord, 5 inches (12.7
centimeters); area, 0.W68I@; aspect ratio, 6]

rtifail section, Clark W mcdel No., I* span, 30
idraa (76.2 centimeters); chord, 5 ipches (12.7
centimeters); area, 0.0%8 mz; aapect mtlo, 61

Lift
eoeilieient

Drag
Coetmcient

A&# Lift
cc-efficient

Drag
coetlkient

A#:f

D:~oes

-4.5
–3. o
–L 5

0.0
Lci
3.0
45
6.0

2:
15=o
I&o
2L O

Dynnmie
pressare

.—
.I

q, kg/m~ CL
311 ‘ -0.045
311 ; . C6i
312 .176
312 ; . 2%7
308 , .401
305 ; .5M
302 ~ .616
30.5 .721
304 ~ ~~~
304 LO%
3M ; L 213
304 1 L 318
303 I L 254
301 L 070

q,kgJm$
23.1
2s.1
2a 1
2a. 1
2s.1
Zal
2.%1
28.1
al
~~

E:
28.4
27.9

Cr,
-o. CQ7

.696

.210

.206

.421

.545

.637

:%
LMI
L 15”3
L2W
L 133
.Qm

o.IRS~
.0112 ;
. Ofzl f
.0145
. 01S5
.0235 t
. 02%
.0384
. W.61 [
. ffi91 ~
.W76
. 12Q5 ,
.2103
.2S.57

Dj#o~

–i 5
–3. o
–1.5

0.0
L 5
3.0
4.5
6.0

1::
15.0
18.0
21.0 --.—

Average t(
snre, 1 atm
181,0W.

Average tempemtme, 2S0 C.; average tank Pres-
sure, 10.2 atmospheres; awrage Revolda Number
Lwio.m.

6° C!.; average tank pres-
rage Reynolds h’umber,

Iperature,
iphere; a~ —,––.,–.

TABLE XXVT.&BLE XXII

[Airfoil =ction, Clerk X model No., IX span. 36
inches (76.2 centimeters); chord, 5 incfws (12.7
centimeters); area, O.W m.~;aspect ratio, 61

[<ffoil section, Clark W model No., I* span, 30
inches (76.2 centimeters); chord, 5 inches (12.7
centimeters); area, 0.0968mz; aspect ratio, 61

Ltit .LDrag :
ceellicfent c0e5eient ~

Dynamic
pressure

—~

—
D:~oes

—4.5
–3. o
–1.5

0.0
L5
3.0
<5

::
12.0
15.0
18.0
2L O

q,kglm~
72.2

72.2
72.0
71. I
72.2
7!. 2
71.2
72.0
72.0
72.0
72.0
71.2
7L2

. 7L2

CL cD
I

–o. 02Q 0.0114
.050 . om.5 (
.193 .0113 :
. 2S4 .0145
.417 .0176
.516 .0225 1
.618 . I)27S ~
.725 .0369
.836 .0550 ~

L 037 .0795
L 168 .1072 ‘
L 182 .1476
I. 118 .2124 ;
. Wo .2545 I

—l—
)egrees ‘ g,kg;m~
-6.0 631
–4. 5 629
–3. o 637
–L5 635

0.0 637
629

k; 624
6.0 , 632
9.0 ] ~

72.0 ,
15.0 I 630
18.0 r 623
2L O 616

-o%
. U45
.167
.268
. 3s4
.501
.602
.819

L 034
L231
L 367
L 2.S3
L WI

i Cx I
o:;#7 ; –:. ;

.0119 ) –. m ;

.0139 ~ –. 078. –. 070 ~
–. O-59: I&z ~ _. 073 ,

.02$$ ~

.0464 ~ –. 079 :

. 076+3 -.054

.W+5 ; –. 036 ;

. Iziz i —.07i

.2108 –. 056 j

.2946 i –. W
I

.-

.

.

Average temperate, 19.- C.; average tank
pressure, 2.52 atmospheres; average RejmoIds h’nm-
ber, 460,0%

—.
I Moments taken about a point at 25per cent of the

chord

A7emge temperature. 36“C.; average tamk pre.ssur%
20.4 atmospheres; average Rewelds h’umber,
3,610,032.

TABLE XXVI

[AfifoiI section, R. A. F. 13 m&del ~o., 1%span, 30
inches (76.2 c+?ntfmeters); chord, 5 iachea (12.7
c-sntimeters); area, 0.0968m.~; aapect ratio, 6]

~ %:f ~ ;%%
1

T.4BLE XXIII

[Airfoil section, Ckrk X model No., 14; span, 30
inches (76.2 centimeters); chord, 5 igches (12.7
cant imetera); area, 0.0%S m!; aspect rat to, 61

Drag
coel?icient

—

I An:le;f ‘ Dynamk
presmre

Lift
ccetilcient

Drag
coefdcient

Ltit
cwffkfent‘ D:%&s

-4.5

cD
–o.% : 0.0102

..673 . W9i
.179 ! . Olfs
-293 I .0131
.403 . 0L6Q
.510 I .0222
.63 ~ .0230

.0370
:% .0471

L02.5 .06%3
LW4 ~ . 0%6
L 1S3 .1461
I. 126

I
.2251

L 044 .3045

C’D
0.0129 ;
.0102
.Oloi :
.0123
.0170
.0220 ~
-0302
.0490 !
. 0i38
-1391
.2706
-32.3S 1

CL
-0.076

.054

.187

.298

.404

: ;;:
. ?.38

L 022
L O&3
L 018
.89.5

-3.0
—L5

0.0
L 5
3.0
4.5
6.0
9.0

12.0
15.0
16.0
2L O

Aversge temperature; 2i0 C.; average tank pres-
sure, 5.44 atmospheres; average Reynolds h’uraber,
965,020.

-Lverage temperature 17”C.; average tank pressure
1atmosphere; average Reynolds h’umber, 165,000
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TABLE XXXTABLE XXVII

[Airfoil section, R. .4. F, 1$ model No. l% span, 30
inches (76.2centimeters); chord, 5 inches (12.7cen-
timeters); area, 0.096Sm.i; aspect ratio, 6]

[AjrfoiIsection, R. A. F.l$model No., 19; span30
inches (76.2centimeters); chord, .5inches (12.7centi.
meters); area, O.fKWm?; aspect ratio, 0]

DY.
namic
pres-
Sam

Ar#e

attack

Lift.
cOet&
dent

Dra
t#CcK?-

c:ent
I I I

Q, kg}mi
73.3
73.2
73.2
72,8
72.8
728
72.8
72.8
72.8
73.4
72.0
72.0

I 6’L
–o. 042

.0&3

.179

.289

.402

.513

.642

.849
L 031
1.059
I. 020
.922

CD
0.0107
. co93
.0102
. 012.s
.0164
.0217
.0285
.0468
.0735
.1498
.2672
.3398

IDegrees
–3. o
-1.5

0.0
1.5
3.0
4.5
6.0

1;:
15,0
W o
21.0

Degrees
–4. 5
–3. o
–1.5

0.0

;:
4.5

t:
12.0
15.0
1%.o
21.0
16+

cr.
–O. 162
–. 052

.052

.166.

.2$5

.398

.557

.629

.850
L c63
L 209
L co4
.924.

1.127

0. &9
.Co87
.Co83
.M!8.9
.0119
. 0H4
.0205
.0280
.0477
.0734
.0997
.2181
.2872
. L527

-854
-.052
-.053
-.048
-.045
-.044
-.649
-.045
-.048
-.049
-.046
–. 138
-.137
-.077

I !

$ !

.kverage temperature, 18° C.; a~erage tank pres-
sure, 2,51 atmospheres; averwe Reyno!ds Nnmber
461,030

TABLE XXVIII

~Moments taken about a point at 25per cent of the
chord.

Average t,em~rat.ur?, 36°C,; average tank pressure,
20atmospheres; average Reynolda Namber 3, M0,1M3.

[Airfoil section, R. A. F. 15;modeI No., 19;span, 30
inches (76.2centimeters); chord, 5 inches (12.7centi-
meters); area, 0.0468m%;as~ct ratio, 6]

TABLE XXXI

[Airfoil section, CMttingen 387; model No., 20; span,
30 inches (76,2 centimeters); chord, 5 inches (12.7

= centimeters; area, 0.0969m$; aspect ratio, 6]

Dynamic
pressure

Lift
coefficient

Drag
coefficient Lift I Drag

coefficient coefficient
Aa::le;f

Degrees
–9. o
–6. O
-4.5
-3.0
-1.5

0.0
1.5.
3.0
45

::
12.0
15.0
18.0
21.0

Dynamic
pressure

g, kg/m*
153.0
153.0
153.0
153.0
153.0
153.0
152.8
152.8
152.8
155.2
151.0
150.2

f?L
-0:04:

: %
.404
.512
.628
.841

L 0.50
L 048
.985
.944

0. (f&l
.0297
.0112
.0127
.0162
.0218
.0206
.0469
.0726
.1376
.2404
.3288

D:~oes

-1:5
0.0

::
4.5
6.0

li ;
15.0
18.0
21.0

g,kg/m~
25.0
2,5.4
26.1
26.4
g;

26.1
26.1
26.1
26.1
26.1
26.4
M. 4
26.4
26.4

-0.%: i O:%! ~

.194 ! .0252

.293 .0272

.402 .0302 \

. 54!2 .03.5$.

.050 .0420

.$’61 .0536 ~

.36C .0618 ,

.971 .0728 ,
1.156 .1012 ,
L298 “ .1.3.52 j
1.396 .1720 ;
1.420 .2190
1.392 .2730 !

I

.kvemge temperature, 22° C.; average trmk pres:
su~dw~ atmosphere; average Reynoias Number,

TABLE XXXII

Average temperature, 21° C.; average tank press
sure, 5.1 atmospheres; average Reynolds Nnmber,
950,0is3.

TABLE XXIX

[Airfoil section, R, A. F. 15;model No., 19;span, 30
inches (76.2centimeters); chord, 5 inches (12.7centi.
meters); area, 0,0968mz; aspect ratio, 61

[Airfoil section, G6ttingen 38fi model NO., D, span,
30 inches (76,2centimetms); chord, 5 inches (12.7
centimeters); area, 0.0368m~; aspect ratio, 6]

r Aa~f$c~f Dynamic

I
pressure

LMt
coefficient

Drag :
coefficient ; I .kngle of

attack
Dynamic
pressure

Lift
coefficient

Drag
coefficient

I
Degrees I g, I#lmz
–4. 5
-3.0 338 ;
–L 5 ! 340

0.0 340
1.5 t 338
3.0 342
4.5 333

t: 8!
12.0 337
15,0 332
16.0 332 ;
18,0 332
21.0 329 I

CL
–o. 152
-,046

.055

.172

.292

.401

.512

.624

.845
1.047
L 095
1.061
.931
.989

0.:47 ,
!0110 ;

:Pw ‘
.0134
.0183
.0223
. 03fxl
.0486 ,
.0720
.1389 ~
.1659
.2208
.3238

-- D~gm#

-6.0

q, lig/m~
6S.6
68.o—
68.0
68.0
08.0
68.0
68.0
08.0
68.0
68.1
68.5
67.0
68.2
67.0

CL
-0.113

—:.g.

.302

.412

.630

.642

.748

.961
1.152
1,302
1.383
L 380
L 327

&’D
o.CG57
. 013?3
.0169
.0211
.02.59
.0315
.0391
.0473
.0097
.W63

1269
:1738
,2248
.2240

–4, 5
–3. o
–1.5

0.0
I. 5
3.0
6.0
9.0

12.0
15.0
18.0
21.0I ., I

.4verage temperature, 23° C,; avera e tank pres-
fsare, 2.52at=o~pheres; average Reyno ds A7rrrnber,“,n -

Avemge temperature, 21” C.; average tank pres-
sure, 10.75atmospheres; average Reynolds Number,
? rlllnm-,...,”.. .

**., W.
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TABLE XXXIII

CHARACXERLSTICS

[Akfol sectio~ -“ : model h’o., 2R SW%
30 inches (75.2 : chord, 5 inches (12.7
centimeters); , f; sapeet ~atiO,6]

.A#gf

Djxeees

–6:0
-4.5
-3.0
-L 5

0.0

2:
6.0
9.0

lz. o ‘
15.0
18.0
21.0

Dynamic Lift
ptessnre coefficient

I
g,kg/mz

152.0 -:ci;
15L7
m. 7 .192
15L5 .314
15LL .415
15L3 .533
15L3 .6.50
15L3 .754
15L1 ! . 9?2
1520 L 160
152.0 L 32U
1520 L 370
15LO L 375
150,2 I 1.226

Drag ~
2oeffieient

[

I

I

1

OF WING SECTIONS .

TABLE XXXV

[Airfoif section, , .“ . . ●. ; span,
30 inches (76.2 , .“ s (12.7
centffetere); a . . ,. ..1.

Aye Dy-
namic

3ttack pr&s-
sure

)egrew ~, kgfnu
–9. o 623
-6.0 623
—4.5 622
–3. o 622
–1.5 617

:: 61S
623

3.0 622
6.0 621
‘2.o 620

Uo 618
15.0 616
18.0 617
2L O 615

Lift Drag
cOeffi- coeffi-
cient cient

‘CL
-0. L% 0:;%

.ml

.168 .0137

.2S2 .0167

.3W . O?cdl

.3C4 .0264

.612 .0343
.0433

:E .0651
L 146 .6917
L3M .1227
L 22S .1731
L 3zo .2347
1.276 . 2S94

C7,1f
-0.097
–. ml
–. C93
–. m
-. Oi9
–. 076
–. 080
–. 073
–. 044
: R;

–. 139
—.116
-. m

-%versge temperature, 30° C.; average tank pres-
st!re, 5.37 atmospheres; a’remge Reynolds h’umber,
940,00Q. I Moments taken about a poiat at 25 pet cent 0[

TABLE XXXIV
the chord.

A~emge temperature, 39 C.; average tarzk pras-
[.4irf0il section, ,.-, 1 No. 20, span, sure, 19.8 atmospher~ a~erage Reynolds h’umber,

30 inches (76.2 5 inches (12.7 3.470.m.
centimeters); a - -. ‘ratio, 6]

Dynamic ~ Lift
pressure ~ coefficient

–0.%%
.C&3
.195
. 3c6
.407
.,524

.635

::2
L 143
L 281
L 304
L 310
L %3

Drag
coefirient

O.%61
.0134
. 014Z
; :;;!

. 02s9

.035’2

.0455

.%iO

.0916

.1263

.1771

.2336

.2S5s

.1

81

.kverage temperature, 2S0 C.; e.vemge tank pres-
~~~ %2 atmospheres; average Reynolds h“umb~,

,-, .
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TABLE XXXVI

‘4Section Section Section ~
R. A. F. 15 Us. A. .5

Mct30n
Per ~ U.S.A. 27 G&.tingen 387

Cent of , I

chord ~Upper ~ Lower , bpper ~Lower Upper’ ~Lower ~ Upper ~Lower

Ordinates of upper and Iower boundary of sections at ditierent stations of
the chord.

Section Clark Y
I

P,, I Section U. S. A.3513 Section U.S. A. 35.4

cent of —
chord Upper Lower

2.76
L 03
0.63
0.28
0.14
0.07
0.co
0.05
0.15
0.28
0.39
0.45
0.42
0.35
0.20
0.12
0.WI

Upper Lower Upper Lower

—
o
1,25
2.5~

7, 5
10
15
20
30

4.33
L 62
L.Ch3
D. 46
D 22
0.10
0. m
o.0s
0.24
0.40
0.w.
0.66
0.60
0.54
0.32
0.19
0.m

3.56
5.38
6.43
7.83
8,79
9.56

10.63
lL 32
11.68
IL 37
10.49
9.13
7.34
5.21
2.79

;E

3.62
1.86
L 42
0.91
0.59
0.39
0. L2
0.01

1%
0.03
0.co
0.00
0.m
0.03
0.al
o.w

I I

SUM. W.ARYOF TEST DATA FOR COMP.4R1SON

Reynolds
Number

Tank
pressure
atmos-
pheres

Ratio
Clmax.
CDmin.

MiId-
num drag
f?Dmin.

0.0140
. 013s
.0139
.0123
.0113
.0164
.0149

..0131
,0117
.0115
.0226
.0189
.0142
.0148
.0138
.0207
.0141
.0110
. Olcn
.0092
.0127
.0105
.0097
.0112
.0106
.0101
. @w3
.11194
. 0W9
.0333
.0272
. o18a
.0136
.0128
,0124

Maximum
ift CL m=Airfoil section

I
,

8Z 1
87.0
87.8
97.2

106.2
81.&
8L 3
92.3

110.6
129.5
70.0
79.4

10L3
83.8
87.6
80.3
89.0

118.3
138.0
150.2
95.6

1L?.3
123.4
118.8
129.5
105,7
114.0
113.0
110.6
146.6
51.2
74.1

101.5
S02.3
107.3

—-



M

12

Lo

.8

t.6

~.

.4

.2

0

:2

-.4 -.I 72 –.3 -.4 -.5
—cM—

L4

/.2

1.0

.8

t .6

c.

.4

.2

0

72

-.4

—

i

7

$
—

—

—

—

—

—
.,

—

—

LiSA. -5 ~

Curve A_.J I. 00 ‘ X.&o
Curve B-.--’ 2.62 76.10
Curve C-.--i &86 139. m
Curve D---.! 10.4s 310.co
Curve E---- m. 07 6-10.00

R#ilOk’

I
179,m
482,m
8E3,WJ

1,8!0, m
3.630,030

14

12

Lo

.8

f .6
a“

.4

-2

0

:2

-.40 -.[ -.2 -.3 .4 .5
—cM—

i Tank pres- Dynamic ~ RewO1d~
sure, atmos-

pheres ~~~~me2 ~ Number

19.92 636.00 ! 3,570,WI :

i.4

1.2

/.0

.8

! .6

c

.4

.2

0

72

-.4

I Tank pres-
~sun., atmos-
[ p13eres

Dynamic ~$l;:pressure
Q=kgjm~

2i. cm 175,@32
72.50

14i. Oil , %#&
31SLco
F36.WI , 3: 5io: m

X3



/.4

/.2

I!o

.8

t .6
C“

.4

.2

c

-.2

-.4

[“

-. / .2 -.3 -.4 -.5

._
Tank pres. I Dynamic I ~emold$
sure, atmos-, pressure

pheres I q=kg/ml I h-umber

20.30 624.@l , 3.520.(H)O

L4

f.2

Lo

.8

1.6

c.

.4

.2

0

-.2

.4

,,

II US A.-35A

1
Tank prss- Dynamic
sure, atmOs- pressure IRJw#:;

pheres g=kg/m~ I
Curve A.... 28.M 180,owl
Curve B... - ;E 72.W 450,am
Cume C.... 6.37 156.CQ 96U,w
Curve D..-. 10.25 310.co
Curve E----

1,860,WQ
2U.30 62404 3,520,m

—cM—

_:- ] ‘,,,8, , 02i.00 , 3,470,1XK_,-. ..-. .

1111USA. - 35B

I Tank pm.s- ~ Dynamic ~eynold~
‘sure, atmos-”

pheres \ ~~?g?~z N’Umber

Curve A....~ 1.04 23.2) 163,m
Curve B-... 2.45 ; 65.W 416,033
Curve C.. --l 5.24 145.00 859,m
Curve D.-. f 10.20 .’ W.Q.m 1,695,(M
Curve E-.. -! 19.82 ! 622.W.) 3,470,~

.



[4

[2

M

.8

1.6
c.

.4

.2

0

72

-.40 -.[ .2 -.3 -.4 -.5
—c. —.

I 2040 632.03 ~ 3,610,WI I

[4

L2

Lo

.8

/ .6
c.

.4

.2

0

:2

.4

%

1!

RfhII
Curve A___ I I.CKI ‘ 2a 10
Curve B---- 2.52 7J.80
Curve C----
Curve D----

Wi.111
R 2 353. OQ

; Curve E.-. 20.40 632.03

18~ CQO
460,m
%5, m

1,850,OoiI
3,610,W

RA./?-/5 I

—c. —

—

..—
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‘[4

.8

q-

.4

.2

0

-. #z

-.4 -.1 .2 -.3 -.4 -.5
—c. —

L4

/.2

/.0

.8

1 .6
c=

.4

.2

0

72

-.4

Taukpres- ~ Dyuamie
sure, atmos-

pheres ;:eL;yme2

Curve A.---, 28.25
Curve B---- 2% 67.&O
Curve C..-.l 6.37 151.co
Curve D--- 10.20 303,m
Curve E.... 19.80 om. CHl

173,m
440,m
940,OcmI

1,820,WI
3,470,WI

j“

.


