REPORT No. 415

TESTS OF NACELLE-PROPELLER COMBINATIONS IN VARIOUS POSITIONS WITH
REFERENCE TO WINGS. PART I. THICK WING—N. A. C. A. COWLED NACELLE—

TRACTOR PROPELLER

By Donanp H. Woop

SUMMARY

This report gives the results obiained in the 20-foot
propeller-research tunnel of the National Advisory Com-
miltee for Aeronautics on the inferference drag and pro-
pulsive efficiency of a nacelle-propeller combination
located in 21 positions with reference to a thick wing.

The wing had a 6-foot chord, a 15-foot span, and @
mazximum thickness of 20 per cent of the chord. The
engine was a Y-scale model of ¢ Wright J-6 radial
air-cooled engine and installed in a nacelle with a couwl-
ing of the N. A. C. A. type. The propeller was a 4-~foot
diameter model of the standard Navy adjustable-pilch
metal propeller No. 4418.

The lift, drag, and propulsive efficiency were obtained
at several angles of attack for each of the £1 locations.
A net efficiency was derived for determining the over-all
effectiveness of each nacelle location.

Best results were obtained with the propeller about 26
per cent of the chord directly ahead of the leading edge.
A location immediately above or below the wing near the
leading edge was very poor.

INTRODUCTION

At the Fourth Annual Aircraft Engineering Re-
search Conference held at Langley Field, Va., in May,
1929, several manufacturers pointed out the lack of
data on the relative merits of nacelle positions and
suggested certain tests that might be made to shed
some light on the problem.

Previous tests in the variable-density wind tunnel
(reference 1) had shown the importance of the inter-
ference effects between a wing and a nacelle with
N. A. C. A. cowling. These tests did not, however,
include propeller effects nor cover a sufficient range of
angles of attack and of nacelle positions. Propulsive
efficiency is known to be affected by the shape and loca-
tion of the nacelle; the characteristics of & wing are
known to be affected by the presence of a nacelle and
by the propeller slipstream.

At the time of the next annual conference, in May,
1930, & research with a tractor propeller and mono-
plane wing had been started. Further suggestions

meade at this time have resulted in the extension of the
program to include pusher and tandem propellers, as
well as biplane wings.

This report presents the results obtained with a
thick airfoil (20 per cent) 5 by 15 feet, a #4-scale model
of & cowled radial engine and nacells, and a 4-foot
metal propeller located in 21 positions, above, below,
and forward of the airfoil’s leading edge. This series
of tests constitutes the first main division of the pro-
gram. Work on the remaining portion of the program
is in progress and will be reported later. All the tests
are being made in the 20-foot propeller-research tunnel
of the National Advisory Committee for Aeronautics.
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APPARATUS AND METHODS

The propeller-research tunnel has been described in
reference 2. The standard apparatus and test meth-
ods were used with certain exceptions mentioned
later.
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The wing was constructed of wood with a 5-foot
chord and a 15-foot span. The airfoil section, the
ordinates of which are shown in Figure 1, bad a
maximum thickness of 20 per cent of the chord.
The central portion of the wing was provided with
suitable metal ribs and plates for the connection of
the struts required in attaching the pacelle to the
wing. The duralumin nacelle was similar to the
nacelle required for a Wright J-5 radial air-cooled
engine, and was four-ninths (0.445) full scale. A
detailed wooden model of this engine (fig. 2) was
installed in the proper position in the nacelle. The
engine model was fitted with an N. A. C. A. cowling,
the inside lines of which were modified to fit around

Fi1GURE 2—Photograph of medel engine and propeller

the electric motor used to drive the propeller. The
principal dimensions of the nacelle, engine, and
cowling are shown in Figure 3. The propeller, which
was 4 feet in diameter, was made geometrically
similar to the Navy standard 4412 nine-foot diameter
aluminum-alloy propeller, tests of which are discussed
in references 3 and 4. The blades could be turned in
the bub to give different pitch settings. In the tests
discussed here, the pitch setting was 17° at 0.75R,
which is about average for usual operating conditions.
Some tests were made with a 22° pitch setting for
comparisou.

For driving this propeller a 25-horsepower 220-volt
direct-current motor was mounted within the nacelle.
‘Wires were led from the motor down the struts into
the wing, and along the supporting members to the
control equipment on the floor below. Tbese wires
were carefully taped to the struts, preserving a stream-
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line shape which, in subsequent tests, showed a
negligible effect on the tare drag. A Prony brake was
used for calibrating the motor, and curves were
obtained giving armature current against torque for
several values of the field current. During the tests
the field current was held at one of these calibrated
values. Revolution speed was indicated by a con-

" denser-type electric tachometer which occupied &

small space in the nacelle and was connected by wires
to an indicating instrument on the floor below.

The wing and nacelle combinations were mounted
on the balance by means of standard supports, which
have been described in reference 5. With these sup-
ports the airfoil pivots about a line near the lower sur-
face 25 per cent of the chord back from the leading
edge, and the angle of attack is adjusted by a crank
operating a post connected with a sting on the air-
foil. The airfoil and nacelle mounted in one test
position are shown in Figure 4.

For use in subsequent analyses, a series of tests at
various air speeds was made with the wing alone at
angles of attack of —5°, 0°, +5°, +10° +12° and

+15° Similar tests were made with the nacelle
alone. In each case separate tare drag tests were also
made. The lift and drag forces were measured

simultaneously by balances on the floor below. The
Reynolds Number varied from about 2,300,000 at
the lowest air speed (54 m. p. h.) to 4,300,000 at the
highest speed (99 m. p. h.).

The wing-nacelle-propeller combination was tested
with the nacelle and wing in the 21 relative positions
shown in Figure 5. In this figure the crosses indicate
the positions of the center line of the propeller hub.
The nacelle positions are designated by the con-
venient system of letters shown. Figures 6, 7, and 8
are photographs of the actual wing-nacelle set-ups
arranged in the order of the nacelle locations. In all
cases the thrust line of the propeller was fixed parallel
to the wing chord.

The first test with each combination was a run at
several air speeds, with the propeller removed. The
lift, drag, and air speed were mesasured. A second
test was then made with the propeller in place, and
with the tunnel operating at several air speeds. In
this test the lift, drag (or thrust), torque, propeller
revolutions, and air speed were measured. Separate
tests were made at angles of attack of —5°, 0°, +5°,
+10° and +12° At the 12° angle only a few points
were determined near zero thrust.

The most unfavorable interference was expected
when the nacelle was near the wing. This inter-
ference occurred in the first position tried near the
wing (B-1-A), therefore in all the tests with the
nacelle near or partly within the wing, the gap be-
tween was carefully faired. The photograph of posi-
tion B-1-A in Figure 6 shows the nacelle unfaired.
The fairing used was similar to that of position B-1-B



THICK WING—N. A. C. A. COWLED NACELLE—TRACTOR PROPELLER 279

B i l—%‘ l:bD

e
W\

Thrust /ineﬁ/

Section A-A Seciion 5-8 Section ¢-C Section D-D

F1oURE 3.—Nacelle, engine, and N. A. O, A, cowling assembly

F1GURE 4.—Photograph of wing-nacelle combination in position B mounted for test
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shown in Figure 8. The results of the tests in these
locations are therefore somewhat better than they
would have been if the nacelle had been supported
by struts without fairing, as will be seen by com-
paring the results, with and without fairing, for the
above-mentioned position (B—1-A).
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F1GURE 5.—Wing-nacelle test locations

RESULTS

The measured lift, drag, and moment were reduced
to the usual coefficients

Lift _Drag _ Moment
G= O~ T

where
¢, the dynamic pressure (¥ p V?).
mass density of the air.
, velocity.
S, the area of the wing.
¢, chord of the wing.

(Al moments are taken about the quarter-chord
point of the wing.) These coefficients were first
plotted against the dynamic pressure ¢ and then cross
plotted as Oy, Cp, and C, against « (angle of attack)
at values of the dynamic pressure corresponding to
50, 75, and 100 m. p. h. The results of the tests, in
general, are quite similar for the different positions.
Only a sample series of curves is given. Figure 9
shows the results for the wing alone, the nacelle
alone, and the sum of the two for & dynamic pressure
of 25.6 pounds per square foot, which corresponds
to 100 miles per hour in standard air. Figures 10
and 11 give similar results for the wing-nacelle com-
bination in position B and in position A-1-A, the
best and the worst positions, respectively. As the
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complete data would occupy meany pages, only the
values read from carefully faired curves are given
in the tables: Table I, Cy; Table 1I, Cp; and Table
I, Cn. Values are given for three air speeds (50,
75, and 100 m. p. h.). All the useful information is
thus reduced to manageable proportions.

The results with the propeller operating are reduced
to the usual coefficients

T—AD P
Or="mpx O~ ppe

T, thrust of C{)ro%)eller operating in front

where

of a bo tension in crankshaft).
AD, change in drag of body due to action
of propeller.
T—AD, effective thrust (discussed in references
3 and 4).
n, revolutions per unit of time,
D, propeller diameter.
P, motor power.
and
n=propulsive efficiency

_ effective thrust X velocity of advance
motor power

_(T-AD)V_ (0 V¥

P O/ 7D

" and

Cy is computed as before, but is now called O,
Results of one of the tests are given in Figures 12

end 13. Figure 12 shows O, versus % for each angle

of attack with the propeller operating. The curve
obtained without the propeller is also given for com-
parison. The curvature in this line is due to the
variation of the lift coefficient with air speed (i. e.,
Reynolds Number). The values plotted were taken

for the actual dynamic pressures at the values of H%

at which the propeller operated. In Figure 13, Or, Op,
and 5 are plotted against wwith separate lines for
each angle of attack. The coefficients for all nacelle
positions at various values of n—% and the diﬁ'erent. angles

of attack are given in Tables IV to VIII, inclusive:
Table IV, Thrust Coefficient (Cr); Table V, Power
Coefficient (Cr); Table VI, Propulsive Efficiency (7);
Table VII, Lift Coefficient with Propeller Operating
(Cip); Table VIII, Moment Coefficient with Pro-

peller Operating (C,).

The foregoing two types of curves are ordinarily
employed in presenting airfoil data and propeller data.
For comparing the efficiencies of the nacelle-propeller
combinafion in the various positions, however, other
curves are required, which depend on further analysis,
and will be given later.
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B-1-A
Fiaurk 6.—Nacelles above wing
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Fiaure 7.—Nacelles in front of wing

The moment coefficients Cy, computed for the tests
show an interesting characteristic. A comparison of
the moments with propeller operating with the
moments without propeller shows, to a very close
approximation, that the moment of the wing-nacelle-
propeller combination is equal to the sum of the wing-
nacelle moment without propeller and the moment of
the horizontal component of the effective thrust.

- ACCURACY

All readings were taken on scales and instruments
which were calibrated frequently during the tests.
The angles of attack of the airfoil were-set within 5’ of
the desired angles with an inclinometer. The motor
calibration showed a scattering of the points repre-
senting a maximum error of 1 per cent. The tachom-
eter readings were accurate within 10 revolutions per
minute. The lift and drag balances were read to the
nearest pound.

With certain nacelle positions at high angles of
attack the forces fluctuated rapidly and the above
accuracy could not be obtained. This fluctuation was
particularly noticeable near the burble point of the
airfoil. The major portion of the faired results are
believed to be correct within +2 per cent, when the
scattering of the test points and the accuracy of the
instruments are considered.

DISCUSSION

A consideration of the general problem of a nacelle
with a propeller operating in proximity to & wing
indicates that several factors should be considered.

1. The slipstrearn from the propeller produces
changes in the velocities of the air over parts in its
path, and these parts, in turn, act to change the
velocity and direction of the air flow in their vicinity.
The propulsive efficiency of the propeller is therefore
affected by its location with respect to the wing and by
the angle of attack of the propeller-wing combination,
in addition to the usual effects of changes of the air
speed and the engine revolutions.

2. The nacelle alone and wing alone have drags
which, when added numerically, are different from the
drag of & combination of the wing and nacelle. This
difference is called interference drag. A favorable
interference occurs when the drag of the combination
ig less than the sum of the wing and nacelle drags.
The interference may pass from favorable to unfavor-
able, and vice versa, with changes in the angle of attack.

3. A combination of wing and nacelle has a lift
which, in general, is different from that of the wing
alone plus nacelle alone. The action of the propeller
may also change the lift at a given angle of attack.

4. A comparison of the relative merits of wing-
nacelle-propeller combinations in various positions
must therefore include (1) propulsive efficiency; (2)
interference-drag effects; (3) lift effects. The following
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F1GURE 8,—Nacelles below wing

Position A-1-B
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discussion contains an ansalysis and derivation of a
method of comparison which takes these effects into
account.
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F1GUurse 9.—Lift, drag, and moment characteristics for wing alone and na-
celle alone

NET EFFICIENCY

Careful study of the problem shows that in spite of
its apparent complexity, a satisfactory method of
comparison incorporating the three essential effects
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Fiqure 10.—Comparison of Uft, drag, and moment characteristics for wing
alons and nacells cambination in position B

discussed in the preceding section (propulsive effici-
ency, interference drag, and lift) can be obtained
by deriving a net efficiency for each nacelle-propel-
ler location. A direct comparison of the net effici-
encies then gives the relative merit of the different
nacelle locations.
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In other words, it is convenient to consider the
nacelle, the engine within it, and the propeller as a

propulsive unit. The only reason for the nacelle is to
house the motfor driving the propeller. As the same
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F16URE 11.—Comparison of lift, drag, and momeant characteristics for wing
alons and nacelle combination in position A-1-A

wing was employed throughout the investigation, the
drag and lift of the wing will be taken as a basis and all
changes in lift and drag will be charged to the propeller-
nacelle combination. If the drag of the combination is
greater, the propulsive efficiency, which represents the
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F1GURE 12.—Effect of propeller on lift of wing-nacelle combination in
position B

ratio of the effective thrust horsepower to the total
motor power, will be charged with the dreg and
interference of the nacelle, and with any changes in lift
which may occur. .

A consideration of the matter shows, at once, that if
a greater lift was obtained with the nacelle in place and
the propeller operating than was obtained with the
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wing alone, this additional lift must have been due to
the action of the propeller and the presence of the
nacelle, and the propulsive unit should consequently
receive credit. It is very difficult to obtain a factor
satisfying all conditions—one that will give a horizontal
force or drag equivalent to a vertical force or lift.
This question has been discussed in & very interesting
paper by Betz. (Reference 6.) He comes to the
conclusion that no method gives entire satisfaction.
After considering the question from several angles, the
author has concluded that the practical considerations
can be sufficiently well satisfied by making the com-
parison at & constant lift so that the lift effects are
sutomatically eliminated. The angles of attack are
so selected that the lift coefficient remains constant;
i, e., equal to that of the wing alone at the angle of
attack selected for comparison. If the lift is higher
with the propeller operating at a given angle of attack,
the same lift as that of the wing alone can be produced
at a lower angle of attack of any wing-nacelle com-
bination, and vice versa.

The difference between the drag of the wing-nacelle
combination and the drag of the wing alone (at the
same lift coefficient) when multiplied by the velocity
gives the thrust horsepower consumed in overcoming
the effective drag (drag plus interference) of the
nacelle. If this thrust horsepower is deducted from
the total effective thrust horsepower, there remains the
net thrust horsepower available for overcoming the
drag of other parts of the airplane exclusive of the
nacelle drag and interference. The effective thrust,
already defined, has taken into account any drag
effects produced by the propeller and any changes in
thrust produced by the action of the body. Then if
the ratio of the net thrust horsepower to the total
motor power is taken, the net efficiency is obtained;
that is, the nacelle drag efficiency factor represents the
fractional part of the total motor power which is
expended in overcoming the drag and interference of
the nacelle (at a given lift coefficient), and the net
efficiency is the fraction of the total motor power which
is available Tor overcoming the drag of other parts of
the airplane, exclusive of the propeller losses, and
nacelle drag and interference.

In practical terms, if two airplanes have the same
weight and dimensions except for nacelle location, the
net efficiencies show the comparative useful power
available at the same speed from nacelle . propeller
units located in the different positions with respect to
the wing. These considerations may be expressed
mathematically as follows:

Let Dy, drag of the wing at a given angle of attack.

Dyg, drag of the wing-nacelle combination at the

_same lift coefficient as the wing.
then

Effective nacelle drag=(nacelle drag)- (wing-
nacelle interference drag)

=Dc— Dy . @
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Thrust horsepower to overcoms effective nacelle
drag
(1)

Nacelle drag eﬂiciéncy factor=fraction of the
total motor power used by effective nacelle

= (D¢—Dy) velocity

drog (De—Di) V
—_ (+] P W) (]I[)
Net efficiency = (propulsive efficiency)— (nacelle
drag efficiency factor)
_(T-AD)YV_(De—Dw)V
P P
_(T—AD)~ (Do~D)IV
)2 Iv)

After introducing coefficients and simplifying, the
final equations become
Propulsive efficiency

Cr V
~C.*aD V)
Nacelle drag efficiency factor
— ODg—ODW S V 3
~ o 50ap) VD)
Net efficiency
Cr V (ODO_ODW) S (VN
~Ga 2 aap (VL)

If a series of values of the net efficiency and the fac-
tors composing it are computed and plotted on a sheet
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F1aURE 13.—Eflect of angle of attack of wing on propulsive efficienay, for

wing-nacelle combination in position B

with the various nacelle locations drawn to scale and
then cross-plotted, a series of contours representing
equal values of the factors are obtained. It is then
eagy to determine how the factors vary with nacelle
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location, where they are of the greatest and least mag-
pitudes, and their actual value for any nacelle position.

An exsmination of flight reports and computations
from the dimensions of several airplanes employing
nacelles indicates that high and cruising speeds occur
at angles of attack between —2° and 0°. In most air-
planes the propeller is designed to give maximum pro-
pulsive efficiency at about these speeds. A series of
three charts (figs. 14 to 16, inclusive) show the con-
tour lines for the “peak’ propulsive efficiency

(T—ADYV
P
the nacelle drag efficiency factor
Dg—Dwm)V
R
and the net efficiency
~ [(T_AD) "P(DO_DW)]V ’

respectively, all for the lift coefficient corresponding
to 0° angle of attack of the wing alone (Cr=0.409).

A value of % =0.65 was found to be the average

value at which maximum efficiency occurred with all
nacelle positions. The actual maximum in the extreme

case was less than one-fourth of 1 per cent from that

at this n—% As the nacelle drag factor is directly

3
dependent on (%) » 8 much more satisfactory result

is obtained by using the comstant value. The charts
thus computed may be used to compare the high and
cruising speed performance of the 21 combinations.
Like considerations indicate that the best rate of
climb occurs at about 5° angle of attack and at a
speed equal to 60 per cept of high speed. A second
series of charts (figs. 17 to 19, inclusive) presents con-
tours of the same factors at a lift coefficient correspond-
ing to 5° angle of attack of the wing alone (Cr,=0.652),

s value of %of 0.42, and at a speed equal to 60 per

cent of high speed. The value (0.42) is determined
from the high-speed condition by assuming that
V'=0.6 V- and that the power varies directly with
the revolutions per minute (i. e., constant torque),
which is approximately true for airplane engines.
These charts may be used to compare the climbing
performance of the 21 combinations.

It should be noted in connection with charts of this
kind that an increase of 10 per cent in net efficiency
does not mean & 10 per cent increase in speed, for
example. The increase will rather be only a little
more than one-third of 10 per cent, or 3.3 per cent,
since the power varies as the cube of the speed for a
given drag coeflicient, and the change in drag coeffi-
cient will be small.

It will be evident from the preceding derivation
that the nacelle drag efficiency factor could have been
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separated into two factors—one giving the fraction of
the power used by the nacelle alone, and the other
the fraction of the power used by the wing-nacelle
interference. This separation is of general interest
in showing the wing-nacelle interference by itself.
‘When comparing nacelles of different types, however,
both factors are necessary, as will be evident in the
later reports of the program, and the use of a single
factor combining the two is therefore justified. The
part of the nacelle drag efficiency factor due to the
drag of the nacelle alone may, however, be taken as
constant within about one-fourth per cemt. If 7.7
is subtracted from the values of Figure 15 and 2.5
from the values of Figure 18, the resulting values rep-
resent the part of the nacelle drag efficiency factor
that is due to wing-nacelle interference. Hence, all
points between the dotted lines drawn at 7.7 on Figure
15 and at 2.5 on Figure 18, are in an area of favorable
wing-nacelle interference. The desired interference-
drag information is thus easily obtained.

One other operating condition is of considerable
importance, namely, the landing. In a normal land-
ing the engine is throttled down so that the propeller

. . \4
is operating at a value of oD besr that of zero thrust.

Under unusual conditions the propeller may be
stopped. In either case, the landing speed depends
on the lift coefficient under the particular condition.

Table IX gives the lift coefficients at 12° angle of
attack for the several locations of the wing and nacelle
with the propeller operating at zero thrust, and also
without the propeller. These values of lift coefficient
indicate the relative merits of the various nacelle
positions for conditions near the landing speed. Sev-
eral tests have been made with the propeller stopped.
The results will be discussed in & report now being
prepared. In the last column of Table IX the land-
ing speeds with the various combinations are compared
with those with the wing alone. The ratio of the
landing speed of the combination to the landing
speed of the wing alone is taken as the square root of
the inverse ratio of the lift coefficients. The values
given are qualitative only, since the wing used in the
tests is not necessarily of the same proportional total
area as that which would be used on an airplane. If
the area of the airplane wing is relatively larger, the
effect of the nacelle and propeller on the landing speed
will be correspondingly less. In general, the area
ratio here used seems about correct, and the values
in Column 3 show that the effect of the nacelle location
on landing speed is small.

RESUME OF RESULTS

The results show several general characteristics.
The lift when the propeller is operating at full power,
is increased when the nacelle is located above the wing,
decreased when below, and practically unaffected when
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FIGURE 14—
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F1GURE 16—Nacells drag efficlency factor (per cent) at craising and high-speed condition. (Cr=0.409. Propeller set 17° at 0.76 R. g taken at 5-0.65.)
To obtain nacelle interference drag efficiency factor, subtract 7.7 from values on contours
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F1auRrE 16.—Net efficlency (per cent) at crulsing and high-speed condition. (Cr,=0.409. Propeller set 17° at 0.75 R, » taken at ;1-1-)-0.65)
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FIGURE 17.—Propulsive efficlency (per cent) at climbing condition. (Cr=0.652, Propeller sot 17° at 0.75 R. g taken atﬁ-o.ﬂ)
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F1aURE 18.—Nacelle drag efficlancy factor (per cent) at climbing condition. (Cr=0.652. Propeller set 17° at 0.75 R. y taken at;ﬁ)-o.m To obtain
nacelle interference drag efficiency factor, subtract 2.5 from values on contours
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FiGURE 19.—Net efficlency (per cent) at climbing condition. (Cp,=0.652. Propeller set 17° at 0.75 R. g taken at 5-0.42)
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directly ahead of the wing. The interference drag
(without propeller) is unfavorable when the nacelle
is placed above the wing, and favorable when placed
below the wing. These changes are not a simple
function of the distance from the wing, since position
A-1-A shows the greatest increase in 1ift and the most
unfavorable interference, whereas position B-2-B
shows the most favorable interference. On the other
hand, the propulsive efficiency increases as the vertical
distance of the propeller from. the wing increases, the
highest efficiencies occurring in positions C-3-A and
C-3-B. Here again the change is irregular. Combin-
ing all factors, the highest net efficiency for both the
high-speed and the climbing conditions is obtained when
the nacelle is just back of position B (i. e., with the
center line of the propeller about 25 per cent of the
chord ahead of the leading edge).

For both high speed and climbing, position- A—1-A
even with fillets is by far the poorest. The net
efficiency for other locations may be read directly
from the charts. In thelanding condition, position B
also appears to the best advantage. It may therefore
be stated that a position slightly in the rear of position
B will be best for practically all conditions of flight,
and & location such as A-1-A will be very poor.

DESIGN CONSIDERATIONS

In estimating the performance of a proposed air-
plane design, the designer usually plots the basic
curves—horsepower required against air speed and
horsepower available against air speed. The horse-
power required is obtained by summing up the wing-
profile drag, the induced drag, and the parasite drag.
The parasite drag has included init the nacelle drag and
interference. In Tables X and XT, the lift and drag
changes due to adding the nacelle are given for all
positions and all angles of attack. It is to be noted
that the coefficients in these tables are based on the
wing area.

The controlling factor in the size of the nacelle is
the size of the engine, and as most airplane-engine
builders give the principal dimensions of the engine
in inches, & more convenient form of coefficient for
comparing nacelle drags would be one based on engine
diameter. The coefficients given can be then applied
as follows:

Nacelle drag=C)p, (wing basis) ¢ S

=0p, 4 75. (VIII)
= Cp (engine diam. basis) ¢ (D,)* (IX)
= O, g (20)
where D,=Engine diameter in inches
then Op, ¢ 756=0p, ¢ 400
Op,=0Cbn, 175%=-0.1875 Cp, X)

and similarly for the lift
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If the coefficients of Table XTI are multiplied by
0.1875, then equation (IX) may be used with some
saving of time when the drags of nacelles with different

"engines is being computed. This method also elimi-

nates the wing area as a variable in nacelle drag. Itis
clear, however, that the wing-area basis was necessary
in the other comparisons made in this report.

The second section in Table X1 gives the ratio of
the effective drag of the nacelle in any position to the
drag of the nacelle alone. If unity is subtracted
from the values in this column the fractional inter-
ference dragis obtained. The third section, giving the
ratio of effective nacelle drag to the drag of the nacelle
at 0°, may be conveniently used in estimating drags
from other tests, assuming that the interferences
obtained here apply. Similarly, the lift due to adding
the nacelle may be obtained from the second section
in Table X.

The lift due.to the propeller is probably affected by
the airfoil section, chord, and nacelle location. It has
not been possible, therefore, to derive a rational expres-
gion for this factor. Table VII, however, gives the
lift coefficients based on the wing area of these tests
with the propeller operating under all conditions.
The designer may therefore make a judicious estimate
of the lift increment that will be obtained under any
given conditions by comparing the values from this
table with values from Table I, which gives the corre-
sponding lift coefficients without propeller.”

The power-available curve previously mentioned
presents no difficulty because it is obtained by multi-
plying the motor power by the value of the propulsive
efficiency at any speed. Since a method of selection
of propellers involving a coefficient ¢, has been shown
to greatly simplify computations (references 3 and 4),
values of this coefficient are given in Table XII.
Some tests in the present series were run with a pro-
peller pitch setting of 22°. Cross-plotting the results
for the two pitch settings gives a curve which is sub-
stantially parallel to the results of references 3 and 4.
The designer may therefore obtain & close estimate of
the propulsive efficiency for any pitch setting by mul-
tiplying the efficiency obtained from references 3 and
4 by the ratio of efficiency between the two sets of
tests at 17° piteh.

It is realized that all users of nacelles do not employ
a complete cowling such as was used in these tests.
Other tests have already been made without cowling,
and with another cowling similar to the Townend
ring. Similar tests have also been made with & thinner
wing section of smaller chord. The results of these
tests are now being prepared and will appear in a
separate report.

CONCLUSIONS

1. The lift of a wing-nacelle-propeller combination
with propeller operating at full power as compared to
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the lift of a wing alone is increased when a nacelle is
placed above and forward of a wing, decreased when
placed below and forward, and is practica.lly unaffected
when the nacelle is in line with the wing.

2. An unfavorsble interference drag (mthout pro-
peller) results when a nacelle is placed above and
forward of a wing; & favorable interference drag re-
sults when the nacelle is below and forward, and prac-
tically no interference drag results when the nacelle is
in line with the wing.

3. The propulsive efficiency of a propeller mounted
on a nacelle-propeller combination in various positions
with respect to a wing increases with the increase in
the vertical distance between the propeller and the
wing.

4. Taking into account the lift, interference, and
propulsive efficiency, the best location of the nacelle,
with tractor propeller on a monoplane wing, for high
speed and cruising, is with the thrust axis in line with
the center line of the wing and with the propeller
ebout 25 per cent of the chord ahead of the leading
edge. This same location also appears to be the best
in climb and landing, therefore excels in all conditions
of flight.

5. The most unfavorable location of a nacelle and
propeller is with the thrust axis about one-third of the
wing chord above the chord line and with the propeller

10 per cent of the chord shead of the leading edge of |

the wing, i. e., with nacelle very close to the upper
surface of the wing.

" 6. Nacelles located above or below and forward of
the wing in corresponding positions have about equal

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

merit, but are inferior to locations in line with the
wing. Nacelles located close to the wing below are
slightly more effective than those located above.

LangLEY MEMORIAL AERONAUTICAL L ABORATORY,
NartioNaL Apvisory COMMITTEER FOR AERONAUTIOS,
LawnaLeY Fienp, VaA., November 18, 1931.
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TABLE I
LIFT COEFFICIENT WITHOUT PROPELLER
Lift
C =
s
50m. p. h. 75m.p. h, - 100 m. p. h.
Nacells position R. N.=2,150,000 R. N.=3,220,000 R. N 4,500,000
Angle of attack_..| —8° 0° +6° | +10° +12°‘ —=5° 0° +5° | 410° | 412° -5° o° +5° | F10° | ¢ 412°
Nacelle alono s._.{ —0.008 | —0.001 { 0.004 ] 0.000 ~0,001| 0.004| 0.009| 0.010 | —0.008 | —0.001 | 0.004 [ 0.009 | 0.010
Wing alone.. ... . 179 417 . 852 . 889 .414 .650 .887 .108 409 . 648 .885 . 960
167 403 .643 .878 405 . 043 .878 .167 405 .643 878 . 855
. 168 . 401 . 6837 .878 . 308 .632 .868 151 .388 . 625 .862 925
. 189 .48 . 648 . 908 .410 . 660 .888 . 148 . 385 .625 . 865 . 985
177 .408 634 . 860 404 .632 .858 .172 . 400 . 629 .851 . 904
.172 .412 . 658 .893 404 . 649 .888 . 149 .33 .639 .882 .981
141 . 389 . 637 .881 .381 . 630 .876 .12 371 . 021 .869 . 969
. 195 AU . 651 .879 .419 . 646 872 184 .412 .639 .868 . 055
107 433 .671 L9014 422 .664 . 908 .163 .407 .653 . 800 .09
.182 .403 .621 .821 .338 .808 .814 141 .368 . 503 -804 .871
. 187 420 . 6850 .878 .408 . 640 871 145 887 . 627 .868 . 961
.180 .418 . 856 . 806 404 . 646 .889 .142 . 388 .632 .879 917
.189 427 .664 . 902 AT .669 . 902 . 154 .403 . 652 .902 | 1004
.168 .41 . 659 .911 407 . 650 . 903 . 150 .401 .651 .803 . 908
. 150 .388 L6201} ¢.764 . 381 .618 | .762 .139 32 603 «.760| ¢.783
. 160 . 309 . 636 .873 . 801 . 630 o868 |oeaeeee- 140 .879 .21 .861 . 960
.185 .419 .655 .801 407 . 045 .881 A58 . 391 .629 .868 .883
. 165 .389 .623 . 856 . 152 .384 .619 . 850 . 147 .378 .613 844 817
. 150 .382 .616 L840 . 150 .382 .618 L840 . 150 .382 .618 .B49
. 151 . 387 .624 .860 .148 . 384 . 620 .858 .143 . 880 .615 .854 .851
. 161 .33 .628 . 880 . 154 .388 . 624 . 859 144 .381 .619 .857 .951
.188 .412 L6041 885 .168 .38 .633 .866 .138 879 .02 .885 970
.173 . 408 .638 .870 .168 L399 .633 .869 .148 .38 .628 .868 . 965
& Based on wing area. ¢ A couracy donbtful.
% Nacells faired {nto airfoll, 4 Average of 80, 80, and 100 m. p. h.
TABLE II
DRAG COEFFICIENT WITHOUT PROPELLER
Drag
e
Cp ]
50 m. p. h, 75 m. p. h. 100 m. p. h,
Nacells position R. N.=2,150,000 R. N.=3,250,000 R. N.=4,300,000
Angls of attack...]| —5° 0° +5° § 16° | +12° ~5° (14 +5° | 410° | +12° -5° ° 485 | +10° | 4 412°
0.0058 | 0,0059 | 0.0081 | 0.0066 || 0.0040 | 0.0040 | 0.0050 } 0.0065 | 0.0062 || 0.0038 | 0.0040 | 0.0041 | 0.0050 | 0. 0058
L0425 | .0830 | .1440 0176 L0415 | .0825 | 1440 - .0165 L0405 | 0825 | 14401 .1740
L0616 | 0845 | .1680 . 0280 L0400 | .0925 | .1585 . 0250 L0480 | .1560 | .1875
L0505 | .0950 [ .1560 . 0280 L0400 | .0925 | .1560 . 0250 04751 .00201 .1560 | .1010
.0480 | .0905 | .1540 . 0240 .0470 | ,0800 | .1540 . 0230 L0450 | .0890 | .15001] .
L0500 | L0945 | 1555 . 0235 L0400 | L0926 | L1565 . 0220 L0480 | .0920 | .1570 | .1890
L0400 | .0920 1560 . 0230 . .0010 | .1555 . 0235 L0465 | .0005 | .1540 | .1800
L470 | L0915 | 1520 L0225 . . . 1625 . 0220 L0445 | .0885] .1535( .1830
0520 | .1080 | .1810 » 0250 .0510 | .1070 | .1780 - 0240 0500 | ,1080 | .1760 2105
L0480 | L0085} ,1620 20 L0470 | L0845 | .1610 .0220 L0465 | . 1605 | .1910
L0580 | .1100} .Y . 0200 L0565 | L1070 | .1776 . (280 L0545 | .10680 | .1740 | .2055
L0480 | 0830 | .1605 . 0220 . 04656 0920 | .1585 . 0220 L0460 | .0920 | .1595 | .1925
L0445 | 0865 | 1510 . 0200 0420 | 0845 | .1470 . 0180 .0410 ] .0840 ] .1450 | .1780
L0440 | 0380 | .1530 « (0200 .04251 .0880 | . « 0185 . 0420 0370 | L1520 | .1830
L0460 | .0910 | .1B86 . 0210 L0435 | ,0880 | 1560 . 0206 L0430 | .0885| .1545| .1885
L0460 | . o, 1570 . 0240 <0425 | 0825 | 1525 . 0230 L0420 | .0815 | <1510 | » 1820
L0410 ] ,0810 | 1425 . 0225 0410 | ,0810| .1425 . 0225 L0410 | .0810 | .1425| .1700
L0440 | . 0330 | 1420 . 0245 L0430 | .0825 | .1 . 0230 04251 .0820 | .1420 | .1700
L0455 | L0825 | .1410 . 0340 L0440 | .0825 | .1410 . 0235 .0425( 0820} .1410| .1
L0440 | 0835 1405 » 0230 L0430 | .0825) .1 . 0220 L0420 | 0820 | L1405 [cmmeoeo
0465 | .0850 ) 1416 . 0245 L0430 | .0830 | .1415 . 0235 L0425 | .0820 | . 141 .1710
L0465 | L0870 | 1440 . 0250 L0465 | .0856 | .1440 . 0250 JO445 | L0345 | L1440 | .1720
0460 | .0860 | .1440 . 0250 L0450 | .0840 | .1435 . 0245 L0400 | .08307] .1 .1710
L0460 { .0840 | .1445 0245 L0450 | 0840 | .1445 . 0240 .0440| .0840 | .1445| .1730
-Basedonwlnﬁnnrea. ¢ Accuracy doubtful.
% Nacello fafred Into afrfoil. 4 Avarage of 80, 90, and 100 m. p. h.

149900—33—20
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TABLE III
MOMENT COEFFICIENT WITHOUT PROPELLER
c Moment
¢Sc
Nacelle position Nacelle cowling No. 1
Angle of attack. —5° 0° +5° ( +10° ’ +12°
‘Wing alona 7 -0. 067 —0. 063 —0.088 ~0. 089
. —. 069 084 —. 060 - ~. 085
B-3-A —. 085 058 —. 053 —. 055 -, 085
C-3-A —. 085 —. 058 —. 053 -—. 030 —. 049
A-2-A —. 066 — -, 057 —. 068 —. 075
B-2-A —. 068 —. 056 —. 051 —. 052 -
C2-A__ —. 085 - —. 049 —. 046 —. 048
A-1-As —. 080 —. 055 —. 081 —~. 071 -~. 078
B-1-Ae, —. 051 - —. 040 —. 043 —. 045
B-1-A —. 081 - —. 045 —. 045 —. 047
C-1-A —. 061 —. 050 —. 046 —~. 044 -~ 047
- —. 075 - - —. 063 —. 085
B —~. 074 063 - —. 054 —. 055
C —_ . 066 - —. 048 —. 050
A-1-Be —. 081 —. 075 —. 073 - —. 087
B-1-Bs, —. 04 —. 038 —. 080 -—. 078 - 077
C-1-B —. 090 ~. 079 —. 071 —. 089 —.070
A-2-B —. 078 —. 071 —. 068 —. 070 -
B-2-B —. 082 - 077 —. 072 — 008 |aeeeo__.
C-2-B —. 088 —. 078 - 071 ~. 069 —. 070
A-3-B —. 076 —. 070 —. 088 -, 070 —. 072
B-3-B —. 080 —. 07 —. 068 —. 069 —. 070
C-3-B —. 082 —. 075 —. 068 —. 069 —. 070
@ Nacelle faired into alrfofl.
* TABLE IV
THRUST COEFFICIENT
T—AD
cr=T=AD)
p 2D
Propeller No. 4412—4 feot. Set17°at 0.75 R. Angle of attack=—5°
Ld
nD
Nacelle position
a1l 0.2 0.3 0.4 (1§ 0.8 0.7 0.8 0.9 Lo
A-3-A 0. 03878 0. 0832 0.0769 0. 0685 0.0578 0. 0455 0.0318 0.0165 0 —0.0100
B-3-A . .0841 L0771 . 0683 .0578 . 0460 . 0332 . 0188 . 0020 —. 0160
C-3-A . 0891 .0842 . . 0620 . 0587 0468 .0335 .0192 . 0033 —. 0140
A-2-A .0881 L0822 . 0750 . 0663 .0570 .0463 .03 . 0213 . 0075 —. 00388
B-2-A.. ] . 0844 .0785 . 0730 . 0851 . 0559 . 0455 . 0335 . 0166 . 0048 ~—-. 0117
C-2-A . 0370 . 0819 .0751 .0673 .0578 . 0468 . 0340 . 0200 . 0049 —. 0118
A-l-Ae L0797 . 0785 . 0700 . 0630 . 0518 . 0453 . 0350 . 0237 0113 —. 0020
B-1-AC o 0845 . 0800 .0738 .0063 .0571 . 0469 . 0353 L0220 .0073 —. 0095
C-1-A . 0848 . 0302 0741 . 0885 L0571 . 0460 . 0338 . 0204 . 0050 —. 0114
A . 0838 . 0706 .0735 . 0861 .0571 . 04687 . 0348 .0217 . 0075 —. 0032
B . 0852 .0305 0741 . 0683 .0570 . 0463 .0339 . 0208 . 0050 —. 0118
C 0347 . 0301 0739 . 0662 .0569 . 0461 . 0334 .0181 . 0038 —.0120
. 0305 .0788 . 0700 . 0038 .0548 L0445 . 0332 L0211 . 0078 -.0072
. 0847 .0799 .0732 . 0850 . 0555 . 0447 . 0330 . 0200 . 0058 ~. 0095
0873 .0328 .0761 . 0680 .0578 . 0457 .0321 .0173 . 0015 —. 0140
.0353 . 0309 L0747 . 0669 L0371 .0453 . 0320 L0171 . 0009 —. 0167
.0368 .0818 . 0751 . 0670 .0570 . 0455 .0328 .0180 <0040 —. 0114
.0872 .0833 0773 . 0896 . 0508 . 0480 . 0340 . 0203 . 0046 —.0133
. 0883 . 0333 .0764 . 0679 .0575 . 04563 . . 0317 L0164 .0013 —. 0204
B-3-Bocaeoeee | .0867 .0823 .0781 . 0880 . 0578 <0453 .0317 .0163 —. 0003 —, 0180
C-3-B . 0884 . 0838 . 0769 . 0085 .0585 . 0467 . 0330 .0178 .0015 —. 0155
Propeller No. 4412—4 feet. Set 17° at 0.75 R. Angle of attack=0°
A-3-A 0.0879 0. 0830 0.0781 0.0877 0.0572 0. 0447 Q. 0300 0. 0130 —0.0059 [caaceaca-a
B-3-A . 0808 L0841 0770 . 0681 . 0579 . 0458 . 0320 .0181 = 0020 [accecceo-.
G-3-A . 0891 . 0542 .0778 .0691 . 0538 . . 0327 .0174 0 —0.0177
A-2-A .0872 . 0816 .0745 . 0660 . 0559 L0444 L0314 .0170 0 —. 0180
B-2-A . 0351 . 0800 .0733 . 0855 .0561 L0451 L0322 .0178 . 0018 —, 0158
O-2-A .0872 0522 .0760 . 0630 . 0580 . 0464 . 0338 . 0161 . 0032 —. 0138
A-1-Ae 0746 . .0610 .0520 . . 0300 . 0180 . 0052 -
. 0700 . . 0840 . 0542 . .0310 . 0190 . 0045 —. 0112
. 0788 0722 . 0638 . 0542 . .0318 . 0190 . 0042 -, 0124
.0798 . 0733 . 0855 . 0560 0451 . 0332 . 0205 . 0085 —. 0081
.0703 0725 . 0845 . 0554 0450 .0328 01856 . 0052 —. 0110
.0798 .0733 . 0852 . 0551 . 0440 .0322 .0100 0046 ~. 0107
. 0785 .0709 . 0435 . 0550 L0449 . 0339 —. 0038
0789 L0734 . 0635 0560 L0455 . 0340 ©12 0065 —. 0094
0311 . 0745 . 06684 0563 .0450 . 0322 .0182 0035 —.0123
. 0813 . 0750 0872 .0575 . . 0338 1 .0053 —.0102
.0813 .0750 . 0672 L0574 0462 . 0368 .0199 0054 -
. 0832 0771 . 0683 .0597 . . 0349 .0201 0040 —. 0140
.0838 0772 . 0690 .0581 0458 . 0325 .0182 00168 —. 0166
.0323 . 0758 .00676 .0578 62 L0334 0188 —. 0158
. 0334 0772 . 0692 0391 0471 . 0339 0193 1,0 7 S

o Nacelle faired into alrfofl.
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TABLE IV—Continued

Cr=

THRUST COEFFICIENT—Continued

(T—AD)
p niDA

Propoller No. 4412—4 feet. Set 17°at 0.75 R. Angle of attack=-}-5°

Y
nD
Nacelle position
01 0.2 0.3 0.4 [1§,] 0.6 Q7 0.8 o9 L0
0.0838 0. 0760 0. 0670 0. 0557 0. 0418 0. 0281 0. 0100 —0.0085 f{oceceuen —
. 0887 . 0768 . 0680 .0573 . 0448 . 0314 . 0150 —. 0040 | oo
. 0830 . 0788 . 0680 . 0575 . 0451 . 0309 . 0154 —. 0015 —0.0188
. 0808 073 . 0643 . 0535 . 0410 . 0268 .0118 —. 0048 —. 0215
. 0790 .0737 L0644 . 0548 . 0436 . 0305 . 0162 . 0010 —, 0153
. 0814 . 0751 . 0673 . 0576 . 0460 L0327 . 0183 . 0029 —. 0187
L0724 . 0671 . 0600 L0512 . 0408 . 0288 . 0157 . 0022 —.0121
. 0785 . 0696 .0611 . 0513 . 0407 . 0287 . 0157 . 0021 —.0125
. 0763 . 0691 . . 0511 . 0408 . 0200 . 0170 . 0032 —. 0118
. 0760 . 0688 . 0619 . 0525 L0418 . 0303 .0178 . 0040 —. 0094
0779 L0712 . 0630 . 0530 . 0413 . 0203 .0187 . 0032 —. 0110
. 0763 . 0697 . 0615 . 0525 L0422 . 0308 .0183 . 0055 —. 0080
L0775 . 0699 . 0627 .0533 . 0437 . 0338 .0231 .0123 . 00035
L0768 . 0705 . 0629 . 0537 . 0435 . 0233 . 0200 . 0070 —. 0067
.Q778 L0704 . 0625 . 0538 . 0440 . 0323 . 0192 . —. 0106
. 0807 L0741 . 0662 . 0571 . 0462 . (349 . 0220 . 0105 -
. 0802 . 0738 . 0853 . 0568 0448 .87 L0220 . 0063 -
. 0822 .0762 . 0083 . 0589 LT . 0352 . @215 . 0060 —. 0112
. 0332 . 0767 . 0082 . 0581 . 0468 . 0348 . 0210 . 0050 —. 0130
. 0820 . 0768 . 0674 . 0578 . 0462 . 0336 . 0199 . 0051 —. 0102
0827 . 0782 . 0682 . 0588 L0473 . 0348 . 0212 L0088 faeocoaoo _
Propaller No, 4412—4 feet. Set 17°at 0.76 R. Angle of attack=-10°
1
F 2 0. 0358 0.0740 | 00651 | 0.0543 | 0.0411 | 0.0260 § .00
B-3-A e .0810 L0740 . 0850 . 0562 L0434 . 0297 .0143
C-3-A 0366 . L0759 . L0674 . 0570 . 0445 . 0293 . 0120
. 0825 . 0778 L0710 . 0824 . 0523 . 0400 .3 0120
. 0850 L0799 0722 & 0851 . 0556 0446 . 0320 . 0180
. 0750 . 0708 . 0652 { . 0578 . 0487 . 0380 . 0280 .0132
0788 0722 . 0645 . 0559 . 0461 . 0353 . 0249 .0120
. 0788 . 0738 .0866 . .0380 . 0485 . 0386 .oar7 . 0161
.0788 . 0788 .0680 . .0572 . 0480 . 0380 . 0275 .0181
.0787 0729 . 0658 ; . 0574 L0478 . 0378 L0284 0148
. 0700 . 0738 L0876 | .0600 . 0519 L0427 . 0330 . 0216
. 0837 . 0781 .0876 . ,0388 L0494 . 0398 . 0209 . 0188
. 0837 0777 L0707 | L0629 0541 . 0450 . 0362 . 0251
. 0330 0776 L0700 | .0612 . 0515 L0410 . 0300 .0183
. 0842 .07%0 L0720 0687 L0541 . 0437 .0318 L0192
. 0868 . 0309 0744 . 0080 . 0380 . 0479 . 0381 L0229
. 0861 . 0315 .0752 | 0675 . 0579 . 0470 . 03852 0225
. 0370 L0824 L0758 ' L0673 .0578 L0472 . 0359 L0234
|
o Nacelle faired Into airfoll. Data unreliable.
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TABLE V
- POWER COEFFICIENT

P
C'p =p1‘lv_' D5

Propeller No., 44124 feet., Set 17°at 0.75 R. Angle of attack=m—5°

Nacelle position nD

« Nacelle faired Into airfoll. N
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TABLE VI
PROPULSIVE EFFICIENCY
(T—AD)V )
noe P
Propeller No. 4412—4 feet. Seot 17° at 0.75 R, Angle of attack=—5°
v
Nacello position nD
18§ 0.2 03 0.4 [I¥.] 0.8 a7 08 [1X4]
A-3-A 0.200 0.878 0.533 0.652 0.737 0.778 0.778 0.677
B-3-A 207 .390 54 .685 . 740 .781 . 781 710 0.180
A-2-A 210 .393 543 .863 .81 . 781 <797 . 749 540
B-3-A . 201 .878 .520 .635 .718 .780 785 .719 .342
C-2-A . .364 515 .640 .72 .768 T 725 .388
A-l-Ao o .186 .351 .483 . 605 .685 . 728 742 4 . 560
B-1-Ae ] .105 .876 528 . 651 . 780 .78 790 .740 447
C-1-A .108 .370 517 .642 728 LT7L 778 728 .375
A .198 .37 . 525 . 642 721 767 T4 .73 . 485
B . 200 .881 .532 . 649 . 731 .78 702 .735 .32
. 199 . 880 .530 .65 .31 . 780 . 788 .695 .325
.183 .351 494 .604 .683 .721 715 .660 .420
.198 .378 . 529 .648 . 720 . 758 .765 .701 .387
201 .303 537 .661 741 .70 .701 .628 120
. 104 .368 .518 .639 .T20 .70 TN [N 7{. ) P
L1607 372 . 519 . 6368 .718 .758 . 760 . 690 .313
.108 .878 .536 .684 . 766 .708 JTH .75 3
L 204 .388 . . 660 744 . 787 787 678 |
201 .380 .531 .662 .733 .70 .763 N> < N A,
-113 .387 . 545 . 667 . 746 .T87 775 . 659 .
Propeller No. 4413—4 feet. Set 17° at 0.75 . Angle of attack=0°
A-3-A 0,203 . 381 0. 532 0. 855 0.735 T8 Q. 765 0.668 [-cacoane
B-3-A .208 .389 542 .81 .74 .781 773 6850 [ ..
C-3-A 207 .802 548 .671 LI57 .74 . 787 .679 1}
A~3-A 208 .802 .543 N . 732 .768 .761 . 660 1}
B-2-A 201 .374 .621 .638 .728 .778 LT 674 0. 162
A .104 32 .519 .640 . 721 . 765 .778 7156 .262
A-l-Ae e .188 347 .484 . 580 .635 .680 . 6689 .588 .208
B-l-AC o eeeeee .| L1904 .868 .. 513 a1 .687 T .78 .858 »300
C-1-A 104 . 365 . 500 .6815 .62 735 .738 . 632 .314
A 108 .874 . 825 . 641 712 . 745 . 747 .695 .421
B .198 375 . 521 .632 .710 . 750 .7562 .680 .374
[o) 197 .373 835 . 640 714 . 748 LT84 604 .403
.183 349 .402 .601 077 715 .713 .651 464
188 .373 522 641 . 721 .769 773 713 .418
.108 877 . 538 . 643 .718 752 . 749 . 856 258
.108 .870 .519 .40 . 720 JTI0 .765 .700 .360
.168 .370 517 .637 . .785 .73 07 .889
L1688 .878 .534 ..680 751 797 LT84 .708 . 297
«208 .388 . 540 .868 .T44 . 782 784 . 695 . 141
.201 .35%0 . 629 . . 7356 T8 708 680 . 179
<203 .887 544 .68 .748 .785 .791 705 .297
Propeller No. 4412—4 feet. 8et 17°at 0.75 R. Angle of attack=--5°
Q. 203 0,387 0. 533 Q.652 0.729 0.756 0.703 0.400 [_.o_—_-.
<205 .388 . 540 . 660 . 740 . 779 .778 o632 |eeoeeaa
.202 . 388 542 . 664 745 .788 . 765 v~ 2
208 .388 532 .637 . 701 .740 .708 PR 7 PO
.168 .37 516 .628 707 . 754 753 . 644 .0.083
.188 .372 523 644 721 .765 .77 . 695 258
.178 .338 .470 .583 .865 .670 .668 541 144
.189 357 .408 503 .6562 .683 .665 557 .168
.190 .386 493 .598 .662 .608 .603 647 374
.189 .360 .502 .611 .676 . 708 697 .615 280
.102 .368 .504 .611 .684 . 708 . 605 . 605 <240
.188 . 355 LA 588 .6875 723 .729 .678 427
.185 .362 .498 .607 . 688 .693 . 700 .651 .532
195 .362 .498 .603 . 679 .780 787 .668 332
185 .367 .514 . 020 714 .760 767 . 781 50
.105 .364 .510 .622 .009 .738 . 738 674 .304
197 374 .525 844 733 .78 700 . 731 408
<204 .388 544 . 664 .743 . 780 . 780 . 731 344
.201 .37 529 .648 . T4 778 . B
.108 377 .530 .652 740 .788 . 708 .732 .471
Propeller No. 4412—4 feet. Bet 17° at 0.75 R. Angle of attack=-}-10°
A-3-A 0.195 0.370 Q. 521 Q. 638 Q.719 0.748 0. 689 0.473 |oeeeeee
B-3-A L1088 375 . 521 .633 . 71 751 . 743 551 & J I
G-3-A . 200 .382 .535 654 . 767 .72 AT |
A-2-A 3,
B-2-A 184 .863 565 .810 . 685 .718 .685 485 Lo
.108 371 .518 .632 710 . 756 . 768 . 700 0.204
175 .331 484 .562 .64 <042 .605 .403 14
.181 .338 .455 537 578 . 580 . 564 430 e
.184 844 473 . 561 .816 . 649 . 654 .605 .33
.188 .48 .478 . 569 .624 . 647 .632 . 569 .30
.188 <349 474 . 565 .617 .637 -840 560 <281
184 345 . .568 .616 . 6356 .621 533 .2
.184 .348 .481 .584 .650 .688 .700 . 660 . 520
.193 354 A4T7 563 .62 .660 671 .632 .431
101 <8354 .487 .589 . 660 709 <725 .710 .850
.100 354 . 583 .044 . 865- .652 .B574 .33
LA .360 .498 507 . 668 .609 .602 .614 .38
.168 373 .519 .637 .TM 775 . 780 .71 442
.200 .378 .528 . 648 <728 T2 .TI6 728 .480
.108 .823 523 .638 T2 .765 .783 . 758 .592
s Nacelle fafred Into airfoil. - & Thrust data unreliable,

-
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TABLE VII—Continued
LIFT COEFFICIENT WITH PROPELLER
OPERATING—Continued

Lp
P
q8
Propeller No. 4412—f feet. Set 17° at 0.75 R. Angle of attack=--10°

Cep

TABLE VII
LIFT COEFFICIENT WITH PROPELLER
OPERATING

Lp

Crp="7%

Lp gS

Propeller No. 4412—4 feet. Set 17° at 0.75 B. Angle of attack=—5°
s
Nacells nD
position
0.5 0.6 0.7 I 0.8 (185+] 1.0
0.185 0163 0.152 0.150 0.164 0.163
170 1583 145 140 St .145
. .1 . 159 .1 156 . 168
. <202 187 .178 .169 .163
.192 .178 170 .170 173 .181
.169 161 . 140 135 .1 .136
. <208 .1 . 187 . .190
210 200 .190 184 179 174
.190 AT L1690 1 L164 .163 164
(168 | .160 | .185 | .182 | .1580 | .150
.181 178 .168 187 145 .132
W .1 .152 .150 .151 155
. 1468 .133 J27 127 .131 .139
.140 .133 .130 130 .131 .138
141 .133 .133 . .1 .185
13 | 10 | cus - a2 | 4
122 .130 A3 0 138 .142 145
136 134 .135 137 142 . 149
J127 J122 125 .132 142 154
161 146 J144 . 147 .162 158
‘s | ‘s |t | lu9 | lue | 10
]

. 4412—4 feot. Bet 17°at 0.75 R. Angls of attack=0°

BanEEE

0.415 | 0.407 l 0.404 | 0.408 | 0.410

400,398 303 .892 .392

.403 |, .400 .400 .400 400 fae-.
440 1 421 404 320 7)o
419 . 407 .401 .399 398

401 | 380 . 389 .388 .390 .
460 .438 .420 .423 420 .
.438 424 .416 410 .408 .
.448 427 .412 .405 .402 .
425 .409 401 400 .400 .
432 .418 .408 397 .32 .
42 .403 .39 .802 .392 .
.388 ¢ .384 .382 .380 881 .
405 .880 383 .369 .360 .
.390 .380 .380 .383 .387 .
.358 .358 .380 .381 .363 .
872 L3714 377 .379 .383 .
371 .368 368 .368 .372 .
.370 .370 .372 .376 .380 .
395 .387 .382 .380 .382 .
.382 .384 .388 .302 .397 .

REBIBELEEEER

v
Nacalle nD
position
0.5 0.6 0.7 0.8 0.9 1.0
|
| 0.895 | 0.800 | 0.884 | 0.876 | 0.888 |.......
8% | .875 | .870 | .8%69 | .88 [o-_I..C
; 016 | .800 | .885 | .881 | .83 | 0.502
.010 | 884 | .817 | .863 | .843 | .838
‘ c005 | .89 | .ss8 | .s81 | .s%0 | .ss0
! 603 | .88 | .879 | .873 | .80 | .80
| g8 | .o50 | .om | 003 892 | .a86
‘ 2090 | 059 | .83 | .917 | .e02 | .s03
| 2053 | 018 | .s99 | .80 | .883 | .881
074 | o35 | 018 | .o08 | .g05 | .ss0
o33 | .92 | .g30 | .o16 | .905 | .800
J000 | .o54 | .g32 | .91 | .o11 | .907
c942 | 018 | .90l | .890 | .880 | .87
.31 | .003 | .886 | .875 | .869 | .805
o4 | 015 | .894 | .8%0 | .870 | .861
.87/3 | .871 | .868 | .885 | .863 | .860
i J004 | o897 | .890 | .883 | .576 | .868
o006 | .892 | .881 | .s72 | .865 | .8%9
‘ 817 | .s67 | .81 | .80 | .80 | .800
o881 | .872 | .86 | .862 | .80 | .860
838 | (882 | .s78 | .872 | .80 | .860
« Nacelle falred into afrfoil.
TABLE VIII

MOMENT COEFFICIENT WITH PROPELLER
OPERATING

C"p gSe¢

Propeller No. 4412—4 feet. Bet 17° at 0,76 It. Angle of attack =—5°

Propeller No. 4412—1 feet. 8ot 17° at 0.75 R. Angle of attacks-}!

)

I

0.662 | 0.645 | 0.63 | 0.631 | c.e31
.e35 | .60 | .68 | .66 | .exx |___
ca54 | (640 | .m30 | .630 | less | @
675 | 654 } cei2 | e [ le2m | .
cea5 | lem2 | less | leto | leto |
642 | le3p | et | ez | le2 | |
726 1 .2, .68 | .68 | .60 | -
719 | 70 less | ‘673 | .ess |
2710 | 68D , .661 | .648 | .60 | .
cq05 | les2 | less | less | ed9 | .
709 | less ' leiz | .60 | -eds ! .
3 | le83 .66 | .6s2 | led3 | .
ces1 | 63 led | les | lear |
ced5 | 63 - lg26 | .62 | ez | .
671 | g5l e8| .60 | .63 | .
616 | le14 .64 | .6l4 | .614 | -
625 | 620 | (630 ; .e20 | g2 | .
e | ey e | e | .e8 | .
‘32 | e | lex | le2 | lem | .
‘20 | l616 | .013 | .64 | le8 | .
620 | 626 | 625 | (&8 | .68 | .

@ Nacells {alred Into airfolly

s Nacelle faired into airfoil.
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TABLE VIIT—Continued

MOMENT COEFFICIENT WITH PROPELLER
OPERATING—Continued

_ Mp
C"'P_q S ¢

Propeller No. 4412—4 feet. Set 17° at 0.75 R. Angle of attack=0°

TABLE VIII—Continued
MOMENT COEFRICIENT WITH PROPELLER

o<

L0

°
o
=)
=3
)
-3
=}
o
)
©

OPERATING—Continued
_ Mp
c"’1’_41 Se¢
Propeller No. 44124 feet. 8ot 17°at 0.75 R. Angle of attacke-{-10°
A

Nacalle nD
position

0.5 0.6 0.7 0.8 0.9 .0

I b
83
|
=)
g8

o

2EBE2RRRRRREA:E
2

NN

-ol'c
g
Jhi
a3

NN ENERY

1 |
GEERSBE23853822385338

N

$323538R38282253888

RN NN NN

11l
REH
!

Propeller No, 4412—4 feet. Set 17°at 0.75 B. Angle of attack=-5°

—0.125 | ~0.095 | —0.077 | —0.085 | —0.055 |.—___
—.119| —.001 ] —.072| —. 088 | —.060 |-ccceae
—H7| — 00| —074| —~.001| —.060 [-coae-.
—.égz —. 085! —.071| —.083| —.0657) —0.054

—.013| —037| —.052{ ~.081| —.067| —.070

s Nacslls faired into afrfoil.

¢ Nacslle faired Into airfoll.
TABLE IX

LANDING-SPEED RATIOS FOR NACELLE
LOCATIONS

Or Wing alone=0.960. Propeller No. 4412—4 feot. Set 17° at
0.75 R. Angle of attack=12°

1 2 3
Nacelle position gethgi(t)hr pmJEt. Cp without Landinzgl):gl ratio
¥ at zero er | ) 260
ing ot zero | propell Cz (CoL 1)
0.953 0. 955 1.00
.923 926 102
972 . 885 .09
.918 . 004 1.02
. 980 L9881 .99
070 . 969 1.00
068 . 985 100
1.006 . 996 .98
900 .871 1.03
973 061 .99
993 977 .88
1.007 1.004 .88
1.001 . 996 .98
. 960 .783 1.00
065 . 960 1.00
064 063 L00
45 877 101
957 . 851 1.00
055 . 951 1.00
. 952 . 1.00
. 956 . 100
« Nacells falred Into airfoll. b Not tested at 12°,



EFFECTIVE NACELLE LIFT RATIOS
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TABLE X
Eflective nacelle Hft=(iift of wing-nacells cambinmation)—(lift of wing alone)
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¢ Nacells faired into airfoll.

TABLE XI
EFFECTIVE NACELLE DRAG RATIOS
Effective nacelle drag=(drag of wing-nacelle combination)—(drag of wing alone)
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¢ Nacelle falred Into airfofl.
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TABLE XII

PROPELLER OPERATING COEFFICIENT

THICK WING—N. A. C. A. COWLHED NACELLE—TRACTOR PROPELLER
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« Nacelle {aired Into airfofl.
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TABLE XIT—Continued
PROPELLER OPERATING COEFFICIENT—Continued

|4
5 [
Cs= p—V =—?D
Pn* v/(Cp
Propeller No. 4412—4 feet. Set 17° at 0.75 R, Angle of attack=--10°
Y
Nacelle nD
position

a1 0.2 0.3 a4 [1%) 0.6 0.7 0.8 0.9
Q.187 0.374 Q. 564 Q0.760 0. 861 1.18 1.45 L8

. 187 375 564 768 957 1.17 143 L77

.188 875 . 564 L7587 858 L17 142 1,74

.189 .378 560 763 063 L19 145 1.81 63
.1 376 565 789 . 958 1.18 1.43 1L.76 |eeceaea-
.1 .375 .564 . 768 .958 117 1.42 1.74 227
. .378 . 565 .758 . 958 117 1.41 1,70 2.14
.187 .376 .564 758 052 L17 1.41 171 |eemeee-
.187 .376 . 5665 67 .855 1.17 1.41 178 2,21
.188 .377 . 566 .758 . 957 1.17 1.40 L70 2.11
.188 .376 . 568 . 759 .85 117 141 1,70 2.14
.1 .3768 . 568 759 057 117 1,41 1.7 217
.1 377 565 756 .8 115 1.38 L6o 190
.188 .376 . 568 788 . 9562 116 138 1.66 2.03
187 375 564 . 769 .9352 117 1.40 1.60 211
187 374 .562 752 47 L18 1.88 1.63 1.68
.1 .374 564 . 756 . 953 118 1.39 167 2.3
. .374 .562 762 940 L18 1.89 167 2,07
187 . 874 562 755 . 851 116 1.39 1.68 2.04
. 187 .374 563 765 .952 118 1.40 1.68 2,07
187 .37 563 .754 . 952 1.16 1,39 1.68 2.08

« Nacelle falred into airfoll.



