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PLIGHT INVESTIGATION OF THE EFFECT OF A LOCAL CHANGE IN

WING CONZQUR ON CHCRDWISE PRESSURE DISTRIBUTION
~T IIIGH 8PEIDS

By Richerd E, Adams and Norman S. Silsby
SUMMARY

Tests were mede in high-speed flight with a fighter airplane
to determine the effect on the chordwise pressure distribution
resulting from a minor modificetion in the contour of the wing
upper surfzce.

The contour modification consisted in the addition of &
faired bulge with a meximum depth of 0.13 percent chord, extending
approximately from 35 to 55 percent chord., Chordwise pressure
dZstributions were obtained on the original and modified conbours
over a range of flight Mach nwbers from 0.55 to 0.75.

The tests showed that the chenze in wing conbtour hed a large
effect on the pressure distribution wher the critical Masch nvmber
wag exceeded. The critical Mach number of the modified conbour
wa8 about 0.0l lower than that of the original contour.

INTRODUCTION

In a number of flight investigations chordwise pressure
distributions cbiained on wings at high speeds haove shown apprecisble
irregularities although the wing section appeared reesonably fair
and gave smooth pressure distributions at low sveeds. This
irregularity in pressure dlsbribubion is believed to result either
frem slight variations in wing contour or from distortion of the
wing contours dus to air loads imposed in flight. In ordsr to
obtaln information on the effect of & change.in conbour on high-
speed pressure dlstributlione,” statlic-pressure messurements were made
in flight on a sectlion of the wing of a fightser airplsne with the
original conbour modified to include a faired bulge of ¥nown sizs.
The tests were mede &t Mach numbers from 0.55 to 0.75.
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SYMBOLS

e} local static pressure
Po fres-stresm static pressure
:qo freo stream dynamic presgsure
r pressure coefflclent ( 2 PCD

‘ ., c‘I'C’ .
MO free-stresm Mach number
M local Mach number

CL sirplane 1ift coefficlent

x disgtence along chord. from leading edgs

¥y ordina{',e of wing contour Irom chord

Ay deviation of wing contour from desi@ ving contour
c wing~section chord

Subscripts:

min mindmum valuq

ci correaponding to ettaimment of local velocity of sound
APPARATUS AND TESTS

The tests were made on the right iving of a fighter airplane =t
& station 53 percent semlspan from the plane of symmeiry. (Ses
fiz. 1.} At this stetion the wing section included the cmmmition
compartment having a door on the upper surface that extended from
gbout 35 to 35 percent chord. Spanwise the door oxtenfed from
45 %o 65 percont serdspsn, Teste wero made with two doors, one
conforming to the original wing contour and the other incorporating
a2 bulge. The doors, constructed of aliminum alloy %-inch thiclk,

were heavily reinforced at sach spanwise end end seéurely bolted at

the front end rear to the wing spars to prevent distortion umnder heavy

2



HACA TN ¥o. 1152

eir loeds in flight. The profiles of a part of the wing sectlon,
with eech of the doors in place, are shown in Tigure 2. The
geviation of the wing contours from the design wing contour is

shown in fisure 3. The change In contour wes eseentially equivalent
to the additicn of e faired bulge with a maximm depth of 0.13 per-
cent chord, extending from about 35 to 55 percent chord, which
eliminated the discontinuity at the leading edge of the original
doox.

Static-pressure measuvements were mede on the upper surface of
the wing at 53 percent semispan with flush orifilces spaced at

sbout 2.:!'..-pe;~cent-clloro'. intervals from 27 to 50 percent chord. The

pregsure-distribution messurements were talen in dives from
23,000 to 20,000 feoet in which Mach mmbers from 0.55 to 0.75 wore
obtained. A fow tosts with tne rovised contour were made in dlives
from an altitude of 12,000 feet to en altltude of 5,000 fest.

RE3ULTS AND DISCUSSION

The chordriss pressurs distributions for the upper surface of
the wing from 27 to 50 percent chord for the original and revised
wing contours are compared in figure L at the same flight Mach muwber
and airplene lift coefficient. The scale for the corresponding local
Mach numbers iz shown on the right of each plot. At subcriticel
Mech numbers minimum preseure Tor the origiral contour occurred at
the surface discontinuity at 35 percent chord (fig. 3); for the
revised conbour the position of minirmm pressuve at L5 psrcent chord
was slightly ahead of the position of the meximum height of the
bulge. Ag the Mach nunber vas increased to the swpsercritical value
of 0.70, minimm pressure moved to 42 poercent chord for the original
contour and to berond 50 pavcent chord for the rsvised coniour.

With further increasc in supercritical Mach nuwbers to 0.75 the
position of minimum pressure for both contours was boyond 50 percent
chord.

The difference in the pressurs distridution of the two contours
was particularly marked asg the critical Mach nvaber (local Mach
numbsr of 1.00) was excoeded. At a Mach nurber of 0.70 and a 1ift
coofficient of 0.11 the pressure for the original contour was lower
by ebout 26 porcent frec-stream dynamic prossnre at 40 percent chord
end hicher by about 56 porcent frce-strsam dynemic pressure at
50 percent chord then theo prespures at the same pcsitions for the
revised contour. (Sce fig. 4(e).)
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The chenge in critical Mech number due to the change 1n contour
is illustrated in figure 5 whcre the minimwm pressurs cosfficionts
for tho two contours end the critical pressure coeiflciont are
plilotted agelnst £light Mash number. The correspondiag aliplenc 1ift
cootficients are plotbtud above the prossurs curves. The critical
Mnch nubsr for the revised coptour may bs scon to bo about 6.0
lowor then the critical Mach number for the original. conbour.

The foct thst the alr losda imposed in flight had preactically
no effacts on the contour of the doors, and hence on the results
ghown $n figures 4 and 5, 18 indicated in figure 6 waere pressure
Algtributions over the revisoed wing contovr are prosonted for the
seme Mach nmweaber and 1ift coefficient but for freo-strean dynamic
prossures differing by a factor of sbout 2. The results are presonboed
For subcriticel end suporcriticzl conditions and In both cases the
vressure distributions at the two values of dynamic pressure 245160,
in peneral, within the experimsntal accurecy. '[he djnamic progsuros
for each set of £light conditions in figure 4 were of the szme
order of magnitude for both contours and thersfore tho change in
pregsure distribution dus to rodilication of the wing contour wes
not affected by olr loz=ds.

Te comperisons shown 3n figures 4 to 6 are belicved to bo
almost wnaffcected by differonces in alleron position. Irasimch ap
the orifices were inboard of the ziloron, the offccts of ailcron
deflectlon would be sccondary. Furthormore, chanyes in yew and in
lateral position of the alxplanc centor of grarity woro too small
to require any anprocilsble Aifferonces in the mean alleron position
Aduring the dives. Othor tezts have showi tuat the variation of
eileron dofloction in tho flight conditlions covered in thie prosent
investigation wos very small (less then 11°). /fn indication that
the eflfect of the aileron on the resulis of fimures 4 to & weas
negligible ie obtaired from Ffigure 4(c) wherc, for the semo flight
conditions, the pressures meesured in two sopareto flignts for the
rovised contour were In agrsomont within the experimuntal error.

The measured chengce in prossure distribution due to the clange
in contour is compared for a condltion noer tne critical lMach
number (M = 0.66, O, = 0.15) with the chonge in pressurc dictribution
computed by tho metliod of roforenco 1 in conlunction with the
Kdrmén-Teien relation (roference 2). (Sce fig. 7.) The calculated
proagure dletribution was deotermined by adding tho increnents of
induced velocity due to the contour change, computcd by tho method of
veferonce 1, to the measured vslocity distribution for tho original
contour roduced from a Mach number of 0.66 to O by tho FArmén-Teion
relation. The resulting pressure distribution was then converted
back to & Mach number cf 0.66. The comparison indicates thet near

i
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the critical Mach mumber the measured change in pressure distributiomn
due to the change in contour was consldersbly greater than thet
computed. As a result the critical Mach number would be overestimated
when using the compubted distribution.

CONCLUDING REMARKS

Flight tests made on a wing section of a fighter airplane
indicated that the addition of a2 falred bulge with a maximum depth
of 0.13 percent chord and extending from sbout 35 to 55 percent
chord caused a large change in pressure distribution when the
critical Mach nimber vwas exceeded. The pressures ab a glven chord-
wise position and for the same flight condition differed by as mmuch
as 56 percent of the free-stream dynamic pressure. The criticel
Mach nuwber of the wing section was decreased by C.OL,

Comparison near the crilitical Mach munber of the measured end
calculated change in pressure distribution due to the change in
contour indicated that the measured change wes considerably greeter
than that computed.

Langley Memorisl Asronautical -Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., Auguvst 1k, 19L6
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Figure 2,— Comparison of arignal and revised wing contours.
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Figure 3.- Deviation of original and revised wing contours from design wing contour.
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