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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

can- .. .RESTRICTED BULLETIN

AERODYNAMIC CHARACTERISTICS OF FOUR NACA AIRFOIL
SECTIONS DESIGNED FOR HELICOPTER ROTOR BLADES
By Louis S. Stilvers, Jr. and Fred J. Rice, Jr.

SUMMARY

Four NACA airfcil sectlisns, the NACA 7-H-12, 8-H-12,
9-H~12, and 10-H-12, suitahle for use as rotor-blade
sections for helicopters and other rotary-wing aircraft
have been derived and tested. These airfoil sectlens
have compearatively low dreags in the range of low end
moderate lifts and small pltching moments thet are nearly
constant up to maximum 1lift. The undesirable adverse
changes in aerodynamic characteristics at higher 1lifts
and the undue sensltivity to roughness, which were found
for the airfoll sections reported in NACA CB No. 31153,
are minimlzed for the alrfoll sectlons presented. A com-
parisen of calculated profile-drag losses for a roter
successively lncorporating the NACA 3-H-13.5 (reported
in NACA CB No. 3I1%) and the 8-H-12 airfoil ssctions
showed that the WACA C-H-12 had smaller profile-drag
losses 1n nesarly every nrperating condition presented.
From aerodynamlc considerations, the NACA §-H-12 and
9-H-12 s&irfoll sections appeared more promising for use
as rator-blade sectlons than any other alrfolls thus far
tested at the NACA laboratories.

INTRODUCTION

The desirable aerodynamic characteristics of airfoill
sectlons suitable for use as rotor-blade sectlens are:
(1) nearly zero pltching moments, (2) low drags thrcugh-
out the range of low and moderate 1lifts, and (3) moderate
drags &t high 1lifts. With these characteristics in mind
gseveral rotcr-blade sections were derlived with speclal
emphaslis on obtaining high 1lift-drag ratlos. These air-
folls, data for which are presented in reference 1, had
meximum lift-drag ratios nearly twice as large as those of
the NACA 2%0-ssries airfcills at the same Reynolds number.
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They showed, however, some undesirsble cheracteristics:

namely, sensltivity to roughness and abrupt adverse changes

in drag, lift-curve slope, and piltchling moment in the
vicinity of the high-1ift end of the range of low drags.

The purvose of the present work ls to extend thse
previous investigaetlon and to derive additional airfoil
sections desligned to minimize the undesireble character-

istics of ths previously tested ‘airfolls.

The tests of

these additilonsl alrfolls were made 1n the Langley two-
dimenslonal low-turbulence tumnel (LTT). .

By the use of the procedure given in reference 2,
proflle-drag losses have been calculated for a typicel
hellcopter rotor operating in verious flight condltilons
and successively incorporating the elrfoll sections

developed in the present investigation.

These calcu-

lations vermit the evalustion of the relstive profile-
dreg losses associated with the use of the verious sir-
foll sections.

Czi
(c1/ca) yoy

®ma,c.
cmc/’.l.

hp

SYMBOLS

section angle of attack

chord

section dreg coefficient

section 1lift coefficient

deslgn sectlon 1lift coefficlent

meximum lift-drag ratio

moxrent cosfficient ebout serodynamic centor

moment coefficient about the quarter-chord
polnt

horsepower
free-stresm total pressure

critical Msch number
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P local statlc pressure on airfoil surface
Q0 free-stream dynamic pressure )
R Reynolds number
. ' . (Hg = P\
8 pressure coefflcient \—m !
. a, /
t/c , airfoll.thickness ratio
x distance along chord from leadling edge
y distence perpendiéﬁlar.to chord
cos a
o8 tip~-speed ratilo (Vrﬁﬁr-

The follcwlng symbols are used only in tables VI,
VII, end VIII:

\' forward speed

Ww/s rotor disk loading, pounds per square foot
by perasite-drag eres, squera fast

ADR speed of axisal flow through rotor disk

(positive upward)
Q rotor angular velocity, radians per second

rotor btlade radius

a engle of atteck of rotor disk

o s0lidity; ratio of total blade area to swept-
disk aresa i

8 pltch angle of blade element, degrees

el difference between hub end tip piltch angles,

degreuvs (positive when tip angle 1s
greater)
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BERIVATION AND TESTS

In the derivation of the four airfoll sectlons tested
In this investigation severel basic thickness distribu-
tions having a maximum thickness of 0.,12c were empleyed.
The NACA T7-H-12 alrfoll section has an NACA 0012 thickness
distrlbution, the NACA 8-H-12 and 9~H~12 airfeil sections
have thickness distributlens that have thelr minimum
pressure at 0.3c at zero 1lift, and the NACA 10-H-12 air-
foll section has a thickness distribution that has its
minimum pressure at 0.5c¢c at zero 1lift. The mean llines of
these four airfoll sectlons were designed so that small
pitching moments and extensive favorable pressure gradlents
along the lower surfaces were produced. In the designe-
tion of these alrfolls the flrst number 1s a serial num-
ber, the E 1indlcates that the airfoll has been designed
for use on hellcopters and other rotating-wing alrcraft,
and the last two diglts designate the thickness in percent
of the chord. Ordlnates for these airfoll sectlons are
given in tables I to IV.

The mmdels, constructed »f mahogany laminated in the
chordwise directien, had A chord of 2} inches and a span

of 35% inches. In preparation for the tests the surfaces

of the models were sanded in a chordwise direction with
No. OO carborundum paper in order to obtain aerodynami-
cally smooth surfaces. Zach model was tested in the
Langiey two-~dlimenslonal low-turbulence tunnel. This wind
tunnel has a closed throat with & rectangular test sec-

tion 3 feet wide and 7— feet high and 1s designed to test

models cmmpletely snanninc the width of the tunnel in
two-dimensional flow. The low-turbulence level amounts
to nnly a few hundredths of 1 percent and 1s achleved
by the large centractlion ratlo (epprcx. 20 tn 1) and by
the Introduction of a number of fine-wire small-mesh
turbulence-reduclng screens 1n the widest part of the
entrance cone. The maximum speed of this wind tunnel 1s
approximately 155 mlles per hour.

The 1lift and pltching mouwents were obtalined from
balance readings; the drags w2re abtalned from measure-
ments ef pressures In the weke. The pressure-distributlen
me asurements were obtalned by the use of a statlc-pressure
tube placed at convenlent positiens along the airfell
surface., The roughness, applled along the span to the
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leading edge of the models, consisted of a l-Inch-wilde

strip of carborundum-covered cellulose tepe. This rough-
ness was sufflcient to cause transition virtually at - the
leading edge. Lift, drag, and pltching-moment dgta were

obtained at Reynolds numbers of 1.8 and 2.6 x 10° for -
each of the models in the smooth and rough conditions.
Pressure~dlstributlion measurements were .made for each
alrfoll at an angle of attack corresponding approximately
to the design 1ift coefficient.

All pltching moments were obtained in the tunnel
about the quarter-chord position and were transferred to
the aerodynamlc center. Only the pitching moments about
the aerodynamilc center are presented. The 1ift, drag,
and pltching-moment data have been corrected for tunnel~
wall Interference by factors that 1include corrections
due to the shape, slze, and the effect upen the veloclty
measured by fixed static-pressure orifices in the tunnel
walls of the alrfcll model mounted in the tunnel. For
the alrfoils of the present report the corrections reduce
to the following form, in which the primed quantitiles
refer to the velues measured in the tunnel:

NACA T7-H-12, 8-E-12, and NACA 10-H-12 alrfoll

9=-H-12 eirlfoll sections sectlon
cy = 0.977cy! cy = 0.978cy!
a, = 1.015a,! Qg = 1.015a,"
cmc/h = O°992°mc/h' °mc/h = 0'9930mc/h'
cq = 0.992¢4! cqg = 0.993¢4!

RESULTS AND DISCUSSION

The results of the tests of the NACA 7-H-12, 8-H-12,
9-H-12, and 10-H-12 airfoll sections are presented in
figures 1 to !, respectively. Each figure is divided
Into two parts: the first part presents the 1lift, drag,
and pitching-moment data and the second part presents
the pressure dlstribution obtained at approximately the
deslgn 1ift coefficilent.
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A1l the pitching moments about the aerodynamic center
for the airfoils of this report are essentlally constant
up to maximum 1ift and show no breeks in the curves as
were shown for some of the airfolls of reference 1. The
data show that the NACA 7-H-12 and 8-H-12 airfoll sections
(figs. 1(a) end 2(a)) have pitchini moments that are nearly ;
zero throughout an extensive 1lift range. The NACA 9-H-12
and 10-H-12 airfoil sectlions (figs. 3(a) and L4(a)) have
small negstive pltching moments up to the stall. The
addition of roughness on the leading edge ol each of the
airfoll sections nas very little effect on the magnltude
of the pitching moments except in the region of maximum

lift.

A comparison of the meximum lifts of the airfolls of
this investigation with those of the NACA OulZ2 and 2501%
airfoil sections (1.36 at a Reynolds number of 2.5 x 10
for the NACA 0012 girfoil section and 1.6 at a Reynolds
number of 3.0 x 10° for the KACA 23012 seirfoil section)
shows that the maximum 1ifts for the a.rfolls of the
present report are slightly lower than for the NACA 0012
alrfoil section ané materlally lower than for the
NACA 23012 &airfoil section at the seme Reynolds number.
The 1ift curves for the alrfoll ssctions lnvestigated
hereln, however, sere more rounded near the peak, especislly
for the NACA §6-H-12 and 9-H~12 airfoils where high lifts
are maintained over a considerablie reange of angzles both
In the smooth and rough conditions. 1In the rough coundi-
tion the maximum 1ifts of ocacnh oi the four airfoills reduce
to essentially the same velue (1.13). Data for other alir-
foll sections at approximately the same Reynolds number
indicate a similar value of maximum lift for most airfoll
sections witk leading-edge roughness, There is no measur-
able change 1in l1lift due to roughness at the small angles
of attack.

The minimum drags of the NACA 8-H-12, 9-H-12, and *
10-3-12 airfoll sections correspcend very closely te the
minimum drags of alrloil sections for which th= thickness
distributions have their minimum pressure at 0.5c at
zero 1lift. The aforementioned airfolls of the present
report also show a definlte range of 1lifts for low drags.
For the NACA 7-H-12 ailrfoll section (having an NACA 0012
thickness distribution) the minimum drag 1s somewhst
higher than for the other three airfoils but is less than
that expected of the NACA 23012 or 0012 airfoil sections
at the seame Reynolds number. )
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The drags for each of the ailrfoils of the present
report lncrease rapldly at high 1ifts, but thils. lncreass
1s much -smaller-than that of--the NACA 3-H-13.5 airfoil
sectlon reported in reference 1. The additlon of rough-
ness on the leading edge results in an increase in drag,
for the four airfoils, similar to that found for other
airfoll sections. (

A summery of the important characteristics of the
NACA 7-H~1l2, U-E-12, 9-H-12, and 10-E712 airfoll sections
1s given in table V 1n which the aerodynamic character-
i1stics are presented for a Reynolds number of 2.6 x 106.
Data for the NACA 3-H-13.5 alrfoll section, as obtailned
from table II and figure of refererce 1, have been

Included for comparison. -

Although the flow conditlons over en airfoil section
mounted rigidly 1n the wind tunnel are differsnt from
those over a section of a rotor blade in operation, the
sectlon characteristics measured in the wind tunnel,
particularly for low end moderate angles of attack, are
not expected to be very different from those exhiblted
by the rotor-blade section. Because the greatest part
of the profile-drag losses occurs whlle the blades sre
operating in the reglion of low to moderate angles of
attack, less accuracy 13 required for calculations &t
the hiher angles of attack. It is therefore concluded
that relative merits of rotor-blade sections may be
evaluated from alirfoll section data. The relative merlit
of a partlcular airfoll section depends lwurgely on the
operatling condltions and the design of the rotor. 1In
reference 2 rotor characterlatics and flight condltions
that were believed typlcal were assumed, and welghting
factors were obtained for each conditlon to permit the
rotor-blade profile-drag loss to be calculated. Table .VI
presents these assumed rotor characteristics and fllght
condltions for the sample helicopter. By the use of the
welghtlng 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 airfoll sections in the smooth
and rough conditions. For comparison, calculations were
alse made of the rotor-blade profile-drag lasses of a
rotor incorporating an NACA 25012 airfoll section in the
smooth conditlon. Drag data for sach alrfeil were income-
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 calculazted for several
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flight condltions and the results given in table VII show
the effect of loading in hovering and 1n forward flight
and the effect of tip-speed ratio.

A comparison of the values given 1n table VII for
the smooth airfoll indlcates that the NACA 8-H-12 and
9-E-12 airfoll sections have, in general, the least
profile-drag losses for the fiight conditions presented.
For a particular disk loading or tip-speed ratim a cholce
of one of the other airfoll sections might be lndicated.
At very high pitch settings in hovering flight (condi-
tion 3) and the highk tip-speed ratio (p = 0.3, condi-
tion 6) the NACA 23012 airfoill section has the least
profilse-drag losses. In these conditions, sections of
the rotor are opersating at hizl: angles of attack where
the NACA 23012 alrfoll sectlon has lowar drags than the
airfoils presented herein, which accounts for the lower
.profile-drag losses. For the airfoils of thils report in
the rough condition, the values of profile-drag loss
differ very little. In elther the smooth or rough sur-
face condition, the airfoll sectimns having, 1n general,
the least proiile-drag losses for the operating condi-
tlons presented herein are the NAZ. 8-Ii-12 and 9-E-12
sections. Preference, however, would prrckably be given
the NACA 8-H-12 airfoil section becaus2 1t has a smuller
pltchiny-moment coefficlent about the aerodynamic center
(0.005) thasn the NACA 9-H-12 airfoll section (-0.012).

In order te prcvide a comparison of the celculations
of rotor-blade profile-drag loss gilven in this report
with similar celculations for the most promising eirfoil
sectinn of reference 1, data for the NACA 8-H-12 and
3-H-=1%2.5 &irfoil sectlons in the smooth condition are
presentsd 1n teble VIII. Ths vslues for the NACA 3-H-13.5
airfoll section. were obtainad from tebie I of reference 1.
The NACA 3-H-13.5 airfoil ssction hed the larger value of
maximum lift-éreag ratio (see teble V), but the profile-
drag losses Tor the NACA 8-H-12 airfoil sectien are less
in every conditlon presented except for the disk loadings
o 2.33 and 2.5 in hovering flight (conditions 2 and l).
The magnitude of the 1lift-drag ratlio in itself therefore
1s nct a reliable indication as to the relative merit of
alrfoil sectlons intended for use in rotor blades. The
NACA 8-H-12 airfoill ssction shows & large reduction in
profile-dreg loss as comps&red witih that of the NACA 3-H-145
airfoll section at the highest pltch setting in hovering
flight (condition 3). Large reductions are alse shown
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at the high disk loading in cruising flight (condition 8),
and .at high speed (condition 6).. These.reductions were
made possible by the lower drags at thelhigh angles of
attack.

The weighting curves of reference 2 provide not only
a means for the calculgtion of the roter-blade profile-
drag loss but alse a direct indication as to the relative
impertance of regions of the drag of a rmtor airfoll
sectlion. For the assumed condltions these welghting
curves indicate that for hoverlng with a rotor-blade
pitch angle »f approximately 6° to 10° and fer low for-
ward speeds, the reglen eof sectlon drag.coefficients
carresponding to c¢; = 0.2 tn 0.6 has the greatest effect

upnn the magnitude of the rntor nrofile-drag lass. For
high disk loadings 1n hovering and low farward speeds and
for high forward speeds st normal or high disk loadings,
the same regilon of drags still has the greatest effect,
but the drags at high 11fts are alse promlnent in affecting
the magnitude of the praflle-drag less.

CONCLUDIKG REMARKS

The NACA 7-H-12, 8-F-12, 9-H-12, and 10-K-12 airfoil
sectlinns, derlved for use as roter-blade sectlionns of
rotary-wing elrcraft, have been tested in the Langley
twe-dimensilcnal lew-turbulence tunnel. These airfall
sectlions had cemparatively lew dregs in the range ef low
and moderate lifts and nearly constant pitching moments
up te maximum 1lift end the aeredynamic characteristics
were not unduly sensitive to roughness. The NAcA 8-H-12,-
9-H=-12, and 10-H-1l2 airfoll sections had a definite range
of 11fts for low drags and had minlmum drags corresponding
closely te the minimum drags of airfell sections fnr
which the thickness distrlbutiens have thelr minimum
pressure at 0.5¢ at zern 1lift. ZFrom a comparlson of the
calculated profile~drag lnsses of & typical helicopter
rotor successlively lncorporsating the airfolls of this
report, the NACA 8-H-12 and 9-H-12 alrfoll sections had,
in general, the least lmsses in the operating conditions
presented. The NACA 8~BE-12 airfall sectlon, having the
smaller pitching moments, would probably receive prefer-
ence as a rotor-blade sectlion. Compared with the
NACA 3-H-13.5 airfoll section reported in NACA CB
No. 3I13, the NACA 8-H-12 airfoil showed smaller profile-
drag lasses 1n nearly every operating condition presented.
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.From aseredynamic considerations the NACA 8-F-12 and
9-H-12 airfoll sectlions appeared more promising for use
as rotor-blade sectlons than any other airfolls thus far
tested at the NACA laboratoriles.

Langley Memorlal Aeronauticeal Laboratory
National Advisory Committee for Aeronautlcs
Langley Fleld, Va.
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TABLE I.~ ORDINATES FOR
NACA 7-H-12 AIRFOIL SECTION

[stations and ordinates given in
- percent of alrfoil chord] .. .....

Upper Surface

Lower Surface

Statlon Ordinate

Station Ordinate

[o]
.62 .3L6
o |
.296 018"
.85{ . 1%7
e | bl
2. 958 1

(o]
N
(=}
\J)
D
O FWE O OO\ M ONOWRWN N O

0.2% 37

0,31 712

0.315 .326

0.25 .730

0.1 No
90.0 .%o
95.003 .665
100.000

0 0
1.873 =1.232
3.19 -1.576
g-?Oh ~1.952
JALT -2,173

i
15 :1:h90

1.3
944997 =949
100.000 0

L.B. radius: 1.58

Slope of radius through L.E.: 0.3

TABLE III.~ ORDINATES FOR
NACA 9=-H-12 AIRFOIL SECTION

[stations and ordinates given 1in
percent of airfoill chord]

Upper Surface

Lower Surface

Statlon Ordinate

Station Ordinate

0 0
W117 1.238
<32 1.537

12333 2:88§
Li288 | fiker
3% Zzg’ﬁ
13-&&5 E- 90
éﬁ';;@ ~919
29.9% %:é%?-
5.150 9.8l
30.277 9.553
L5.353 8.859 .
50.3%0 8.107
@35 | L5
65:§2§ 2:221
g | i
§3.13h 2:3%%
ob.088 | il
§5.000 .008
106000 0

0 0
.883 -.788

1.17 -.907

1.73 -1.073

g |

73, :1:Zhg
73.500 -1.500
foise | Tz
L
95.000 -.502
100.000

L.E. radius; 1,325

Slope of radius through L.E.: 0.378

TABLE II.- ORDINATES FOR

NACA 8-H-12 AIRFO
[Stations and ordi

IL SECTION

nates glven in
01l chord]

11

Lower Surface

Station | Ordinate

. percent of alrf
Upper Surface
Station Ordinate
0 0
M8
% 2.006
1.980 2.941
lg. 2l L.312
x| 23
lﬁ- 97 3.622
%ﬁ. o7 .605
-72h 9.243
29.9 9-233:
ﬁg.%? 9.432
292 8.050
h5.360 .%20
50.330 Z. 6?
.35 | b2
65.211 2.850
70.250 3.838
e |
85.060 15002
90,016 343
9l.995 -.11§
100.000

0 0
.853 =819
1.696 -1.128
3.020 -1.&12
3.556 =1.73
.086 ~1.920
10.573 -2.059

15.50% | 2.2
20,393 | -2.351
5.248 | -2.417

.689 -2.178
69.750 =2.030
7h.816 -1.860
gﬁ. 82 -1.63&

.90 -1,3
89.5% =1.051
95.005 ~.629

100.000 0

L.E. radius: 1.325

Slope of radius through L.E.: 0.34);

TABLE IV.~ ORD
NACA 10-H-12 AT

INATES FOR
RFOIL SECTION

[Stations and ordinates glven in

percent of alrf

01l chord]

Upper Surface

Lower Surface

Station Ordinate

Station |Ordinate

0 0
.23 1.062
451 %g
911

2.108

2 9

e 3

39. 9.860 -
53'110 %'ggo
i | Lo
65.097 .622
70'%5; E.&o5
58:236 2:983
85.1 1.739
99.0 J72%
94.999 =.002
100.000

0 0
.T66 -.goé
1.049 - 12
1.589 -.96
2,892 | =1.158

5e4t9 -1,
1.972 | -1.579

10, -1.70
15.4 3 -1.53%
987

28.12 | -1,
25,23 | «2.06l
30.257 | -2.105
5.156 | «2.12
0.057 | -2.13 e

L4 .89 2,10
90

i Ee )

95.001 | «.7
100.000 | ©

p[/“vy\,

L.E. radiuss 1.000

Slope of radius through L.E.: 0.301

NATIONAL ADVISORY

COMMITTEE FOR

AERONAUTICS
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TABLE V.~ AIRFOIL SECTION CHARACTERISTICS
|R = 2.6 x 106]
NACA airfoil
section 3-H-1%.5
7-H-12|8-H-12|9-H-12 |10-H-12| (refer-
Section ence 1)
characteristics
(ci/ca) ox 106 | 135 | 152 L9 163
T 0.005 {-0.012|-0.022 | 0.003
Cdnin 0.0055{0.0046|0.00L6|0.0043 | 0.0050
Q.25 | 0.39 | 0.30 0.38
Low-drag range |~----- to to to to
0.91 |. 0.93 | 0.76 0.88
Smooth 1.34 | 1.26 | 1.26 | 1.30 1.20
®lmax
Rough 1.10 | 1.1% | 1.12 | 1.1f |==-=-=---
Mer at cyy 0.601 |0.569 [0.569 | 0.619 0.56
ci; (approx.) o.42 | 0.57 | 0.60 | 0.46 0.60
t/c at 0.25c 0.119 |0.117 {0.117 | 0.108 | 0.1208
x/c|0.250 |0.278 0.267 | 0.261 | 0.250
a.c. position :
y/c|0.021 {0.020 10.025 | 0.021 |-======-

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE VI.- FLIGHT CONDITIONS AND ASSUMED CHARACTERISTICS
OF THE SAMPLE HELICOPTER OF REFERENCE 2

'Rotor diam., L0 ft; tip speed, LOO fps;
- | gross- weight for W/S of 2.5, 31L0 1bs

Condition| u | W/S o (81! 0 A f
1 0 1.55| 0.07 7 | aeeee-- 15
2 3.33 13 | —emeee-

3 5.2 19} emmees
L 2.5 10.3 | ==-ce-en-
5 o?é 2.5 9 -0.0385
6 .30 2.5 | 11 -.0695
7 .211.9 i 7 -.0319
8 210 3.1 11 -.0l69
9 2] 2.5 oflo 7 -.0%350
10 .31 2.5 .07 ~é 210.5 -.0680
11 31 2.5 i .07 i-8 ag.5 -.0435 b6

Seasured at 0.75 R.
PRotor alone.
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TABLE VII.- COMPARISON OF ROTCR-BLADE PROFILE-DRAG LOSS FOR VARIOUS
FLIGHT CONDITIONS OF THE SAMPLE HELICOPTER

Rotor-btlade profile-drag loss, hp

T

Conditions NACA airfoil section
(see table VI) 7-H-12 8-H-12 9-H-12 10-E-12 {27012 Remarks
Smooth jRough {Smooth [Rough iSmooth{Rough {Smooth|Rough!Smooth

1%/ = 1.550 p =90 17.2 | 30.7( Uy | 32.3) 17.3 | 30.1! 13.L; | 31.9] 20.1 Effect of
2 % .33 2 25.9 | 3%2.7118.5 | 39.0¢ 17.2 | 38.2{ 17.8 | L1.5{ 2l;.1 |  loading
3 5.2 g Lo.6 1116.21 56.8 [112.1] 57.9 |132.2[114.3 |-=-=ew L2.6 ||(hovering flight)
LI w="0 W/S = 2.5 ! 22.0 | %1.91 16.3 | 35.31 15. | 33.8] 14.0 | 35.9| 21.7 Effect of
5 .2 2.5 1 24.8 {1 37.4 2.2 | 1.4} 20.0 | 39.3] 23.6 | L1.7| 25.7 tip-speed
6 3 2.5 t Loz | 7201 36.7 | 65.7137.9 | 66.1] ,0.3 | 52.0{ 31.0 J> ratio
7W/S = 1.9 © u=0.2 § 22.0 | 3L.8{17.5 |37.7! 19.L | 35.5| 17.6 ; 37.9| 23.5 Effect of
5 2.5 .2 } 2h.8 | 37.hi21.2 § L1y 20,0 13931 23,6 L1.7) 25.7 |S  loading
8 2.1 2 | %20.6 } 58.0 28.6 | 57.3128.8 | 59.L.1 23.5 | 5.9 29.2 | i(forward flight)

NATIONAL ADVISCRY
COMMITTERE FOR AERONAUTICS
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NACA RB Ne. 15K02 15

TABLE VIII.- COMPARISON OF ROTOR-BLADE PROFILE-DRAG LOSS
OF THE,_NACA %-H-13.5 AND 8-H-12 AIRFOIL SECTIONS IN

THE SMOOTH CONDITION FOR VARIOUS FLIGHT CONDITIONS
' OF THE SAMPLE HELICOPTER

Rotor-blade
profile-~drag
Conditions loss, hp
(see table VI) NACA Remarks
3-H-13.5| NACA
(refer- (8-H-12
ence 1)
1W/3 = 1.55 p =0 16.0 AN
2 . o) . 18, Effect of loading
5.33 -5 > | P(novering flight)
3! 5.2 s) 20L..6 56.8
Lf p=0 w/s = 2.5 1bL.2 16.3
5z = Effect of tip-
5 .2 2.51 23,2 z21.2 cpeed Tatio
6 | .3 2.5 5l.5 36.7 ]
7 /s = 1.9 w=0.2] 18.2 . 17.5 |
5% . Effect of loading
5; 25 = 5.2 2l.2 (forward flight)
8 3.1 21 5.3 283.6 )
51 o= 0.07] p=0.2] 23.2 21.2 ||
LEffect of solidity
9 .10 20 26.1 25.2
= Q -
6181 =0 b= 0.3 5h.5 56.7 Effect of blade
10 -g8° 3 L2l 27.7 .f twist
= . = O. L2, 27.7 1]
10 g 1 ¥ 0.3 h2-h -1 Effect of power
11 0 3| 35.9 et |f Lnput

NATIONAL ADVISORY
COMMITTEE POR AERONAUTICS
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Figure l.- Aerodynsmic characteristics of the NACA 7-H-12 airfoil section, 2i-inch chord;
LTT tests 330, 33L.
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Fig. 1b h ' NACA RB No. L5KO2
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(b) Pressure dlstribution for design 1ift coefficilent,
o, = 0-b2; R =2.6 x 10,

Flgure 1.- Concluded.
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Fig. 2b o . . NACA RB No. L5K02
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(b) Pressure distribution for dgsign 1ift coefficient,
¢, =0.57; R = 2.6 x 10°.
i
Figure 2.- Concluded.
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Flgure 3.~ Aerodynamic characterlstics of the NACA 9-H-12 airfoil section, 2l-inch chord;
LTT test 336.
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Fig. 4b NACA RB No. L5KO2
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(b) Pressure distribution for dgsign 1ift coefficient,
cZi = 0.46; R =2.6 x 100,
Figure li.- Concluded.
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