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TUNNEL AND FULI~SPAN DATA OBTATNED IN THE
IANGIEY 19-FOOT PRESSURE TUNNEL FOR A WING
WITH 40° SWEEPBACK OF THE O.27-CHORD LINE

By Jones F. Cahill
SUMMARY

An investigetion was made ln the Langley two-dlmensional low-
turbulence pressure tumnnel of a semlspan model of a 400 sweptback
wing of aspect ratio 4 and taper ratio 0.625, which had previously
been tested in a full-span-asrrangement in the lLangley 19-foot pressure
tunnel, to obtain an 1ndication of the validity of the semispan method
of obtaining aerodynamlic data in this particular arrangement. The
results showed good agreemsnt between the full-span end the semispan
date at all Reynolds numbers for the plain wing, for the wing with
semlspan split flaps, for the wing with extensible leadlng-edge flaps,
end at a high Reynolds number (6.8 x 105) for the wing with both
leading-edge and split flaps deflected. At & low Reynolds number
(3.0 x 10%) with both flaps deflected, the 1ift and drag were also
in good agreement, but the pltching-moment' variatlion near maximum
1ift was unstable for the semispan tests whereas thls variation was
stable for the full-span tests.

This investigation indlcates that data obtained from semispan
wing tests may be expected to be In good agreement with date obtalined
from full-span tests of the wing alone sxcept for unusually sensltive
configurations, where the lift distribution is such that small
disturbances produced by the tunnel-wall boundary layer may csuse a
radical change in the location of the original stall or in the manner
~in which the stall progresses.

Deta obtained for -the wing with both leading-edge and split flaps
deflected show that the effect of leadling-edge roughness is to cause the
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variation of pltching moments at the stall to change from stable to
unstable. With roughness added, the full-span and semispan test results
were 1n good agreement 1n all cases. Thus it appears that adding
roughness minimizea the influence of the tunnel-wall boundary layer.

INTRODUCTION

The use of sweep to delay the effects of compressibility on the
aerodynamlic characteristics of alrcraft winge has given rise to a need
for date on wings of this type to ald designers in thelr evalustion of
wing characteristlces. Existing datae have shown that the characteristics
of swept wings may be subJect to large and important scale effects
(references 1 and 2). For this reason, it is desirable for tests to
be run at Reynolds numbers as near as possible to those at which the
wings are expected to be used.

In order to provide an addltional facility for obtaining low-speed
data on alrcraft wings at Reynolds numbers approaching those encountered
in flight;-a semlspan balance has recently been installed in the Langley
two-dimensional low-turbulence pressure turmel. This balance makes
possible the testing of wing models at Reynolds numbers up to approxi-
mately 12 x 10°. The semlspan arrangement was used in this installation
because it permits tests of larger models (and therefore at higher
Reynolds numbers) then a full-gpan arrangement. The semispan arrangement
also leads to simpler modsl construction and elimination of external
support Interference.

Jet-boundary corrections have been derived for correcting data
obtained from gsemispan tests to fres-alr conditions, but the question
always exlsts as to whether the measured wing characteristics are
affected by the presence of the tummel-wall boundary layer. For this
reason, teste were maede of a model of a 40° sweptback wing which was
goometrically simllar to & model*.which had previously been tested 1in
the Langley 19~foot pressure tumnel in a full-span arrangement. Tests
were made of the plain wing, of the wing with a half-span split fiap, and .
of the wing with a 0.725-span leading-edge flap. Effects of leading-edgse
roughness were determined for sach of these configurations.

SYMBOLS

The date are presented in the form of standard NACA coefficients
which are spplicable to & full-span configuration.

L
CL 11ft coefflcient . <E§)

Cp drag coefficlent (%%)
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Cn pltching-moment coefficlent (%)
L 1ift on semispen wing
D drag on semispan wing
M pitching moment of semispan wing about ¢&/4 (see fig. 1)
q free-stream dynamic pressure (—%2—)
v free-stream velocity
s area of semispan wing :
b/f2
¢ mesn aerodynamic chord <% j; 0263)
o angls of a.t-l.;a.ck, degrees
R Reynolds number
c chord
¥y distance along semispan
b span of complete wing
p mass density of air

APPARATUS AND TESTS

The balance from which the semlspan model wes supported 1s installed
entlrely outside the test sectlion wall, and the wing is cantllevered
through the tumnel wall and requires no supports In the alr stream. The
opening in the tunnel wall through which the model passes is closed by
a labyrinth seal to minimize leskage at the model root without introducing
undeslirable friction forces. The portion of this seel which is exposed
to the alr stream is small so that the aserodynamic forces measured are,
to a high degree of accuracy, only those on the model itself. A photo-
graph of the model Ilnstalled in the tunnel iz shown in figure 2.

As discussed 1n reference 3, the Langley two-dimensional low-
turbulence pressure tumel 1s equipped with a blower which 1s used to
control the boundary layer on the tunnel wall. Msasurements of the
wall boundery layer at the model location have shown thet the boundary-
leyer total thickness at thls point is approximately 1 inch for the
operating condlitions used in this Investigation.
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The model used 1n these tests is geometrically similar to the model
used in tests In the Langley 19-foot pressure tunnel and described in
reference 2. A sketch of the model is shown in figure 1. The wing
sweep, defined as the sweep angle of the quarter-chord line of an
equivalent straight wing, was 40°. This quarter-chord line becomes
the 0.273-chord line of the swept wing, measured parallel to the plane
cf symmetry. The alrfoll sections perpendicular to the 0.273~chord
line are NACA 643-112. The wing had no geometric dihedral or twist
and had an aspect ratio of 4 and a taper ratio of 0.625.

The split flaps used extended over the inbosrd 50 percent of the
wing span, had a chord equal to O. 184 of the wing chord, and were
deflected 60° in a plane perpendicular to the hinge line. Some tests
were made with & solid wooden flap which formed & closed shape at the
rear. Later tests made wlth a flap mede of sheet metal showed
discrepancies between drag measuremente with the two types of flap.
The open sheet-metal flap was, therefore, used for all further tests.
The only datae presented in thie paper which were obtained with the
solid flap are the data for the split-flap deflected condition with
leading-edge roughness wlthout the leading-edge flap. Detalls of the
leading-edge flep are shown in figure 1(b). This flap is identical
with the flap described in reference 4.

The model was made of aluminum alloy and wes polished to a
smooth finish. For the tests wlth leading-edge roughness, perticles
of carborundum having a dlamster of approximately O. 008 inch were
imbedded in thin shellac om both the upper and lower surfaces over
a length of 0.08¢c from the leading edge. With the leading-edge flap
installed, the roughness covered the flap as well as the portion of
the wing surface normaslly roughened.

Tests were made at Reynolds numbers and Mach numbers which
duplicated the conditions for the tests made of the full-span model
in the Langley 19-foot pressure tunnel. Tests were made with the
model 1n both the smooth and in the rough condition for the plain wing
and for the wing with the tralling-edge split flap, with the leading-
edge Tlap, and with both flaps together. _

Jet-boundary corrections were applied to the date by the method
descrlbed in reference 5. The values of the corrections to the angle_
of attack and drag coefficient were approximately

N = o.6cL

ACp = 0.01012



NACA RM No. L9B25a 5
RESULTS AND DISCUSSION

Comparisons between the semispan data obtalned 1n thls investigation
and full-span data previously cohtalned in the ILangley 19-foot pressure
tunnel and presented in references 2, 4, 6, and T are shown in figures 3,
k, 5, and 6. The investigatlion of the various configurations of this
wing in the Langley 19-foot pressure tunnel covered a long perliod of
time and the results are presented 1n a number of papers. The data
which were used for comparison with the data obtalned in the Langley
two-dlmensional low-turbulence tunnel are those obtained when the
model configuration was most nearly similar to the semispan model.

For convenience in locating the orliginal full-span data, the references
and figure numbers in which the full-span data originally &appeared are
given in figures 3 to 6. In general, the sgreement between the two
gots of data is very good. o

Slight differences are obsServed in maximum 1ift cocefflclents or in
angles of attack for maximum 1ift in a few cases. Differences of this
type occur frequently,'however,'when several tests are made of a given
configuretion in the same tumnel, partlcularly for wings in the range
of thicknesses around 12 percent where conditlons near maximum 1if+t
are rather critical. For this reason, no particular significance is
attached to these dlfferences.

The differences observed in drag coefflcients are small in all
caggs oXcept for the data for the model 1n the rough condition with
the split flap deflected (fig. 5(b)). For this condition, the increase
in drag coefficlent measured for the semlispan tests is attributed to
the use of a split flap formed from a solid block. The drag datba
obtained in the smooth conditlon, for which both the semispan and the
full-span model were equipped wilth open flaps, showed good agreement:
Drag date are presented 1n figure 7 for the semispan model in the
smooth condition wlth both the solid and the open flap. The data
with the open flap show drag coefficients lower than those for the solid
flap by an amount epproximately equal. to the discrepancy between the
gemispan data and the full-span data in the rough conditlon.

For the plain wing in the rough condition, a difference exists
betwsen the pltching moments obtalned in the two tests in the low
to moderate rangs of 1lift coefficients (fig. 4(c)). At these 1lift
coefficients, the pltching moments obtained In the semlispan tests are
more negetive than those measured in the full-span tests by ebout 0.007.
The reason for this discrspancy is not clear since it occurs only In
this one case. Good agreement i1s shown in the pitching momsnte at
these low 1ift coefficients for all the other conditions tested
(figs. 3(c), 5(c), and 6(c)).
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In only one case does there appear to be an important difference
between the semispan and the full-span data. At a Reynolds number

of 3.0 x 106 with both leading-edge and split flaps deflected, the
pitching moments obtalned from the semlspen tests break in an unstable
direction near maximum 1if+t, whereas the pitching moments obtained
from the full-span tests bresk 1n a stable direction Just as they do
at higher Reynolds numbers (fig. 6(c)). The addition of a fuselage
to the full-span wing in a midwing or a high wing position (reference T),
however, changed the pitching-moment variation of the full-sp
arrengement near maximm 1ift at a Reynolds number of 6.8 x 1
that 1t resembled the pltchlng-moment varigtion observed for the semi-
span wing at a Reynolds number of 3.0 x 10°. It appears therefore that
~ the effect of the tunnel-wall boundary layer on the measured character-
istice of & semlispan wing 1is simllar 1in character but not as marked as
the effect of adding = fuselage to the full—span wing in either a
midwing or a high-wing positlon.

In order to establish the fact that these effects are caused by
the tunnel-wall boundary Layer rather than some other phenomensa, tests
word made in the Langley 19-foot pressure turmel of the full-spen wing
wlth a center plate installed. The center plate extended approximately
1 chord length shead of .the leading edge and was fitted wlth a strip of
screen wire which extended about 1/2 inch out from the plate to produce
a boundary layer at the model which would simulate the btunnel-wall
boundary leyer in the Langley two-dimensionsal low-turbulence tunnel.
The pitchling-moment date with and without the center plate are shown
in figure 8 and indlcate results simlilar to those caused by the tunnel-
wall boundary lsyer.

The conclusion reached from these results is thet the effect of. the
boundary-layer flow over the root section 1s such as-to delay the stall
of thls portion of the wing. Introduction of the boundary layer causes
a high degree of turbulence in this region and, therefore, increases
the effective Reynolds number of the root section. The scale effects
on the maximum 1ift coefficient of this wing in the Reynolds number

range from 3 X 106 to 6 X 106 are 1in the proper direction to produce
this effect although they are not large. It 1Is obvious, however, that
the 1lift distribution on®this configuratiorn 1s such that-both root and
tip sections reach thelr maximum 1ift coefficlents at very nearly the
same angle of attack. Any effect tending to lncrease the maximm 1ift
coefficient of the root would therefore cause the tip to stall first.
Once the tip stalls, the loading on the root is decreased, which decrsases
its tendency to stall. A definite change in stability at the stall can
be caused, therefore, by an effect which tends to delay sven sllghtly
the stall at the root. This investigation indicates that data obtained
from gemispan-wing tests in the Langley two-dimensional low-turbulence
tunnel may be expected to be in good agreement with data obtalned from
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full-span tests of the wing alone except for unusually sensitlve
configurations where the 1ift dlstributlion is such that small disturb-
ances may cause a radlcal change In the location of the original stall
or in the manner In which the stall progresses.

Data are presented in figure 9 which show the effect of leading-
edge roughness at several Reynolds numbers on the serodynamic charac-
teristice of the wing with the leadlng-edge flap deflected both with
and without the trailing-edge split flap. These date show that, in
this conflguration, the effect of leading-edge roughness 1s that the
pitching-moment variation at the stall changes from steble to unstable.
Pitching-moment date from full-span tests 1n the Langley 19-foot
pressure tunnel wlth leading-edge roughness are shown in figure 10
and indicate a simlilar effect of roughness. Thlis agreement between
the full-span end the semlspan date in the rough condition could be
expected since the scale effects on wing sections with transition
fixed at the leading edge ars usually negligibls.

8ince experience has shown that manufacturing irregularlities . - |
usually cause the aesrodynamlc characteristics of alrplane wings to
be similar to wind-tunnel data for simllsr conflgurations with some
degree of roughness, it is recommended that the longltudinal stabllity
cheracteristics measured with leading-edge roughness should be
consldered applicable to actual airplene designs.

CONCLUDING REMARKS

This Investigation Indlcates that data obtalned from semlspen
wing tests in the Langley two-dimsneional low-turbulence tunnel may
be expected to be in good agreement with data cbtained from full-sgpan
tests of the wing alone except for unusually sensltive confligurations where
the 1ift distribution is such that small disturbances may cause & radical
change 1n the locatlion of the original stall or in the manner 1in which the
stall progresses. Data obtalned for the wing wilth leading-edge roughness
with both leading-edge and spllt flaps deflected 1ndicate that the
effect of leading-edge roughness 1s that the pltching-moment varlation
near meximum 1ift changes from stable to unstabple. With roughness
added, the full-span and semlspan test results were In good agreement
in ell cases. Thus, it appears that adding roughness minimizes the
Influence of the tunnel-well boundary layer.

Langley Aeronautical Taporatory
Natlonal Advisory Commlittee for Aeronautics
Ilangley Ailr Force Base, Va.
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Wing with leading-edge flap

(b) Detalls of .various devices on wing,
Figure 1l1.- Concluded.



NACA BM No. IL9B25a 11

Figure 2.— Rear view of 4O gweptback wing model installed in
Iangley two—dimensional low—turbulence pressure tunnel.
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