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A FLIGHT INVESTIGATION OF THE EFFECT OF SURFACE ROUGHNESS
ON WING PROFILE DRAG WITH TRANSITION FIXED
By John A. Zalovclk and Clotalre Wood

SUMMARY

A flight lnvestigation was made on a wing section of
e P-L7D alrplane to determlre the effect of roughness on
wing proflile dreg with transition flxed far forward.
Surveys of the wake were mafe for two surface condltions
with transition flxed ©vy a thread at 5 percent chord back
of the leading edge on the upper and lower curfaces. One
of the surveys was mace wlith the surfaces smooth; the other
survey was made wlith the surfaces roughened by an eappli-
callon of camourllage pulnt behind the thread. The surface
roughness oroduced by the cumouflage palnt was made up
of particles of about 0.0012 inch in helght and numbering
roughly 40,600 nur sguare inch.

Tke rcsults of the iInvestligation indlcauted that the
roughness increuscd the turbulent skin friction by an
amount corrnsponding to an increuse 1n sectlon prefile-
érag coefficlent of 0.0013, or 16 vercent, ot a 1ift

cosfficlent of 0.16 and a Reynolds number of 17 x 106.
Below the ¥ach number at which shock occurred, varlations
in Mach number of &s much as 0.16 appeared to have no
appreclable effect on the section profile-drag coufflclents
of elther the smooth or roughened surfaces with trunslition
fixed.

INTRODUCTION

The results of tests reported in references 1 and 2
Indicated that roughenlng the external surfaces of an
alrolane may cause large 1lncreasos 1n draeg. In order to
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provide further informatlion, a brief investigation was
made of the effects of surface roughress as one vhusge of
a aerles of flight tests to determine the profile-drag
characteristics of the wing olf a P-L:7D airplane. The
tests consisted of surveys of the wake of a wing section,
with transition fixed on tne uprer and lower surfaces by
a thread st 5 percent of the chord, for two condltlons of
the surfaces. One of the surveys was made with the
surfaces smooth; the other survey was made wlth the
surfeaces roughered by an aprlication of camouflage paint
behind the thread. 1In addltion to the effects of roughness,
some 1nformation on tre effects ol compnressliblility on
profile drag was obtained.

Measurements were mace In level flight and 1In dives
at sltitudes of 12,000 and 21,000 feet and over a range
of indicated airsnced of from 150 to 350 miles ter hour.
The 11ft coefficlsnts obtaincd in the tests runged
from 0.12 to 0.68, the Rcynolds numbers rengsd

from 8 x 100 to 20 x 10°, and the Kuch numbers ranged
from 0.25 to 0.7Z%.

APPARATUS AND TESTS

The investlgation was conaucted on a right wing
section of a P-47D elrvnlene (figs. i and 2). This ving
sectlon, a Rooublic S-3% =section, had a chord of
85.05 inches, & thickness of 11 vercent of the chord,
and was located at 6% vercent of the seulspan from the
plane of symmetry or about 2 feet outboard o the flup.
At thls spanwise statlion the test sectlnn was outhoard
of the »roveller slipstream, the gun ports 1n the leading
edge, and the shell ejsctor slots in the lowur surfuce.
The ordlnates of the sectlon are given In table I. The
Repnbllc S-3 seetion tested has oressure-distribution
characteristics similar to those 5f the NACA 23011 airfoll.

Surveys of the waxe were msde for two surface
condltions of the test section witi: transition fixed by
a thread at 5 percent chord hack of the leadlng sdge on
ths upmer and lower surfaces. Ons cf the surveys vas
made with the surfaces amooth: ths othor survey was made
with the surfaces roughsned behind the fixed transition
vosition by an aoplicaticn of carouflage palnt. The
amonth surfaces were obtained by falring the varlous
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surface irregularlties with glazing putty, avplying
several coats of white lsacquer-based palnt, and sanding
in a chordwise direction with No. 320 carborundum psaper.
Transltion was fixed at 5 percent of the chord by means
of a thread 0.036 inch (or 0.0L2 yercent of the chord)

in dlameter, teped svanwlse to the surface. This thresad
size, according to the results of reference 3, 1s greater
than the minimum slze necessary to 1'lx transltlon at

5 percent of the chord for all test condltions of this
investigatlon. '

The camoullagzc palnt was arplled over the smnothed
surfaces in such a manner es to produce a finlsh of
moderate and urlform roughness. ‘he deygree of roughness
was measured by means of & 4O-power shop mlercscope
(fig. 3) tkat Led a graducted scale at the focal plane
of the ntjectivs and a'prism at the base for the purpoise
o measuring heighta of small cbjects. The surfacwu
rougrness was maés up of parvicles ol about 0.0012 inch
in helgi:t and numbering roughly L0,GCO per squere inch.
The suriaece of the pslin% bebwecn tile partlecles was
slightly wavy; the waves rad an amvllitude of 0.00025 1inch
or less,

In order to judge the degrezs ol surfuce roughness
of the test sectlon reiatlve to that orcsent »n ssrvice
alrvlanes, the camnuflage finishes of a nurber of service
alrrclanes wore exanmlred with the shop microscope. Tre
surface rouzhness of thy service alirplanes was found to
consist vrincivally of waves having en annlitude »i 0.00025
or less wlth scattered vsrtlicles o7 varying helght (0.0005
to 0.005 in.).

Profile-drag measurements were made wlith a walke-
survey reke (fig. ;) locsted 19 percent of the chord
behind the tralling edge of the test sectlion. ‘vake total
and static nressures, free-stream Impact pressure, &end
the posltion of the right alleron were measured wlth
NACA recordling lastruments. The section prolflle-drag
coefflcients were determined by the 1ntegrating method
of reforonce h; that 1s, the total-prsssure loss was
integrated across the wake and then mulsliplicd by factors
devending on free-stream 1mpact pressurce, maximum total-
pressurc loss, statlc pressure 1n the wake, and flight
Mach number. Wool tufts weres used on the unper surface
nsar the tralling-edge area sbout 2 fect on either slde
of the center line of the test section to determine
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whether any cross flow existed In the boundary layer
that would invalldate the wake surveys.

The tests were made in level flight and in dives at
altitudes cf 12,000 and 2!,060 feat snd over a range of
indicated alrsneed from 150 to %60 mlles per hour. The
1ift coefficlents obtalned in the tests raenged from C.1l2

to 0.68, the Reynolds numbers ranged from 8 x 106
to 20 x 106, and the Mach numoers renged from 0.25 to 0.73.

RESULTS LND DISCUSSION

During the tests the wosl tufts on the wing surface
were observed to trall strealgnt bacik and thereby indicated
that the wake =surveys were not Influenced by cross flow.
Tne right alleron was found tn te deflected from aoproxl-
mately J.75° to 1.5° downward. This cmall varietion in
alleircn deflection was belleved to have nc aovnreclable
effect on the proflle~drag coefiiclents measured.

The +walucs of swction prallls-drag coeffliclent Cdo

for the two surfacs condltlons are plotted against alrplane
11ft coefficlent Cr, in figure 5. Tkc corresnonding
valucs of Mach number i, hefncolds number R, and
indicatzad airsneed Vig are plottcd adbove the proflile-
drag curves. Tndicated airsnmecd Vig 15 defined as ths

reading of an alrsvpeed 1ndicator of standard callbratlion
corrected for positlicn error of the airsneed heed.

From figure 5 1t mav be seen that roughening the
surfaces increased the sectlon rroflle-drag coefficlent
by 0.0013, or 16 percent, at a 1ift coefficient of 0,16

and a Reynolds number of 17 x 100. &t a 1ift coefficlent

of 0.65 and a keynolds number »of 8 x 105, the increase

in sectlon profile-drag coefficient was 0.0003, or

8 percent. Inasmuch es transition was fixed at 5 »ercent
of the chord, these increases In sectlon nrofile-drag
coefflcient are bellieved to bs caused by increases 1n

the turbulent skin-frictlon coefflclent.

Llthough a comnarison of the flight results of the
present tests wlth the results of reference 1 was
considered deslrable, no direct comparison was posslble
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because the correction of the results of reference 1 for
movement of transitlon could not be determined.

The total-pressvre loss across the waeke for the
roughened and smooth surface condltions Ls presented 1n
figures 6 and 7, respvectively, for several Mach numbers
as a plot of AB/q, against y/c, where AH 1s the

loss in total nressure at position y in the wake, qg

1s the free-stream imvact oressure, and c¢ 1s the chord
of the wing sectlion. The total-pressure loss

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

The wake 9orofiles show that compressibility shock
occnirred on the upper surface, &s Lndlcated by the rapid
Increase 1n width of the wake, at a hach numocsr betwecen
0.68 and 0.69 at a 1ift coefficient of 0.15 for the
roughened surfaces and at a Mach nuber somewhat less
than 0.71 at a 11ft coefficlent of 0.13 for the smooth
surl'aces., It 1s estimated, however, that at a 1lift
cocflficient orf 0.15 shock would occur at about thes same
Mach number (betwesn 0.63 and 0.69) for the smooth
surfaces as for the roughened surfaces. This estlnate
1s based on the variztisn with Mach number at various
1ift coerficients of the total-vressure less due t> shock
gt nosition y,/c = 0.023 in the wates of the smootn and
routhened surfaces. The rormuticn of shock i1s reflected
in a ranld 1lncrease 1in section vroitle-druag coefficient
for the smooth and roughened surfaces in figure 5. At
¥ach numbers below that at which shock occurs, varlations
in Mech number of as much as 0.1l6 aopevar to have no
anpreclable effect on the rectlicn oroflle-drag coefflclents
of elther the asmooth or roughenced surfaces.

CONCLULING REXARKS

The results of the investigatlon to determine the
effect of roughness on wing nroflle drag with transition
fixed far forward indicated that surface roughness made
up of particles of about 0.0012 inch in helght and
numbering roughly 40,000 per syuare inch increased
the turbulent skin friction by an amount corresponding to
an increase in section orofile-drag coefficient of 0.0013,
or 16 vercent, at a 1ift coefficient of 0.16 and a
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Reynolds number of 17 X 106. Below the Mach number at
which shock occurred, varlatlions 1ln Mach number of as

much as 0.16 apnsared to have no apoireclable effect on

the sectlon proflle-drag coefficlients of elther the smooth
or roughened surfacea with transitlon flxed.

Langley Mermorial Aeronsutlcal Laboratory

Natlonal Advisory Commlttee for acronautlcs
Largley Fleld, Va.
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TABLE I

ORDINATRS OF KEPUBLIC S-3 WING SECTION TESTED ON P-47D AIRPLANE

[ﬂll values given in fractions of chord; ordlnates
measured relative tc an arbitrary chord and with
inboard tralling edge of ailleron in lline wilth tralling
edge of flap]

0Ordlnate
Stetion -
TToner surface Iower surface
0 0 0
.0125 .0162 -.0093
.025 U310 -.0121
.05 oLl -.018L
.075 .052 -.0221
.10 .04C -.025
.15 007kl -.020
.26 .0706 -.O§gu
-25 071} -.0%81
.20 .0705 -.0295
| 32 .08 -.0.,00
0 045 -.n;gg
L5 0027 -.057
.5C .0589 -.0356
.50 055 -.0256
.70 035 -.0221
50 .N220 -.013%6
.90 .0105 -.0060
1.00 0 0
| L.E. radius: 0.0087

NATIONAL ADVISORY
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Figure 1.~ P-47D‘airplane used for tests.
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Figure 2.- Test section of wing of P-4%D
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.
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