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WATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

ECHNICAL NOTE NO. 318.

FULL SCALE INVESTIGATION OF THE DRAG OF A WING RADIATOR.

By Fred E. Weicke.

Summary

Tests were made on the léft lower wing of the 1937 Williams
racer in the Twenty Foot Propeller Research Tunnel, in order to
determine the effect of the wing radiater on the airfoil cha®—
acteristics. It was found that the radiator doubled the minimum
drag of the portion of the wing which it covered, and also re-
duced the 1ift somewhat.
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At the request of the Bureau of Aeronautics, Navy Depart-
ment, an investigation was made of the effect of a certain type
of wing radiator on the high-speed aerodynamic characteristics
of a wing. The left lower wing of the Williams racer was furn-
igshed by the Bureau for this purpose, and the tests on it were
made in the 20-foot air stream of the Propeller Research Tunnel
(Reference 1).

The rounded tip of the wing was cut off so that the entire
surface tested, excepting a 3-inch strip along each end, was
covered by the radiator as shown in Figure 1, This left the

span 75.62 inches, and with the chord of 44 inches, gave an as-
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pect ratié of 1.718. The total wing area was 33.1 square feon,
and the area covered by the radiator was 21.88 square feet, on
each surface., The wing was intended to have a C-68 section
under the radiator, but it was very imperfect.

Figure 2 shows in detail the wing surface formed by the
radiator, which was made up of specially drawn brass tubes giv-
ing the effect of rather deeply grooved fins. A cross gsection
through the tubes and wing surface is given in Figure Se

With the wing mounted in the tunnel as shown in Figure 4,
the 1ift and drag forces were measured at an air velocity of ap-
proximately 100 m.p.h., and at angles of attack varying by o
intervals from ~23° to +4°. Since the effect of the radiator at
the high-speed condition of flight only was desired, it was un-
necessary to test the wing at higher angles of attack, and thus
it was possible to use small supperts with very low tare drage
(The tare drag was about 7 per cent of the minimum drag of the
wing without radiator.)

After the first test the radiator was stripped off, new
leading and trailing edges fitted (the radiator headers origil-
nally formed the leading and trailing edges), and minor defects
and irregularities in the wing surface were filled with plasti-
cine. The wing as ready for the second test is showm in Figure
5. The surface was very irregular and "wavy," the plywood cov-
ering apparently having swelled and buckled inward slightly,

causing depressicns as deep as 3/16 inches The contour of one
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of the worst sections is shown in Figure 6.
fKeeswlts

The results of the tests are given in Table I and Figures

7, 8 and @, The wing with radiator had just twice the minimum

J drag of, and somewhat less 1ift than, the wing without radiator.
In computing the induced drag shown in Figure 7, the Betz

formulas for rectangular wings were used. No corrections have

been made for wind tunnel constraint since a few computations

have shown it to be negligible for the low lifts of these tests.

The increase in drag due to the radiator can be given in

i the form of a coefficient ODR, where

{5
5 Increase in drag due to radiator

DR = (Dynamio pressure) (Area covered by radiator, both surfaces)

The difference between the drag coefficients for the wing
with and without the radiator averaged approximately .,011l, and
since the area covered by the radiator was 2 X 31.88 sd.fte
while the total wing area was 33,10 sq.ft., the coefficient of

increased drag due to the radiator is

et o R IP
e = Bt = L0088L.

It is interes%ing to note that at 300 m.p.h., covering a

single smooth surface with this type of radiator increases the
ditag By 1a53 1b. per sdefte, and that at the above gpeed, each

square foot of radiator requires 1.066 thrust horsepnswer,




NeAeC.As Technical Note No. 318 4

It is probable that the percentage increase in drag due to
the radiator would have been even greater if the wing without
radiator had been more perfect in form. A large model airfoil
(3-foot chord and 13-foot span) having the C-63 section has also
been tested in the Propeller Research Tunnel, The profile drag
for this sectiom is plotted against 1ift coefficient along with
that for the Williams wing without radiater, in Figure 10, and
the drag is shown to be considerably less for the more pexrfect
model.

G n & e e 1 bRs

The wing radiator used on the Williams racer doubled the
minimum drag of the portion of the wing which it covered, and

also reduced the 1ift somewhate.

Langley Memorial Aeronautical Laboratory,
Naticnal Advisory Ccmmittee for Aeronautics,
Langley Field, Va.,

Be f e e m e e

le Weick, Fred E. The Twenty-Foot Propeller Research
and : Tunnel of the National Advisory Com-
Wood, Donald H. mittee for Aeronauticse NeAeCole

Technical Report No. 300, 1938.
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TABLE I.

Aerodynamic Characteristics

Values from faired curves

Wing with radiator

Angle
of C1, | Cp
attack
o B 80 L0281
L +.0135 +OlLT
0° . 0530 .0317
+1° . 0950 0285
> .1385 .0246
3° « 1785 -
4° 2135 «OGLY
Wing without radiator
Angle
it a1, Cp
attack
" —-.0100 SOl
Bl +.0305 JOENT
i «0705 + 0118
+1° .1140 + 0185
20 «1575 .0148
30 .2000 sl
4° » 2435 .02186
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Fig.l

Williams Racer Wing with radiator ready for test

Fig.2 Details of wing radiator
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Williams racer wing with radiator off ready for test

-

Fig .5

Fig.4 Wing with radiator mounted on balance
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