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WIND-TUNNEL TESTS OF TWO TAPERED WINGS WITH STRAIGHT
TRAILING EDGES AND WITE CONSTANT-CHORD CENTER
SECTIONS OF DIFFERENT SPANS |

By Robert H. Neely
SUMMARY

Tests were made in the NACA 19-foot pressure tunnel
to determine the serodynamic characteristics of two
tapered wings having NACA 230-series airfoil sections,
constant-chord center sections, and straight trailing
edges. The wing spans, the arcas, and the root chords of
the two wings weére egual; the span of the .center section
of one wing was equal to the root chord and the span of

.the other was twice the root chord. Lift, drag, and

pitching-moment characteristics of the wings with partial-
span and full-span split flaps are given for a test
Reynolds number of 4,600,000.

The maximum 1ift coefficients of the wing with the
gsquare center section were greater, for all arrangements
tested, than those of :the wing with the rectangular center
section; also, with flaps neutral the drag coefficients
were smaller for lift coefficients greater than O.1l. The
aerodynamic-center positions of the plain wings were found
to be 0.451 of the mean chord from the leading edge for
the wing with the sguare center section and 0.442 of the
mean chord from the leading edge for the wing with the
rectangular center gection.

INTRODUCTION

The nonlinear distribution of area and of sgection
aerodynamic centers along the span of a wing is of utmost
importance in airplane design because of its influence on
the location of the wing aerodynamic center. Previous
research reported in reference 1 provides data for wings
with either a nonlinear distribution of area. or -a nonlin-

.ear digtribution of aerodynamic centers. The present




tests were made at the request of the Bureaun of Aeronau-
tics, Navy Department, to provide data on conventional
wings with both variables and were limited to wings with
constant-chord center sections and straight trailing
edges. The effect of center-section span was determined.

Complete 1lift, drag, and pitching-moment character-
igtics were determined for each wing through a range of
Reynolds number of 2,600,000 to 4,000,000. The charac-
teristics with partial-span and full-span simple split
flaps were determined. In addition, a study of the stall
characteristics wags made.

MODELS

Wings

The mcdels uged in thege tests were provided by the
Bureau of Aeronautics according to NACA specifications and
are designated wing II1I and wing VI. The wings are con-
structed of laminated mahogany to NACA 230-series airfoil
sections and differ only in center-gection span and sweep-
back. (See figs. 1 and 2.) The center section of wing III
has a span egual to the root chord and that of wing VI has
a span twice the root chord. The spans, root chords, areas,
and aspect ratios of the two wings are equal. The airfoil
sections used were the NACA 23015 for the center gsection
and the NACA 23009 for the construction tip. In the con-
gtruction of ‘the wings, straight-line elements were used
between corresponding points of the root and the construc-
tion-tip sections in such a manner that the upper surface
at the maximum ordinate is in a horizontal plane. No geo-
metric twist is present.

The principal characteristics of the two wings are:

Wing III Wing VI
Aspect ratio 7 7
Center-section gpan L2 s/b 2.54 s/b
Root chord o222 840 o Ba27 8/0
Tip chord .635 8/b .444 s/1b
Taper ratio (outer panels only) 250 2.86
Sweepback, A , degrees 9.44 i 15458

The ratio §/b, which is equal to the mean chord of the
wing, is the ratio of the wing area to the wing span.




Flaps

The flaps were simple split flaps constructed of
thin metal sheet and had a chord 20 perceant of the wing
chiord. The desired deflections were obtained by insert-
ing triangular wooden blocks between the wing lower sur-
face and the flap. The spans of the partial-span and
full-span flaps were 53 percent and 90 percent of the
over—all wing span, resovectively.

T=ZsTS

The tests were conducted in the WACA 19-foot pres-
sure tunnel at an absolute pressure of 35 pounds per
squarc inch with the model mounted oa the standard wing
supports. (See fig. 3.)

Complete 1ift, drag, and pitching-moment character-
igstics were determined for the wings with no flans; with
tie martial-gpan flaps at deflectioas of 15°, 30%, 45°,
and 60°; and with the full-span flaps at 60°. The tests
were made at test Reynolds numbers of approximately
2,600,000, 4,600,000, and 4,600,000.

A study of the stalling characteristics was made by
observing the behavior of wool tufts attached to the
upper surface of the wing. These tufts were fastened to
the surface at the 20-, 30-, 40-, 50-, 80-, 70-, 80-, and
90-percent-chord points in parallel rows spaced approxi-
mately 7 inches apart along the span. The progression of
the stall was recorded by sketching the stalled portiouns
of the wing at various angles of attack. The observations
were made at a Reynolds number of 4,600,000 for the plain
wings and for the wings with the pesrtial-gpan flaps de-
flected 60°.

RESULTS AXD DISCUSSION
Coefficients
The data presented hereia sre givea ia standard non-
dimensional-coefficient form corrected for the effect of

model support tares and interference, air flow misaline-
- ment, and for jet-boundary effects. :



The coefficients =2nd symbolg used herein are defined
as follows:

¢;, 1lift cocfficient (L/gs)
Cp drag coefficient (D/q8)

C;; pitchiung-moment coefficient about guarter-chord point
of root section {(M/asc)

wherc
L 1lift
D drag

M pitching moment

a dynamic pressure of undisturbed air stresm {1/ 2 a0}
S wing area (32.14 sq ft)

& mezp wing chord (/b = 2.14 ft)

e wing scctiop chord

b wimg sspam (16 £4)

P mass density of air

v free-gtream velocity

) flap deflection measured between lower surface of wing
and flap '

a angle of attack of root chord corrected for jet-—
boundary interference

R test Reynolds number based on mean wing chord (pVE/u)

L coefficient of viscosity

Precision

The experiwental results as determined from repeat
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Lift end 8talling Charazacteristics

Complete force-test data for a Reynolds number of
4,600,000 are presented in figures 4 and 5. Comparison
of the 1lift curves reveals that wing III has a higher
angle of stall than wing VI for all conditions; 2nd the
maximum 1lift coefficients, congequently, are greater. The
variation of maximum 1ift ccefficients with Reynolds num-
ber is shown in figure 6. No congigtent variation is in-
dicated by these results, probably because of the unsteady
manner in which the wings stallcd.

The stall diagrams for the various conditions are
showvn in figures 7 to 10. The progression of the stall of
wing III with no flaps is fairly rapid although not sudden.
With the partial-span flap, the stall of wing III is very
sudden, covering mogt of the right wing. The stall of
wing VI with flaps off started at both wing tips =2nd moved
inward gradually., The stall of wing VI with flaps was
similar.

It is evident that the maxzimum 1ift coefficientg of
the two wings could be materially increased, especially
for wing VI, by using washout toward the tips to prevent
early stalling.

Drag Characteristics

A comparison of the dr~g coefficients of the two
wings with flaps off is shown in figure 1l. 1Increasing
the span of the center section increased the drag coeffi-
cientg to some extent for 1lift coefficients greater than
0.1+, The maximum variation was z2bout 0.0015.




Pitching-Moment Characteristics

The effect of the nonlinear distribution of area and
aerodynamic centers on the pitching-moment curve 1is shown
in figure 12. The pitching-moment curves of the two modelsg
tested mre given, together with the moment curve,of a wing
with no sweepback of the quarter-chord points. For the
wing with no sweepback, it is assumed that the pitching-
moment coefficientg abcut the guarter-chord poiunt are con-
stant. It is geen that sweepback gives the pitching-moment
curves a considerable negative slope, which indicates a
rearward movement of the acrodynamic centoers. The slope
of the pitching~moment curve for wing III is greater nega~
tively than that for wing VI. This same result is noted
for the wing with partial-span and full-span flaps.

The pogitions of the wing aerodynamic centers, meas-
ured from the leading edge of the root section, were de-
termined both from experimental data and from calculatiansg.
A comparison of thege results is given in the following
table:

Position of aerodynamic center
‘ back of leading edge
Wing| . (s/®)
Experimental Calculated
113 0.451 0.4560
Vi A42 . 442

The aerodynamic—center positions were computed from
the experiumental data ty the method outlined in reference
l., An average slope of the pitching-wmoment curve was used.
The calculated aerodynamic~center positions were deter-
mined by the method of reference 2.

The aerodynamic-center position for comparable wings

with no sweepback is appreximately 0.318 S/b from the
leading edge.,

CONCLUSIONS

From the results of the tests reported herein, the
following counclusions are drawn!




1. The maximum lift coefficients of wing III were
greater than those of wing VI for all conditions tested,
because of the later gtalling.

2. The effect of increasing the span of the center
section while keeping the wing spaun, the root chord, and
the area constant and the trailing edge straight is to
shift the aerodynamic center toward the leading edge.

3. The horizontal positions of the aerodynamic cen-
ters as determined by experiment and by calculation from
section characteristics are in close agreement,

4, Increasing the span of the center section in-
creased the drag coefficients for 1lift coefficients
greater than 0.1. The maximum variation in drag coeffi-
cient was approximately 0.0015.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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