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SUMMARY

An investigation has been conducted in the Langley two-dimensional

low--turbulence pressure tunnel to determine the aerodynamic character-
istics of the NACA 8-H-12 airfoil section at four Reynolds numbers

from 3.0 × l06 to ll.0 x l06. The section lift, drag, and pitching--

moment characteristics are presented for both the smooth and rough sur-

face condition at these four Reynolds numbers, together with previously

published results for the same section at Reynolds numbers of 1.8 x lO 6

and 2.6 x 106. •Some of the more important aerodynamic characteristics

of the NACA 8-H--12 airfoil are compared with those of two sections

cozmonly used in rotor--blade design, the NACA 0012 and NACA 23012.

The data indicate that no unusual scale effects on llft, drag, and

pitching moment are present for the smooth NACA 8-H--12 airfoil within

the range of Reynolds number from 1.8 × l06 to ll.0 x 106. In general,

this is also true for the airfoil with leading-edge roughness.

The maximum lift coefficient of the smooth NACA 8-H--12 airfoil is

lower than those for the NACA 93012 and NACA 0012 sections over the

range of Reynolds n,_nber tested. Leading-edge roughness on the NACA

8--H-12 airfoil, however, has a less detrimental effect on the maximum
lift coefficient than it does on the other two airfoils. The value of

the drag coefficient at the design lift coefficient is lower than that

for either the NACA 0012 or NACA 23012 section.

INTRODUCTION

Several low-drag airfoil sections have been derived solely for use

in rotor blades of rotating-wing aircraft. References l, 2, and 3
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present aerodynamic data for a number of such sections designed to give

near-zero pitching moments about the aerodynamic center, low drag over

the range of lift coefficient most useful for normal operation, and

moderate drag at higher lift coefficients. Because of the present

interest in rotors of larger dimensions, it was considered desirable

to investigate the aerodynamic characteristics of one of the more prom-

ising of these airfoils at Reynolds numbers higher than those at which

the former investigations were conducted. The NACA 8-H-12 airfoil _as

selected on the basis of the generally favorable data given for this

airfoil at the lower Reynolds numbers of reference 2. The aerodynamic

results for this airfoil, initially tested in the langley two--

dimensional low--turbulence tunnel at Reynolds numbers of 1.8 x lO6

and 2.6 X lO 6, have therefore been extended to include data for

Reynolds numbers of 3.0 x 106 , 6.0 x l06, 9.0 x 106 , and ii.0 x 106 in

the present investigation.

The data given in the present paper were obtained from measure--

z_nts of the lift, drag, and pitching moments for both smooth and rough

surface conditions at the six Reynolds numbers. For comparison, some

of the more important aerodynamic parameters of two sections frequently

used in rotor blades, the NACA 0012 and NACA 23012, are included. The

basic aerodynamic data from which these parameters were taken are given
in reference 2.

COEFFICIENTS AND SYMBOLS

C

Cd

cl

c _z_x

CZaC

CZp

d_ _/da o

chord

section drag coefficient

section lift coefficient

design section lift coefficient

maxinznn section lift coefficient

section pitching-moment coefficient about the aerodyna_dc

center

section pitching-moment coefficient about the axis on

which the airfoil model_as pivoted

slope of section lift curve per degree
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R

x

Y

ao

_$o

Reynolds n_znber

distance along chord from leading edge

distance perpendicular to chord

section angle of attack, degrees

section angle of zero lift, degrees

MODEL AND TESTS

The 24--inch-chord model of the NACA 8--H--12 airfoil was constructed

of laminated mahogany. For tests in the smooth condition, the surfaces

of the model were lacquered and then sanded in a chordwise direction

with No. kO0 carborundum paper until _erodynamica!ly smeoth. For tests

with standard roughness, carborundum grains of O.01!-inch diar.eter were

applied over a surface length of 0.08c to each surface meas_ed from

the airfoil leading edge. The grains were sparsely spread to cover

from 5 to i0 percent of the area. The model completely spanned the

smaller dimension of the 3- by 7_- foot rectangular test section of the

langley two-dimensional low-turbulence pressure tunnel. The model was

pivoted at 0.25c in the chordwise direction and, because of the _tren_h

requirements of this particular model, at a vertical distance of

i/2 inch above the chord line. The gaps between the tunnel walls and

the ends of the model were sealed to prevent air leakage. Ordinates for

the NACA 8-H-12 airfoil section are given in table I.

The tests consisted of measurements of the lift, drag, and pitching-

moment coefficients at R_ynolds numbers of 3.0 × 106, 6.0 × 106,
9.0 x 106 , and ii.0 × i0 _. Lift was obtained from the resultant of

the integrated pressure distributions along the floor and ceiling of

the tunnel test section. Drag was obtained by means of the wake-s'_vey

method, and pitching moments were measured with a torque balance. For

variations in Reynolds number, the density of the air within the t_Lne!

was changed over a pressure range of 2 to !0 atmospheres. The m__xi:m_n

Mach number attained during the tests was less than 0.13, therefore the

results may be considered to be relatively free of compressibility

effects. Detailed information on the tunnel and its operation can be
found in reference 5.
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RESULTS ANDDISCUSSION

The results of the present tests, together with the lower Reynolds

number data of reference 2 for the NACA 8-H-12 airfoil, are shown in

figure 1 as standard plots of section llft, drag, and pitching-moment

coefficients for both the smooth airfoil and the airfoil with roughened

leading edge. In addition, some of the more important aerodynamic

characteristics of the NACA 8-H-12 airfoil, along with those of the

NACA 0012 and NACA 23012 sections for comparison (from reference 4),

are shown plotted against Reynolds number in figure 2.

In connection with the comparison of the data of reference 2 with

those of the present investigation, it should be noted that the surface

length of roughness employed in the present investigation was different

from that employed in the tests of reference 2. Roughness was applied

to the leading edge for the tests of reference 2 for a surface length

of 0.02c alon_each surface measured framthe leading edge as compared

with 0.08c for the present tests.

Corrections for tunnel-we/_l interference have been made to all

data procured from the tunnel by the following equations (developed in

reference 5) in which the primed quantities represent those measured in
the tunnel:

ao = i. 019_o'

cd = 0.992c d'

c_ = 0.977c_'

Crop= 0.992Cm_'

Lif____t.-The maximum section llft coefficient of the smooth NACA

8-H-12 airfoil increases from 1.29 to 1._8 as the Reynolds number is

increased from 1.8 × 106 to ll.0 × 106 (figs. l(a) and 2(a)). Between

Reynolds numbers of 1.8 × l06 and 3.0 x l06 the maximum llft remains

relatively constant. The largest increment in maximum lift coefficient

resulting from increases in the Reynolds number occurs between 3.0 × l06

and 6.0 × l06, with smaller increases occurring up to a Reynolds number

of ll.0 × l06. The shape of the lift curve near maxinnnnlift is very

desirable for all Reynolds numbers. The llft-curve slope of the smooth

airfoil, measured from approximately zero llft to slightly above the

experimental design llft, increases from a value of 0.098 to
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approx_mately 0.3_12 per degree as the Reynolds number is increased

from 1.8 X l0 g to ll.0 x lO6 (fig. 2(a)). The measured angle of zero

lift for the airfoil in the smooth condition varies only about l° over
2

the range of Reynolds number covered in this investigation (fig. 2(a)).

For the NACA 8-H-12 airfoil with roughened leading edge_ there

appears to be a relatively insignificant variation of the maxinn_n lift

with Reynolds number; the decrement in maxinnnn llft due to surface

roughness therefore increases with Reynolds number (fig. l(a)). The

amount of variation of the llft-curve slope with Reynolds number is

small when the leading edge is roughened (fig. 2(b)). In comparison

with the data for the smooth condition, the addition of roughness causes

the angle of zero lift to become slightly more negative at the lower

Reynolds number and approximately 0.7 ° more negative at the higher

Reynolds numbers so that there is substantially no variation of the

angle of zero llft with Reynolds number for the rough condition.

For the smooth condition, the maxinmm section lift coefficient of
the NACA 8-H-12 section is somewhat less than those of the NACA 0012

and NACA 23012 sections at corresponding Reynolds numbers (fig. 2(a)).

The difference between the maxlnmm lift coefficients of the NACA 8-H-12

and the NACA 0012 section is smallest at the lowest Reynolds number,

becomes a maximum at a Reynolds number of 3.0 X 106, then diminishes as

the Reynolds number is increased to 9.0 x 106. In comparison with the

NACA 23012 airfoil, the difference is again smallest at the lowest

Reynolds number, increases to a maximum at a Reynolds number of 3.0 x 106,

but remains relatively fixed up to a Reynolds number of 9.0 x 106 .

At corresponding Reynolds numbers, the decrement in maximum lift

coefficient due to roughness is not as great for the NACA 8-H-12 section

as for either the NACA 0012 or NACA 23012 airfoils, with the result that

the maxlmnmlift coefficient for the NACA 8-H-12 section at corresponding

Reynolds numbers exceeds that for the HACA 0012 section and is only

slightly less than that for the NACA R3019 airfoil (fig. 2(b)). The

NACA 8-H-12 airfoil section, moreover, stalls in a manner which is n_ch

less abrupt than that of the two other sections mentioned, for both the

smooth and rough conditions and for all corresponding Reynolds numbers

within the range for which data are given (fig. l(a) and reference 2).

Drag.- For the smooth airfoil there appears to be, in most cases,
some reduction in the extent of the low-drag range of lift coefficient

with increasing Reynolds number (fig. l(b)). This trend is character-

istic of NACA 6-series airfoils (references 4 and 6). For most of the

lift coefficients shown_ the drag coefficient outside the low-drag range

becomes lower in magnitude as the Reynolds number is increased. For the
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airfoil with roughened leading edge there is, of course, a complets
absence of a region of low drag corresponding to extensive laminar
layers. In the region where the drag rises rapidly with increase in
llft coefficient, increasing the Reynolds numbercauses someslight
decrease in the drag of the airfoil with roughened leading edge. The
apparent adverse scale effect betweenReynolds numbersof 2.6 x lO6
and 3.0 X l06 my be attributed to the fact that the data at Reynolds
numbersof 1.8 x l06 and 2.6 x l06 (reference 2) were obtained by employing
a smaller extent of roughness than wasused in the present investigation.

The drag coefficient at the experimental design lift coefficient,
the value at the center of the low-drag region of the drag-lift curve,
is plotted in figures 2(a) and 2(b) as a function of Reynolds number
for the NACA8-H-12 section. The values of the experimental design llft
coefficient selected for the smoothand rough surface conditions of
the NACA8-H-12 airfoil are 0.92 and 0.22, respectively. The data show
that the drag of the smoothsection at design lift, although it remains
relatively constant between Reynolds numbers of 3.0 x l06 and 6.0 x l06,
decreases in general as the Reynolds number is increased from 1.8 X l06
to ll.O x lO6. In the rough surface condition the drag remains nearly
constant up to a Reynolds numberof 3.0 x l06 and then decreases pro--
gressively as the Reynolds number is increased from 3.0 x l06
to x l06 (fig.2(b)).

In figure 2 the section drag coefficient a_ the experimental sec-

tion design lift coefficient is also shown plotted against Reynolds

number for the NACA 0012 and NACA 23012 airfoils. The drag coefficient

at design lift coefficient for the NACA 8-H-12 airfoil section is less

than that for either the NACA 0012 or the NACA 23012 section in the

smooth condition (fig. 2(a)). This can be attributed to the larger

region of laminar flow prevailing on the NACA 8-H-12 airfoil In the

smooth condition. When roughness is applied, however, this advantage

of lower drag for the NACA 8-H-12 section is retained only at the lower

Reynolds numbers and is lost at a Reynolds number of 6.0 x l06, where

the drag coefficients for the three airfoil sections are equal (fig. 2(b)).

Pitchin_ moment.-Pitching moments were measured about the hori-

zontal axis on which the model _as pivoted, and from these values, the

position of the aerodynamic center and the pltching-moment coefficients

about the aerodynamic center were calculated. The section moment coef-

ficients about the pivot position Cmp and about the aerodynamic

center Cma c are plotted in figures l(a) and l(b), respectively, for

the airfoil in both the smooth and rough conditions. The positions of

the aerodynamic center are tabulated in fig. l(b). The positions of the

aerodynamic center for the two lower Reynolds numbers (reference 2) have

been recalculated and are somewhat different from the values given in
reference 2.
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Pitching moments about the aerodynamic center for the smooth air-

foil are slightly positive for all six Reynolds numbers. Generally, the

value of the pitching moment seems to become somewhat mor_ positive as

the Reynolds number is increased. Roughness has the effect of decreasing

in magnitude the value cf the moment coefficient about the aerodynamic

center and of shortening the range of lift coefficient over which the

moment-curve slope is constant.

The position of the aerodynazLic center shows an appreciable forward

shift as the Reynolds number is increased from 1.8 x lO 6 to 2.6 x l06

for the smooth airfoil and from 1.8 X l06 to 3.0 x lO 6 for the airfoil

with leading-edge roughness; increases in the Reynolds number above

these values had little effect. Within the range of Reynolds number

from 3.0 x l06 to ll.0 x lO 6, the position of the aerodynamic center is

farther forward for the rough than for the smooth surface condition.

CONCLUSIONS

The results of the present investigation of the NACA 8-_-12 airfoil

section through a range of Reynolds number from 3.0 X l06 to ll.O x lO 6,

together with those obtained from a previous investigation of this air-

foil at Reynolds numbers of 1.8 X lO 6 and 2.6 X lO 6, indicate the

following conclusions:

i. No unusual scale effects on lift, drag, or pitching moment were

present for the smooth NACA 8-H-12 airfoil over the range of Reynolds

number from 1.8 X lO 6 to ll.O x lO 6. This was also true for the airfoil

with roughened leading edge except for an apparent adverse scale effect

on the drag between Reynolds numbers of 2.6 × lO 6 an& 3.0 x lO 6, which

may be attributed to a difference in the extent of roughness employed

at these Reynolds numbers.

9. The values of the pitching-moment coefficient about the aero-

dynamic center were somewhat positive and increased in magnitude with

increasing Reynolds number for the smooth NACA 8-H-19 airfoil.

Roughening the leading edge caused the value of the pitching moment about

the aerodynamic center to decrease in magnitude.

3. The position of the aerodyn_mlc center had a pronounced forward

movement between Reynolds numbers of 1.8 x l06 and 2.6 x l06 for the

smooth section, and between 1.8 x l06 and 3.0 x l06 for the section

with roughened leading edge.
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4. For the smoothcondition, the NACA8-H--12airfoil had a lower
m_Y_m llft coefficient than either the NACA 23012 or the NACA 0012

sections at comparable Reynolds numbers. The addition of lea_ing-edge

roughness, however, affected the NACA 8-H-12 airfoil less adversely

than the other two sections. The drag coefficient of the NACA 8-H-12

alrfoilmeasured at the design llft was, in general, lower than that of

the NACA 0012 and the NACA 23012 sections for both surface conditions.

Langley Aeronautical Laboratory

National Advisory Committee for Aeronautics

Langley Air Force Base, Va., November 8, 1949
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TABLE I

ORDINATES FOR THE

NACA 8-H-12 AIRFOIL SECTION

[Stations and ordinates given in
percent of airfoil chor_

Upper surface Lower surface

Station ! Ordinate Station Ordinate

0

i. )8o

._97
19.6o7.

29.969
_5.174
_o.a92
_5.36o

3o
5°'3_

65.3Zl
7o.a5o
75.z8_
_O.lZ8
85.06o
99.Ol6
94.995

lO0.000

0

l.aa9
z. 529
2. 006
_.94z

• 3!2
5.3_o
6.265
7.62-6
8.6o5
9.a43
.535
.43a

i.o3o
.hao
.666

.85o
5 ._38
a.@58
z._99

-.Zl9
0

0

1.696
5.oao

io.575
15.5o)
ao.595
a5._6
5o.o3z
_.826

.7o8

9.810
54.615

69.75o
75.816

.88a
$.9_o
s9.984
95.005

i00. 000

0

-.819
-.94B

-_.128

-l.415.
-z.756
-l.9ao

-2
-a ._5z
-a._z7
-z.I_55
-z._99

-a .I_9_-a._7

-a. 577

-_.a99.z?_

-z.%._
-]..)a_

gSZ
-l_a9_

0

L.E. radius : I. 525
Slope of radius through L.E. : 0._

o .a .4 .6 .8

x/o
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