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SUMMARY

Four NACA airfeil sectimns, the WACA 7-E-12, 8-H-12,
9-H-12, and 10-H-12, suitsable for use as rotor-blade
secticns for helicopters and other rotary-wing aircraft
have been derived and tested. These airfoil sectiens
have comparatively low drags in the range of lew znd
moderate 1ifts and smsll pitching moments thet are nsarly
censtant up to maximun 1ift. The undesirsa adverse

and the undue sensitivity to roughness, which were found
for the airfolil sectlons rsported in NACA CR No. 3I13,
are minimized for the alrfoil sections presented. A4 com-
parisen of calculated profile-drag losses for a roter
SuCCGS“lV 1x 1ncoryor4t1pv the MACA %-2Z-13.5 (repcrted
in NACA CR No, 3I1%) and the 38-H-12 airfoil sections
showed that the NACA &-H-12 had smaller profile-drag
losses in nearly every cpsesrating condition vresented.
From aerodynamlc con81aerat*ono, the NACA O-H-12 and
9-E-12 &airfoil sections apneared more promising fer use
as roator-blade sections than any other airfolls thus far
tested at the NACA laboratories.
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The desirable asrodynamic characteristics of airfoil
sections suitable fcr use as rotor-blade sectiens are:
(1) nearly zero pitching moments, (2) low drags threugh-
cut thie range of low and moderate 1ifts, =znd (3) moderate
arazgs &t high 1lifts. With these charsacteristics in mind
several roter-blade sections were derived with special
empnasis on cobtaining high lilt-drag ratios. These air-

A ¢ .
foils, data for Wﬁluh are presented in reference 1, had
maximum lift-drag ratics uemlv twice as large as those of
the NACA 230-series airfcils at the same Reynolds number.
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They showed, hcwever, some undesirsble cheracteristics:
namely, sensltivity to roughness and abrupt adverce cha
in drag, lilft-curve slope, and pitching moment In the
vicinity of the high-1ift end cof the rangs of low drags

The ourvncse of the present work 1s to extend the
orevious investigation and to derive additional airfoil
sections designed to minimize the undesireble character
istics of the previcusly tested airfoils. The tests of
these additional zirfoils were mace in the Langley twc-
dimensional low-turbulence tummel (LTT).

By the use of the procedure given in reference 2,
prefile-drag loscses have bsen calculated for a typical
helicopter rotor owcrating in vericus Tlight cenditions
and successively incorporating the 2irfoll sections
developed in the present investigation. These calcu-
lations vermit the evalustion of the reletive profils-
drsg losses essociated with the use of the verious sir-
foil sections.

SYMBCLS
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The mrdels, constructed ~f ma mvany laminated in th
se directien, had a chord of 24 inches and a pan

of 55% inches. 1In preparation for the tests the surfaces

of the mcdels were sanded in a chiordwise direction with
No. LOO carborundum paver in order to obtain gerodynami-~
cally smooth surfaces. ZFach model was tested in the
Langley two- vaebsLonal low-turbulence tunnel. This wind
tunqel has a closed threat with a rectangular test sec-

tion 3 fest wide and 7£ feet high and is designed to test

models completely span%ing the width of the tunnel in
two-dimensional flow. The low- turbulence level amounts
to nnly a few hundredths of 1 Lercent and is achieved
by the large centraction ratio (epprex. 20 tn 1) and by
the introductiocn of a number aof fine-wire small-mesh
turbulence-reducing screens in the widest part of the
entrance cone. mkc maximum speed of this wind tunnel is

oo

approxlimately 155 miles per hour.

The 1ift and pitching mowents were obtained from
balance readings; the drags wzsre obtained from mesasure-
ments of pressures in the wake. The pressure-distribution
measurements were obteined by the use of & static-pressure
tube placed &t convenient positiens along the airfeil
surf’ace. The roughness, applied along the sgan to the
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eading edge of the models, consisted of a l-inch-wide
trip of carborundum-covered cellulose tape. This rough-
ness was sufficient to cause transition virtually at the
leading edze. Lift, drag, and pitching-moment data were
obtained at Reynolds numbers of 1.8 and 2.6 x 10° for
each of the models in the smooth and rcugh conditions.
ressure-distribution measurements were made for each
alrfoll at an angle of attack corresponding approximately
to the design 1lift cecefficient.

0

,

g

All pitching moments were cobtained in the tunnel
about the quarter-chord position and were transferred to
the aerodynamic center. Only the pitching moments about
the aerodynamic center are presented. The lift, drag,
and ﬁ"tcn1n0~momept data have been ccrrected for tunnel-
wall interference by factcrs that include corrections
due to the shape, size, and the effect upon ths velocity
measured by fixed s*a*ic -pressure orifices in the tunnel
walls of the s il mocel mounted in the tunnel. For
the airfoils of

r{

e

+
(9

i
ne rresent report the correctlons reduce
to the following form, in which the primed cuantities
refer to the values measured in the tunnel:

NACA 7-H-12, 8-H-12, and NACA 10-E-12 airfoil
Y-H-12 sirfoil sectiocns gection
cy = 0.977¢cy! cy = 0.978c, ¢
G, = 1.015a,! ap = 1.015a,
= 0.992¢c ! o = 0. Cm !
e fly T 0995 0me ), e/t = 009950mg gy
cg = 0.992¢c,! cqg = 0.993cy"
RESULTS AND DISCUSSION
The results of trne tests of the NACA 7-H-12 -H-12,

9-H-12, and 10-H-12 airfoil secticns are presentpd in
figures 1 to I, respectively. Zach figure is divided
1nto two parts: the first part presents the 1ift, drag,
and pitching-moment data and the s=cond rart presunto
the pressure distribution obtained at approximately the
design 1lift cosefficient.
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were shown Ior me of the airfeils of refere
data show that the NACA 7-H-12 and §-3-12 aLff
(figs. 1(a) end 2(&)) have pitching moments th
zero throughcut an extensive 1ift range. he
and 10-H~12 airfoil sections (figs. B(a) and
sméall negstive piltching moments uy to the s
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pressnt report are slightly lowsr than for the NAC

alrfoil section andc materially lower than for the

ACH 22012 airfoil section at the same Reynolds number.
F‘ llft curves f'or the airfoil ssctions investi gated
herein, however, sre more rﬂunuad near the peak, esp ecially
lor the NACA 6-H-12 and 9-H-12 airfoils where high lifts
are maintained over a cons1cerab¢9 range of anzles both

in the smooth and rough conditions. In thse rough condi-
tion the maximum 1if to of each o©f the four airfoils reduce
to easent¢al]y the same value (1.13). Data for other air-
foil sections at approx 1mately the same Reynolds number
incdicate a similar value or maximum 1ift for most airfoil
sections with lezding-edge roughness. There is no measur-
able change in 1ift due to roughness at the small angles
of attack.

The minimum drnbs of the NACA £-H-12, 9-H- 12, and
H-12 airfoll sections corres rend very closely to the
imum drags of al“’OLL smctﬂons for which ths thickness

tributions have their minimum pressure at 0.5c at

o lift. The &forementiocned airfoilsg of the present
port also show a definite renge of 1irts for low drags.
the NACA 7 H-12 airfoil section (haVL 13 an WACA 0012
,kness distribution) the minimum drag is somewhst
klgher then fov the other three airfoils but is less than
that expected of the NACA 25012 or 0012 airfoil sections
&t the same Reynolds number.
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The drass for each of the airfoils of trf
report increase rapidly at high 1ifts, but g increa
ia much sme 1 than that of tl NACA 3-E~13%.5 airfolil
d in reference 1, Thne additien cf rough-
ding edge results in sn increase 1n drag,
for the four airfoils, similar to that found for other
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A summary of the 1mportant characteristics of the
NACA 7-E-12, 8-E-12, 9-H-12, snd 10-%-12 airfoil sections
is given in table V in which the asrodynamic charsacter-
istics are presented for a Reynolds number of 2.6 x 10°.
Data for the NACA B—U 13.5 airfeoil section, as obtained
of refererce 1, have been
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Although the fleow conditions over en airfoil section
mounted rigidly Iin the wind tunnel are different from
thoge over & section of a rotor blade in operation, the
section chéaracteristics measured in ths wind tunnel,
particularly for low and moderate angles of attack, are
not expected to be very different from those exhibited
by the rotor-blacde section. Because the greatest part
of the profile-drag losses occurs while the blades are

operating in the region of low to moderate angles of
attack, less accuracy is required for calculations at

the higher angles of attack. It is therefore concluded
that relative merits of rotor-blade sections may be
evaluated from airfoil section data. The relative merit
of' a particular airfoil section depends largely on the
operating conditions and the design of the rotor. In
reference 2 rotor chearacteristics ¢ flight conditions
that were believed typlcal were assumed, and weighting
factors were obtained for each conqltlor to permit the
rotor-blade profile-drag loss to be calculated. Table VI
presents these assumed rotor characterisgtics and flight
conditions for the sample helicopter. By the use of the
welghting factors the profile-drag losses were calculated
for a rotor that successively incorporated the NACA 7-H-12,
£-H-12, 9-H-12, and 10-H-12 airfoil secctions in the smooth
and rough conditions. For comparison, calculations were
also made of the rotor-blade DPOfNLﬁ—d”cQ losses of a
rotor incorporating an NACA 235012 airfoil section in the
smooth condition. Drag data for each airfeil were incom=-
plete at high angles of attack and a method given in
reference 2 was used to extend these data. The rotor-
blade profile-drag losses were calcul:zted for several
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the rough condition, the values of profile-dreg loss
differ very little. In either the smooth or rough sur-
face condition, the airfoil sectisns having, in general,
the least profils-drag lossss for the orerating condi-
tions pressnted herein are the NACY 8-7-12 and G-H-12
sections. FPreference, however, would prcbeacly be given
the NACA B-H-12 sirfoil section bscanse it has a smaller
pitching-mouent coefficient about the aerodynamic center
(0.005) than the NACA 9-E-12 airfoil ssction (-0.012).
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In order te provide =a comparison of the celculations
of rotor-blade profile-drag loss given in this report
with similear calculations for the most vrromising airfoil
section of reference 1, data for the NACA £-H-15 angd
5-H-1%2.5 airfcil sections in the smooth conditian =wna
presented in teble VIII. The values fci the NACA 3-H-13.5

~

airfoll section. were obtained from teble I of reference 1.
The NACA 3-H-13.5 airfoil ssction hsad tl.» larger value of
maximum lift-cdreg ratio (see teble V), buv the profils-
drag losses for the NACA 8-H-12 airfoil sect.sn ape less
in every coadition presented exceunt for the disk Toadings
o % 23X snd 2.5 in hoverin 14 eht ( 1dits 2 [F
= 200 and «.5 in hovering rlight (conditions ana 'Y,

The magnitude of the lift-drag ratlo in itzelf therefore
1s net a reliable indication as to the relative merit of
elrfoil sections intended for use in rotor blades. The
NACA 8-H-12 airfoil ssction shows & Large reduction in
profile~draz loss as compared with that of the NACA 3-H-1%5
airfoil section at the highest pitch setting in hovering
flight (condition 3). Large reductions are alse shown
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at the high disk loading in cruising flight (conditisn 8)
and at high speed (condition 6). These reductions werse
made possible by the lower drags at the high angles of
attack.

The weighting curves of reference 2 provide not only
a means for the calculatinsn of the roter-blade profile-
ien as to the relative
P

L

arag loss but also a dirsct indic pki

importance of regimns of the drag a rentor airfcil
section. For the assumed conditinrns these wei
curves indicate that for havering with s
pitch angle »f approximately 6° to 10° znd far low for-
ward speeds, the region of sectinn drag coefficients
corresponding te c¢; * 0.2 tn 0.6 has the greatest effect

uprn the magnitude of the rotor nrofile-drag lass. Fnr

o)

D

high disk loadings in hovering and low farward speeds and

for high forward s or high disk loedi

the same region of S the greatest erffe

but the drags at hi ts are &lse prominent in af
fanl : . i

the magnitude of thn ile-drag less.

CONCLUDING REMARKXS

The NACA 7-H-12, 8-H-12, 9-H-12, and 10-E-12 airfoil
sections, derived for use as roter-blade sections of
rotary-wing aircraft, have been tested in the Langley
twe-dimensional lew-turbulence tunnel. These airf'sail
sections had comparatively lew dregs in the range of low
and moderate lifts and nearly constant pitching moments
up te maximum 1lift and the aerodynamic characteristics
were not unduly sensitive te roughness. The NACA 8-g-12,
9-H~12, and 10-H-12 airfoil sections had a definite range
of 1ifts for lew drags and had inimum drags corresponding
closely ts the minimum drags of airfeil sections frr
wixich the thickness distributiens have their minimum
pressure at U.5c at zern lift. From a comparison of the
calculated profile-drag lemsses of a typical helicopter
rotor successively incorporating the airfoils of this
report, the NACA 8-H-12 and 9-#-12 airfoil sections had,
in general, the least lssses in the opsrating conditiens
presénted. The NACA £-E-12 airfail section, having the
smaller pitching mements, would rrobably receive prefer-
énce as a rotor-blade cection. Compared with the
MACA 2-E-12.5 airfoil section reported in NACA CR
No. 3I1%, the NACA 8-H-12 airfoil showed smaller profile-
drag losses in nearly every cperating condition presented.
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From aeradynaric considersations the NACA £-1-12 and
9-H-12 airfoil sections Aappeared niore P“hwisirg fer use
as rotor-blade sections than any cther zirfcils thus far
tested at the NACA laboratories,.

Lsngley Memnrilal Aeronautical Laboratory

National advisory Committee {er Aeronautics
Lengley Field, Va.
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TABLE I.-

L5K02

ORDINATES FOR

NACA T-H-12 AIRFOIL SECTION

[Stations and ordinates given in
percent of alrfoil chord]

Upper Surface Lower Surface
Station Ordinate | Statlon Ordinate
° 6 o 6 1 8 2 232
.62 2. 1.87 -1.
1.80% 5.3 % 5.198 -1.576
L.296 5.0L 5.70L =1.952
823 | 427 | By | -2i7s
lﬁ.%ﬁl 6.97 10.569 -2.323
.608 8.13 15.392 -2.
19.779 8.816 20,221 -2.652

932 9.1&3 25.068 -2.739
FG‘059 .208- 29.9%1 -2.596
40.23 SI3T 9'Z -2.85

0.321 2.712 9.68 -2.85
0.315 .326 59.685 -2.778
0.25 u.7Eo 9.&&7 -2.580
0.1 3,0l E §9. 6 -2.193
90.0] 1.%0 .95l -1.L50
95.003% .665 94..997 -.949
100.000 0 100.000 0
L.E. radius: 1.
Slopergr §§a1us ggrough L.E.: 0.3

TABLE III.-
NACA 9=-H-12 AIRFOIL SECTION

[Stations and ordinates given in
percent of airfoll chord]

ORDINATES FOR

TABLE II.-

11

ORDINATES FOR

NACA 8-H~12 AIRFOIL SECTION

[stations and ordinates glven in
percent of airfoll chord]

Upper Surface Lower Surface
Station Ordinate | Station Ordinate
0 1 0 0 8 0 8

. 1.229 .853 -.819
. 55 1.520 1.132 -.9L46
8ol 2.006 1.696 -1.128
1.980 2.941 3.020 —l.hlg
%. in L.312 8.5g6 -1.73
91 5.380 .086 -1.920
lﬁ. 27 5.263% 10.573 -2.059
97 5.62 15.503 =2.2L2
%Z. o7 .605 20.3&5 ~2.351
.72& 9.243 25.206 =2.017
29.9 9.533~| 30.031 -2.1455
8'%72 9.052 3,.826 -2.&90
.29 .030 . ~2.49
L5.360 g. 20 Eﬁ.guo -2.&7%
50.390 7.666 %ﬁ'élo ~2.1136
55.3 b-gﬁs W613 =2+ 377
60.3 E. 6 22.6 2 -2.290
65.311 .850 .689 -2.178
70.250 3.8%8 6 .gso ~2.0%)
55.12% 2.838 73. 16 -1.860
0.11 1.8 2 gﬁ.saz -1.65
85.060 1.03 .90 -1.% E
90.016 343 89.9 -1.051
9L.995 -.115 | 95.005 -.629
100.000 0 100.000 0
L.E. radius: 1.325
Slope of radius through L.E.: 0.34L

TABLE IV.-

ORDINATES FOR

NACA 10-H-12 AIRFOIL SECTION

[Stations and ordinates given in
percent of alrfoil chord]

Upper Surface Lower Surface
Station Ordinate | Station Ordinate
o 0 0 0
117 1.238 .883 -.788
.32 1.537 1.17 -.907
05 | Siods | 3l | 1iER
%:369 E:h27 326 1| -1.% g
857 Z. 0 43 -1.

E. 70 el 10.630 -1. g
1L .43 g. 90 15.557 -1.9
éﬁ. .919 20. -2.029

. 9.599 25.286 =-2.057
29.9% 9.821- 30.064 «2.067 4

5.150 9. ug z,.850 -2.022-
0.277 9.%5 Eﬁ.zza -2.0

94353 8.859 647 -2.039
50.390 8.107 %ﬁ'élo -1.99

5.393 Z-252 607 -1.32

0.326 .223 22.651 -1.861
65.52§ 2.2 1 .676 -1.265
70.26 .22 .gah -1.645
gs.zoo 3.192 73. 00 -1.500

0.13, 2.212 gﬁ.Séé -~1.226
85.072 1.3 .927 =1.11
90.02 .550 9.97k4 -
95.000 .008 95.000 -.50.

100.000 100.000 0
L.E. radius: 1.325

Slope of radius through L.E.: 0.378

Upper Surface Lower Surface
Station Ordinate | Statlon | Ordinate
0 0 0
230 1.062 .766 -.706
L51 1.31 1.049 -.817
.911 1.7 1.589 -.966
2.108 2.5 2.hza -1.158
L.551 a- 20 5.409 | -1.4h
7.028 .695 7-E72 =1.579
13.521 Z.gzg 10. 29 -1. 0£
il | G BaE )
. . ol -1.
22.267 g.726 25.343 | «2.064
?B' 9.315 30.25 -2.105
. 9.695 35.15 2,12
9.9 3.860 - 0.03% =2.1
ég'llo 9.788 ﬁu.ggo -2.30
- . . -,
i | b da ol
65.0497 i85 222503 -2108&
70.%&3 E.uos 63.267 ~2.031
B | L | Rk GF
85:123 1.739 52:567 21,511
90.0 .723 89.952 | -1.16
9L.999 -.002 95.001 -7
100.000 0 100.000
L.E. radivs:; 1.000
Slope of radius through L.E.: 0.301

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



12 NACA RB No. L5KO02

TABLE V.- AIRFOIL SECTION CHARACTERISTICS

-

R = 2.6 x 105]

NACA airfoil
section 3-H-1%.5
7-H-12|8-H-12|9-H-1210-H-12| (refer-
Section ence 1)
characteristics
(Cl/cd)max 106 135 152 149 163
°mg ...  |===--- 0.065 [-0.012|-0.022 | 0.003
Cdnin 0.0055{0.0046{0.00L6 |0.0043 | 0.0050
0.25 | 0.39 | 0.30 0.38
Low-drag range |~----- to to to to
0.91 | 0.93 | 0.76 0.88
Smooth 1.3 1 1.26 | 1.26 | 1.30 1.20
©lnax
Rough 1.10 | 1.13 | 1.12 | 1.1y |eeeemeeq

Mcr &t cyy 0.601 |0.569 {0.569 | 0.619 0.56

¢y (approx.) 0.4,2 | 0.57 | 0.60 | 0.L46 0.60

t/c at 0.25c 0.119 |0.117 |0.117 | 0.108 ! 0.1208

x/c|0.250 10.278 !0.267 | 0.261 | 0.250

a.c. position

y/c|0.021 [0.020 {0.025 | 0.021 |-==ceceu-

NATIONAL ADVISORY
COMMITTEE FOR AEROWAUTICS



NACA 3B Ne. L5KO02 13

TABLE VI.- FLIGHET COXNDITIONS AND ASSUMEZD CHARACTERISTICS
OF THE SAMPLE HELICOPTER OF RIFEREICE 2

[Rotor diam., LO ft; tip speed, LOO fps; ]
0]

gross weight for W/S of 2.5, 31L0 1bs |
Condition| u | W/S G eli 8 A LT
1 0 1.551 0.07 | 0 7 | «=ee-e-n '15
| 2 5.33 12 | ==-----
3 5.0L.2 L 19 ) eeooo
I | | 2.5 £ 10.3 | —=—eme- {
5 Gtz 2.5 | 9 | -0.0385 ¢ |
6 | .312.5 11 -.0695
7 21 1.9 % T -.0319
8 2151 | 11 - .olL49
9 .21 2.5 10o.10 LT - .0%50
10 31 2.5 .07 | =€ 1#10.5 -.0680 i |
11 3125 1 .07 €-8 ag.g -.0435 gbo |

easured at 0.75 K.
PRotor alone.

HATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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§ACA B Ne. 15K02 15

TABLE VIIT.- COMPARISON OF KOTOR-BLADE PROFILE-DRAG LOS3
OF THE NACA 3-H-13%.5 AND §-H-12 AIRFOIL SECTIONS IN
THE SMOOTHE CONDITION FOR VARIOUS TLIGHT CONDITIONS
OF THE SAMPLE HELICOPTER

- !
Rotor-blade
orofile-cdrag
Conditions _loss, hp memarks
(see table VI) NACA % Remarss
|3-H-13. 5» WACA
!(refer— B-E-12
ence 1)
1w/ = 1,550 ¢ =0 16.0 1.
2% e 4 N 1k, 18‘1— Effect of l)adi“g
5 g 5-53 N b5 ? >(hoverin6 flight)
? 5 5,42 0 200,56 56.8
LI w=o0 [w/s=25] 1.2 |16.31]
e , - A PR Effect of tip-
5 .2 2.5 23%.2 21.2 1> speed ratio
6' .3 2.50 5bL.5 | 36.7 ]
T 4/s = 1.9 L =0.20 18.2 17.5 ]
5 z Effect of loading
5} 25 .2l @3- 2l.2 g(:o ward flight)
8 3.1 .21 5L.3 28.6
51 o =0.07| p=0.2 23.2 2.2 |
LEffect of solicdity
g .10 21 26.1 25.2
= (8] = ¥ Z !
6181 =0 b= 0.3] 550 36.1 mffect of blade
10 __80 5 }_1_2 -.‘IL}_ 27 .:—(: )|> twist
= , = 0.3] L2. 27.7 |
10 r 15 = 0 + b 01 Effect of power
11 0 .31 35.9 27 .1 .f fnput

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Fig. 1b NACA RB No. L5KO2
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2.0

-@ Upper surface
1.6 ~a Lower surface
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A
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
0
0 2 .h .6 .8 1.0

(b) Pressure dlstribution for design 1lifsg coefficient,
1, T k2 R=2.6 x10

Figure 1. - Concluded.
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Fig. 2b NACA RB No. L5KO2

2.

+ © Upper surface
&1 Lower surface

ol

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Pressure distributlion for dgsign 1ift coefficient,
c; = 0.57; R = 2.6 x 100,
i

Flgure 2.- Concluded.
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Fig. 3b NACA RB No. L5K02
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(b) Pressure distribution for dgsign 1ift coefficient,

c. =0.60; R=2.6 x 10
ly

Flgure 3, - Concluded.
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4b NACA RB No. L5KO0O2

Fig.
2.
2.0
B S
F’— © Upper surface
1.6 —};7ﬁ /K;EILower surface
s l * 2 g / \‘\
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A
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(b) Pressure digtribution for dgsign 11ft coefficilent,
cZi =0.46; R=2.6 x 106,

Flgure l;.- Concluded.



