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SUMMARY

A flight investigation was made on a wing section of
a2 P-l7D airplane to determine the effect of roughness on
wing profile drag with transition fixed far forward.
Surveys of the wake were made for two surface conditions
with transition fixed by a thread at 5 percent chord back
of the leading edge on the upper and lower surfaces. O0ne
of the surveys was made with the surfaces smooth; the other
survey was made with the surfaces roughened by an appli-
cation of camouflage paint behind the thread. The surface
roughness oroduced by the camouflage paint was made up
of particles of about 0.0012 inch in height and numbering
roughly 440,000 ner sgquare inch.

The results of the investigation indicated that the
roughness increased the turbulent skin frigtion by &0
amount corresponding to an increase in section proflle~
drag coefficient of 0.0013%, or 1o percent, at a 1ift
coefficient of 0.16 and a Reynolds number of 17 x 10°.
Below the Mach number at which shock occurred, variations
in Mach number of as much as 0.16 appeared to have no
appreciable effect on the section prorile-drag coefficlents
of either the smooth or roughened surfaces with transltion
fixed.

INTRODUCTION

The results of tests reported in references 1 and 2
indicated that roughening the external surfaces of an
airplane may cause large increases in drag. In order to
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provide further information, & brief investization was
made of the effects of surface roughness as one vhase of
a series of flight tests to determine the profile-drag
characteristics of the wing of a P-47D airplane. The
tests consisted of surveys of the wukp of a wing section,
with transition fixed on the upper and lower surfaces by
a thread st 5 percent of the chord, for two conditions of
the surfaces. One of the surveys was made with the
surfaces smooth; the other survey was made witl the
surfaces roughened by an ap?LLCatLQD of camouflage paint
behind the thread. In addition to the effects of roughness,
some information on the effects of compressibllity on
profile drag was obtained.

Measurements were made in level flight and in dives
at altitudes of 12,000 and 2l,000 feet and over a range
Ol ¢nawc ted airspeed of from 150 to 360 miles per hour.
The 1ift coefficients obtained in the tests ranged
from 0.12 to 0.68, the Reynolds numbers ranged

i
from 8 X 106 to 20 % 10°, and the Mach numbers ranged
Fropm Uit D17

APPARATUS AND TESTS

The investigation was conducted on a right wing
section of a P—h?D airplane (figs. 1 and 2). This wing
section, a Reoublic S-3 section, had a chord of
86.05 inches, a thickness of 11 percent of the chord,
and was located at 6% percent of the semlisvan from the
plane of symmetry or about 2 feet outboard of the flap.
At this spanwise station the test section was outhosard
of the proveller slipstream, the gun ports in the leading
edge, and the shell ejector slots in the lower surface.
The ordinates of the section are given in table I. The
Republic S-3 seetion tested has oressure-distributiocn
characteristics similar to those of the NACA 23011 airfoil.

Surveys of the wake were made for two surface
conditions of the test section with transition fixed by
a thread at 5 percent chord back of the leading edge on
the wpper and lower ‘surfgeces.  One of Ghe suryveys was
made with the surfaces smooth; the other survey was made
with the surfaces roughened behind the fixed transition
position by an aonp 1ication of camouflage paint. The
smooth surfaces were obtained by fairing the various
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surfece irregularities with glazing putty, a»nplying
several coats of white lacquer-based paint, and sanding
in a chordwise direction with No. 320 carborundum p&aper.
Transition was fixed at 5 percent of the echord by means
of a thread 0.0%6 inch f{or 0.0L2 percent of the chord)

in diameter, taped spanwise to the surface. This thread
slze, ‘accofding to the results of relevence 4,y 1a ZFeater
than the minimum size necessary to f'ix transition at

5 percent of the chord for all test conditions of this
investigatilon.

The camouflage vaint was applied over the smoothed
surfaces in such a manner as td vroduce a finish of
moderate and uniform rau"bnred. The degree of roughness
was measured by means of & J0-power shop microscope
(flg. 3) that had a graduated scale &t the foeael plare
of the objective and a 'prism at the base for thne purpose
of measuring heights of small objects The Fswnrface
roughness was made up of uartlcleb of about 040012 iach
in height and numbering roughly 10,000 per square inch.
The surface of the paint between the particles was
slightly wavy; the waves kad en amplitude of 0.,00025 inch
QERlcss,

In order to judge the degres of surface roughness
ol the GTest sectlon relative to thet present on isecvice
airplanes, the camouflage finishes of a number of service
alrnlanes were examined with the shop microscope. The
surface roughness of the service airplanes was found to
consist principally of waves having an amplitude of 0.00025
or less with scattered particles of varying height (0.0005
ToN0.005 in.).

Profile-drag measurements were made with a walke-
survey rake (ﬁL%. lp) located 19 percent of the chord
behind the trailing edge of the test seection. IWake total
and static pressures, free-stream impact pressure, and
the position of the rignt aileron were measured with
NACA recording instruments. The section prorile-drag
coefficients were determined by the integrating method
of reference l; that is, the total-pressure loss was
integrated across the wake and then multiplied by ractors
devending on free-stream impact pressure, maximum total-
pressure loss, static pressure in the walke, "and flight
Mach number. Wool tufts were used on the upper surface
near the trailing-edge area about 2 fest oh either side
ofiNbhe center line of the test . scetieon@toicdatemnine '
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whether any cross flow existed in the boundary layer
that would invalidate the wake surveys.

._)..
<

The tests were made in level flight and in dives at
altitudes of 12,000 and 2,000 fest and over a range of
{ndicated airsneed from 150 to %60 miles per hour. The
1ift coefficients obtained in the tests ranged from.0 ke

to 0,68, the Reynolds numbers ranged from 8 X 106
to 20 X 106, and the Mach numbers ranged from 0.25 to 0.73.

RESULTS AND DISCUSSION

During the tests the wool tufts on the wing surface
were observed to trail straight back and thereby indicated
that the wake surveys were not influenced by cross flow.
Tne right aileron was found to be deflected from approxi-
mately 0.75° to 1.5° downward. This small variation in
aileron deflection was believed to have no apvoreciable
effect on the profile-drag coefficlents measured.

W
e

The values of section profils-drag coefficient cq,

for the two surface conditions are plotted against alrplane
1ift coeffliclent Cp, in figure 5. The corresponding
values of Mach number M, Reynolds number K, and
indicated airspeed Vig are platt >d above the profile-

drag curves. Indicated airspecd Vijg 1s defined as the
reading of an airspeed indicator of standard calibration .

corrected for position error of the airsneed head.

From figure 5 it may be seen that roughening the
surfaces increased the section profile-drag coefficient
by 0.0013, or 16 percent, at a 1lift coefficient of 0.16

end a Reynolds number of 17 x 100, 4t a 1ift coefficient

of 0.65 and a Keynolds number of 8 x 106 the increase

in section profile-drag coefficient was O OOOJ, or

8 percent. Inasmuch as transition was fixed at 5 percent
of the chord, these increases in section profile-drag
coefficlent are believed to be caused by lnecreases 'in

the turbulent skin-friction coeffilcilent.

Although a comparison of the flight results of the
present tests with the results of reference 1 was
considered desirable, no direct comparison was possible
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because the correction of the results of reference 1 for
movement of transition could not be determined.

The total-pressure loss across the wake for the
roughened and smooth surface conditions 1s presented in
. A o "
figures 6 and 7, respectively, for several Mach numbers

88 a plot of AH/q, agalnst y/c, where AH is the
loss in total vpressure at position ¥y in the wake, Q.
is the free-stream impact pressure, and ¢ 1is the chord
of the wing section. The total-pressure loss

at y/c < 0.023, beyond the limits of the wake-survey
rake, was estimated from wake surveys made in other tests
with the rake extended.

The wake profiles show that compressibility shock
occurred on the upper surface, as indicated by the rapid
incresse in width of the wake, at a Mach number between
0,68 and 0.69 at a 1lift coefficient of 0.15 for the
roughened surfaces and at a Mach number somewhat less
than 0.71 at a 1lift coefficient of 0.13 for the smooth
surfaces., It 1s estimated, however, that at a 1lift
coefficient of 0.15 shock would occur at about the same
Mach number (betwesn 0.68 and 0.69) for the smooth
surfaces as for the roughened surfaces. This estimate
is based on the variation with Mach number at various
1lift coefficients of the total-oressure loss due to shock
at position v/¢ = 0.023 in the wakes of the smooth and
roughened surfaces. The formation of shock 1s reflected

for the smooth and roughened surfaces in figure 5. At
Mach numbers below that at which shock occurs, variations
in Mach number of as much as 0.16 appear to have no
anpreciable effect on the secticn orofile-drag coefficients
of either the smooth or roughened surfaces.

o]

CONCLUDING REMARKS

The results of the investigation to determine the \
effect of roughness on wing profile drag with transition |
fixed far forward indicated that surface roughness made
up of particles of about 0.0012 inch in height and l
numbering roughly 110,000 per square inch increased
the turbulent skin friction by an amount corresponding to \
an increase in section profile-drag coefficient of 00,0013,
or 16 vercent, at a 1ift coefficient of 0.16 and a ’
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Reynolds number of 17 X 100, Below the Mach number at
which shock occurred, variations in Mach number of as

much as 0.16 anpeared to have no appreciable effect on

the section profile-drag coefficients of elther the smooth
or roughened surfaces with transition fixed.

Tangley Memorial Aeronautlical Laboratory
National Advisory Committee for Aeronautlcs
Langleyv Field, Va.
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TABLE

-
L

'All values given in fractions of chord; ordinates
measured relative to an arbitrary chord and with
inboard trailing edge of aileron in line with trailing

Ordinate

Station _
Uoper surface Tower surface

0 0 0
.0125 .0192 -.0093
.025 L0310 -.013L
.05 L0ulily -.018l
075 .0535 = 0221
w0 .Jéoﬁ ! -.0253
«15 067k ! -.0%03
w2 .0706 -.035L
.25 0711 -.0281

' -30 .0705 -.0395

.55 .0685 | -.0L00
L0 0656 , -.0%95
L5 .0627 - OBy
.50 .0589 -.0356
.60 .0/85 -.0256
.70 0350 - 0221
80 .0220 -.0136
.90 +0105 ; -.0060

1.00 0 ; 0

L.E. radius: 0.0087

S

ORDINATES OF REPUBLIC S-3% WING SHECTION TESTED ON P-L7D AIRPLANE
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Figure 2.- Test section of wing of P-47D
airplane with smooth surface.
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Figure 3.- Microscope with prism attached to base used in
measuring surface roughness.
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Figure 4.- Wake-~survey rake installed
on P-47D airplane.

Fig.
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