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Summary

essenger airplane with the wings re-
its various component parts, was

stream of the N.A.C.A. propeller

research tunnel at air speeds from 50 to 100 M.P.H: It was

found that the three-coylinder radial air-cooled engine nearly

doubled the drag of the bare fuselage, and the drag of the land-

ing

combined.

Introduction

Heretofore, measurements of the drag of airplane fuse-
lages, landing gears, and other large parts have been limited
by the size of available wind tunnels to tests on relatively
small models. t has been necessary to calaulate the full
scale drag from the results of the model tests upon the basis
of the principle of mechanical similitude. Since all of the
genditions of this principle are not fulfilled in the model

tests, the calculated full scale drag is at best more or less

gear was about the sdme as that of the fuselage and engine
A Y
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an approximation. The approximation may become very poor for
bodies having complicated shapcs such as air-cooled enginec cyl-
inders and landing geéars in which the model cannot easily bce
made similar in all details to the full size object. It is de-
sirable, therefore, to tcst these objects at full scale. This
is now possible in the 30-foot air stream of the ncw propeller
rescarch wind tunnel of the National Advisory Committec for
Aeronautics.

The Sperry Messenger airplane was originally mounted in
the tunnel for propeller tests. This note describes a series
of tests made on the drag of various parts of the airplane

without wings. Since the wings have about the same span as

the diameter of the air jet their drag as measured in thc tunncl

would not be the same as their drag in flight. The tests were
therefore confined to drag measurcments with the wings and wing
bracing removed. The drag of the whole airplane without wings
was obtained for air velocities of from 50 to 100 M.P.H., and
the drag due to the landing gear, tail surfaces, windshield,
cockpit, and the radial air-cooled engine, were measured at ve-

locities from 50 to 80 M.P.H.
Methods and Apparatus

The Sperry Messenger airplane with the wings removed, as
shown in Figure 8, was mounted on the balance in the test cham-

ber, with the thrust line horizontal and in the center of the
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air strespi. "Figure 1 18 a gemerel view of the test chamber
showing the entrance cone and the mounting of the airplane which
was supported at two pointe on the axle and one 8t the tail of
the fuselage. With this arrangement the wheels were displaced

3 incheg outward as compared with their proper position to allow
room for the attachment of the faired supports.

The air force measurements are read on commercial scales
located at ground level, one of which indicates the thrust or
drag directly. A detailed description of the balance as well as
the rest of the propeller researchi tunnel will be publisghed in
the near future.

Iﬁ running the tests, the total drag of the airplane with-
out wings but including the supports was first obtained at air
speeds from 50 to 100 M.P«Hs The airplane was then disconnected
from the supports and held in place with slight ¢learance by
means of wire cables from the sides and top of the test chamber,
and the drag of the supports obtained over the same range of
air speeds. For the third run the landing gear was disconnect-
ed from the fuselage and refasténed to the supporting structure
and the total drag of the landing gear and supports obtained in
the presence of the fuselage, which still remained suspended
from the sides and top of the test chamber. This and subsequent
tests were not run over 80 M.P.H. because the power plant was
not yet in condition to be operated regularly at the higher

speeds. For the fourth test the airplane was again mounted on
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the landing gear and balance supports, and the tail surfaces
with their bracing and control wires were removed. Figure 1 is
a view of the set-up for this test. Removing the rudder left a
hollow-grooved section in the rear of the tall post which was
faired as shown in the picture. The chain shown on the outside
of the fuselage at the pilot's cockpit was for iowering a sus—
pended flight angle and air-speed recorder in flight tests and
is not part of the standard equipment of the airplane. ‘It was
left on for these tests in order to make them comparable with
other experiments. For the fifth run the windshield and the
roll of upholstering around the edge of the cockpit were also
removed as shown in Figure 3. The sixth run was made with the
cockpit covered over with a piece of sheet metal as shown in
Figure 3, the engine still being in place; and the last run was
made with the engine removed and the cylinder and carburetor

holes in the cowling covered smoothly by means of sheet metal,

carrying out the shape of the nose.

Results

The results observed are plotted on Figure 5. Nearly every

reading comes within 1 pound of a faired curve through the
points, and it is therefore thought that the faired results are
accurate to within about 1/23 pound.

As shown in the illustrations, during all of the runs in

which the windshield was in place, a pilot sat in the cockpit.

In one test the pilot placed his head on either side of the cock-
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pit, in the center, and down inside out of sight. The position
of his head was found to have no noticeable effect on the drag
readings.

In Figure © the drag in pounds duec to the various parts is
shown for speeds from 50 to 80 K.P.Hs These values are also

given in Table I, together with the absolute drag coefficients,

where S is the wing area (148 sqg.ft.).
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In general, the drag coefficients arc constant throughout the

speed range within the limits of accuracy of the tests. The
additional drag due to the air-cooled engine, however, seeans

t0 be subrject to some scdle effect, the dreg coefficient de-
creasing with incredse in speed. This is not unnatural since
the engine 1s made up of a number of comparatively small parts
which, congidered by themsclves, were tested at very low values
of Reynolds Lumber; anc at these low values of Reynolds Number
scale effect is quite pronounced. The coefficient of the in-
creased drag due to the cockpit also decreases considerably
with increase of speed, but the actual forces involved were so
small that the accuracy of these measurements was not very great,

especially at the low speeds. The coefficient of the drag due

N
U

et

he lowest speeds, but this

&

to the tail surfaces falls off
aleo is within the limits of accuracy of the experiments in the
low spced range. The forces are naturally much greater at the

higher speeds and the accuracy correspondingly better,




NedheCshs Technical Note No. 271 )

The relative drag of the various parts is shown more clear-

ly in Figure 7. The outebanding feature of the chart is the
proportionately high drag of the landing gear, this being about
40 per cent of the total drag of the airplane without wings.
The landing geaer evidently affords one of the most promising
possibilities for the reduction of drag. The landing gear of
the Sperry Messenger airplane is not of particularly clean.de-
sign, but, on the other hand, it is probably not far from aver-
age. Another point of interest is that the increased drag due
to the three-cylinder radial engine in the nose of the fuselage
is nearly as large as the drag of the bare fuselage itself.

The possibility of reducing the drag due to radial air-cooled

engines is no doubt worth investigating.
Conclusions

These experiments indicate that for the Sperry Messenger
airplane without wings, by far the largest possibility of im-
provement is in reducing the drag of the landing gear and the
air-cooled engine.

Further full-scale research on the reduction of the drag
of landing gears and on the cowling of air-cooled engines is

recommended.,
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Fig.4 General arrangement drawing of Sperry Messenger
airplane.
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Fig.8 Drag due to component parts of Sperry Messenger airplane
without wings,at various air speeds.
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Fig,7 Drag due to various parts of Sperry Messenger airplane
without wings at an airspeed of 80 M.P.H.
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