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AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol
Unit Symbol Unit Symbol
Tengtho == l 6 (o)1 21 Vol g IR S R m foot (ormile) <225 & ft. (or mi.)
ANmess e t BECONdi s S0 S i 8, = 8 second (or hour)_______ sec. (or hr.)
IRorces o Ja=y F weight of one kilogram__ _ kg weight of one pound___| b.
Power-_. - P lig/?}ll/s ------------------- S hor/sepower ——————————— hp
T DAt SESET T ey .p.-h 15 131 0§ ok S S ey e m. p. h.

Speed- - -l--eooooos {m/s ____________________ m. p. s Fhilget. it e f. piost

2. GENERAL SYMBOLS, ETC.

W, Weight =mg
g, Standard acceleration of gravity =9.80665

m/s?=32.1740 ft./sec.?

m, Mass= s

Py Denéi’oy (mass per unit volume).
Standard density of dry air, 0.12497 (kg-m™*

s?) at 15°

C. and 750 mm=0.002378

(b.-ft.~* sec.?).
Specific weight of “standard” air, 1.2255
kg/m®=0.07651 1b./ft.2.

v,
4

mk?, Moment of inertia (indicate axis of the

S,
Sw:
@,
b,

)
bz
S’
M,y

radius of gyration %k, by proper sub-
seript).

Area.

Wing area, ete.

Gap.

Span.

Chord.
Aspect ratio.

Coefficient of viscosity.

3. AERODYNAMICAL SYMBOLS

True air speed.

Dynamic (or impact) pressure =% oV2

Lift, absolute coefficient 0L=q—,I§'

Drag, absolute coefficient OD:q%

Profile drag, absolute coefficient OD0=QQS‘-’

Induced drag, absoiute coefficient 01’1:%

Parasite drag, absolute coefficient Cp, =g§

Cross-wind force, absolute coefficient

C
OCI:ES
Resultant force.
Angle of setting of wings (relative to
thrust line).
Angle of stabilizer setting (relative to
thrust line).

Q,

Q

)

Vi
T

Resultant moment.
Resultant angular velocity.

yReynolds Number, where [ is a linear

dimension.

e. g., for a model airfoil 3 in. chord, 100
mi./hr. normal pressure, at 15° C., the
corresponding number is 234,000;

or for a model of 10 em chord 40 m/s,
the corresponding number is 274,000.

Center of pressure coefficient (ratio of
distance of c¢. p. from leading edge to
chord length).

Angle of attack.

Angle of downwash.

Angle of attack, infinite aspect ratio.

Angle of attack, induced.

Angle of attack, absolute.

(Measured from zero lift position.)

Flight path angle.
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By DonarLp H. Woop

SUMMARY

This report is the second of a series giving the results
obtained in the 20-foot wind tunnel of the National Advi-
sory Committee for Aeronautics on the interference drag
and propulsive efficiency of nacelle-propeller-wing com-
binations. The first report gave the results of the tests
of an N. A. C. A. cowled air-cooled engine nacelle located
i 21 positions with reference to a thick wing. The
present report gives results of tests of a mormal engine
nacelle with several types of cowling and fairings in four
of the positions with reference to the same wing.

The wing had a 5-foot chord, a 15-foot span, and a
mazimum thickness of 20 per cent of the chord. The
engine was a 4/9-scale model of a Wright J—5 radial air-
cooled engine, and was installed in a small nacelle of
the same scale.  Tests were made with no engine cowling,
with a narrow variable-angle ring, two wide thin rings
with different chord angles; and the hood previously used
onthe N. A. C. A. cowled nacelle. The propeller was a
4~foot diameter model of the standard Navy adjustable-
pitch metal propeller No. 4412.

In two of the nacelle positions tests were made in two
conditions—with the nacelle supported on struts and
with the space between the nacelle and wing filled by fair-
ing. The effects of fairing the N. A. C. A. hood into the
wing and of side brackets on the nacelle when located
ahead of the wing were also investigated.

The lift, drag, and propulsive efficiency were deter-
mined at several angles of attack for each cowling and

Jairing condition in each of the four nacelle locations.

The net efficiency was computed by the method of Report
No. 415 and compared with the results therein reported.
Although the propulsive efficiency of the small uncowled
nacelle is higher than that of the nacelle with any of the
cowlings, the drag and interference are also higher, and
the highest net efficiency is obtained with the N. A. C. A.
cowled nacelle. Fairing the nacelle into the wing is an
advantage when the cowled nacelles are located near the
wing but is of little value when the nacelles are not cowled.
Fairing the N. A. C. A. hood into the wing is detrimental.
Side brackets on the nacelle when it is located ahead of

the wing are to be avoided. The N. A. C. A. cowled
nacelle located about 25 per cent of the chord ahead of the
wing is the best tractor-nacelle arrangement. If the cowl-
ing 1is omitted with nacelle in this position, a loss of lift
results, especially at high angles of attack. The proper
location of nacelles and careful cowling are important in
the high-speed range of flight, but in the lower speed ranges
there is little advantage of one nacelle position or cowling
over another.
INTRODUCTION

This report is the second of a series giving the results
of a general investigation of the mutual effects of wings,
nacelles, and propellers. Originally presented at the
Fourth Annual Aircraft Engineering Research Con-
ference in May, 1929, the program has been subse-
quently extended and now includes tractor, pusher, and
tandem propellers, and biplane as well as monoplane
wings. Several propeller pitch settings and numerous
types of engine cowling have also been included.

The first report (reference 1) gave the results ob-
tained with an N. A. C. A. cowled air-cooled engine
nacelle located in 21 positions with reference to a thick
monoplane wing. The results indicated that a posi-
tion of the nacelle directly ahead of the wing was the
best. If practical considerations demand less favor-
able locations, the nacelles should not be placed too
close to the wing above or below. The use of cowlings
on radial air-cooled engines has been uniformly suc-
cessful. Many installations, however, have been, and
probably will continue to be made without cowling
over the engine, or at least with simpler forms of cowl-
ing. That cowling is an advantage is a sufficient rea-
son for making the extensive series of tests of refer-
ence 1; but it is also important to know something of
the effects when the engine is not cowled or is fitted
with other forms of cowling.

This second report in the series therefore presents
the results obtained with an engine nacelle of the type
commonly used with uncowled engines. This nacelle
was tested both uncowled and with four cowlings which
experience and a study of existing airplane designs
indicated were most efficient or were in common use.

3
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Four nacelle positions were selected from the original
series—the position ahead of the wing which the first
tests had shown to be the best and three others, one
above and forward of the wing and two below the

and because of other design restrictions. Other loca-
tions away from the wing may be slightly better, but
it is hardly worth while using them except in special
cases. In each nacelle position the four types of cowl-

ar
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Section BB S~ ~A(

Section C-C
Section A-A
FIGURE 1.—Small nacelle and engine assembly
—A —B I-) & —> [

Thrust line-, |
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Section AA Section B-B

Section C-C Section D-D

FIGURE 2.—N. A. C. A. cowled nacelle and engine assembly

wing. The latter three positions were selected mainly ing were tested both with and without propeller

because they have been commonly used on airplanes operating.
constructed in the past and also because they are likely Whether or not fairings shall be used is always a
to continue in fairly general use for structural reasons | moot question in airplane design, and accordingly the
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effects of fairing the nacelle into the wing were investi-
gated. In the course of the investigation certain other
perhaps incidental items appeared. When the nacelle
was originally installed ahead of the wing, it was sup-
ported by angle brackets which protruded from the
sides of the nacelle and were covered over with fair-
ings. These brackets were later removed and repeat
tests were made to determine the effect of such ap-
pendages. When the nacelle is very near the wing
and far back the cowling hood intersects the wing.
The question of whether the resulting hollow should
be faired arose, and the results of the tests are given.
Whenever possible, comparisons of the results with
those of the first series have been made.

The test program having assumed large proportions
it was necessary to limit the number of tests, and in
consequence the results are perhaps open to criticism.
Although the test results do not represent the ultimate
that can be obtained with simple cowlings, they do show
the interference effects to a good approximation and,
taken with the results for the N. A. C. A. cowled
nacelle, present a fair picture of the relative merits

FIGURE 3.—Variable-angle ring

of tractor-propeller radial-engine nacelle and wing
combinations.

APPARATUS AND METHODS

The propeller-research tunnel, in which the tests
were made, is described in reference 2. The standard
apparatus and test methods were used with certain
exceptions mentioned later.

The wing is constructed of wood with a 5-foot
chord and a 15-foot span. The airfoil section, the
ordinates of which are given in Figure 1, reference 1,
has a maximum thickness of 20 per cent of the chord.
The central portion of the wing is provided with
suitable metal ribs and plates for the connection of
the struts required in attaching the nacelle to the wing.

The engine nacelle constructed of sheet duralumin
was similar to nacelles required for a ' 'Wright J-5
radial engine, and was four-ninths (0.445) full scale.
A detailed wooden model of this engine was installed
in the proper position in the nacelle. This nacelle was
constructed with the dimensions given in Figure 1,
and represents a normal nacelle such as is employed
when the engine is uncowled. All the tests of this

"

report were made with this nacelle (called small nacelle)
and model engine. A larger nacelle fitted with a hood,
the nacelle and hood constituting an N. A. C. A.
cowled nacelle, was used in the tests of reference 1
and the hood was used in some of the tests of this
report. The principal dimensions of this nacelle and
the hood are given in Figure 2, which is reproduced
from reference 1 for comparison.

Ficure 4.—Ring No. 1

The four cowlings fitted to the engine and small
nacelle were of three distinet types: A narrow multi-
sided ring, the angles of the sides of which could be
adjusted; two wide thin rings with their chord lines 0°
and —6.3° to the axis; and the hood previously used with
the N. A. C. A. cowled nacelle. These are designated
variable-angle ring, ring 1, ring 3, and N. A. C. A.
hood, respectively, for purposes of reference. The
principal dimensions are given in Figures 2, 3, 4, and 5.
In preliminary tests on the nacelle alone, to be discussed
in a later report, another ring (ring 2) having an angle

. —

69"

198D
25D

Ficure 5.—Ring No. 3

of —3° was tested but showed no promise; consequently
no further tests of it were made.

The wing-nacelle-propeller combination with the
various cowlings was tested with the nacelle and wing
in the four relative positions marked in Figure 6. In
the figure the crosses indicate the positions of the
center line of the propeller hub. The nacelle positions
are designated by the system of letters shown.

The design of the variable-angle ring was based on
the tests of reference 5 and the angle setting was
determined in the preliminary tests. The —8° setting
was found to give the lowest nacelle drag and was
therefore used in the present tests with the wing.
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The variable-angle ring and also the N. A. C. A. hood
were located on the nacelle with their leading edges

A-1-A C-{-A
1\ Ny
5 fl. chorad
thick wing a
e ( e
v 6 : ey /2"_l4/2"_

a] 6%
a-14%" ] A-/-B B-I-B C-[-B
——t ¥
=
| A28 B2B C2B
x NA.CA. cow! only i
® Vorious cowlings /28
A-3-B
Y *-
*
F1GURE 6.—Wing-nacelle test locations

5% inches ahead of the center line of the engine
cylinders.

Rings 1 and 3 were each located in two fore-and-aft
positions—position 2, 4} inches, and position 3, 3}
inches from leading edge of ring to center line of
cylinders with the nacelle in position B. Ring 1 ap-
peared poor in both positions and ring 3 was better in
position 2. The tests in other nacelle locations were
therefore made with ring 3 in position 2 only.

The propeller, which is 4 feet in diameter, is geo-
metrically similar to the Navy standard 4412, 9-foot-
diameter aluminum alloy propeller. A number of
full-scale tests of this propeller have been made and
are described in references 2 and 3. The blades may
be turned in the hub to give different pitch settings.
In the tests discussed here, the pitch setting was 17°
at 0.75 R, which is about average for usual operating
conditions. This is the same pitch used in the tests
of reference 1 and results are therefore directly com-
parable.

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. These wires were care-
fully taped to the struts, preserving a streamline shape
which, in subsequent tests, showed a negligible effect

i

FIGURE 7.—Photograph of wing-nacelle combination in position B-1-A mounted for test
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on the tare drag. A Prony brake was used for calibra-
ting the motor, and curves were obtained giving arma-
ture 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 condenser-type electric tach-
ometer which occupied a 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 4. With these supports the
airfoil pivots about a line near the lower surface 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 airfoil. The airfoil
and nacelle mounted in one test position are shown in
Figure 7. Figures 8, 9,410, and 11 are photographs of
the other wing-nacelle set-ups, arranged in the order
of the nacelle locations and cowlings. In all cases, the
thrust line of the propeller was fixed parallel to the
wing chord.

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°, and 12°. Similar
tests were made with the small 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 first test with each combination was a run at
several air speeds, with the propeller removed. The
lift, drag, and air speed were measured. 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 revolu-
tions, 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 deter-
mined near zero thrust.

With the nacelles in positions B-1-A and A-1-B the
tests were made both with the nacelle supported by
struts only and with the struts surrounded by a
fairing joining the wing and nacelle. With the nacelle
in position B the supports as originally installed pro-
truded from the sides of the nacelle. These brackets
although faired were considered to be of doubtful
utility and accordingly repeat tests were made with
them removed. The fairings and struts are clearly
shown in the photographs.

With the nacelle in positions A—1-A and A—1-B the
engine cowling intersects the wing in a manner that
may account for some unfavorable interference. In

the tests of reference 1 the cowling was fatred into the
wing as shown in the photographs at the right of
Figure 12. Airfoil tests were later made with the
hood fairing removed as indicated at the left of Figure
12, and the comparative results are given here.

RESULTS

The measured lift and drag were reduced to the
usual coefficients

_ Lift _ Drag ~ Moment
CL—QS OD_qS Cn= qSc

where

q, the dynamic pressure (% pV?).

p, mass density of the air.

V, velocity.

S, the area of the wing.

¢, the chord of the wing.

(All 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 Cf,
Op, and O, against « (angle of attack) at values of
the dynamic pressure corresponding to 50, 75, and
100 m. p. h.

Since the principal interest is in the comparative
results with various cowlings in the different positions,
the lift and drag coefficients have been plotted as polar
diagrams arranged in a manner to facilitate such com-
parisons. The N. A. C. A. cowled nacelle is nothing
more than an improved engine cowling and should
obviously be examined with the other types. Accord-
ingly, in the photographs, figures, and tables informa-
tion from reference 1 has been included to complete
the series.

In Figures 13 to 16 polar diagrams are given of the lift
and drag coefficients obtained with the various cowl-
ings in the four nacelle positions. Figures 17 and 18
show the results for positions A-1-B and B-1-A with
and without fairing. Figure 19 shows the effect of
side brackets on the nacelle in position B and Figure
20 the effect of hood fairing on the N. A. C. A. cowled
nacelle in positions A-1-A and A-1-B. Figure 21
compares the results with rings 1 and 3 with those
for the variable-angle ring. Figures 22 and 23 show
the comparative results for two cowlings in all four
nacelle positions, Figure 22 the small nacelle without
cowling, and Figure 23 the N. A. C. A. cowled nacelle.
All these diagrams are plotted from the data obtained
at an air speed of 100 m. p. h. The results are also
given in Tables I and II, together with those for two
other air speeds, 50 and 75 m. p. h.

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

T—AD P
G P n*D* CPZ P n*lP




Small nacelle, exposed eylinders, faired into wing.

o

Small nacelle, ring No. 3, faired into wing.

i s

el
Z

Small nacelle, variable-angle ring set —8°, faired into wing.

Small nacelle, N. A. C. A. hood, faired into wing.

FIGURE 8.—Nacelles in position B-1-A

N. A. C. A. cowled nacelle, not faired into wing.
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Small nacelle, exposed cylinders, with side bracket fairing.

Small nacelle, exposed cylinders, without side brackets.

Small nacelle, variable-angle ring set —8°,

Small nacelle, ring No. 3, with side bracket fairing.

iud 1

Small nacelle, N. A. C. A. hood.

FIGURE 9.—Nacelles in position B

N. A. C. A. cowled nacelle.
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Small nacelle, exposed cylinders, not faired into wing.

Small nacelle, variable-angle ring set —8°, faired into wing.

Small nacelle, exposed cylinders, faired into wing.

Small nacelle, ring No. 3, faired into wing.

Small nacelle, N. A. C. A. hood, faired into wing.

F1GURE 10.—Nacelles in position A-1-B

N.

A. C. A. cowled nacelle, faired into wing.
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Small nacelle, ring No. 3.

Small nacelle, exposed eyli

A. cowled nacelle.
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where

T, thrust of propeller operating in front of a

body (tension in crankshaft).
AD, change in drag of body due to action of
propeller.
T—AD, effective thrust (discussed in reference 3).

n, revolutions per unit time.

D, propeller diameter.

P, motor power.

VIII, Moment Coefficient with Propeller Operating
(Cmp). The plots of these results follow the normal
trends of propeller characteristic curves and, since only
individual values are used in later comparisons, no
curves are reproduced here. The reader is referred to
reference 1 for a typical set of such curves.

ACCURACY

All readings were taken on scales and instruments
that were calibrated frequently during the tests. The

N. A. C. A. cowled nacelle in position A-1-A, without hood fairing.

N. A. C. A. cowled nacelle in position A-1-A, with hood fairing.

N. A. C. A. cowled nacelle in position A-1-B without hood fairing.

N. A. C. A. cowled nacelle in position A-1-B, with hood fairing.

FIGURE 12.—N. A. C. A. cowled nacelle with and without hood fairing

and
n=propulsive efficiency
_effective thrust X velocity of advance
a "~ motor power
_@-AD), G V.
-2 ~ O nD
and O, and C, are computed as before but are now
called Oy, and Conp-

The coefficients for all nacelle positions at various
values of ’71% and the different angles of attack are

oiven in Tables IV to VIII, inclusive: Table 1V,
Thrust Coefficient (Cp); Table V, Power Coeflicient
(C,); Table VI, Propulsive Efficiency (3); Table V1L,
Lift Coefficient with Propeller Operating (Cy,); Table

angles of attack of the airfoil were set within 5 minutes
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 were measured to the near-
est 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.
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FIGURE 13.—Comparison of lift and drag characteristics for wing alone and
nacelle combinations in position B-1-A faired into wing
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FIGURE 14.—Comparison of lift and drag characteristics for wing alone and
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F1Gure 15.—Comparison of lift and drag characteristics for wing alone and
nacelle combinations in position A-1-B, faired into wing
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Fi1GUure 16.—Comparison of lift and drag characteristics for wing alone and
nacelle combinations in position A-2-B
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Fi1GURE 17.—Comparison of lift and drag characteristics for wing alone and
nacelle combinations in position A-1-B showing effect of fairing into wing
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FIGURE 19.—Comparison of lift and drag characteristics for wing alone and
nacelle combinations in position B showing effect of side brackets
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F1cURE 18.—Comparison of lift and drag characteristics of N. A. C. A.
cowled nacelle in position B-1-A showing effect of fairing into wing

FIGURE 20.—Comparison of lift and drag characteristics for wing alone and
N. A. C. A. cowled nacelle combination in positions A-1-A and A-1-B show-
ing effect of hood fairing
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DISCUSSION

A consideration of the general problem of a nacelle
with a propeller operating in proximity to a wing
indicates that several factors should be considered.
The nacelle and wing have mutual interferences which
appear as changes in the lift and drag. The propeller
characteristics are influenced by the presence of the
wing and nacelle and the slipstream in turn changes
the forces on the wing and nacelle. A detailed discus-
sion of these questions is given in reference 1, and it is
concluded that a comparison of the relative merits of
wing-nacelle-propeller combinations must include pro-
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FIGURE 21.—Comparison of lift and drag characteristics for wing alone and
nacelle combinations in position B showing effect of cowling ring type and
position

pulsive efficiency, interference-drag effects, and lift
effects. A net efficiency is derived therein which
includes the above factors in a rational and simple
manner. The same methods are employed here.

INTERFERENCE LIFT AND DRAG

Although the largest item in the net efficiency is the
propulsive efficiency, the interference-drag effects have
a large influence and a great deal may be learned from
an examination of lift and drag data from the tests
made without propeller.

Accordingly, these results are first discussed and
later the propeller effects are included. Beside sim-
plifying the discussion, a clearer picture of the phe-
nomena is perhaps obtained. In Figures 13 to 23 each
line represents a different combination of nacelle and
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F1GURE 22.—Comparison of lift and drag characteristics of wing alone and
exposed cylinder nacelle combination in four positions
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FI1GURE 23 —Comparison of lift and drag characteristics of wing alone and
N. A. C. A. cowled nacelle combination in four positions




16 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

cowling plotted as a polar diagram C, against (', with
the polar of the wing alone also given. The abscissa
intercept between the wing-alone polar and that for
any wing-nacelle-cowling combination represents the
drag added by the nacelle, i. e., the nacelle drag plus
wing-nacelle interference drag. Similarly, the ordinate
intercept represents the lift change due to the nacelle
and cowling. These intercepts are of fundamental
importance because the arrangement which develops
the least increase of drag (that polar closest to the
wing-alone polar) is the best considering only the lift
and drag.

In Figure 13 which shows the results with nacelle
and cowlings in position B-1-A, at a lift coefficient
of 0.4 corresponding to 0° for the wing alone, the drag
added by the small nacelle with exposed engine cyl-
inders is about four times that added by the com-
pletely cowled nacelle; that added by the N. A. C. A.
hood or variable-angle ring and the small nacelle
is about two and one-half times that added by the
completely cowled nacelle. These proportions hold
approximately at other angles of attack. The loss
of lift at a given angle of attack for the nacelle with
exposed engine cylinders is also to be noted. The
advantage of cowling is amply evident. Similar
conclusions are drawn from Figure 14 showing the
results for position B. In this position the nacelle
is partly within the wing so that the drag added is not
so large. Nevertheless, the nacelle with exposed
cylinders adds about six times and variable-angle ring
four times the drag of the completely cowled nacelle.
The loss of lift is again evident. The results for
positions A—1-B and A—2-B shown in Figures 15 and
16 are of the same character. The results for position
A-1-B (fig. 15) are especially interesting. Here the
cowling is not of so much advantage and this advan-
tage disappears at the higher angles of attack. This
result confirms early flight tests on cowled engine
nacelles made soon after the development of the
N. A. C. A. type of cowling. In position A-2-B
where the nacelle is farther from the wing the cowling
is more useful but still loses its value at high angles
of attack. In no case is cowling a detriment and in
the best nacelle position, position B, it is a decided
advantage, eliminating the loss of lift which occurs
when no cowling is used.

The results just discussed were obtained with the
nacelle faired into the wing except in position A-2-B.
Figure 17 indicates the effect of the fairing giving the
results with and without fairing for position A-1-B.
Fairing between the nacelle and wing eliminates about
25 per cent of the drag added by the cowled nacelles.
On the nacelle without cowling the fairing has no
effect. The air surrounding the nacelle is apparently
so stirred up by the engine cylinders that fairing can
not smooth the flow. When the nacelle is above the
wing where the velocity is higher the effects are even

more pronounced, as indicated in Kigure 18. This
result was given in the tabular data of reference 1 but
is so striking that it is reproduced as a curve here.
The drag due to the nacelle is reduced 75 per cent by
fairing and this with the completely cowled nacelle in
both instances. The cases cited point to the necessity
of careful fairing when the nacelle is near the wing.
The gains are more pronounced above the wing than
below and with cowling than without.

Another interesting side light on fairings is given by
the results of the tests with and without side brackets
on the nacelle in position B. These are given in Figure
19. It appears that about half the drag due to the
nacelle with hood is caused by these brackets. With
ring 3 and the uncowled nacelle very little gain is evi-
dent from removing the brackets. The most surprising
result is the improvement of lift. Where with side
brackets the lift at 10° was only 85 per cent of the lift
of the wing alone, with brackets removed it is 95 per
cent, nearly equal to the cowled nacelle and wing
combinations. This nacelle position shows the best
over-all results, as will appear later, but the engine
must be cowled and all protuberances eliminated for
best results.

A second variation of fairings is indicated in Figure
12, and the results are given in Figure 20. It was
considered that the intersection between the hood over
the cylinders and the wing might produce unfavorable
interference, and a fairing was placed over the front
as shown. The results indicate practically no effect
at 0° angle of attack and below, but at higher angles
the fairing on the hood is a seriousdetriment resulting
in large increases of drag as well as decreases of lift,
particularly in position A—1-A. This nacelle location
is poor on other grounds also (reference 1) and should
be avoided. Unfortunately, propeller tests were not
made with the fairing removed, so that the net results
for the completely cowled nacelle in these positions are
slightly poorer than they would have been with the
fairing removed.

The discussion thus far has been confined to general
interference effects, and no attempt has been made to
evaluate definitely. It is evident by now, however,
that the N. A. C. A. cowled nacelle is the best. The
N. A. C. A. hood applied to the small nacelle is better
than the variable-angle ring. Although rings 1 and
3 do not give as good results as the other cowlings
tested, they do represent types strikingly similar to
cowlings that have been observed on a number of
airplanes. Although they are not recommended, the
results of some tests are given in Figure 21, where they
are compared to the variable-angle ring. Ring 3 is
slightly poorer than the variable-angle ring at low
angles, and ring 1 is poorer throughout. This result
is perhaps accounted for by the difference in angle,
—6.3° against —8°. Rings 1 and 3 are circular, but the
variable-angle ring has nine sides and there is reason
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to suppose it would be improved if made circular also,
which could be done once the angle were fixed. No
effect of changing the fore-and-aft position of the rings
is noted. The —8° angle for the variable-angle ring
givesthelowest drag. Recent tests,however,on another
part of this project have indicated that the net effi-
clency is improved when the angle is made less. The
results of the tests of these rings are consequently only
useful as indications of possible results. The alter-
ations just indicated may improve the results, but it is
not likely that any ring on a small nacelle can be made
equal to a ring or hood on a large nacelle. Practical
considerations often dictate the simpler arrangement,
however.

As a final consideration of the interference part of
the problem, Figures 22 and 23 present the results
from tests of the exposed cylinder nacelle and the
N. A. C. A. cowled nacelles in the various positions.
There is no reason why there should be any agreement
of results; but apparently the cowled-nacelle polars
follow an almost parallel course whereas the uncowled
results indicate one position best at one angle of attack
and another at another. Position B is decidedly
better throughout with a completely cowled nacelle.
It is particularly poor at high angles with an uncowled
nacelle. Fairing the completely cowled nacelle into
the wing, which showed such an improvement in
position B-1-B (fig. 18), did not do this with the
uncowled nacelle except at low angles. The other
results are entirely in favor of the cowled nacelle,
although this advantage disappears to a large extent
at high angles of attack. This is, of course, to be
expected from the nature of the drag, the wing drag
increasing rapidly with angle of attack whereas the

drag added by the nacelle is substantially constant.

NET EFFICIENCY

The foregoing discussion represents the conclusions
that are arrived at without considering the propeller.
They are similar to what would result from any model
tests where only the nacelle and wing were present.
The principal advantage of the present tests, however,
is the study of the effects of the operating propeller.
The propeller supplies the thrust necessary to pull the
airplane through the air and a proper determination of
the thrust available under any given conditions for the
different nacelle-propeller-wing combinations is the key
to the relative merits of the different arrangements.

The variation of the lift and drag without propeller
has just been examined in detail. When the propeller
is operating, further changes occur and, in addition, the
propeller is affected by the presence of the nacelle and
wing.

These effects have been discussed at length in refer-
ence 1 and two factors are developed which are summed
up to give the net efficiency, a measure of the real merit

133208—32——3

of any wing-nacelle-propeller combination.
These factors are:

(1) The propulsive efficiency representing the ratio
of the effective thrust power to the motor power.
Effective thrust is defined as the propeller thrust
minus the increase of drag due to the slipstream, so
that the effects of the propeller on the body and the
body on the propeller are accounted for.

(2) The nacelle drag efficiency factor representing
the fraction of the motor power which is used in over-
coming the drag and interference of the nacelle.

The net efficiency, (1) minus (2), represents the
fraction of the total motor power that is available for
overcoming the drag of other parts of the airplane
exclusive of the nacelle. A high value of net efficiency
indicates a high propulsive efficiency or low nacelle
drag efficiency factor, or both. 1In any case the higher
the value the better the arrangement.

The details of the derivation of these factors are
given in reference 1 and the resulting formulas only
are repeated here.

(I'-AD)V_Cr V

Propulsive efficiency =»= Sae e e
2

& ODC_ODW S V :
Nacelle drag efficiency factor= = I (n_D>

= 3
Net efficiency =~ —— ——~—~ _<1

where Cp,,, drag coefficient of the wing at a given angle
of attack.

Cpg, drag coefficient of the wing-nacelle combi-
nation at the same lift coefficient as the
wing alone, and the other symbols as
previously defined.

These formulas may be applied to any operating
condition, and if the conditions are fixed for all nacelle-
propeller-wing combinations, a direct comparison may
be made. Following the method of reference 1, the
factors have been computed for an angle of attack of
the wing alone of 0° (C,=0.409) and a propeller

;YD=O.65, corresponding to an assumed high-speed
operating condition, and also for an angle of attack

of the wing alone of 5° (C,=0.652) and 7%=O.42, cor-

responding to climb. The high-speed 1—317—) is the average
value at which the propeller operated at peak efficiency
in the tests. The climb 77VD‘ is the corresponding aver-

age value obtained by assuming a climbing speed equal
to 60 per cent of the high speed and the motor power
reduced in proportion to the engine speed, i. e., the
engine developing constant torque, which is substan-
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tially true for airplane engines. The lift effect of the
propeller is accounted for by adjusting the angle of
attack to give the same lift as the wing alone as noted
in the definition of Cp, so that the comparisons are
essentially for the same speed, although the actual
speed is undetermined.

The factors thus derived for the nacelles and cowlings.
in the different positions are given in Tables 1X and X
The corresponding data from reference 1 are also given
for comparison.

Without going into great detail it is at once apparent
that the propeller has considerable influence on the
final result. The effect of the cowling on propulsive
efficiency is first noted. In the high-speed condition
(Table IX) the N. A. C. A. cowled nacelle gave the
least propulsive efficiency and ring 1 on the small
nacelle the highest. The propulsive efficiency with the
small nacelle uncowled is also considerably higher than
with the N. A. C. A. cowled nacelle. These results
are in agreement with those of numerous other tests.
Apparently, bodies of high drag behind the propeller
give higher propulsive efficiencies than low-drag bodies.
In other words, the higher propeller efficiency partly
compensates for the drag of a poor body.

These fortunate changes of the propulsive efficiency
are, however, insufficient to produce higher net efficien-
cies. In the case of the small nacelle uncowled and
with ring 1 the drag is very high so that the net result
is poorer than for the N. A. C. A. cowled nacelle in all
cases. It is of interest to note that the order of merit
for the different positions is the same as was derived
from the consideration of drag alone. This circum-
stance is considered merely fortuitous and it may be
said that the correct determination of the nacelle
location must include the propeller effects.

Tn the climb condition (Table X) the differences are,
as expected, less marked. The propeller evidently
contributes a great deal, however, owing to the con-
siderable vertical component of thrust and increase in
velocity over the wing. The nacelle drag efficiency
factors are mainly negative, indicating a favorable
influence of nacelle and propellers. The same order
of merit obtains, however, as for high speed and the
use of cowling is of some advantage.

CONCLUSIONS

The following conclusions are based on a general sur-
vey of the results of the tests. Other conclusions might

be drawn, but would probably have to be modified for
other arrangements than those tested here.

1. The drag and interference of nacelles are reduced
by cowling the nacelle. Cowled nacelles located near
the wing, however, should be carefully fared into the
wing rather than supported by struts only.

2. Side brackets on nacelles ahead of the wing
should be avoided.

3. Fairing the cowling hood into the wing is to be
avoided.

4. The propulsive efficiency of nacelle-propeller-
wing combinations is reduced by adding cowlings to the
nacelle.

5. The net efficiency is greatest for a completely
cowled nacelle.

6. The best location of a tractor nacelle is about 25
per cent of the chord ahead of the leading edge of the
wing. To avoid a reduction in lift the nacelle should
be cowled.

7. The location of the nacelle and the type of cowling
are of great importance at high speed but are of little
importance at climbing speeds.

LANGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,
LancLey Frewp, Va., May 12, 1932.
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TABLE I

LIFT COEFFICIENT WITHOUT PROPELLER

Lift
Co= o8
q
Type of cowling 50m.p.h. R.N.=2,150,000 | 75 m.p.h. R.N.=3,220,000 100 m. p. h.  R. N.=4,300,000 ]
Amglelotattacks 0 oo - .. —5° 0° +5° 10° —5° 0° +5° 10° —5° 0° +5° 10° 12°
Nacelle position B, side brackets removed
= Exposed cylinders_...-. ... __._____ 0.180 | 0.429 [ 0.674 | 0.880 | 0.160 [ 0.390 | 0.630 | 0.843 | 0.149 | 0.385 | 0.620 [ 0.837 | 0.890
§ N. A. C. A, hood.. 179 .420 . 662 L9057 .152 . 402 . 640 . 890 15 40 . 643 . 889 988
b1 Ring 3, position 2_ . 176 . 408 . 642 . 875 . 163 . 393 . 633 . 872 144 383 . 625 . 868 965
g Ring 3, position 3_ . 160 . 398 . 628 . 865 . 156 . 392 . 627 . 865 148 385 . 625 865 955
Ring 1, position 2_ _ .173 . 405 . 640 . 873 .161 . 395 . 630 . 868 150 388 . 625 862 952
(E Ring 1, positiond. ... ____.... . 169 . 400 . 635 . 870 . 161 . 394 . 630 . 864 152 385 . 622 855 951
Varlable ring —8°_ . 165 . 395 . 623 . 851 . 156 . 385 .617 . 847 144 377 . 609 842 936
AN Ao e . 189 427 . 664 .902 L174 417 . 659 . 902 154 403 . 652 902 | 1.004
Nacelle position B, with side brackets
z' Exposed cylinders........_...___. 0.172 | 0.405 | 0.605 | 0.773 | 0.168 | 0.400 | 0.600 | 0. 769 0.160 | 0.390 | 0.593 | 0.760 [ 0.806
1 hN . hood - - . 165 .413 . 660 . 908 . 150 . 400 . 648 . 130 . 383 . 633 . 885 .978
7] Ring 3, posltlon P M L R .172 . 407 . 643 . 882 . 165 . 398 . 637 877 . 150 . 389 . 628 . 868 . 962
Nacelle position B-1-A, faired into wing
Z. Exposed cylinders_..._.._________ 0.168 | 0.381 ] 0.615) 0.828 | 0.161 | 0.385) 0.611 | 0.825| 0.151 | 0.377 | 0.605| 0.821 | 0.893
| ENCHAL O hood - - Aol .408 . 644 . 885 . 160 . 390 . 634 . 876 . 146 . 384 . 621 . 863 . 956
n Ring 3, posmon 2. . 160 . 400 . 637 . 875 . 155 . 392 . 632 . 867 . 150 . 387 . 623 . 856 . 935
Variable ring o = [ROT6D . 405 . 640 . 879 .163 . 399 . 635 . 874 . 155 . 391 . 629 . 868 . 959
INSRA SO A coWImEs & S0t .197 .433 . 671 .914 . 183 .422 . 664 . 908 . 163 . 407 . 653 . 900 . 996
Nacelle position B-1-A, unfaired
NS AR GINAS Gow I 2 L S 0.182 | 0.403 [ 0.621 | 0.821 | 0.166 | 0.388 | 0.609 | 0.814 | 0.141 | 0.368 | 0.593 | 0.804 | 0.871
Nacelle position A-1-B, faired into wing
Z. Exposed cylinders_ . ......._______ 0.198 | 0.419 | 0.638 | 0.860 | 0.188 | 0.411 | 0.633 | 0.858 | 0.173 | 0.400 | 0.627 | 0.854 | 0.939
LIENAL G A hood- = == =gl . 169 . 398 .621 . 850 . 166 .398 . 626 . 858 . 161 . 398 . 632 . 869 . 952
7] Ring 3, position 2. _ . 180 . 407 . 629 . 852 .173 . 400 . 624 . 850 . 160 . 390 . 617 . 847 . 927
Varlable ring = .181 . 405 . 630 . 854 .163 . 393 . 623 . 853 .138 .375 .613 . 852 . 940
ARG ANeoWIEL s e s B S . 150 .388 . 620 . 764 . 145 . 381 . 613 . 762 . 139 .372 . 603 . 760 . 863
Nacelle position A-1-B, unfaired
Z' Exposed cyhnders _______ m i 0.212 | 0.426 | 0.638 | 0.852 | 0.202| 0.418 | 0.634 | 0.850 | 0.190 | 0.407 | 0.628 | 0.848 | 0.933
2 N. A hood.- - 2|R176 . 402 . 630 . 852 .173 . 402 . 633 . 858 .170 . 402 . 637 . 868 . 958
0 Ring 3, posmon P AR s . 190 . 415 . 641 . 868 . 181 . 409 . 634 . 862 . 168 .398 . 626 . 855 . 945
Nacelle position A-2-B
Z. Exposed cylinders. ... _______.____ 0.170 | 0.400 | 0.623 | 0.857 | 0.162 | 0.394 | 0.626 | 0.857 | 0.151 | 0.386 | 0.623 | 0.857 | 0.950
o N. A. C. A, hood. .. . 155 . 394 . 631 .872 . 149 . 388 . 627 . 868 . 141 . 380 . 621 . 862 . 946
@n Ring 3, positlon D o . 165 . 400 . 637 . 870 . 157 . 393 . 630 . 865 . 145 . 380 .618 . 858 . 946
Vnriable ring —8°_ . 142 . 384 . 625 . 866 . 142 . 384 . 625 . 866 . 142 . 384 . 625 . 866 . 949
AU A S cowl oL - L . 155 . 389 . 623 . 855 . 152 .384 . 619 . 850 . 147 .378 .613 .844 . 877
Nacelle position A-1-A, faired into wing
INSAT @A cowIit o 0.208 | 0.435 | 0.658 | 0.872 | 0.197 | 0.427 | 0.654 | 0.873 | 0.182 | 0.415| 0.648 | 0.875 | 0.905
INCEAROY IR N eow] RS — ie - L el L . 195 .424 . 651 . 879 .190 .419 . 646 .872 .184 .412 . 639 . 866 . 955
Nacelle position A-1-B, faired into wing
INEARCRATcowlle . o 0.155 | 0.391  0.625 | 0.860 | 0.147 [ 0.383 | 0.619 | 0.855 | 0.135| 0.370 [ 0.610 | 0.848 | 0.945
NVACG Acowd=lo " L. 150 | .388 . 620 . 764 .145 . 381 .613 . 762 .139 .372 . 603 . 760 .783
‘Wing alone
0.179 | 0.417 | 0.652 | 0.889 | 0.175 | 0.414 | 0.650 | 0.887 | 0.169 | 0.409 | 0.646 | 0.885 ’ 0. 960

1 Nose fairing removed.
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TABLE II
DRAG COEFFICIENT WITHOUT PROPELLER
Gy Drag
qS
Type of cowling \ 50 m. p. h. R. N.=2,150,000 ‘ 75m. p.h. R. N.=3,220,000 100 m. p. h.  R. N.=4,300,000
Angleofstiatkec o o ] —5° (1 ) +5° 10° —5° 0° +5° 10° —5° 0° +5° 10° 129

Nacelle position B, side brackets removed
= Exposed eylinderss = 0.0325 | 0.0550 | 0.0965 | 0.1580 | 0.0310 | 0.0520 | 0.0925 | 0.1545 | 0.0300 | 0.0500 | 0.0915 | 0.1525 | 0.1830
8 A. C. A, hood._ L0270 | .0485 | .0820 [ .1610 0245 | .0455 | .0890 1565 | .0230 | .0445 | .0885 | .1545 1840
< Ring 3, position 2_ L0335 | .0525 | .0945 | .1675 0295 | .0503 | .0920 1575 | .0285 .0490 | .0905 | .1562 1870
E Ring 3, position 3. .0315 | .0525 | .0925 | .1573 0295 | .0500 | .0905 1560 | .0285 | .0490 | .0900 1560 | .1840
=2 Ring 1, p051tmn 2. L0393 | .0601 | .1000 | .1687 0365 | . 0561 . 0965 1620 | .0350 | .0550 | .0955 1600 | . 1910
B Ring ], pOSItlon 3. L0395 | .0615 | .1020 | .1615 0355 | .0570 | .0960 1605 | .0340 | .0550 | .0953 .1600 | .1895
o Variable ring —8°.. L0270 | .0480 | .0910 | .1530 | .0260 | .0460 | .0895 1520 | .0250 | .0455 | .0890 1510 | .1835
N A A coW ] e e 0205 | .0440 | .0890 | .1530 0200 | .0425 | .0880 1525 0195 | .0420 | .0870 1520 | .1830

Nacelle position B, with side brackets

. Exposedlcylinders s e e e 0.0320 | 0.0544 | 0.0952 | 0.1675 | 0.0295 | 0.0515 | 0.0920 | 0.1630 | 0.0291 | 0.0507 | 0.0905 | 0.1618 | 0.1920
Z N.A.C. A, hood.-. L0255 | .0485 | .0960 | .1645 | .0245 | .0460 | .0920 1600 | .0235 | .0458 | .0910 | .1585 [ .1900
=5 Ring 8, position' 2 - -« - _"_________ .0306 | .0525 | .0980 | .1683 | .0287 | .0500 | .0945 1615 | .0283 | .0483 | .0927 | .1593 | .1910

Nacelle position B-1-A, faired into wing
Z. Exposed oylinders s 0.0315 | 0.0555 | 0.0990 | 0.1640 | 0.0305 | 0.0545 | 0.0980 | 0.1625 | 0.0300 | 0.0545 | 0.0980 | 0.1605 | 0.1925
1 N. A. hood- - .0270 | .0520 | .0980 | .1680 0260 | .0495 | .0955 | .1640 | .0250 | .0485 | .0940 1620 | . 1930
w Rlng 3, posmon 2. 0335 | .0552 | .1015 | .1695 | .0305 | .0530 | .0985 1667 | .0300 | .0515 | .0975 | .1660 | .1960
Vanable ring —8°. 0280 0530 | .0980 | .1720 | .0270 [ .0510 | .0965 1670 | .0270 | .0500 | .0955 1660 1950
N A O A coW e I 0230 0480 | .0965 | .1620 | .0220 | .0470 | .0945 1610 | .0220 | .0455 | .0940 | .1605 | .1910

Nacelle position B-1-A, unfaired

N A G A oW 0.0300 | 0.0580 | 0.1100 | 0.1795 | 0.0290 | 0.0565 | 0.1070 | 0.1775 ‘ 0. 0280 { 0. 0545 | 0.1060 | 0.1740 | 0.2055

Nacelle position A~1-B, faired into wing
Z. ExXbosed cyllnders e e 0.0440 | 0.0575 | 0.0915 | 0.1450 | 0.0435 | 0.0550 | 0.0910 | 0.1450 | 0.0440 | 0.0555 | 0.0905 | 0.1450 | 0.1730
: N. A. C. A, hood - _.{ .0355( .0510 ( .0880 | .1440 | .0340 | .0505 | .0865 1430 | . 0335 | .0495 | .0860 | .1420 1705
/] Ring 3, position 2. o 0410 | .0533 | .0910 | .1446 | .0385 | .0520 | .0886 1446 0380 | .0520 | .0875 | .1447 1720
Variable ring —8°____________ = 0405 | .0530 | .0880 | .1465 | .0385 | .0505 | .0865 1460 | .0380 | .0500 | .0860 | .1460 1750
N A O A oW 0260 0460 | .0850 | .1570 | .0240 | .0425 | .0825 1525 | .0230 | .0420 | .0815 | .1510 1820

Nacelle position A-1-B, unfaired
. Exposed cylmders ________________________________ 0.0445 | 0.0572 | 0.0915 | 0.1495 | 0.0445 | 0.0572 | 0.0915 | 0.1470 | 0.0445 | 0.0572 ( 0.0915 | 0.1460 | 0. 1740
Z‘ AT G AN G0 (e e e e .0370 | .0530 | .0890 | .1460 | .0370 | .0530 | .0887 | .1445 | .0370 0530 | .0887 | .1440 [ .1730
w ng 3, posmon e e e S P e .0445 | .0560 | .0937 | .1510 [ .0420 | .0562 | .0910 | .1480 | .0403 0550 | .0807 | .1460 1740
Nacelle position A-2-B
Z' Exposed eylinders S e T e 0.0400 | 0.0565 | 0,0930 | 0.1480 | 0.0385 | 0.0560 | 0.0930 | 0.1490 | 0.0385 | 0.0560 | 0.0930 | 0.1490 | 0.1775
g N. AN A hood: -~ o el 00340 | .0520 | .0900 | .1500 | .0315 | .0490 | .0890 | .1480 | .0310 | .0490 | .0885 | .1480 1760
w ng 3, posmon i e . 0387 L0550 | .0918 | .1527 | .0365 | .0520 | .0900 | .1500 | .0355 .0502 | .0900 | .1492 1780
Vanable g R 0335 | .0520 | .0910 | .1500 0325 | .0500 | .0900 | .1500 | .0320 | .0495 [ .0890 | .1500 1770
N A G A oW 1 0245 0455 | .0825 | .1410 0240 | .0440 | .0825 | .1410 | .0235 | .0425 | .0820 | .1410 1720
Nacelle position A-1-A, faired into wing

N A G A oW 0.0267 | 0.0547 | 0.0985 | 0.1680 | 0.0253 | 0.0515 | 0.0965 | 0.1660 | 0.0252 | 0.0505 | 0.0960 | 0.1660 | 0. 1980
N A G A cowW ] e e 70260 | .0520 | .1080 | .1810 | .0250 | .0510 | .1070 | .1780 | .0240 | .0500 | .1060 | .1760 | .2105

Nacelle position A~1-B, faired into wing
NA, G A oW o oo 0.0283 | 0.0475 | 0.0825 | 0.1425 | 0.0263 | 0.0440 | 0.0820 | 0.1418 | 0.0260 | 0.0425 | 0.0820 | 0.1415 | 0. 1690
NI A G A cowWl s e 10260 | .0460 | .0850 | .1570 | .0240 | .0425 | .0825 | .1525 | .0230 | .0420 ( .0815 | .1510 | . 1820

Wing alone

0.0180 | 0.0425 | 0.0830 | 0.1440 | 0.0175 | 0.0415 | 0.0825 | 0.1440 | 0.0165 | 0.0405 | 0. 0825 0.1440 | 0.1740

1 Nose fairing removed.




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE III
MOMENT COEFFICIENT WITHOUT PROPELLER
Ot Moment
qSc
(Moments were the same at all air speeds)
Angle cf attack
Type of nacelle
—5° 0° +5° 10° 12°
Nacelle position B, side brackets off
o Exposed eyl nders S —0.075 | —0.065 | —0.056 | —0.054 | —0.063
'§ A A R i e —. 077 —. 064 —. 057 —. 057 —. 058
1 R;ng3 pos}t}on P e e e O R —.078 —. 060 —..061 —.051 | —.062
H Ring dposition' ae~-- Wa-s St TR C S —. 076 —. 062 —. 056 —.055 | —.049
= Rinp 1, position 2MAE NSNS L —. 075 —. 062 —. 053 —.052 | —.053
g Ring 1, position 3.__ —.073 —. 063 —. 055 —. 054 | —.058
7] Variable ring—8°_ —. 077 —. 060 —. 050 —.051 | —.055
NETARCO AT dowlingi oL N b e ur nd —. 074 —. 063 —. 056 —.054 [ —.055
Nacelle position B, with side brackets

i Hxposed/eylInders. - oo —0.077 | —0.064 | —0.051 | —0.059 | —0.060
4 | N.A.C.A.hood._. | —.076| —.063| —.055| —.053| —.052
» | Ring 3, posmon e A T e e e —. 078 —. 060 —. 051 —.050 | —.048

Nacelle position B-1-A, faired into wing
S Exposed GYHNAORRY T L, o ol S —0.061 | —0.052 | —0.050 | —0.046 | —0.056
Z N. A . hood.__ » —. 067 —. 049 —. 044 —. 043 —. 048
-3 Ring 38, posimon 2 i —. 055 —. 050 —. 046 —.040 | —.043
Variable ring—8°__ L2 —. 060 —. 048 —. 045 - —. 042
N R CPAC I dowling. L o T Tl —.051 —. 044 —. 040 —.043 | —.045

Nacelle position B-1-A, unfaired

NEEA OIS Acowtng: —0. 061 —0.050 | —0.045 | —0.045 | —0.047

Nacelle position A-1-B, faired into wing
= Txposedioviinderite e St i o 0 e —0.075 | —0.085| —0.067 | —0.071 | —0.079
Z NA GRS e L e e —. 084 —. 080 —.074 —.075 | —.075
A Bingsipoxiflon'2, =l = 8 s —. 082 —. 080 —. 075 —.076 | —.077
Variable ju it el B Sl il e R I —. 078 —. 082 —. 074 —.076 | —.076
NSA G A covlinge T Al T T D AL —. 081 —. 075 —. 073 —.083 | —.087

Nacelle position A-1-B, unfaired
s EExposedoyliaders =0 L~ o o —0.069 | —0.071 | —0.069 | —0.073 | —0.078
Z . hocd. . —.078| —.074| —.070| —.o7| —.075
2] Ringdpositlon 2. o=l e I N e T —. 087 —. 080 —. 074 —.075 | —.075
Nacelle position A-2-B

. Exposed eylindepRal oo oo o ol ] b (1 & —0 078 —0.075 | —0.073 | —0.072 | —0.075
Z . A.C. A. hood —. 075 —. 073 —.072| —.076
A ng3 position 2 — 084 =071 —. 069 —.075| —.075
Variable ring—8°_ _ —. 082 —. 074 —.073 —.075 | —.074
NEASORA oowlIng-0 - o L —.078 —.071 —.068 —.070 | —.079
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Propeller No. 4412—4 feet.

TABLE IV
THRUST COEFFICIENT

(T—AD)

Cr= p n2D*

Set 17° at 0.75 R. Angle of attack=—5°

14
nD
Type of nacelle
0.1 ‘ 0.2 I 0.3 0.4 0.5 } 0.6 ‘ 0.7 \ 0.8 ‘ 0.9 1.0
Nacelle position B, side brackets removed
= Exposed cylinders_ .. __________---- 0. 0868 0. 0823 0. 0760 0. 0682 0. 0586 0. 0476 0.0351 0.0219 0. 0076 —0. 0074
g . A. hood.. s . 0851 . 0803 . 0739 . 0665 . 0572 . 0461 . 0333 . 0195 . 0040 —. 0130
= Ring 3, position 2__ _.-| .0853 . 0816 . 0761 . 0688 . 0597 . 0489 . 0367 . 0234 . 0094 —. 0068
= Ring 3, position 3_. —--| .0858 . 0818 .07 . 0687 . 0598 . 0492 . 0373 . 0242 . 0106 —. 0043
ES Ring 1, position 2__ 2= . 0855 . 0822 L0773 . 0706 . 0623 . 0522 . 0400 . 0272 L0134 —. 0010
E Ring 1, position 3.. | .0872 . 0839 . 0785 L0712 . 0625 . 0524 . 0408 L0275 . 0126 —. 0033
Variablering—8% - - - . 0894 . 0843 .0778 . 0697 . 0603 . 0496 . 0380 . 0247 . 0101 —. 0057
NICASE . A cowling® 258 20 oo oo == . 0852 . 0805 . 0741 . 0665 . 0570 . 0463 . 0339 . 0208 . 0050 —. 0115
Nacelle position B, with side brackets
0 Exposed cylinders. ... e 0. 0869 0. 0821 0. 0759 0. 0680 0. 0585 0. 0476 0. 0351 0.0215 0. 0070 —0. 0085
‘&. N. A. . hood.-. =0 . 0855 . 0812 . 0751 . 0674 . 0576 . 0465 . 0343 . 0208 . 0062 —. 0095
7 | Ring 3, posmon D e e e . 0842 . 0800 . 0742 . 0670 . 0582 . 0480 . 0368 . 0241 . 0098 —. 0060
Nacelle position B-1-A, faired info wing
o Exposed cylinders. . ... ... ..---- 0. 0882 . 0832 0.0770 . 0691 0. 0601 0. 0500 0. 0388 0. 0260
/j N. A.C. A. ood., e . 0883 . 0830 . 0762 . 0683 . 0590 . 0487 . 0376 0244
n Ring 3, POSILION 2. - ||| n e e oo oo oo o oo oo opp | s m e
Vanable ping RO e 0862 0819 0759 . 0685 0594 . 0491 . 0378 . 0248
N, A. C. A.cowling_____ - 0845 0800 0739 . 0663 0571 . 0469 . 0352 . 0220
Nacelle position B-1-A, unfaired
N ALIC A cowling Raes R T e 0. 0833 0.0782 0.0718 0. 0641 0. 0550 0. 0448 0. 0334 0. 0203 0. 0065 —0.0110
Nacelle position A-1-B, faired into wing
g Exposed cylinders= S SRASE ST 0. 0827 0.0782 0.0722 0. 0646 0. 0555 . 0450 0. 0332 0. 0204 0. 0073 —0. 0062
Z. N. A. C. A. hood._. 0824 L0773 L0711 . 0637 . 0548 . 0442 . 0429 . 0208 . 0080 —. 0060
@0 ng 3, po<1t10n 2. . 0822 . 0789 . 0737 . 0669 . 0586 . 0489 . 0378 . 0256 . 0127 —. 0010
Variable ring—8°_ = . 0810 . 0760 . 0699 . 0623 . 0537 . 0440 . 0331 . 0210 . 0088 —. 0038
NGAL CrAlcowlihgo o - —___=_______. . 0805 . 0766 . 0709 . 0636 . 0548 . 0445 . 0332 . 0211 . 0078 —. 0072
Nacelle position A-1-B, unfaired
P Exposed cylinders. 0. 0832 0. 0792 0.0737 0. 0670 0. 0588 0. 0492 0. 0382 0. 0262 0.0133 —0. 0005
‘Z. N. A. C. A. hood._ . 0810 L0776 . 0708 . 0632 . 0545 . 0445 . 0337 0209 . 0073 —. 0077
] Ring 3, position 2 . 0829 . 0787 L0729 . 0656 . 0570 . 0469 . 0360 0242 . 0118 —. 0015
Nacelle position A-2-B
[ Exposed oylinders. - ... ——_:.| 0.0807 0. 0859 0. 0801 0.0723 0. 0628 . 0512 0380 . 0237 . 0074 —0. 0097
'{‘_ ANE A hoodi a2 - =0 e . 0901 . 0855 L0788 . 0703 . 0604 . 0483 0349 . 0202 . 0040 —. 0134
0 ng 3, posmon O | | o | | e | e e
Varmble TN g SO SR . 0896 0850 0785 0703 0605 0490 0359 . 0209 . 0050 —.0123
N. A. C. A. cowling-_ e . 0855 0809 0749 0669 0571 . 0453 . 0320 . 0171 . 0009 —. 0167




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE IV—Continued
THRUST COEFFICIENT

23

G E=0D)
T="p n2D*
Propeller No. 4412—4 feet. Set 17° at 0.75 R. Angle of attack=0°
Avis
nD
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed

% Exposed eylinders. ...-co..._.___ 0. 0806 0.0743 0. 0665 0. 0570 0. 0456 0. 0331 0. 0198 0. 0054 —0. 0097

& | N.A.C.A. hood.. . 0796 . 0728 . 0648 . 0553 . 0443 . 0318 . 0182 . 0027 —. 0145

- | Ring 3, position 2__ 0805 . 0747 . 0672 . 0582 . 0480 . 0364 . 0232 . 0090 —. 0070

= | Ring 3, position 3. 0808 . 0749 . 0673 . 0582 . 0480 . 0360 . 0230 . 0087 —. 0070

< Ring 1, position 2. . 0816 . 0765 . 0697 . 0610 . 0506 . 0384 . 0251 . 0102 —. 0060

UE) Ring i position 3__ . 0830 . 0780 L0712 . 0621 . 0507 . 0388 . 0258 . 0110 —. 0050

Variable ring —8°._ . 0756 . 0674 . 0580 . 0474 . 0361 0229 . 0080 —. 0078

AL AsCoWHDE -2 e 0793 L0725 . 0645 . 0554 . 0450 . 0328 . 0195 . 0052 —. 0110

Nacelle position B, with side brackets

Z' Exposed cylinders.....-........__ 0. 0866 0. 0819 0. 0754 0. 0674 0. 0575 0. 0467 0.0345 0. 0219 0. 0084 —0. 0053

N. A. C. A, hood.. . 0845 . 0800 . 0740 . 0660 . 0565 . 0457 . 0333 . 0199 . 0053 —. 0097

o Ring8, position'2:. - .- ... ___ . 0839 . 0796 . 0735 . 0656 0569 . 0466 . 0350 . 0222 . 0078 —. 0073

Nacelle position B-1-A, faired into wing

i Exposed eylinders._..._..-__._.__._. 0. 0857 0. 0810 0.0747 0. 0670 0. 0579 0. 0478 0. 0367 0. 0238 0. 0100 —0. 0050

Y N. A. C. A. hood.__ . 0862 . 0813 . 0748 . 0668 L0571 . 0464 . 0344 . 0211 . 0066 —. 0090

1] Ring 3, position 2__ . 0852 . 0807 L0745 . 0670 . 0581 . 0479 . 0370 . 0242 . 0100 —. 0050

Variable ring —8° -l .0854 . 0806 . 0741 . 0662 . 0571 . 0467 . 0353 . 0225 . 0077 —. 0082

INGARCL ANcowling = 1°___ .. . 0843 . 0790 .0722 . 0640 . 0542 . 0436 . 0319 0190 . 0045 —. 0112

Nacelle position B-1-A, unfaired
N ASCHA  cowling: .. 2ole oot 0.0823 | 0.0767 | 0.0699 | 0.0622 | 0.0531 | 0.0428 | 0.0314 | 0.0185 | 0.0044 | —0.0110
Nacelle position A-1-B, faired into wing

z‘ Exposed cylinders 0. 0842 0. 0800 0. 0742 0. 0670 0. 0581 0.0474 0. 0355 0. 0222 0. 0079 —0. 0075

y N. A. C. A. hood . 0823 L0775 L0713 . 0639 . 0551 . 0459 . 0357 . 0247 . 0123 —. 0023

2] Ring 3, position 2 . 0820 . Q781 L0727 . 0658 L0575 . 0478 . 0369 . 0250 L0127 —. 0007

Variable ring —8° . 0813 . 0761 . 0698 . 0620 . 0530 . 0440 . 0342 . 0233 . 0120 . 0000

N. A. C. A. cowling- . . 0805 . 0765 . 0709 . 0635 . 0550 . 0449 . 0339 . 0222 . 0098 —. 0036

Nacelle position A-1-B, unfaired

z‘ Exposed cylinders..-.-----——-——-_. 0. 0822 0.0776 0.0718 0. 0648 0. 0565 0. 0473 0. 0368 0. 0249 0.0118 —0. 0020

N N. A. C. A. hood.__ . 0807 . 0762 . 0706 . 0629 . 0545 . 0452 . 0351 . 0241 . 0110 —. 0030

2] Ring 3, position¥2._ "= ________.1 . 0828 . 0780 . 0720 . 0647 . 0563 . 0468 . 0370 . 0254 . 0133 . 0003

Nacelle position A-2-B

7‘ Exposed cylinders._ .__..._________ 0. 0897 0. 0860 0. 0802 0.0728 0. 0638 0. 0532 0.0410 0. 0277 0. 0131 —0. 0033

B! N. A. C. A, hood... -| . 0900 . 0845 . 0787 . 0706 . 0606 . 0496 . 0370 . 0230 . 0077 —. 0093

n Ring 3, position 2___ -| .0895 . 0852 L0791 L0714 . 0620 0509 . 0383 0250 . 0105 —. 0050
Variable ring —8° = . 0907 . 0859 . 0793 . 0710 . 0614 . 0501 . 0375 . 0237 . 0083 —. 0081 |
NGRS G AN cowHng:- = - . - . 0861 . 0813 . 0750 . 0672 . 0575 . 0464 . 0338 . 0201 . 0053 —. 0102 |
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Propeller No. 4412—4 feet.

TABLE IV—Continued
THRUST COEFFICIENT

T—AD
Cr= ‘ nqu)

Set 17° at 0.75 R. Angle of attack=+-5°

Vil
nD
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Nacelle position B, side brackets removed
= Exposed cylinders. .. ______________ 0. 0829 0.0773 0.0703 0. 0620 0. 0524 0.0418 0.0301 0.0180 0. 0050 —0. 0087
g N. A Gt leos L TR 0822 . 0769 . 0700 . 0619 . 0525 . 0419 . 0302 0174 . 0034 —.0113
S Ring 3, posmon oo . 0804 L0759 . 0698 . 0622 . 0532 . 0430 . 0318 0192 . 0062 —. 0075
= Ring 3, position . . 0810 . 0760 . 0693 . 0615 . 0525 . 0425 . 0317 0197 . 0067 —. 0073
< Ringl,position2—=—==——=" "=~ . 0808 . 0768 L0712 . 0639 . 0549 . 0449 . 0340 . 0221 . 0092 —. 0048
g Ring 1, position’g = = =< -~ " . 0828 0780 0720 . 0644 0555 . 0457 . 0344 . 0221 . 0096 —. 0035
iVariable fingl==aoiacoris s e . 0847 0789 0716 . 0633 0539 . 0434 . 0323 0198 . 0065 —. 0078
N.A.C.A.cowling _____________.____ E . 0829 0779 0712 . 0630 0530 . 0413 . 0293 0167 . 0032 —. 0110

Nacelle position B, with side brackets
Z‘ Exposed cylinders__ . ____________ 0. 0831 0.0772 0. 0700 0.0614 0.0517 0.0410 0. 0297 0.0177 0. 0048 —0. 0090
< N. A. C. A, hood- . 0815 . 0767 . 0702 . 0624 . 0530 . 0423 . 0306 . 0178 . 0043 —. 0100
wn Ring:8, positioni@t it isnsse e n ey . 0820 . 0768 . 0700 . 0620 . 0535 . 0434 . 0322 . 0203 . 0072 -

Nacelle position B-1-A, faired into wing
Z’ Fxposed cylinderg s EiEsamoTt 0. 0846 0.0779 0.0701 0.0614 0. 0522 0.0424 0.0318 0.0197 0. 0069 —0. 0070
% NA Gheod -t ieo . 0818 . 0762 . 0694 . 0611 L0517 . 0413 . 0297 . 0170 . 0035 —. 0110
w2 Ring 3, posmon 2 ook . 0834 0782 0716 . 0634 0540 . 0433 . 0319 . 0196 . 0066 —. 0067
_ | Variable ring —8°__ 3 .| .0824 0771 0704 . 0623 0530 . 0428 . 0315 . 0193 . 0067 —. 0070
NVATOAR cowlingi e e . 0820 0765 0696 . 0611 0513 . 0407 . 0287 . 0157 . 0021 —. 0125

Nacelle position B-1-A, unfaired

NETASEGEAR cOWIIn g e 0. 0308 0. 0751 0. 0681 0.0599 0. 0506 0.0404 0. 0294 0.0168 0. 0035 —0.0102

Nacelle position A-1-B, faired into wing
Z' Exposed cylinders 0.0774 0.0712 0. 0640 0. 0559 0.0471 0.0379 0.0279 0.0175 0. 0063
: N ASG A hood———————— . 0752 . 08389 . 0812 . 0525 0428 . 0325 . 0217 0105 —. 0014
7} Ring 3, position 2__ . 0763 . 0705 . 0634 . 0551 0460 . 0360 . 0254 0143 . 0028
Variablering —8°_________ = . 0762 . 0705 . 0633 . 0548 . 0452 . 0347 . 0236 0118 —. 0005
INLA G ATeowling == e L0775 . 0699 . 0627 . 0533 . 0437 . 0338 . 0231 0123 . 0005

Nacelle position A-1-B, unfaired
2 E‘(po~ed cylmder<_ ......... 0. 0803 0.0754 0. 0692 0. 0621 0. 0540 0. 0450 . 0352 0. 0242 0.0126 0. 0000
Z_ A. hood- = 0796 . 0747 . 0680 . 0600 .0512 . 0422 . 0326 . 0225 L0115 . 0003
7] ng 3 posmon RS I . 0810 . 0763 . 0698 . 0618 . 0532 . 0445 . 0353 . 0253 0145 . 0030
Nacelle position A-2-B

3 Exposed cylinders 0. 0897 0. 0859 0. 0797 0.0713 0. 0621 0. 0520 0. 0404 0. 0280 0.0149 0. 0007
Z NALIOSA T Hood s asmsnsses . 0884 . 0837 L0774 . 0697 . 0605 . 0500 . 0385 0262 L0129 —. 0015
o Ring 3, position 2__________ . 0884 . 0836 L0773 . 0698 . 0608 . 0506 . 0395 . 0274 . 0149 . 0015
Variablering —8°__________ . 0878 . 0830 L0767 . 0690 . 0602 . 0504 . 0396 . 0279 . 0156 . 0015
N A @ Ascowling. - - .. . 0854 . 0807 ¢ (_)741 . 0662 . 0571 . 0462 . 0349 . 0229 . 0105 —. 0024




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

Propeller No. 4412—4 feet.

TABLE IV—Continued

THRUST COEFFICIENT

(T—AD)

Cr= p n*D?*

Set 17° at 0.75 R. Angle of attack=+410°

il
nD
Type of nacelle
’ 0.1 ‘ 0.2 { 0.3 0.4 0.5 0.6 ’ 0.7 ( 0.8 I 0.9 ’ 1.0
Nacelle position B, side brackets removed
= | Exposed cylinders.________________ 0. 0790 0. 0720 0. 0640 0. 0552 0. 0457 0. 0359 0. 0252 0. 0142 0.0031 —0.0079
BN AN @A hoed. sl T T C 0784 0723 . 0651 . 0570 . 0479 0382 0280 0170 0052 —. 0075
8 | Ring3, position2.___________ """~ . 0786 0724 0651 . 0570 0478 0382 0280 0170 0055 —. 0067
= | Ring 3, position 3__ . 0776 0716 0645 . 0564 0477 0382 0285 0179 0065 —. 0053
=1 Ring 1, position 2__ L0771 28 0670 . 0597 0510 0414 0308 0198 0081 —. 0045
& | Ring 1, position 3_- 0782 0718 9 . 0570 04 0404 0310 0208 0100 —. 0015
Variable ring —8° X . 0822 L0753 . 0674 . 0587 0495 0398 0295 0187 0079 —. 0032
NeACNANdowling: - el . 0798 . 0738 . 0660 . 0572 . 0480 0380 0275 0161 0041 —. 0100
Nacelle position B, with side brackets
Z' Exposed eylinders.._._____________ 0. 0800 0. 0740 0. 0670 0. 0589 0. 0498 0. 0401 0. 0299 0. 0190 0. 0080 —0. 0035
% . C. A. hood-_ 5 . 0785 . 0726 . 0652 . 0570 . 0475 . 0373 . 0267 . 0151 . 0031 —. 0097
] ng 3 position'2is = L il L0798 . 0740 . 0666 . 0581 . 0484 . 0381 . 0274 . 0161 . 0031 —. 0077
Nacelle position B-1-A, faired into wing
7z Exposed cylinders 0. 0762 0. 0678 0. 0583 0. 0480 0.0370 0. 0257 0. 0140 0. 0020 —0, 0100
* | N. A. C. A, hood- .0.37 . 0664 . 0579 . 0482 . 0375 . 0260 . 0136 . 0005 —. 0132
@ | Ring 3, position 2. . 0740 . 0665 . 0578 . 0481 . 0378 0270 . 0156 . 0037 —. 0085
Variable ring —8° J . 0747 . 0676 . 0592 . 0498 . 0392 . 0280 . 0161 . 0038 —. 0088
INFACTAScowlingr to Tl e s N . 0722 . 0645 . 0559 . 0461 . 0353 . 0249 .0120 ( —.0025 —. 0183
Nacelle position B-1-A, unfaired
INGASOC A cowling. ..o oo oo 0.0776 0. 0718 0. 0646 0. 0564 0.0471 0. 0368 0. 0254 ‘ 0.0128 }—0. 0006 ‘ —0.0148
Nacelle position A-1-B, faired into wing
7z Exposed eylinders. ... _..._________ 0. 0805 0.0748 0. 0679 0. 0602 0.0516 0. 0426 0. 0335 0. 0239 0.0141 0. 0044
¥ N. A. C. A. hood. x . 0640 . 0562 . 0481 0396 0307 0215 0118 . 0017
© | Ring 3, position 2. . 0590 . 0510 0427 0338 0242 0145 . 0050
Variable ring —8°._ . 0605 . 0526 0436 0341 0240 0131 . 0020
NG AN GOW Hng BT Ut RN | 0 CRN a2 08 T oo s o, N G ol Bove et ) Joe e RTIR et e  E ni S iwit= T]10 e
A-1-B, unfaired
¢ || Exposedicylinders . -_......._... 0. 0781 0. 0730 0. 0667 0. 0591 0. 0504 0. 0407 0. 0305 0.0199 0. 0089 —0. 0025
Z. N. A. C. A. hood. o 0790 L0734 . 0670 . 0594 . 0506 . 0411 . 0315 . 0216 . 0110 —. 0004
m ['Ring8, position 2. _______._____ L0779 L0718 . 0648 . 0573 . 0495 . 0411 . 0322 . 0230 . 0140 . 0050
Nacelle position A-2-B
. Exposed cylinders -| 0.0895 0. 0850 0.0781 0. 0692 0. 0592 0. 0486 0. 0372 0. 0253 0. 0130 0.
Z | N.A.C.A. hood . 0863 . 0812 . 0747 . 0668 . 0576 . 0479 . 0378 . 0265 L0145 . 0002
@ | Ring 3, position . 0874 . 0823 . 0758 . 0679 . 0591 . 0494 . 0391 . 0284 . 0170 . 0051
Variable ring —8 . 0863 . 0812 . 0747 . 0672 . 0585 . 0490 . 0390 . 0281 . 0170 . 0051
AR AL OWHNg LD . 0837 L0777 . 0707 . 0629 . 0541 . 0450 . 0352 . 0251 . 0149 . 0044

25
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Propeller No. 4412—4 feet.

TABLE V.—POWER COEFFICIENT

P

Cr=m D

Set 17° at 0.75 R. Angle of attack = —5°

Ve
n D
Type of nacelle E-
0.1 0.2 0.3 0.4 0.5 ' 0.6 | 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
2 Exposed cylinders. . 0.0431 0. 0432 0. 0427 0.0415 0. 0393 0. 0358 0. 0303 0. 0229 0. 0130 0. 0007
8 N.A.C.A. hood.. . 0425 . 0422 . 0419 . 0411 . 0396 . 0362 . 0305 . 0226 . 0122 —. 0005
& Ring 3 position 2__ . 0430 . 0426 . 0421 0411 . 0391 . 0360 .0313 . 0239 . 0140 . 0018
f Ring 3, position 3. . 0440 . 0440 . 0434 . 0420 . 0399 . 0366 . 0315 . 0240 . 0146 . 0028
= Ring 1, position 2__ . 0437 . 0435 . 0429 . 0416 . 0395 . 0363 . 0312 . 0243 . 0153 . 0040
g Ring l position ghia . 9437 . 0431 . 0423 . 0410 . 0391 0361 . 0317 . 0249 . 0155 . 0040
% | Variable ring —8°_ . . 0437 . 0437 . 0432 . 0420 . 0400 . 0370 . 0324 . 0253 . 0155 . 0033
N ALICTAL cowling s =Ts 0o o- - 2as -2 0425 0422 0418 . 0410 0390 . 0355 . 0300 . 0227 . 0121 —. 0003
Nacelle position B, with side brackets
7z prosed oylinders=sSapis T Eaee 0. 0443 0. 0440 0. 0432 0. 0419 0. 0399 0. 0369 0.0317 0. 0237 0.0132 0. 0000
B N.A.C. A.hood-. . 0435 . 0434 . 0428 L0413 . 0390 . 0353 0300 . 0221 L0121 . 0003
ui | Ring 3, position 2 . 0437 L0434 . 0428 0414 . 0392 . 0360 0307 . 0233 0136 . 0024
Nacelle position B-1-A, faired into wing
|
(9 Exposed cylmders. 0. 0450 0.0445 0.0438 0.0425 0. 0404 0. 0372 0.0325 0. 0256 0.0163 0. 0050
4 N.A. C.A. hood. . 0448 0444 . 0437 . 0422 . 0400 . 0369 . 0320 0250 0158 . 0044
u | Ring 3, posmon e e e e e e e
Vanable ring —8°_ 0438 0430 L0416 . 0395 . 0364 . 0319 . 0250 0157 . 0040
N.A.C. A. cowling-...- == . 0427 0420 . 0407 L0391 . 0362 . 0312 0238 0145 . 0026
Nacelle position B-1-A, unfaired
NTAL CYATcowling s e e 0. 0425 0.0423 0.0419 0.0411 0. 0392 0. 0361 0.0312 0. 0237 0. 0136 0.0012
Nacelle position A-1-B, faired into wing
7 Exposed cylinders 0. 0427 0. 0425 0. 0421 0.0413 0. 0400 0.0373 0. 0333 0.0274 0.0194 0. 0092
2 NGASO A hoodo-—=—=C- . 0430 . 0430 L0427 . 0420 . 0403 . 0374 . 0328 . 0262 L0171 . 0065
» | Ring 3, position 2. _______ . 0430 . 0430 . 0426 . 0415 . 0398 0370 . 0326 . 0262 0173 . 0063
Variable ring —8° . 0428 . 0432 . 0430 . 0423 . 0408 . 0380 . 0335 . 0270 0184 . 0075
N.A.C.A.cowling—eooocoooooe . 0439 . 0436 . 0430 L0421 . 0401 . 0370 . 0325 . 0256 0167 . 0057
Nacelle position A-1-B, unfaired
. | Exposed cylinders._ ..o 0. 0436 0. 0434 0. 0430 0. 0420 0. 0402 0. 0375 0. 0336 0.0277 0.0198 0. 0105
Z‘ N AN EAS hood S et . 0439 . 0439 . 0435 . 0420 . 0399 . 0367 . 0323 . 0260 L0175 . 0070
# | Ring 3, posmon g e . 0435 . 0434 . 0432 . 0424 . 0404 . 0375 . 0329 . 0267 . 0186 - 0081
Nacelle position A-2-B
s Exposed cylinders
Z | N.A.C.A, hood__-
u | Ring 3 position 2___
Variable ring —8°
N A O AT cowling 2o e
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NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE V.—POWER COEFFICIENT-—Continued

SORIE ii%
£ pn3D5
Propeller No. 4412—4 feet. Set 17° at 0.75 R. Angle of attack =0°
LV
n D
Type of nacelle i T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
= Exposed cylinders 0. 0430 0. 0431 0. 0427 0.0415 0. 0391 0. 0354 0. 0301 0.0229 0.0130 0. 0009
8 N. A. C. A. hood. . 0426 . 0425 . 0421 . 0410 . 0390 0355 . 0302 . 0221 . 0116 —. 0018
2 Ring 3, position 2. . 0434 . 0433 . 0428 . 0415 . 0395 . 0363 . 0313 . 0237 . 0137 . 0010
= Ring 3, position 3_ . 0441 . 0443 . 0440 . 0428 . 0407 . 0371 . 0315 . 0239 . 0140 . 0015
s Ring 1, position 2_ . 0437 . 0433 . 0426 L0416 . 0397 . 0365 L0317 . 0249 . 0159 . 0046
uB) Ring 1, position 3_ . 0433 . 0431 . 0429 . 0420 . 0399 . 0365 . 0318 . 0249 . 0156 . 0043
Variable ring —8°_ . 0433 . 0434 . 0429 . 0417 . 0398 . 0366 . 0320 0248 . 0150 . 0023
NIATOSAVeowlitig. =< O . 0427 . 0423 . 0418 . 0408 0390 0360 . 0305 0226 . 0125 —. 0005
Nacelle position B, with side brackets
z‘ Exposed cylinders 0. 0446 0. 0443 0. 0435 0. 0420 0. 0399 0. 0366 0.0314 0. 0240 0.0137 0. 0004
OB ood . 0436 . 0438 . 0432 . 0420 0396 . 0361 . 0306 . 0227 0125 . 0000
%} ng 35 POSItion QTS T INEERT Th AT . 0432 . 0431 . 0424 L0411 . 0391 0359 . 0306 . 0230 0132 . 0016
Nacele position B-1-A, faired into wing
Z. Exposed cylinders 0. 0449 0. 0443 0. 0430 0.0410 0.0377 0. 0326 0. 0251 0. 0155 0. 0037
¥ N.A.C. A, hood. . 0452 L0448 . 0437 . 0416 L0377 . 0321 . 0245 . 0146 . 0025
7] ng 3, position 2__ . 0442 . 0435 . 0420 . 0399 . 0365 . 0317 0245 . 0150 . 0030
Variable ring —8°_ . 0440 . 0432 . 0418 . 0397 . 0365 . 0315 0244 . 0150 . 0033
N-ASGI AT cowling =& . - C 7 . 0429 . 0422 . 0412 . 0394 . 0360 ’ . 0306 . 0231 . 0131 . 0000
Nacelle position B-1-A, unfaired
NACS A cowling L. . i | 0.0425 0. 0423 0. 0419 0. 0409 0. 0392 0. 0361 0. 0308 0.0234 0. 0137 0.0011
Nacelle position A-1-B, faired into wing
25 Exposed cylinders_.__.___________ 0. 0423 0. 0419 0.0412 0. 0401 0. 0380 0. 0340 0.0278 0. 0196 0. 0094
2] N. A. C. A. hood. . . 0430 . 0425 . 0418 . 0403 . 0378 . 0337 . 0276 0189 . 0080
m Ring 3, posmon 2= 0432 . 0431 0422 . 0405 . 0380 . 0339 . 0276 0190 . 0077
Varlable ring —8°__ 2 0431 . 0430 0422 . 0407 . 0380 0338 . 0273 0191 . 0090
NTARC FANcowling o2 0 0438 0432 . 0406 . 0377 . 0333 L0273 0190 . 0086
Nacelle position A-1-B, unfaired
Z' Exposed eylinders..._...__________| 0.0436 0.0434 0. 0430 0. 0421 0. 0404 0.0379 0. 0340 0.0279 0. 0195 0. 0096
2 A. C. A. hood.__ -l .0435 . 0440 . 0436 . 0409 . 0401 . 0376 . 0336 . 0275 . 0190 . 0085
m ng 3, posmon > I A R T S . 0435 . 0434 . 0430 . 0423 L0411 . 0386 . 0346 . 0283 . 0200 . 0100
Nacelle position A-2-B
Z‘ Exposed Cylinderssti. - Lo puat 2 | 0. 0440 0.0440 0. 0438 0. 0428 0. 0408 0.0374 0. 0322 0. 0252 0. 0155 0. 0043
4 ©G.A.hood L_..__ . 0450 . 0445 . 0439 . 0429 . 0413 . 0386 . 0337 . 0260 0160 . 0035
n ng 8,:position’2. . __l.... . 0442 . 0442 . 0437 . 0424 . 0403 . 0372 . 0323 . 0251 0160 . 0045
Variable ring —8° -| . 0455 . 0453 . 0447 . 0435 L0415 . 0383 . 0337 . 0257 0160 . 0038
INAFARIC A Tcowling Son il e . 0438 . 0439 . 0433 . 0420 . 0399 . 0361 . 0309 . 0230 0132 . 0016

27
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TABLE V.—POWER COEFFICIENT—Continued

Propeller No. 4412—4 feet.

12)
CP =pn3D5

Set 17° at 0.75 R. Angle of attack=+5°

2V
n D
Type of nacelle
0.1 0.2 0.3 0.4 ] 0.5 0.6 0.7 0.8 0.9 1.0

Nacelle position B, side brackets removed
é’ 0. 0439 0. 0432 0. 0416 0. 0396 0. 0354 0. 0300 0.0226 | .0 0125 —0. 0003
8 . 0437 . 0430 L0417 . 0396 . 0357 . 0299 . 0220 L0117 —. 0011
2 . 0437 . 0430 . 0416 . 0395 . 03€1 . 0311 . 0234 . 0136 . 0015
= . 0438 . 0432 . 0420 . 0396 . 0360 . 0305 . 0233 . 0140 . 0023
< . 0434 . 0431 . 0420 . 0394 0355 . 0309 0240 . 0147 . 0037
5 Ring 1, position 3_ . 0434 . 0430 . 0421 . 0399 . 0363 . 0316 . 0245 . 0154 . 0045
Variable ring —8° . 0440 . 0433 . 0418 . 0395 . 0360 . 0310 . 0238 L0145 . 0033
INFAN G VAT cowling et ena T e . 0430 . 0424 . 0412 . 0388 . 0351 . 0295 . 0221 . 0120 —. 0005

Nacelle position B, with side brackets

z' Exposed ceylinders- .- - .- oo~ 0. 0445 0. 0441 0. 0433 0. 0419 0. 0394 0. 0360 0. 0310 0. 0234 0. 0134 0. 0005
A N. A. C. A, hood.-. . 0438 . 0438 . 0431 . 0416 . 0393 . 0355 . 0300 0219 . 0118 . 0000
@n Ring 3, position 2 . 0439 . 0437 . 0430 . 0420 . 0398 . 0359 . 0302 . 0230 . 0140 . 0031

Nacelle position B-1-A, faired into wing
2 Exposed cy]inders _______ 0. 0445 0. 0447 0. 0442 0. 0429 0. 0405 0. 0369 0.0315 0. 0239 0.0138 0. 0014
Z N. A A. hood. . 0442 . 0442 . 0436 . 0423 . 0401 . 0365 . 0311 0234 . 0132 . 0005
w Ring 3, positmn 2= . 0445 . 0445 . 0439 . 0426 . 0404 . 0371 . 0319 . 0244 . 0148 . 0028
Variable ring —8° ol . 0445 . 0442 . 0436 . 0421 . 0398 . 0360 . 0307 0232 . 0139 . 0025
INGEAN G VA coW N g o A e e . 0434 . 0429 . 0421 L0412 . 0393 . 0358 . 0302 . 0222 . 0119 —. 0013

Nacelle position B-1-A, unfaired

N A G A cowling 0 e 0. 0425 0. 0422 0. 0418 0. 0407 0. 0388 0. 0356 0. 0305 0. 0228 0. 0128 0. 0003

Nacelle position A-1-B, faired into wing
. | Exposed cylinders_----------coamaev 0. 0427 0. 0426 0. 0423 0. 0416 0. 0403 0. 0380 0. 0341 0. 0286 0. 0209 0.0114
Z N. A. C. A, hood_. . 0433 . 0431 . 0427 . 0418 . 0404 . 0382 . 0345 0. 0285 . 0205 0110
7 Ring 3, position 2__ . 0429 . 0430 . 0426 L0417 . 0402 . 0378 . 0342 . 0288 . 0211 0112
Variable ring —8°. . 0427 . 0431 . 0432 . 0426 . 0412 . 0388 . 0350 . 0292 . 0212 0113
N AGO A cowling. — == . 0432 . 0429 . 0423 . 0414 . 0400 . 0378 . 0338 . 0284 . 0208 0115

Nacelle position A-1-B, unfaired
Z‘ Exposed oylinderss- ot - 0. 0436 0. 0435 0. 0431 0. 0424 0.0410 0. 0383 0. 0344 0. 0288 0. 0210 0.0102
S . A. . 0437 . 0440 . 0436 . 0424 . 0404 . 0379 . 0342 . 0290 . 0213 . 0113
@n . 0434 . 0432 . 0428 . 0423 L0412 . 0386 . 0345 . 0285 . 0211 . 0105
Nacelle position A-2-B

. Exposed CylinderaSEeeTaTTRIE e 0. 0440 0. 0440 0. 0438 0. 0431 0. 0415 0. 0385 0. 0337 0. 0268 0. 0180 0. 0078
Z N. . hood._ . 0452 . 0451 . 0448 . 0439 . 0423 . 0390 . 0343 0277 0188 . 0076
o Ring 3, posmon 2. L0447 . 0451 . 0447 . 0439 . 0421 . 0390 . 0342 . 0274 0186 . 0080
Variable ring —8°_ . 0448 . 0447 . 0441 . 0430 . 0410 . 0384 . 0342 0280 0193 . 0075
N.A. C. A cowling - ——————-——--- . 0439 . 0440 . 0432 . 0421 . 0400 . 0366 . 0318 . 0250 0166 . 0064




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE V.—POWER COOEFFICIENT—Continued

Propeller No. 4412—4 feet.

P
CP=pn3D5

Set 17° at 0.75 R. Angle of attack=-410°.

29

v
nD
Type on nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Nacelle position B, side brackets removed
= Exposed cylinders 0. 0438 0. 0432 0. 0420 0. 0397 0. 0362 0. 0307 0. 0232 0. 0137 0.0018
g A. O, A  hood.._. - . 0433 . 0428 L0417 . 0396 0362 . 0309 0229 . 0135 . 0023
3 R}ng 3, position 2.__________ . 0436 . 0430 L0417 . 0396 0365 . 0317 0247 0152 . 0034
= Ring 3, position 3.__________ . 0434 . 0431 . 0422 . 0402 0370 . 0324 0253 0160 . 0046
= Ring 1, position 2...._._____ . 0434 . 0430 . 0420 . 0401 0371 0322 0257 0168 . 0055
& | Ring 1, position 3_______ " .0424 | 0420 | .0415 | .0399 0371 0324 0253 0163 . 0052
Variable ring—8°_ ____ . 0449 . 0443 . 0431 . 0410 0375 . 0322 0253 0167 . 0065
INGA RGO AT cowling- <. i 10 . 0423 . 0418 . 0405 . 0389 0358 . 0301 0230 . 0131 . 0017

Nacelle position B, with side brackets

7 Exposed gylindersioce. oo 8 o | 0. 0443 0. 0446 0. 0442 0. 0430 0. 0409 0.0374 0.0324 0.0252 0.0160 0.0045
! A.C.A. h . 0437 . 0438 . 0432 . 0420 . 0397 . 0361 . 0306 . 0230 . 0138 . 0020
w ng 3 position: 2t ——--f - 7 . 0433 . 0430 . 0424 . 0412 . 0393 . 0363 . 0312 . 0242 0153 . 0043

Nacelle position B-1-A, faired into wing
2; Exposed cylinders...._____________| 0.0445 0. 0447 0. 0442 0. 0430 0. 0410 0. 0376 0. 0324 0. 0250 0. 0150 0. 0027
) . hood. _ . 0443 . 0443 . 0439 . 0424 . 0402 . 0366 . 0310 . 0232 . 0133 . 0005
5] ng 3, posmon 2 . 0441 . 0442 . 0437 . 0425 . 0404 . 0371 L0317 . 0246 0153 . 0035
Variable ring—8°__ . 0444 . 0444 . 0439 . 0425 . 0404 . 0363 . 0309 . 0234 0140 . 0025
INGATI OIS cowlng. =t 00 oo o ] . 0434 . 0430 . 0425 . 0417 . 0398 . 0359 . 0303 . 0223 . 0116 —. 0020

Nacelle position B-1-A, unfaired

NEATCEATcowngL .. -~ .. L. 0. 0425 0. 0422 0.0416 0. 0404 0.0385 0.0352 0. 0302 0. 0227 0.0124 0. 0000

Nacelle position A-1-B, faired into wing
7z Exposed eylinders. .. ._____________ 0. 0427 0. 0426 0. 0426 0. 0422 0.0411 0. 0392 0. 0362 0. 0310 0.0237 0.0145
4 N. A. C. A. bood._ . 0428 . 0426 . 0423 L0418 . 0410 0392 . 0360 0305 . 0231 . 0138
1] ng 3 position 2__ . 0428 . 0432 . 0432 . 0427 . 0416 0394 0362 0309 . 0240 . 0151
Variable ring—8° . 0428 . 0434 . 0437 . 0432 . 0421 . 0367 0315 L0244 . 0155
N.A.C.A.cowling - __.._... . 0425 . 0423 . 0421 . 0417 . 0408 0393 . 0366 0313 . 0240 . 0147

Nacelle position A-1-B, unfaired
o Exposed cylinders._._______.______ 0. 0436 0. 0436 0. 0432 0. 0424 0.0411 0. 0390 0. 0354 0. 0302 0. 0234 0.0146
‘4_ N. A. C. A. hood.. . 0437 . 0437 . 0435 . 0426 L0411 . 0387 . 0360 . 0305 . 0235 L0144
n RiNgigaposition 2. = - . . 0435 . 0434 . 0430 . 0425 . 0415 . 0397 . 0363 L0312 . 0242 . 0153
Nacelle position A-2-B

7 Exposed cylinders 0. 0440 0. 0439 0. 0433 0. 0422 0. 0399 0. 0359 0. 0297 0. 0220 0.0123
] N. A. C. A. hood.. . 0451 . 0447 . 0438 . 0426 . 0368 . 0226 0130
77} ng 3, posmon 2. . 0450 L0447 . 0439 . 0424 0401 . 0365 0309 . 0233 0140
Variable ring—8°._ . 0455 L0452 . 0443 . 0428 0402 . 0365 0309 . 0230 0133
INEFATIGROAR cowlinp:— =" = © o f . 0439 . 0436 . 0427 . 0410 0381 . 0340 0280 . 0206 .0110
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TABLE VI.—PROPULSIVE EFFICIENCY

Propeller No. 4412—4 feet.

_(T—AD)V
= p

Set 17° at 0.75 K. Angle of attack=—5°

.
nl
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
=2 | Exposed cylinders..._._...____.-.-| 0.201 0. 381 0. 534 0. 658 0.745 0.798 0.810 0.765
4 N. A. C. A. hood.-- . 200 . 380 . 529 . 647 .722 . 765 . 765 . 690
2 Ring 3, position 2__ . 198 . 383 . 542 . 670 763 .815 . 820 LT83
= Ring 3, position 3 .195 .372 . 525 . 654 . 750 . 807 . 829 . 807
=] Ring 1, position 2_ . 196 . 378 . 540 . 679 . 789 . 863 . 898 . 894
£ | Ring 1, position 3 - .199 . 387 . 557 .695 . 800 .870 ~901 . 884
Variable ring —8°. . 204 . 385 . 540 . 664 L7564 . 804 . 821 . 780
N A CUA cowling=-- - ~—__-_ . 200 . 381 . 532 . 649 .731 .783 .792 L7356
Nacelle position B, with side brackets
7 Exposed cylinders. - - -c-c—-—-—--- 0. 196 0.373 0. 527 0. 649 0.733 0.774 0.775 0.726
4 N. A. C. A, hood .- .197 .374 . 526 . 652 . 740 . 790 . 800 . 750
w Ring 3, position 2 193 . 369 . 519 . 647 . 740 . 801 . 837 .829
Nacelle position B-1-A, faired into wing
7 Exposed cylinders_._-.-..-——--—---- 0. 196 0.374 0. 526 0. 651 0.744
i N. A. C. A, hood.-- .- 5= .197 .375 . 524 . 646 .739
w. | Ring 3, position 2 ol |||
Variable ring —8°___ i . 196 374 . 529 658 752
NLAS G Acowling s == — oo oo . 195 375 . 528 651 730
Nacelle position B-1-A, unfaired
N ATIE AT cowling = o e ’ 0. 196 ’ 0.370 0.514 0. 625 0.701 0.745 0. 750 0. 685 (4308 | S== e
Nacelle position A-1-B, faired into wing
. Exposed cylinders_. ... .-~ 0194 0. 368 0.514 0. 626 0. 694 0.724 0. 698 0. 596 05339 | =RESTRRIaT
Z | N.A.C. A, hood- .192 . 360 . 500 . 606 . 680 710 . 701 . 635 . 420
o Ring 3, position 2. . ——c—- - .191 . 367 . 519 . 645 . 736 . 793 . 811 781 . 661
Variable Ring —8“_ . - _____ . 189 . 352 . 487 . 590 . 659 . 695 . 693 . 624 . 430
INSEAS G WA cow I @ame e e e e e 183 .351 .494 . 604 . 683 .721 . 715 . 660 ot V) ESss
Nacelle position A-1-B, unfaired
7 Exposed cylinders.. 0.191 0. 365 0.514 0. 638 0.731 0.788 0. 796 0.757
! N, A, C. A, hood-- . 185 . 351 . 488 . 601 . 684 . 729 . 730 . 638
»n Ring 3, position 2_ .. - - 191 . 363 506 .619 . 705 . 750 . 766 . 725

Nacelle position A-2-B

N. A. C. A, hood.
' Ring 3, position 2

Variable ring —8° i FUONE 0 =i
NFACICWA Tcowling ot ier —— soe see e

0. 559 0. 688

-530 L 646
s ez
.56 2630




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE VI.—PROPULSIVE EFFICIENCY—Continued

Propeller No. 4412—4 feet.

_(T—AD)V
LD

Set 17° at 0.75 R. Angle of attack=0°

Ve
D
Type of nacelle &
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
= Exposed ovlinders =Sl ST 0.198 0.373 0. 521 0. 641 0.729 0.774 0.770 0.691
€ N. A.C. A. hood.-_ . 199 . 374 . 519 . 631 . 709 . 748 .737 . 6568
g ng 3, posmon 2 .195 . 372 . 523 . 647 . 737 . 794 . 814 . 783
= Ring 3, position 3 .192 . 365 . 510 . 629 L7156 L 776 . 800 L770
El Ring 1, position 2__ .194 . 377 . 538 .670 . 768 . 830 . 848 . 807
g Ring 1, position 3__ . 198 . 385 . 546 . 678 .779 .834 . 8563 . 830
Variable ring —8°_ _ . 202 . 379 . 529 . 646 . 728 SN . 790 . 739
N. A. C. A. cowling - .198 L3756 . 521 . 632 .710 750 . 762 . 690
Nacelle position B, with side brackets
Z Exposed eylnden. -« .. . ... 0.194 0.370 0. 520 0. 642 0. 721 0. 765 0. 769 0. 730
N . hood._ . 194 . 369 . 514 . 629 713 . 760 . 761 . 701
w0 Rlng 3, posntlon DY SR & S .194 . 369 . 520 . 639 .727 . 780 . 800 .770
Nacelle position B-1-A, faired into wing
z‘ Exposed cylinders_ .. ..________.__. 0.190 0. 361 0. 530 0.623 0.706 0. 761 0. 787 0. 760 0680 este s
s N. A . hood. .192 . 360 . 601 .611 . 636 . 739 750 . 688 . 406
@® Rlng 3, posttlon 2. .192 . 365 . 513 . 638 . 728 . 787 817 . 750 . 600
Variable ring —8° . 193 . 366 . 615 . 633 . 719 . 768 784 .73% . 462
NGASCTAcowding.- o~ .194 . 368 . 513 . 621 . 687 . 727 728 . 658 . 309
Nacelle position B-1-A, unfaired
INDASGBACGowling: =1 1 . . Eneseas 0.194 0. 362 0. 501 0.608 0.677 0.713 0.714 0. 634 (1100 T R R
Nacelle position A-1-B, faired into wing
= Exposed cylinders._...___________. 0.198 0.378 0. 531 0. 650 0.724 0. 749 0. 731 0. 639
7 N. A. C. A. hood... .192 . 361 . 504 . 612 . 684 . 730 . 741 . 716
A Ring 3, position oNin Bl .191 361 . 504 .624 .710 L7565 . 761 . 725
Variable ring —8°_ T .189 . 354 . 487 . 587 . 655 . 695 . 708 . 683
INEEACRCSA cowling: - Lol il .183 . 349 . 492 . 601 677 .715 .713 . 651
Nacelle position A-1-B, unfaired
Z' Exposed cylinders._ . 0.188 0.358 0. 501 0.616 0.700 0. 749 0.757 0.714 (V1 ] R
3 N. A. C. A, hood... . 185 . 336 . 482 . 600 . 680 .721 . 733 . 700 . 525
2] Ring 3, position:2 -~ " ... .190 . 360 . 502 .612 . 685 .727 . 748 .718 . 589
Nacelle position A-2-B
Z‘ Exposed cylinders_ . ..___._._ ._.__ 0. 204 0. 391 0. 549 0. 680 0. 783 0.859 0.890 0.878 0. 760 SRR
s Ni A. RoodCEsWe ol . 200 . 384 . 538 . 659 . 732 ST . 769 707 . 433
@« Ring 3, ])osmon et o D sl . 202 . 385 . 543 .673 . 770 821 . 830 . 796 . 590
Variable ring —8°._ S 199 . 379 . 532 . 653 . 740 785 . 792 737 . 467
NATC A cowling . .l 2 . 196 . 370 . 519 . 610 . 720 770 . 765 700 B0 Lo
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TABLE VI.—PROPULSIVE EFFICIENCY-—Continued

Propeller No. 4412—4 feet.

_(T—AD)V
=P

Set 17° at 0.756 R. Angle of attack =+5°

‘7
nD
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
U
= Exposed eylinders. ... 0.188 0. 351 0. 488 0. 596 0. 666 0.708 0.702 0. 638 0,860 |stoaeea o
3 .A.C.A.hood________. . 187 . 362 . 488 . 503 . 663 . 714 . 706 . 633 .262 |-
= Rlng 3, position 2. .183 . 347 . 487 . 599 .673 L715 .716 . 656 .410 |-
3 Ring 3, position o . 186 . 347 . 481 . 586 . 663 .708 .727 . 676 .430 |-
=] Ring 1, position 2. . 185 . 354 . 496 . 609 . 696 . 759 .770 . 736 . 663 |-
7] Ring 1, position 3_ .191 . 359 . 502 . 611 . 695 . 756 762 .720 .560 |-
Variable ring —8°_ .191 . 359 . 496 . 605 . 682 . 724 . 730 . 665 .403 |-
NARIC A cowlinig=c=—— .192 . 363 . 504 .611 . 684 . 706 . 695 . 605 .240 |-
Nacelle position B, with side hrackets
i Exposed cylinders._ .. ... 0.187 0. 350 0.485 0. 586 0. 655 0. 683 0.671 0.605 05822 | Soasmrsared
Z | N.A.C.A. hood.__ . 186 .350 . 489 . 600 .675 .715 .715 . 650 328
U Ring 3, p0§1t10n N . 187 . 351 . 488 . 590 .672 L7256 . 748 . 706 463
Nacelle position B-1-A, Faired into wing
7‘ Exposed cylmders ________________ 0.190 0. 348 0. 476 0.572 0. 645 0.690 0. 706 0. 659 054500 | S
N N.A.C. hood. - . 185 . 345 477 . H78 . 644 . 679 . 668 S O7 . 239 RSN
2] Ring 3, po%xtlon 2 - LAR7 . 352 . 489 . 586 . 668 700 . 700 . 642 . 402
Variable ring —8®%._ .. oo . 185 . 349 . 485 . 502 . 665 714 . 718 . 666 . 433
S QAL cowling s e et T .189 . 367 . 496 . 593 . 6562 . 682 . 665 . 557 . 159
Nacelle position B-1-A, unfaired
N A AT cowling E T o e e e 0.190 0. 357 0. 489 0. 589 0. 652 0. 680 0.673 0. 590 02465 1o
Nacelle position A-1-B, faired into wing
= Exposed eylinders........._.__._. 0.193 0. 363 0. 505 0.615 0.693 0.744 0.778 0. 781
4 | N,A.C.A hood.. - .186 .349 .484 . 586 . 650 . 672 660 .610
2] Ring 3, posmon 2. . 189 . 3556 . 496 . 608 . 686 . 730 . 736 . 705
Variable ring —8°__ . 188 . 353 . 489 . 594 . 665 . 699 . 695 . 646
N.-ALG AL Cowling- -~ - - ________ . 185 .352 . 496 . 607 . 666 . 693 . 700 . 651
Nacelle position A-1-B, unfaired
o Exposed eylinders- .- --—-----__- 0.184 0.347 0. 481 0. 586 0. 659 0.709 0.716 0.672 0. 540
- N. A. C. A. hood 2 . 182 . 341 . 468 . 566 . 633 . 668 . 668 . 620 . 485
o Ring:8) position:2-s - s s ste s .187 . 353 . 489 . 584 . 646 L 691 L716 .710 .619 |- -
Nacelle position A-2-B
7 Exposed cylinders_. . .___-______. 0. 204 0. 390 0. 546 0.661 0.749 0.810 0.840 0.836 0.743
2 A. . hood__ . 196 . 371 . 518 . 635 .716 . 769 . 786 L7567 .617
[} ng 3, posmon P . 198 . 372 . 518 . 636 . 722 .778 . 808 . 800 721
Variable ring —8°________ i . 196 .371 . 522 . 642 LT34 .187 .805 97 121
N.A.C.A.cowling____.____ . ___________ . 195 . 367 .514 . 629 . 714 . 760 . 767 . 731 . 570




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE VI—PROPULSIVE EFFICIENCY—Continued
_(T—AD)V
ST e

Propeller No. 4412—4 feet.

Set 17° at 0.75 B. Angle of attack=+10°

A7
nh
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
% Exposed cyhnders _________________ 0.180 0. 329 0. 444 0. 523 0.575 0. 595 0. 575 0. 490 (D501 |2 e
S N. A. C. A, hood._ .181 L334 . 457 . 547 . 605 . 634 . 635 . 593 B (o) EA A
= Ring 3, position 2_ .179 . 332 .454 . 547 . 604 . 627 . 618 . 550 Sovln | B SRR
= Ring 3, position 3_ . 180 . 330 . 449 . 534 . 594 . 620 .615 . 566 ~OTemIEE o
* Ring 1, position 2___ . 176 . 336 . 467 . 569 . 636 . 670 . 670 . 617 oL 1Y WS |-
uE) Ring 1, position 3___ . 185 . 339 . 461 . 550 . 615 . 653 . 670 . 658 Gl N | R
Variable ring —8°_ . 183 . 335 . 457 . 545 . 603 . 636 . 641 . 592 CA26NBIEREC
NeANG A cowling: - ________ . 186 . 349 .474 . 565 el . 637 . 640 . 560 i3 Gl SR N S5
Nacelle position B, with side brackets
Z. Exposed eylinders- ... __________.. 0. 181 0. 332 0. 455 . 548 0. 609 0. 644 0. 646 0. 603 0. 450
A. C. A. hood.- B . 180 . 332 . 453 . 543 . 598 . 620 . 611 . 626 . 202
w ng 3 position 22 - ot Lo 184 . 345 .471 . 565 . 615 . 630 . 615 . 529 . 265
Nacelle position B-1-A, faired into wing
g Fxposedicylinders. . . . .o 0.187 0. 341 0. 460 0. 542 0. 585 0. 593 0. 555 0. 448
Z Ny7A.CC A Hood=—. . 180 . 333 . 454 . 546 . 600 . 615 . 588 . 468
1) Ring 3, position 2___ .182 . 335 457 . 544 . 595 .612 . 594 . 5607
Variable ring —8°_ - . 180 . 336 . 462 . 557 . 619 . 648 . 635 . 550
N AAGA lcowling .~ _______i .. .181 . 336 . 455 .537 . 578 . 590 . 664 . 430
Nacelle position B-1-A, unfaired
AN @A cOWHRg. - i i il . 0.182 0. 340 0. 466 0. 557 0. 611 0. 627 0. 589 (15 45 [T 1S S SRl | S R
Nacelle position A-1-B, faired into wing
? Exposed cylinders - - 0. 188 0.351 0.478 0.571 0. 627 0. 652 0. 647 0. 617 0. 534
Z N. . A. hood__ -~ 182 . 334 . 454 . 539 . 586 606 . 596 . 564 . 460
o Ring 3 postiont2=——=. = == L . 183 . 337 . 460 . 552 . 612 . 650 . 654 . 626 . 544
Variable ring —8%_ ____ ... . 185 . 341 . 466 . 560 . 625 655 . 650 . 609 . 483
Tl L i fahoab e S R e VISR IE R [ o e | SRR i 1 SO PR B S gl S0 el Bl e, DR B0 il Lol il Tellel Buddic s - a d Ry
Nacelle position A-1-B, unfaired
. Exposed cylmdars.. S 0.179 0. 335 0. 463 0. 558 0.612 0. 627 0. 603 0. 527 (LT Y N RS
Z | N.A.C. A. hood__ L 182 338 . 461 . 555 . 615 . 638 .615 566 .420 |1
i Ring 3, position 2__ .179 . 331 . 452 . 539 . 597 . 621 . 621 . 590 . 520 -
Nacelle position A-2-B
= [¢Bxposed eylinders. ... ____ 0. 204 0. 386 0. 534 0. 640 0.702 0.730 0.725 0. 681 0582 ||t ~
Z A. C. A. hoo . 190 . 360 . 501 . 610 . 676 S .719 . 688 . 577
w Ring 3, position 2__ . 196 . 366 . 508 . 618 . 697 . 739 . 750 . 735 . 656 =
Variable ring —8°__ .195 . 357 . 495 . 607 . 684 . 731 L 748 27 . 665
NEPANGIRARcOWlingZ « 11 C 2L T L. .191 . 354 487 . 589 . 660 . 709 . 725 . 716 ST S e
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TABLE VII.—-LIFT COEFFICIENT WITH PROPELLER OPERATING

C =L_P
Lp qS
Propeller No. 4412—4 feet. Set 17° at 0.75 R. Angle of attack=—5°
V7
nD
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 (1,7 0.8 0.9 1.0
Nacelle position B, side brackets removed
= Exposed cylinders_ . .__.___________ 0.174 0.161 0.155 0. 156 0. 160 0. 169
g .A. C. A, hood__ . 163 . 157 . 152 . 150 . 150 L 151
2 Ring 3, position 2__ .170 . 160 . 165 .151 150 . 150
= Ring 3, position 3. AT . 167 . 150 . 151 152 L1556
< Ring 1, posmon PAE .173 . 155 . 148 . 149 .1562 . 167
£ | Ring 1, position 3 - 171 .159 154 155 156 . 158
@ | Variable ring —8°_ . 160 . 162 . 164 .163 . 161 . 160
NEAT G A cowlings—=_ =8 = e .181 + 175 . 168 . 157 . 145 132
brackets

ZI X posed Cylinaers e s et e T 0. 183 0. 169 0. 160 0.153 0.152 0. 150 0.151

X N. A. C. A. hood- . 167 . 160 . 154 . 153 .153 . 157 . 160
0 Ring 3, posntlon 2 173 . 166 . 162 . 161 .161 161 .162

Nacelle position B-1-A, faired into wing

7z Exposed cylinders 0. 190 0. 155 0.153

LA @vAhood s e et O 1 . 205 . 169 . 165
7} Ring 3, posmon DIoae o it v i L A i, il s o L T e == e -

Variable ring —8°. 192 . 161

N.A.C.A.cowling__.______ .223 . 184

Nacelle position B-1-A, unfaired

N A A e N g e | e 0.255 0. 208 0. 180 0.163 ’ 0.155 0.155 . 0.160
Nacelle position A-1-B, faired into wing

7 Exposed cylindersios Mt e o 0.127 0.142 0. 152 0. 161 0. 169 0.174 0.177

J .C. A. hood.-- .135 L134 L137 . 140 . 147 . 155 . 164

w ng 3 position 2. .124 . 140 <150 . 156 159 .159 <167

Variable ring —8°_ .131 . 141 .150 .167 . 160 .163 . 167

N AL GUA-cowlingr— =t 28 o 170 . 146 .133 127 .127 .131 .139

Nacelle position A-1-B, unfaired

. Exposed cylinderss s s e e 0.145 0. 161 0.173 0.184 0.191 0.197 0. 202

A N. A. C. A. hood___ .127 . 141 . 150 L 158 . 160 . 160 . 160

ui Ring 3, posmon i 18 Rl R .128 . 141 . 148 .151 . 156 . 160 . 163

Nacelle position A-2-B

7 Exposed cylinders 0.118 0.120 0.121 0.125 0.131 0.139 0.148

) N.A.C. A, hood._- .114 114 114 117 .121 .128 .136
5] Ring 3, position 2. || e oo oo

Vanable ring —8° . 100 113 .122 127 .129 127 128

INEFA G A cOW LI ST s .122 113 . 110 113 .120 .129 . 142




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE VII.—LIFT COEFFICIENT WITH PROPELLER OPERATING—Continued

Propeller No. 4412—4 feet.

Crp=

Lp
vS

Set 17° at 0.75 R. Angle of attack=0°

Vi
nD
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
] Exposed eylinders.____ .. _____ 0.459 0.433 0.414 0.403 0. 393 0. 390 0. 390
'§ N. A hood . _ . 457 .421 . 405 .397 . 390 . 388 . 385
3 Ring 3, posmon 2 . 449 . 426 .410 . 397 . 388 . 382 S 27T
E Ring 3, position i .461 . 426 . 403 . 388 . 380 . 379 . 380
3 Ring 1, position 2__ . 455 .431 .414 . 403 . 397 . 393 . 391
2 | Ring 1, position 3__ . 463 425 . 399 . 388 . 386 . 387 . 389
7] Variable ring,— 8°__ 475 433 407 . 392 . 388 . 389 . 393
INWEAAC AR cowling AR 0 o e e e s .451 . 432 418 . 406 . 397 . 392 . 390
Nacelle position B, with side brackets
s i xposedicylindenstersie SCr ol ol el et e R 0.477 0. 437 0.412 ‘ 0.400 0. 396 0. 397 0. 398
Z | N.A.C.A, hood_. L453 .410 397 -389 .383 3R]
% | Ring'3, position 2 447 i L407 ‘ 2396 1388 1381 1376
Nacelle position B-1-A, faired into wing
. |FExposedieylinders=--.o - ... 0.478 0.438 0.415 0.404 0.400 0. 398 0. 398
7z N G A hood_ .. 427 412 . 402 . 396 . 390
7 Ring 3, position 2.___ 417 . 407 . 400 . 393 . 388
Variable wing, —8°__ .413 . 400 . 397 . 397 . 390
N A G A cowling.. . . .424 416 410 L4908 . 404
I AR G A oW R g e e afeai o 0.470 0.433 0.411 0. 398 0. 391 0. 390 0. 390
Nacelle position A-1-B, faired into wing
& Exposed cyhnders 0.397 0.397 0.397 0. 398 0. 398 0. 398 0. 398
7| NLAY hood._. . 366 . 375 . 380 . 384 . 389 . 392 397
=5 Ring 3, posmon G Sl . 389 . 386 . 385 . 385 . 387 . 389 . 390
Variable ring, —8% . .. . 392 . 383 . 380 . 380 . 381 . 384 . 390
N ARG VA Teowling. - - .o ____ . 395 . 388 . 384 . 382 . 380 . 381 . 383
Nacelle position A-1-B, unfaired
v Fxposed cylinders 0. 394 0.401 0.407 0.410 0.411 0.410
1 N. A. C. A. hood . 387 . 390 . 393 . 397 . 400 . 402
2] Ring 3, position 2 . 395 . 397 . 398 . 398 . 398 . 398
A Exposed cylinders 0. 353 0. 355 0. 360 0. 363 0. 370 . 376
Z | N.A.C. A. hoo . 360 . 358 . 358 . 360 . 363 . 368
o | Ring 3, position 2 . 361 . 366 . 370 . 873 .378 . 380
Variable ring —8°_ . 350 . 352 355 . 359 . 360 . 361
NASCFA eowling- . _____ . _______. . 356 . 358 . 360 . 361 . 363 . 364




36

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE VII.—LIFT COEFFICIENT WITH PROPELLER OPERATING—Continued

Lp
CLP= =l i
qsS
Propeller No. 4412—4 feet. Set 17° at 0.75 R. Angle of attack=+5°
e
nD
Type of nacelle
0.1 0.2 ’ 0.3 ‘ 0.4 0.5 \ 0.6 ’ 0.7 ’ 0.8 0.9 1.0
Nacelle position B, side brackets removed
2 | Exposed eylinders. . ___.._....___ 0.728 0. 695 0.672 0. 654 0. 643 0. 636 0. 631
8 |N.A 00d.- . 765 . 705 . 670 . 652 . 641 . 632 . 628
2 | Ring3, position 2. . 752 . 702 . 668 . 646 . 631 . 624 . 620
= Ring 3, position 3. . 725 . 688 . 660 . 640 . 628 619 . 613
Ring 1, position 2. .718 . 691 . 670 . 655 . 643 . 633 . 622
£ | Ring 1, position 3 . 745 .698 . 667 650 .638 .630 .623
Variable ring —8°._ = . 735 . 692 . 662 . 640 . 622 612 . 606
N, A, C. A.cowling____________________ . 735 . 709 . 688 .672 . 660 . 648 . 639
Nacelle position B, with side brackets
3 Exposed cylmders ............................................... 0.750 0. 704 0. 667 0. 640 0. 623 0. 607 0. 597
4 | N. hood 749 .Ti2 .683 . 663 . 648 . 636 627
@ | Ring 3 posmon el el e 121 . 689 . 667 . 652 . 640 . 631 . 627
Nacelle position B-1-A, faired into wing
s Exposed cylinders 0. 758 0. 706 0. 670 0. 645 0. 630 0. 618 0. 610
Z | N.A.C.A. hood.__ .- . 760 .712 . 675 . 652 . 639 . 631 . 630
@ | Ring 3, position 2 L7756 . 705 . 670 . 652 . 649 . 640 . 629
Variable ring —8° = L7383 .701 . 677 . 658 . 644 . 633 . 625
NeANGUAL cowling-a o o a el . 746 LT719 . 700 . 685 . 673 . 665 . 658
Nacelle position B-1-A, unfaired
N A O A oW N g e e | S —C 0.755 0.703 0. 663 0. 637 ‘ 0. 620 ’ 0. 609 0. 661
Nacelle position A-1-B, faired into wing
7 Exposed eylinders 0. 665 0. 653 0. 644 0. 639 0. 632 0. 628 0. 623
A N. A. C. A. hood. . 680 . 668 . 658 . 648 . 640 . 637 . 632
75} ng 3, position 2. . 673 . 661 . 650 . 641 . 636 . 631 . 629
Variable ring —8° . 675 . 660 . 648 . 639 . 630 . 624 . 620
N. A. C. A cowling._____ . 667 . 651 . 639 . 631 . 625 . 621 . 621
Nacelle position A-1-B, unfaired
Z. Xposadicylinaders e o r e et 0. 691 0. 668 0. 652 0. 642 0. 638 0. 635 0. 633
* | N.A.C.A. hood._. S . 663 . 656 . 650 . 644 . 640 . 639 . 638
w Ring 3, posltxon R SRS . 678 . 660 . 651 . 645 . 638 . 634 . 629
Nacelle position A-2-B
7z B XD 0S6 OV 1IN G ers e o m e | e [ e 0. 606 0. 608 0. 610 0.612 0. 616 0. 618 0. 620
- N.A. . hood.- . 638 . 625 . 619 . 616 . 615 . 617 . 619
2] Ring 3, posmou 2 . 609 . 613 . 618 . 620 . 621 . 621 . 620
Variable ring —8° . 621 . 620 . 620 . 620 . 619 . 618 . 617
N AR G Ascowling——- ot S . 618 . 616 . 614 .614 . 614 . 614 . 614




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS
TABLE VII.—LIFT COEFFICIENT WITH PROPELLER OPERATING—Continued
Lp

Crn— 28

Propeller No. 4412—4 feet. Set 17° at 0.75 R. Angle of attack =-+10°

Va
n D
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Nacelle position B, side brackets removed
K] Exposedieylinders: oo oo |ooooio | == 1. 033 0. 981 0. 941 0.912 0. 890 0.874 0.861
'g NSATENAThoodl - ot vl e e e 1.075 | . 985 . 936 . 912 . 902 . 897 . 891
& Ring 8, position 2. . ___________._ 1.023 .978 . 943 .918 . 900 . 887 . 878
= Ring 3 ipositiondes_sox v ol == 1. 027 L9756 . 938 .912 . 894 . 882 . 873
Z | Ring 1, position 2__ --| 1.085 .978 .943 .918 . 900 . 888 . 880
£ | Ring 1 position 3. _ = |8 15080 . 970 .932 . 907 . 890 . 880 . 870
n Variable ring —8°_ 5 . 990 . 950 .921 . 898 . 882 . 869 . 860
N. GERSeowHne LU0 ¢ e e e 1. 026 . 983 . 952 . 930 . 916 . 905 . 899
Nacelle position B, with side brackets
1

7 Exposed oylindors o Ll ks 1. 030 0. 950 0. 887 0.839 0.807 0. 782 0.764
Y A. C. A. hood.. 1. 035 . 981 . 944 .919 . 901 . 891 . 888
» ng 3 posmon e e L £ 1. 020 . 967 .935 .915 . 900 . 887 . 877

Nacelle position B-1-A, faired into wing
5 xposedicviinderss it oo 0 Rl Ll e B e 1. 022 0. 964 0.919 0. 888 0. 863 0. 847 0.835
VA N. A. C. A. hood.. 1. 045 . 982 . 941 .918 . 900 . 889 . 883
@ Ring 3, posnlon 2. 1. 032 . 976 . 936 .910 . 892 . 880 . 870
Variable ring —8°__ 1. 020 970 . 937 .916 . 900 . 890 . 880
LR BRI G T e S RSN NSRS IS N ol (NGRS 1. 032 . 990 . 959 . 935 .17 . 902 . 893

Nacelle position B-1-A, unfaired
INEASI AN cowlingar . sl i 4 st iie o il e e 1. 040 0. 953 0. 898 0. 861 0. 837 0. 821 0.811
I

Nacelle position A-1-B, faired into wing
. Exposedieyindersi=. ..o ..cil J|e oo e o o 0.971 0.940 0.918 0. 902 0. 890 0. 883 0.879
Z [ NEAY G GA  hood L . 960 . 935 .918 . 903 . 891 . 881 . 871
o Ring 3, position 2._ . 961 . 933 .913 . 898 . 887 . 878 . 870
Variable ring —8°__ . 990 . 945 .913 . 890 . 875 . 865 . 860
INSACOE Aeowing.. - AT 0 ] .975 . 942 .918 . 901 . 890 . 880 . 872

Nacelle position A-1-B, unfaired
o ExposedioylingerstLaits Sos e lpia e nfon o o s 0.958 0.935 0.919 0.907 0. 898 0. 890 0. 883
'Z, N. A. C. A. hood .973 . 940 .916 . 897 . 885 . 877 . 870
2] Ring 3, position 2 . 990 . 946 .916 . 900 .890 . 883 . 879
Nacelle position A-2-B

. Heposedioyinderssta: omo L ae Ul oo a et o e - 0.912 0. 893 0. 881 0.875 0.872 0.872 0.873
P INERASR O AN Hpodii - e e e .919 . 906 . 896 . 888 . 880 .875 .872
e [ERIngd Spomitlon' 2t So T S e E i Tl s Dl . 881 . 882 . 882 . 881 877 . 871 . 865
Variable TinE R L e e e s . 920 . 900 . 886 .878 . 872 . 871 . 869
INTATIG AN Gowling - T - R e e . 877 .873 . 871 . 868 . 865 . 863 . 860
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TABLE VIII

MOMENT COEFFICIENT WITH PROPELLER OPERATING

Propeller No. 4412—4 feet.

_Mp

C"'P-—q'Sc

Set 17° at 0.75 R. Angle of attack=—5°

By
nD
Type of nacelle
|
0.1 \ 0.2 l 0.3 i 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Nacelle position B, side brackets removed
2 | Exposed cylinders l —0.113 | —0.098 | —0.088 | —0.084 | —0.080 | —0.076 —0.076
S EN A O AS hood it e 2=t —,116 =107, —. 088 —. 084 —. 081 —. 079 —. 077
2 | Ring 3, position2__________ —. 111 —. 098 —. 089 —. 084 —. 080 —. 079 —.077
= Ring 3, posmon Somooo2 —. 113 —. 098 —. 088 —. 085 —. 082 —.079 —. 077
= Ring 1, posxtlonZ ...... —. 116 —. 098 —. 089 —. 085 —. 081 —. 079 —. 076
Z | Ring ], position3___ — 14| —.098| —.089| —.085| —.081| ~—.078 —.076
Variable ring —8°__ _ — 107 —. 095 —. 086 —. 080 —.078 —. 075 —. 075
N.A.C.A.cowling_ .|| —. 099 —. 092 —. 087 —. 083 —. 080 =2 077 —. 075

, with side brackets
7 Exposed cylinders_._ .. ... —0.101 | —0.091 | —0.085 | —0.080 [ —0.077 | —0.075 —0.074
* | N.'A. C. A, hood..__ —.113| —.097| —.087| —.083| —.080| —.078 —. 077
u | Ring 3, position 2. ____________. —. 107 —. 095 —. 089 —. 085 —. 081 —. 079 —. 077
Nacelle position B-1-A, faired into wing .
7z Exposed cylinders —0.122 | —0.098 —0. 064 —0. 060
* | N. A.C. A, hood._. —124 | —.102 —. 063 —. 060
0 Ring 3, position 2. | eeieoof oo [ oo m e oo oo e e e e e
Variable ring —8°_ - —. 131 —. 100 —. 061 —. 060
N AN AN cowling Mams s e e —. 156 —.112 —. 066 —. 064
Nacelle position B-1-A, unfaired

N AT CPAN cowling SEER eassns ci sl l .......... ‘ .......... ’ .......... —0.120 | —0.097 | —0.080 | —0.069 | —0.062 | —0.059 —0.055

Nacelle position A-1-B, faired into wing
7 | Exposed cylinders —0.050 | —0.057 | —0.062 | —0.065| —0.068 | —0.069 | —0.070
* | N.A. C. A, hood : —.080 | —.082| —.0%| —.08 —. 085
o | Ring 3, position 2 —. 085 —. 089 —. 090 —. 092 —. 094
Variable ring —8° - —.078 —. 080 —. 081 —. 083 —. 085
NANGFAL cowling SImis Sosssaseenases —. 085 —. 085 —. 086 —. 086 —. 085
7 Exposed eylinders.- - - - : oo |-ceeeeeo|om e | m e - —0.064 | —0.068 | —0.070 | —0.072 | —0.074 | —0.074 —0.074
3 N. A. Hoodl === —. 060 —. 068 —. 074 —.077 —. 080 —. 080 —. 080
172} Ring 3, position 2 —. 069 —.075 —. 079 —. 082 —. 085 —. 085 —. 086

Nacelle position A-2-B
7 Exposed eylinders_ .| oo |ee —0.039 | —0.051 | —0.061 —0.068 | —0.073 | —0.075 —0.078
. N. A. C. A. hood- —. 026 —. 046 —. 061 —. 070 —. 077 — 08 —. 082
2} Ring 3 position 2 S S i e B MEREE R o S e e e e R e el e

Variable ring —8° —. 031 —. 050 —. 063 —.073 —.079 —. 083 —. 085
N.A.C.™M. cowling.________ —. 025 —. 048 —. 062 —. 068 —. 074 —.077 —. 080




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE VIII—Continued
MOMENT COEFFICIENT WITH PROPELLER OPERATING—Continued

_Me
g S
Propeller No. 4412—4 feet. Set 17° at 0.75 B. Angle of attack=0°

Cn

Y
nD
Type of nacelle
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0:9 1.0
Nacelle position B, side brackets removed
2 | Exposed cylinders.________________ . —0.084 | —0.075 | —0.070 | —0.068 | —0.065 | —0.064
& | N.A.C.A Hood..____ I ~.084| —075| —.070 —.066| —.065 —. 064
£ | Ring 3, position 2.______ —. 083 —. 073 — —. 065 —. 063 —. 061
— | Ring 3, position3_._____ —. 081 —. 074 —. 070 —. 067 —. 065 —. 064
S "Ring 1, position 2. . _____ 3 —. 080 —.073 —. 070 —. 068 —. 066 —. 065
2 | Ring 1, position 3.7 """ 7 : —.082| —.074| —.070| —.067| —. 064 —. 062
Variable ring —8°_ _ 5 —. 080 —.071 —. 067 —. 064 —. 062 =060
N.A CoA. Cowllng. __ - .. ___ | A —. 077 —. 072 —. 069 —. 065 —. 065 —. 063
Nacelle position B, with side brackets

Lxposedieyiinderst s e o SER 0 n B e s DT S —0.096 [ —0.084 | —0.075 | —0.070 | —0.065 | —0.063 —0.061
N. A. C. A. Hood. —. 096 —. 084 —. 076 —. 070 —. 066 —. 065 —. 064
Ring 3, position 2 —. 095 —. 083 —. 075 —. 068 —. 065 —. 062 =001

Nacelle position B-1-A, faired into wing

HspoSedicylinders i SRR o nle B e —0.112 [ —0.091 | —0.076 | —0.065| —0.057 | ~0.052 —0. 049
N. A. C. A. Hood - H —. 117 —. 089 —.073 —. 061 —. 055 —. 050 —. 045
Ring 3, posmon PAE —.114 —. 089 —.072 —. 061 —. 054 —. 050 —. 050
Variable ring —8°_ g —. 120 —. 091 —.072 —. 061 —. 053 —. 050 —. 050
NeAOCL A Cowlipg. ..~ _ . —. 080 -—. 062 —. 051 —. 045 —. 040 —. 035 —. 030
Nacelle position B-1-A, unfaired
SACEANGowling E e e S ' —0.100 | —0.080 | —0.067 | —0.058 J —0.053 , ~0.049 —0.046
Nacelle position A-1~-B, faired into wing
E'(posed cylindersPErae ORI I8 RS el R el . —0.063 | —0.083 | —0.070 [ —0.072 | —0.073 —0.073
N. A.C. A. Hood. .. = ¢ —. 068 —. 075 —. 077 —. 078 —. 079 —., 080
Rlng 3, position 2____ -. 077 —. 078 —. 080 —. 080 —. 081 —. 082
Variable ring —8°__ 4 —. 069 —. 074 —. 077 —. 080 —. 081 —. 082
SEASCIANCowling = T Rl = > —. 073 —. 076 —. 078 —. 030 —. 080 —. 080
Nacelle position A-1-B, unfaired
Exposed cylinders..______ . _____ —0.050 | —0.058 | —0.085 | —0.074 | —0.073 | —0.075 —0.075
NGEANQSA L Hood .=~ by —. 054 —. 063 —. 070 —. 072 —. 074 —.073 —.072
Ring 3, position2._._______________ —. 047 —. 064 —. 072 —. 075 =, 077 —. 079 —.079
Nacelle position A-2-B
Exposed cylinders «-..._..__...___ . —0.040 | —0.054 | —0.063 | —0.070 | -—0.075 —0.076
1 N. A. C. A. Hood. _ = —. 039 —. 053 —. 062 —. 068 —. 072 —. 075
] Ring 3, position 2__ s ceee- : 2 —. 040 —. 056 —. 066 —. 070 —. 074 —.075
Variablering —8°_________________ 5 ~. 042 —. 057 —. 065 —. 070 —. 074 —. 076
ASGSAN CGowling £ 0 5 ~. 045 —. 057 —. 065 —.071 —.075 —. 078
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TABLE V1II—Continued

MOMENT COEFFICIENT WITH PROPELLER OPERATING—Continued

Propeller No. 4412—4 feet.

Mp
Cmp ch

Set 17° at 0. 75 R. Angle of attack=--5°

_be
n D
Type of nacelle ‘
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 i
Nacelle position B, side brackets removed \
2 | Exposed cylinders .- - —0.092 | —0.077 | —0.067 | —0.062 | —0.059 [ —0.057 | —0.055 \
§ N. A. C. A. hoo 2 —. 100 —. 073 —. 063 —. 059 —. 056 —. 054 —. 054 |
& | Ring 3, position 2 —. 092 —.073 —. 063 —. 058 —. 055 —. 054 —. 052
= Ring 3, posmon 3- —. 085 —. 072 —. 063 —. 057 —. 055 —. 051 —. 050
i) Ring 1, position 2 —. 082 —. 072 —. 065 —. 060 —. 058 —. 056 —. 055
g | Ring 1 position 3.__ —. 105 —. 080 —. 066 —. 060 —. 056 —. 053 —. 051
a Variable ring —8° —. 094 —. 073 —. 062 —. 057 —. 055 —. 053 —. 052
N.A.C.A. cowlifig_ - - oo o —.071 —. 066 —. 062 —. 060 —. 057 —.055 —. 055 ‘
Nacelle position B, with side brackets
7z Exposed cylmders _________________ —0.070 | —0.062 | —0.056 | —0.054 | —0.052 —0.050 ‘
A N. A hood.-- =07 —. 065 —. 060 —. 056 —. 053 —. 061 @
% | Blochposititn 2 068 —.060| —.057| —055| —052| —.050 ’
Nacelle position B-1-A, faired into wing \
. | Exposed eylinders. oo ofoomm o[ —0.118 | —0.088 | —0.070 | —0.060 [ —0.054 | —0.050 —0.049
Z N. A. C. A. hood-- | —. 109 —. 081 —. 065 —. 055 —. 049 —. 045 —. 041
w Ring 3, posmon e R e —.100 —. 078 —. 062 —. 052 —. 045 —. 040 —.038
Variable o101 R T L) ) IS SRR —. 116 —. 084 —. 065 —. 054 —. 047 —. 045 —. 045
N.A.C.A.cOWHNg- o ceoooo oo cee [ m e e e —. 098 =, 077 —. 061 —. 050 —. 043 —. 038 —. 036 ‘
Nacelle position B-1-A, unfaired }
NVATCGVA eowling o == TR | T | | e —0.091 | —0.076 | —0.065 | —0.057 | —0.050 | —0.047 —0. 045 J‘
(‘\
Nacelle position A-1-B, faired into wing |
f
Z. Exposed cyllnders ............................................... —0.057 | —0.064 —0. 068 —0.070 | —0.073 —0.075 —0.075 %
‘ N. A. C. hood.-- —. 057 —. 066 —.072 —. 075 —. 075 —.075 —. 076 |
w Ring 3, posmon 2= —. 070 —.073 —.075 —. 075 —. 075 —. 075 —. 074 |
Varlable ring —8°. —. 064 —. 070 —. 074 —. 076 —. 078 —.079 —.078 \‘
N.A. C.A. cowling. - - oo ocmo o[ emec oo —. 066 —. 070 —.072 —. 075 —. 075 —.075 —. 074 |
(
Nacelle position A-1-B, unfaired (
Z. Exposed cylinders .............................. —0.058 [ —0.062 —0. 065 —0. 069 —0.070 —0.072 —0.072 ?
1 N. A. C. A. hood-- —. 060 —. 065 —. 067 —. 070 —. 070 —. 070 —. 071 !
wn Ring 3, posltlon il —. 064 —. 069 —.072 —.075 —. 075 —.075 —.075 i
Nacelle position A-2-B }
Z‘ Exposed cylinders —0.021 —0. 040 —0. 055 —0.065 | —0.070 —0.074 ~0.075 \
] N. A. C. A. hood- —.017 —. 038 —. 053 —. 062 —. 068 —. 070 —. 072 |
(] Ring 3, positlon 2. —. 006 —. 037 —. 055 —. 063 —. 067 —. 070 —.073
Varlable ring —8°. —. 004 —. 040 —. 057 —. 064 —. 068 —.071 —. 073
Ne AL G Asoowling —.012 —. 042 —. 057 —. 062 —. 065 —. 068 —. 068




NACELLE COMBINATIONS IN VARIOUS POSITIONS WITH REFERENCE TO WINGS

TABLE VIII—Continued
MOMENT COEFFICIENT WITH PROPELLER OPERATING—Continued

Propeller No. 4412—4

Cn

Mp

P gSc

feet. Set 17° at 0.756 R. Angle of attack=-10°

41

B i
n D
« kType of nacelle)
e 0.1 0.2 0.3 0.4 0.5 0.6 I 0.7 l 0.8 0.9 1.0
Nacelle position B, side brackets removed
=2 Exposed oylinders. ... ccocceeaaat —0.092 | —0.077 | —0.067 | —0.060 | —0.056 | —0.054 —0.053
8 | N. A. C. A. hood-.. —.109 —-.071 —. 060 —.057 —. 055 —. 054 —. 054
g ng3 position 2. —. 086 —. 067 —. 057 —.052 —. 050 —. 050 —. 050
fuss Ring 3, position 3. —. 06 —. 063 —. 058 —. 055 —. 052 —. 051 —. 050
i Ring 1, position 2.._ —.075 —. 065 —. 060 —. 055 —. 055 —. 054 —. 053
g | Ring 1, position 3___ —.078 | —.067| —.059| —.055| —.051( —.050 —. 051
% | Variable ring —8° —. 081 —.066 | —.057 —.051 —. 049 —. 048 —. 046
N-AHG-Aloowling.—.oo. - Ll —.074 | —.065| —.059| —.055| —.052| —.051 —.050
Nacelle position B, with side brackets

7 —0 072 —0 065 —0.060 | —0.057 | —0.055| —0.054 —0.053
2 —. 056 —. 054 —. 052 —. 051 —. 050
@ - 073 - 060 —. 053 —. 050 —. 048 —. 047 —. 046

Nacelle position B-1-A, faired into wing
Z‘ Exposed eylinders —0.103 | —0.080 | —0.065 | —0.055| —0.048 | —0.045 —0.043
3 00 T S I —.113 —. 079 —. 061 —. 050 —. 044 —. 041 —. 042
0 ng 3, position 2. —. 112 —. 076 ~—. 058 —. 049 —. 044 —. 042 —.043
Variable ring —8° —. 089 —. 070 ~—.058 —. 049 —. 043 —. 040 —. 039
INGANEI AT cowling= - C oo Uy —. 093 —. 074 ~. 060 —. 051 —. 045 —. 042 —. 042

Nacelle position B-1-A, unfaired

A e A BOWHNE - it e e e H R R —0.085 | —0.073 | —0.065| —0.060| —0.055| —0.053 —0.052

Nacelle position A-1-B, faired into wing
7' Exposed eylinders...._.______ —0.057 | —0.065 | —0.070 | —0.073) —0.075| —0.075 —0.074
" | N.A. C. A. hood... —.050 | —.063| ~—.070| —.072| —.074| —.074 —. 074
w Ring 3, position 2. —. 072 —. 074 ~.075 —. 075 —. 075 —. 075 —. 075
Variable ring —8°_ —. 077 —. 080 ~. 080 —. 080 —. 081 —. 083 —. 084
N AO Avcowling .- —. 069 =071 ~. 074 —. 075 —. 075 —. 075 —. 075

Nacelle position A-1-B, unfaired
7‘ Hxposedieviinderss = L.~ Voo ML ool el —0.062 | —0.065 | —0.069 | —0.070| —0.072| —0.074 —0.074
. | N.A. C. A, hood- —. 060 —. 065 ~—.067 —.070 [ —.070| ~—.070 —. 071
w0 RIng B Doritlon @i oaa o r o o —. 065 —. 070 ~. 072 —. 074 —. 074 —. 074 —. 074
Nacelle position A-2-B

Z' Exposed cylmders .................. —0.020 | —0.040 | —0.055 | —0.065| —0.070 | —0.074 —0.075
g, N. A. C. A. hood —. 018 —. 038 ~. 051 —. 061 —. 067 —. 070 —.073
@ | Ring3, posmon —. 011 —. 038 ~. 055 —. 064 —. 068 —. 070 —.073
Variable ring —8°._ —. 020 —. 041 —~. 055 —. 062 —. 067 —. 071 —.075
N. A. C. A. cowling._ —. 008 —. 040 —~. 057 —. 063 —. 066 —. 070 —. 070
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TABLE IX

RELATIVE MERITS OF VARIOUS COWLINGS FOR DIFFERENT NACELLE LOCATIONS

HIGH AND CRUISING SPEED CONDITION

Propeller No. 4412—4 feef.

Set 17° at 0.75 R.

\4
ﬁ=0'65 CL=0.409

B!

A-1-B ?

Nacelle location_ - ...

B B-1-A? I B-1-A

A-1-B

‘ A=2-B

Propulsive efficiency (7’)

:Z Small nacelle

A.C.A.cowling T

Exposed cylinders.
N. A. C. A. hood - -
Ring 3, Position 2. -
Ring 3, position 3
Ring 1, position 2_ .-
Ring 1, position 3___.
Variable ring —8°____

Nacelle drag efliciency factor (N. D. F.)

Z Small nacelle

A.C.A.cowling__._________________

Exposed cvhnders
INT hood - -
Ring 3, posmon 2o
Ring 3, position 3__
Ring 1, position 2.
Ring 1, position 3__
Variable Ring —8°_

0. 1750
L0775
. 1740
L1725
. 2615
. 3085
L1210
. 0095

7 Small nacelle

.A.C.A. cowling__.________ S,

Exposed cylmders ................
N. A.C. A, hood- - 23

Ring 3, posmon 2

Ring 3, position 3.

Ring 1, position 2.
Ring 1% Position sii RSB s
Variablering —8°_____ . ____

1 Side brackets removed.

TABLE X

2 Faired into wing.

RELATIVE MERITS OF VARIOUS COWLINGS FOR DIFFERENT NACELLE LOCATIONS

CLIMBING CONDITION

Propeller No. 4412, 4 feet. Set 17° at 0.75 R. ﬁ%=0'42' CL=0.652
Nacellelocation oo o e B! B B-1-A - B-1-A A-1-B? A-1-B A-2-B
Propulsive efficiency (n)

S0 Exp.cylinders = TittEionie i 0. 622
g 0. A, hood-_- - . 624
e ng 3, position 2 ___ = . 633
= Ring 3, position 3 - = . 618
= | Ring 1, position 2 - . . 640
(E Ring 1, position 3 - = . 650

Var. ring —8°_ - . 640
N AGO AT cowling 2o o on s s Aoo s se . 635

factor (N. D. F.)

Z Small nacelle

Bxp; @ylinderg =" Cns ATeseea ey
N. A. C. A. hood -
Ring 3, position 2 e
Ring 3, position8----=""_— =
Ring'1, position 2.~ _—_~______-
Ring Hgipositioni3a=r == 2
IV ARETInge 8o e e

ANICEAG S cowling: o R e e

—0. 0082

7 Small nacelle

Exp cylindersi=-c-—=-== _SEoAET s

%,) hoodiss——c oo =
ng 3 posxt\on Db e e
Ring 3. position e T
Ring 1, position 2. ...
Ring 1, posmon 3--
Var. ring —8°__..

WAL CGUATcowling ==~ _~- " "0

1 Side brackets removed

2 Faired into wing.
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