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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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THE HPPECTS OP ROUGHNESS AT HIGH REYNOLDS NUMBERS 

ON TH2 LIFT AND DRAG CHARACTERISTICS 

Or THREE THICK AIRFOILS 

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

. 

SUMMARY 

In connection with studies of airfoils applicable 
to large high-speed aircraft,  the effects of roughness 
on three 22-nercent-thlck airfoils were Investigated. 
The tests were made over a range of Reynolds number from 
about 6 to 2C x iQofor the airfoils smooth and with 
roughnesf  strips applied to the  surfaces.    The results 
Indicated that  for the roughened models the scale effect 
was generally favorable. 

nrrnoDTCTioN 

Previous tests  In the NACA two-dimensional low- 
turbulence  pressure tunnel of thick airfoils with 
roughened leading edges  (reference 1) indicated that 
the lift and drag characteristics of the  thicker wing 
sections, when accidentally roughened, would have an 
Important bearing on the choice of sections  for large 
high-speed airplanes.    These testa were limited to 
Reynolds numbers much lower than the  flight values for 
such airplane, by the use of 2-foot-chord wooden models. 

The desirability of extending the testa to higher 
values of the Reynolds number was apparent,  and an air- 
craft manufacture subnlttad threo 3-foot-chord model3 
of heairy raetr-.l sonstrustlon for this purpose.    The  throe 
airfoil" sections werei    an NACA 63(!+20)-l+22 uirfoll;  an 
NACA 65(223)-ll22,   a = 1.0  (anprox.)  airfoil,  where 
"(arprox,)"  refers to a slight thickening near the 
trailing edge;  and a 2<i-r'erccnt-thick Davis airfoil. 
Those models v.'ero  tested  in the  NACA two-dimensional 
low-turbulence ori32ure tunnel  in order to obtain lift 
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and dr»e characteristic.a at Reynolds numbers up to approxi- 
mately 26 x 10" with smooth surfaces, with roughness 
grains of various slsea on the leading edges, and In 
some oases with roughness strips at various ohordwlae 
positions. 

TEST METHODS 

t-. 

7 

All tests wer« conducted In the NACA two-dimensional 
low-turbulence pressure tunnel, which Is characterised 
by an air stream of extremely low turbulence.    The models 
extended from wall to wall of the rectangular tent sec- 
tion.    Lift measurements were obtained by a manometer 
arrangement that Integrated the lift reaction of the 
models on the floor and celling of the tunnel, and drag 
mea3urf.mt.ntn were made by the wain-survey method (refer- 
ence 2}.    A corraction of about 2 percent was applied to 
the data i'or nornal tunnel-wall-oonetrlotlon effects. 
Lift coefficients near maximum lift were further corrected 
for additional tunnel blocking that occurs when the model 
Is partially stalled.    These additional corrections, 
derived from ntatlo-pressure measurements made along the 
floor i .-'I celling of the tunnel, varied from 0 to about 
10 percent.    Tests were mad« at tunnel tank pressures 
from 50 pounds per square inch to 150 pounds per square 
inch and, at all times, the tunnel airspeed was low 
enough to avoid compressibility effoots. 

The airfoils submitted by the aircraft manufacturer 
had 56-lnch chords, were of heavy metal construction, and 
were painted to give aerodynamloally smooth surfaces. 
The two low-drag airfoils were tested first smooth, then 
with various sizes of roughness on the leading edge, and 
finally with 0.011-inch roughness grains at one or more 
chordwlae positions.    The Davis airfoil was tested smooth 
and with roughness grains of two sizes on the leading edge. 

Teats were made of all three models, both smooth 
and rough, at Reynolds numbers of approximately 6, 10, 
Ik, 20, and 26 x 10°. 

The roughness sizes of 0.002,  O.OCJv, and 0.011 inch 
represent the average size of the carborundum gralna 
used.    The roughness was applied to the leading edge 
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by coating a strip from 5 »5° t0 5.75 inches wide, sym- 
metrically spaced about the ohord Una at the leading 
edge, with thinned shellac and sprinkling with carbo- 
rundum gralna until 5 to 10 percent of the area was 
covered with gralna. tfhe roughness atrlps at 20 percent 
and 30 percent of the airfoil chord (0.20c and 0.30c) 
ware similarly applied but were 0.5 Inch wide with the 
forward edge of the atrip at the specified chordwlae 
location. 

RESULTS AND DISCUSSION 

NACA 63(420 )-lg2  Airfoil 

The effecta on the lift and drag characteristics of 
four sizes of roughness applied to the leading edge of 
the NACA 63(l|-20)-Ij!22 airfoil section at a Reynolds number 
of 26 x 10° are shown In figure 1. The losa in maximum 
lift tended to be gradual with increasing roughness size, 
but the increase in drag coefficient 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, however, did not 
deorease the lift 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 0.011-lnoh-graln roughness at 
various ohordwise positions are shown in figure 2. There 
waa no large detrimental effect on maximum lift unless 
the roughness was on the leading edge. This result is 
attributed to the fact that at maximum lift the shape of 
the pressure distribution causes transition on the upper 
surface to occur close to the leading edge. The effeot 
of roughneas, therefore, in the thick turbulent boundary 
layer downstream of the pressure peak would be expected 
to be small in comparison with the effeot of roughness 
in the relatively thin boundary layer at the leading 
edge. The drag coefficients at low and moderate lift 
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 0.20e and 0.30c, however, did not appreciably 
affect the value of the lift coefficient at which the 
drag increased to extremely high values. At these 

CONFIDENTIAL 

/ 



CONFIDENTIAL        NACA ACR No.  l4H21 

locations,   the boundary layer cannot be laminar at such 
lift coefficients because  of the  sfcapo  of the  pro.i- 
distributions. 

The scale effect on the lift and drag characteristics 
of three sizes of roughness on the leading edge Is shown 
In figures 3 to 5>    Those plots s'.ow,  In general, a 
3radu.1l decrease In drag and an Increase  In maximum lift 
with Increasing Reynolds number - that Is,  the scale effect 
was considered favorable  -  for all three  sizes of roughness. 

NACA 65(223)"h22 (Modified) Airfoil 

Lift and drag characteristics of the NACA 65(223)-l|.22 
(modified) airfoil are shown In figure 6 for four model 
conditions; namely,  O.OOli-lnch-graln roughness on the 
leading edge,  0.011-lnch-graln roughness on the leading 
edge,  0.011-lnch-graln roughness at 0.30c,  and smooth at 
Reynolds numbers of 1I4. and 26 « 10°.    The  curves for the 
model In a smooth condition are presented to show that 
this section had a gradual Increase In drag with Increasing 
Reynolds number   -   that la,   the scale effect was con- 
sidered adverse  - In the low-drag range.    This result 
was probably caused by some slight surface Irregularity 
which,  because  of the  small slopes of the  favorable pres- 
sure gradients of this section, make It unusually sensi- 
tive  to any surface defects and unfairness.     It Is  thought 
that lower drags than are shown for this section are 
possible, but NACA 65-aeries airfoils  (reference 2) which 
are preferable   to the one  tested are now available. 

The application of roughnass  to the  leading edge of 
the NACA 65(223)-l*22  (modified)  airfoil  seriously 
decreased the maximum lift and caused a large decreaso 
In the lift coefficient at which the drag Increased 
rapidly.    The greater part of the drag Increment attri- 
buted to the roughness grains was caused by the smallest 
roughness  size  tested.    The roughness strip at 0.30c did 
not affect the Maximum lift coefficient to any great 
extent, because  the flow over the  top surface of the 
airfoil at  this high positive  angle of attack had become 
turbulent much nearer the  leading edge. 

The effects of O.OOl^-lnch-graln and 0.011-lnch- 
graln roughnesses applied to the leading edge at 
Reynolds numbers from 6 to 26 * 10" are shown In fig- 
ures 7 and 3,   respectively.    The scale effect was 
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range from 6 to 26 x 106,   xuia favorable scale effect 
was particularly effective cm the PAOA airfoils In 
Increasing the lift coefficients at which the drag 
coefficients Increased sharply to very high values. 

2. At small and moderate lift coefficients, the 
drag coefficients for all the sections tested with 
leading edges rough «ere nearly the same for the same 
roughness condition and Reynolds number.    With rough- 
ness strips at 50 percent of the chord, the drag oharao- 
tor ist lea of the two HACA airfoils tested were nearly 
the same except at the highest lift eoeffioient. 

3. Increasing the sice of the roughness grains 
applied to the leading edge progressively decreased 
the maximum lift coefficients for the sices tested, 
hut tho greater nart of the drag increment caused by 
the roughness occurred with the «wallest roughness tested. 

!{.. The order of merit of the three airfoils in 
permitting high lift oooffioients to he obtained vtlthout 
excessively high drag coefficients with the leading edges 
rough la as follows!    the NACA 6MU20)-li22 airfoil, the 
HACA 65(223 )-l+22 (modified) airfoil, and the 22-peroent- 
thicl: Davis airfoil. 

5. The maximum lift coefficients of the HACA air- 
foils tooted «ere not affected to any great extent by 
roufehnoatt strips at 20 or 30 percent of the chord back 
of the loading edge. 

/ 

Longley Memorial Aeronautical Laboratory 
Kational Advisory Committee for Aeronautics 

Langley Field, Va. 
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