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NATIONAL ADVISORY COKMITTEE FOR AERONAUTICS
ADVAKCE CONFIDENTIAL REPORT

THE EFFECTS OF ROUGHNESS AT HIGH REYNOLDS RUMBERS
ON THE LIFT AKD DRAG CHARACTERISTICS
O THREE THICK AIRFOILS

By Frank T. Abbott, Jr. and Harold R. Turner, Jr.
SUMMARY

In connection with studies of airfeils apvlicable
to large high-speed alrcraft, the effects of reughness
on throe 22-percent-thick atrfeils were investigated.
The tests were made over a range of Reyncelds number from
about 6 to 26 x 106ror the airfoils smocth and with
roughnesa strips applied to the surfaces, The results
indicated that for the roughened models the scale offect

was gonerally favorablo.

INTRODUCTION

Provious tests Iin the NACA twoedimensional low-
turbulonce pressure tunnel of thick airfolils with
roughened leading edges (reference 1) indicated that

the 11ft and drag characteristics of the thicker wing
sectiens, when accldentally roughened, would have an
impertant bearing on the cholce of sectiens fer large
high=speed airplanes. These tosts were limited to
Reynolds nunbers much lewer than the flight valuecs for
such airplane. by the use of 2=foot=-cherd wooden models.

The desirabllity of extending the tests to higher
values of the Reynolds number was apparent, and an alr=
craflt manufactursr submitted throe 3-foot-chord medels
of heavy metal construction for this purrose. The three
airfell soctlions were: an NACA 65(L2J)-£22 alrfoil; an
NACA 65(223)-4j22, a = 1.0 (apprex,) sirfeil, where
Y(arprox.)" refers to a slight thickening neuar the
trailing edge; and a 22-percent=-thick Davis alrfoil.
These models vers tested in the NACA two-dimenslonal
low-turbulense orassure tunnel in order te obtain 1lift
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and drag o!ur:ztoriatie- at Reynolds numbers up to approxi-

mately 26 x 1
grains of various sizes on the leading edges, and in
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with smooth surfasces, with roughness

some cases with roughness strips at various ohordwise '
positions, .

TEST NETHODS

All tests wers conduoted in the NACA two-dimensional
low-turbulence pressure tunnel, which is characterized
by an air stream of extremely iow turbulence, The models
extended from wall to wall of the rectangular test sec~
tion, Iift measurements were obtained by a manometer
arrangement that integrated 4he 1ift reaction of the
models on the floor snd ceiling of the tunnel, and drag
measuvements wera made by the wakeesurvey method (refer-
ence 2), A corraation of about 2 percent was applied to
the data for normal tunnele-walleoonstriction effects.
Lirt coefliclents neer maximun 1ift were further oorrected
for sadditional tunnel blocking that oécurs when the model
18 partislly stalled, These additional oorrections,
derived from statice-pressure measurements made along the
floor erd ceiling of the tunnel, varied from O to about
10 percent, Tests were made at tunnel tank pressures
from 30 pounds per square inch to 150 pounds per square
inch ard, at all times, the twnnel airspeed was low
enough to avoid compressibility effeots.

e airfoils submitted by the aircraft manufacturer
had 36=inch ohords, were of heavy metal construotion, and

were painted to glve aerodynamically smooth surfacés,

The two low=drag airfoils were tested first smooth, then
with various sizes of roughness on the leading edge, and
finally with 0,0ll-inch roughness grains at one or more
chordwise positions. The Davis alrfoll was tested smooth
and with roughness grains of two sizes on the leading edge.

Tests were made of all three models, both smooth
and rough, at Reynolds numbers of lpproximately 6, 10,

14, 20, and 26 x 10°,

The roughness sizes of 0,002, 0,00}, and 0,011 inch
represent the average size of the carborundum grains
used, The roughness was applied to the leading edge
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g by coating a strip from 5.50 to 5.75 inches wide, sym-
metrically spaced about the chord line at the leading
edge, with thinned shellac and sprinkling with carbo-
rundum grains until 5 to 10 percent of the area was
covered with grains, The roughness strips at 20 percent
and 30 percent of the airfoil chord (0.20c and 0,30c)
were similarly applied but were 0.5 inch wide with the
forward edge of the strip at the specified chordwise

location,

RESULTS AND DISCUSSION
NACA 63(L20)=L22 Airfoil

The effects on the 1ift end drag characteristics of

. four sizes of rouﬂness applied to the leading edge of
the NACA 63(1120)-1j22 airfoil section at a Reynolds number
of 26 x 1 are shown in figure 1, The loss in maximum

. 1ift tended to be gradual with increasing roughness size,
but the increase in drag coefficlent in the low-drag
range was not gradual. The application of shellac¢ alone
to the leading edge caused a large increase in drag coef-
ficient in this range. The shellac, howsver, did not
decrease the 1ift coefficient at which the drag increased
sharply to extremely high values, whereas all other
roughness sizes on the leading edge did.

The effects of the 0,0ll-inch-grain roughness at
various chordwise positions are shown in figure 2,  There
was no large detrimental effect on maximum 1ift unless
the roughness was cn the leading edge., This result is
attributed to the fact that at maximum 1ift the shape of
the pressure distribution causes transition on the upper
surface to o¢cur close to the leading edge. The effect
of roughness, therefore, in the thick turbulent boundary
layer downstream of the pressure peak would bLe expected
to be small in comparison with the effect of roughness
in the relatively thin boundary layer at the leading
edge, The drag coefficients at low and modorate 1lift
coefficients increased as the roughness was moved toward

? the leading edge, as would be expected from the accom-
panying forward movement of transition. The roughness
strips at 0,20c and 0.30c, however, did not appreciadbly
affect the value of the 1ift coefficient at which the
drag increased to extramely high values, At these
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locations, the boundary layer cannot be laminar at such
1ift coefficlents because of the shapa el the prean
distributions,

The acale effect on the 1lift and drag characterlistlios

of throe slizes of roughness on tho leading odge 1s shown
in flgures 3 to 5. ' These plots show, in gsneral, a
gradual decrease Iin drag and an increase in maximum 1ift

with increasing Reynolds number = that 13, the scale offoct
was considered favorable = for all three sizes of roughneas,

NACA 65(223)-422 (Modifled) Alrfoll

Lift and drag characteristics of the NACA 65(223)-422
(modified) airfoll are shown in figure § for four model
conditions; namely, 0,004=inch=grain roughnoss on the
leading edgo, 0.0ll=inch-graln roughnesa on the leading
edge, 0,0ll=inch-grain roughness af$ 0.30c, and smooth at
Reynolds numbers of 1l and 26 x 100, The curves for the
model in a smooth condition are pressntod to show that
this section had a gradual increase in drag with increasing
Roynolds number - that 1s, the acale effect was con-
sidered adverse - in the low-drag range. Thia rosult

was probably caused by some slight surface irregularity
vhich, bescause of the small slopes of the favorable pres=-
sure gradlents of this section, make it unusually senail-
tive to any surface defects and unfairness, It 1s thought
that lower drags than are shown for this section are
possible, but NACA 65-series airfolls (reference 2) which
are preferable to tho one tested are now avallable.

The application of roughnass to the loading edge of
the NACA 65(223)=422 (modified) airfoll seriously
decreased the maximum 1lift and caused a largo decroaso
in the 1ift coefficient at which the drag increased
raplidly. The greater part of tho drag increment attrie-
buted to the roughnoss gralns was caused by the smallest
roughness alzo tested, The roughness strip at 0.30c did
not affect the maximum 1ift coefficilent to any great
extent, because the flow over the top surface of the
airfoll at this high positive angle of attack had become
turbulent much nearer the loading edge,

The effects of 0.004-inch-grain and 0,0ll-inch=-
grain roughnesses applied to the leading edge at

Reynolds numbers from 6 to 26 x 108 are shomn in fig-
ures 7 and 8, rospectively. The scale offoct was
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range from 5§ to 26 x 106, This favorable scale effect
uas particulnrli oeffective on tho MACA airfoils in
increasing the 1lift coofficlents at which the drag
coefficlents increased sharply to very high values.

2, At 3mall and moderate lift coefficlents, the
drag coefficients for all the secilions tested with
leading edges rough were nearly the same for the same
rouzhness condition and Reyuolds number, With roughe-
ness strips at 30 percent of the chord, the drag charace
teristics of the two NACA airfolls tested were necarly
the sams except at the lhighest 1ift coefficlent.

3. Increasing the size of the roughness grains
anplied to ths l2adinz edge miogressively decreased
the maximum 1ift ccefficienta for ths sizes tested,
but tho greater nart of ths drag increment causad by
the roughnass occurred with the suallest roughness tested,

li. The order of merit of the three airfoils in
permitting high 1ift coofficionts to bs cbtalined without
excessively high drag coefficlients with the leading edges
rough 1a as followass the NACA 63(L20)-lj22 airfoil, the
NACA 65(223)-422 (modified) airfoil, and the 22-percent-
thick Davis airfoil,

5. The naximum 1ift coefficients of the NACA alr=-
foils tested wers not affected to any pgreat extent by
roughnoss strins at 20 or 30 percent of the chord back
of the leeding edgs. ’

Langley Momorial aseronautical laboratory
Fational Advisory Committeo for Acronautics
Langley Fleld, Va.
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