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

By DONALD H. WOOD

SUMMARY

This report giws the remdte obtuiwd in the I?O$oot
propellw-reeearch tunnel of the National Advisory Com-
mitteefor Aeronaut% on tlw interference drag and pTo-
pu.kive ejiciemy of a nacelle-propeller combination
locatedin 2?1positi.ww&h reference to a thick wing.

Ike munghad a 6-foot chord, a 16-foot epan, and a
maximum thicknees oj 20 per ceni oj iha chord. 17w
engine ww a %-scale mookl oj a W-righ#J–6 radial
air-cooled engine and installed in a nacelle with a cow>
ing oj the N. A. 0. A. type. The propeller w a .&joot
diameter model of the dandurd Na~ adjuWbl@tch
metalpropeller No. 441%

The lift, drag, and propulsive e- were obtaiwd
at wmral angl-a oj attackjor each oj the M locatti.
A net e~cienqt uxze Wed joT oktermining the over-all
e$eclivtmew of mh nacelle location.

Beat reeulti were obtai~d with the propeller about 26
per cent of the chord directly ahead of the leading edge.
A location immediately above OTbelbwthe w“ng near tha
leading edge w wry poor.

INTRODUCTION

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

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

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

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

This report presents the results obtained with a
thick airfoil (2o per cent) 5 by 15 feet, a $scaIe model
of a cowled radial engine and nacelle, and a 4-foot
metal propeller located in 21 positions, above, below,
and forward of the airfoil’s leading edge. This serk
of temk constitutes the tiwt main division of the pro-
gram. Work on the remaining portion of the program
is in progress and will be reported later. All the tests
are being made in the 20-foot propeller-research tunncll
of the National Advisory Committee for Aeronautic-s.
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APPARATUS AND METHODS

The propeller-research tunnel has been dwcribed in
reference 2. The standard apparatus and test meth-
ods were used with certain exceptions mentioned
later.
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The wing was constructed of wood with a 6-foot
chord and a M-foot span. The airfoil section, the
ordinates of which are shown in Figure 1, bad a
maximum thiclmess of 20 per cent of the chord.
The central portion of the wing was provided with
suitable metal ribs and plates for the connection of
the struts required in attaching the nacelle to the
wing. The duralumin nacelle was similar to the
nacelle required for a W-ight J–5 radial air-cooled
engine, and was four-ninths (0.445) full scale. A
detailed wooden model of this engine (fig. 2) was
installed in the proper position in the nacelle. The
engine model was fitted with an N. A. C. A. cowling,
the inside lines of which were modiiied to fit around

.

lhGtm 2.-Photograph of mcwloIengineand propeller

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

For driving this propeller a 25-horsepower 220-volt
direct-current motor was mounted within tbe nacelle.
Wmca were led from the motor down the strute into
the wing, and along the supporting membem to the
control equipment on the floor below. These wires
were carefully taped to the struts, preserving a stream-

line shape which, in subsequent tests, showed a
negligible effect on the tare drag. A I?rony brake was
used for calibrating the motor, and curves were
obtained giving armature current against torque for
several values of the fiidd current. During the tests
the field current was held at one of these calibrated
valuea. Revolution speed was indicated by a con-
denser-type electric tachometer 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 5. With these sup-
ports the airfoil pivots about a line near the lower sur-
face 25 per cent of the chord back from the leading
edge, and the angle of attack is adjusted by a crank
operating a post connected with a sting on the air-
foil. The airfoil and nacelle mounted in one test
position are shown in Figure 4.

For use in subsequent analyses, a series of tests at
various air speeds was made with the wing alone at
angles of attack of –5°, 0°, +5°, +10°, +12°, and
+ 15°. Similar tests were made with the nacelle
alone. In each case separate tare drag tests were also
made. The lift and drag forces were measured
simultaneously by balan- on the floor below. The
Reynolds Number varied from about 2,300,000 at
the lowest air speed (54 m. p. h.) to 4,300,000 at the
highest speed (99 m. p. h.).

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

The first &t 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 tit), torque, propeller
revolutions, and air speed were measured. Separate
tests were made at angles of attack of – 5°, 0°, + 5°,
+ 10°, and + 12°. At the 12° angle only a few points
were determined near zero thrust.

The most unfavorable interference was expected
when the nacelle was’ near the wing. This inter-
ference occurred in the first position tried near the
wing (B–l-A), therefore in all the tests with the
nacelle near or partly within the wing, the gap be-
tween was carefully faired. The photograph of posi-
tion B-l-A in Figure 6 shows the nacelle u.nfaired.
The fairing used was similar to that of position B-l-B
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shown in Figure 8. The results of the tests in these
locations are therefore somewhat better than they
would have been if the nacelle had been supported
by struts without fairing, as will be seen by com-
paring the results, with and without fairing, for thf
above-mentioned position (B-l-A).

12”
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I A-2-A B-2-A C-2-A
,-).
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I?mum 6.-TWng-nemUe ttst Iwdions

RESULTS

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

Q the dynamic pressure @i p V2).
mass density of the air.

&l”
S,’ Ze”ZZof the wing.
c, chord of the wing.

(All moments are taken about the quarter-chord
point of the wing.) These coefficients w,ere tit
plotted against the dynamic pressure g and then cross
plotted as C.., CD, and Cmagainst a (angle of attack)
at vahms of the dynamic pressure corresponding to
50, 75, and 100 m. p. h. The results of the tests, in
general, are quite similar for the different positions.
Only a sample series of curves is given. ?&we 9
shows the results for the wing alone, the nacelle
alone, and the sum of the two for a dynamic pressure
of 25.6 pounds per square foot, which corresponds
to 100 II&S p~ hour in standard air. l?igures 10
and 11 give similar results for the wing-nacelle com-
bination in position B and in position A–l–A, the
best and the worst positionE, rmpectively. & the

complete data would occupy many pagea, only the
vsluea read from carefully faired curves are given
in the tables: Table I, CL; Table II, CD; and Table
HI, Um. Values are given for three air speeds (60,
75, and 100 m. p. h.). All the useful information is
thus reduced to manageable proportions.

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

(7T+g CP” +&
where

T, t~; ~fo ro tiller operating in front
l?
&

tension in crmkshnft).
AD, change in ag of body due to action

of propeller.
T– AD, effective thrust(discussed in references

3 and4).
n, revolutions per unit of time.

D, propeller diameter.
P, motor power.

and
q =propulsive e~ciency

effective thrust x velocity of advance
motor power

()
- (T–AD)V ‘CT ~

P ‘GnD
and

CLis computed as before, but is now called t&
Results of one of the teats me giv~~ in Figures 12

and 13. l?igure 12 shows ULFversus ~D for each angle

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

for the actual dynamic pressurca at the values of ~

fitwhich the propeller operated. In Figure 13, UT,Up,Y.
md q are plotted against + with sepmata lines for

tach angle of attack. The coefficients for all nacelle
T7

gositionsat vti.ous valuca of 5 and the difFerentangles

]f attack are given in Tables IV to VIII, inclusive:
rable IV, Thrust Coefficient (UT); Table V, Power
%efficient (CP); Table VI, l?ropulsive Efficiency (q);
L’able VII, Lift Coefficient with Propeller Operating
:CLP); Table VIII, Moment Coefficient with Pro-
xiller Operating (C=p).

The foregoing two types of curve9 are ordinarily
lmployed in presenting airfoil data and propeller data.
?or compming the efficiencies of the nacelle-propeller
~mbination in the various positions, however, other
~urvesare required, which depend on further analysis,
md will be given later.
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The moment cceihcients C. computed for the tests
show an interesting characteristic, A comparison of
the moments with propeller operating with the
momenti without propeller shows, to a very close
approximation, that the moment of the wing-nacelle-
propeller combination is equal to the sum of the wing-
nacelle moment without propeller and the moment of
the horizontal component of the effective tit.

ACCURACY

All readings w&e taken on scales and instruments
which were calibrated frequently dm”ng the tests.
The anglw of attack of the airfoil were%et within 5’ of
the desired angles with an inclinometer. The motor
calibration showed a scattering of the points repre-
senting a mtium error of 1 per cent. The tachom-
eter readings were accurate within 10 revolutions per
minute. The lift and drag bahmccs were read to the
nearest pound.

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

DISCUSSION

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

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

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

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

4. A comparison of the relative merits of wing-
nacelle-propeller combinations in various positions
must therefore include (1) propulsive efficiency; (2)
interference-drag tiecti; (3) lift eflect8. The following
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discussion contains an analysis and derivation of a
method of comparison which takes these effects inta
account.
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discussed in the preceding section (propulsive eilici-
ency, irrtarference drag, and lift) can be obtained
by deriving a net efficiency for each nacelle-propel-
ler location. A direct comparison of the net ef6ci-
encies then gives the relative merit of the different
nacelle locations.

In other words, it is convenient to consider the
nacelle, the engine within it, and the propeller as n
propulsive unit. The only resson for the nacelle is to
house the motor driving the propeller. & the same
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wing was employed throughout the investigation, the
bag and lift of the wing will be taken as a basis and all
}hangesin lift and drag will be charged to the propeller-
lacelle combination. If the drag of the combination is
Fester, the propulsive efficiency, which represents the
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‘atio of the effective thrust horsepower to the total
notor power, will be charged with the drag and
nterference of the nacelle, and with any changes in lift
vhich may occur.

A consideration of the matter shows, at once~’that if
Lgreater lift was obtained with the nacelle in place and
he propeller operating than was obtained with the
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wing alone, this additional lift must have been due to
tho action of the propeller and the presence of the
nacelle, and the propulsbe unit should consequently
receive credit. It is very M3h.lt to obtain a factor
satisfying all conditions-one that will give a horizontal
force or drag equivalent to a vertical force or lift.
This question has been discussed in a very interesting
paper by Betz. (Referenm 6.) He comes to the
conclusion that no method gives entire satisfaction.
After considering the question from several angles, the
author has concluded that the practical considerations
can be .wtliciently well satisfied by making the com-
parison at a constrmt lift so ~hat the lift tiecti are
automatically eliminated. The angles of attack are
so selected that the lift coailicient remains constant;
i. e., equal to that of the wing alone at the mgle of
attack selected for comparison. If the lift is higher
with the propeller operating at a given angle of attack,
the same lift as that of the wing alone can be produced
at a 10VW angle of attack of any wing-nacelle com-
bination, and vice veraa.

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

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

Let Dm, drag of the wing at a given angle of attack.
Da, drag of the wing-nacelle combination at the

-same lift coefficient as the wing.
then

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

=DC– DW . a)

Thrust horsepower to overcome effective nacelle
drag

= (D.–DW) veloci@- m)

Nacelle drag effici&cy factor =fraction of the
total motor power used by effective nacelle
&w

(m

Net eiliciency = (propuhive efficiency) - (nacalle
drag eficiency factor)

= (~–A~)v_ (DC–DW)V
P P

=[(Z’-AD)– (D.–D~)]v
P m

After introduc~~ coefficients and simplifying, the
fhal equations become

PropuMve efficiency

Nacelle drag efficiency factor

-CD~–CD~ 8 V 8
Cp ()

——
2P d

(w -

m
Net efficiency

c. v (cDo– CDW) s’ V 3

()‘zLa - c. — —2P a m)

If a serks of values of the net efficiency and the fac-
tors composing it are computed and plotted on a sheet
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with the various nacelle locations drawn to scale and
then cross-plotted, a series of cent.ars representing
equal valuea of the factors are obtained. It is then
easy to determine how the factors vary with nacelle

.
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location, where they are of the greatest and least mag-
nitudes, and their actual value for any nacelle position.

An examination of flight reports and computations
horn the dimensions of several airplanes employing
nacelles indicates that high and muising speeds occur
at angles of attack between —2° and OO. In most air-
planes the propeller is designed to give maximum pro-
pulsive aflicierq at about these speeds. A series of
three charts (figs. 14 to 16, inclusive) show the con-
tour lin~ for the “peak” propulsive efEciency

(T–AD)V .
P

the nacelle drag cdliciency factor
(D.–llw)v

and the net efficiency
. [(T–AD)– (Da–Drr)]V “

P
respectively, all for the lift coefficient corresponding
to 0° angle of attack of the wing alone (G= O.409).

A milue of & =0.65 was found to be the average

value at which maximum efficiency occurred with all
nacelle positions. The actual maximum in the extreme
case was less than one-fourth of 1 per cent from that

at this $. & the nacelle drag factor ia directly
Va

()
dependent on ~ ~ a much more satisfactory result

is obtained by using the constant value. The charts
thus computed may be used to cempare the high and
cruising speed performance of the 21 combbations.

Like considerations indicate that the best rate of
climb occurs at about 5° angle of attack and at a
speed equal to 60 per cent of high speed. A second
series of charts (figs. 17 to 19, inclusive) presents cOn-
toum of the same factors at a lift coticient correspond-
ing to 5° angle of attack of the wing alone (C~= 0.652),

a value of ~Dof 0.42, and at a speed equal to 60 per

cent of high speed. The vahe (0.42) is detmmined
from the high-speed condition by assuming that
V= 0.6 VW and that the power varies directIy with
the revolution per minute (i. e., constant torque),
which is approximately true for airplane engines.
These charta may be used to compare the climbing
performance of the 21 combinations.

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

It will be evident fkom the preceding derivation
that the nacelle drag efficiency factor could have been

CO~ FOR AERONAUTICS

separated into two factors-one giving the fraction of
t%; power used by the nacelle alone, and the other
the haction of the power used by the wing-nacelle
interference. This sepmation is of general interest
in showing the w@nacelle interference by itself.
When compming nacelles of different types, however,
both factors are necessaxy, as will be evident in the
later reports of the program, and the use of a single
factor comb- the two is therefore justified. The
part of the nacelle drag efhiency factor due to the
drag of the nacelle alone may, however, be taken as
constant within about one-fourth per cent. If 7.7
is subtracted from the vahm of Figure 15 and 2.6
from the values of Figure 18, the resulting values rep-
resent the part of the nacelle drag efficiency factor
that is due to wing-nde interference. Hence, all
points between the dotted lines drawn at 7.7 on Figure
15 and at 2.5 on Figure 18, are in an area of favorable
wing-nacelle interference. The desired interference-
drag information is thus emily obtained.

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

visoperating at a value of ~ near that of zero thrust.

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

Table IX gives the lift coefficients at 12° angle of
attack for the several locations of the wing rmdnacelle
with the propeller operating at zero thrust, and also
without the propeller. These values of lift coefficient
indicate the relative merits of the variou9 nacelle
positions for conditions near the landing speed. Sev-
eral tests have been made with the propeller stopped.
The redta will be discussed in a report now being
prepared. In the last column of Table IX the land-
ing speeds with the various combinations are compared
with those with the wing alone. The ratio of the
kmding speed of the combination to the landing
speed of the wing alone is taken as the square root of
the inveme ratio of the lift coeilicients. The values
given are qualitative only, since the wing used in the
tests-is not neces-smilyof the same proportional total
area aa that which would be used on an airplane. If
the area of the airplane wing is relatively larger, the
effect of the nacelle and propeller on the landing speed
will be correspondingly 1sss. In general, the area
ratio here used seems about correct, and the values
in Column 3 show that the effect of the nacelle location
on landing speed is small.

ItfX3m OF RESULTS

The results show several general characteristics.
The lift when the propeller is operating at full power,
is increased when the nacelle is located above the wing,
decreased when below, and practically unaffected when



THTCK TVIN-N. A. C.A. COTTIJ3DNAc13~ OTOR PROPEIILmi 287

+

+

69

70

71

72

73

74

74

73

7.2

472

73

74

+ +

78

\

14.—R0@9ive eftkfen~



288 REPORT NATIONAL ADVIiORY CO~ FOR AERONAUTICS

/4

6

5

4

4

5

/4

/5

16

/7

)7

+

“+). A >. + +
~GUTiE 15.—Nwe.tledrag @Oidenoyfwtca @r cent) at mrdslngand hfgh~ condition. (CL. O.41W J?ro@ler W 1P fit 0.76R qtakmfit ~~D-0.&5J

To obtnfn nacelle Inbxfmwnm drag ellldanoy fwfcc, mbtraot 7.7 Iran values on atoms



THICK TVIN&N. A. C.A. COTTIiODNACEIL~ Cl?ORPROPJ31.JJ3R .

63

+

289

FIGURE16.–Net cdlioienay@r cent) at crnlsfngand I&h



RDPOItT NATIONAL ADVISORY COMM3TIIE FOR AJ3RONAUTICS

+ +
‘8\ +

.

\

+

FIQUEE17.—PropnMve aflldency (par WDI) at dbnbfng mndlticm. (CLd.I?4Z Pm@k eatIT fit 0.76R. II takan d ;==0,43



THK!K ~~N. A. C.A. COTVXDD NACE~CTOR PROPIllXEIR 291

-4//+- +

-1
.

2.5,

b-
-2.5

lK.-NaoaIle dragallidanoy faota (per cmt) at dbnblngcondltfon. (CL-O.&W. Propallefeat IT at 0.76R q taken nt~D-0.42J To obtdn

nude interfmnca drag eJ3chmY faotor, .mbtraot 2.5from valnM m mntoura



292 REPORT NATIONAL ADVISORY COMMJ3X@l FOR AERONAUTICS

64 63 62

)

65 ~’q:

)r

63

+ + +
65
64

+

59

60
61
62

63

64

~“’

64

63

62
\\+\ +

FIGUaE 19.-Net emdenuy (per cant) at dfmblng cenditfon. (cL~.~ PrOpalkr W 17”at 0.76R. q taken at ~D-0.42)



THICK WIN*N. A. C. A . COW’Iit3D

directly ahead of the wing. The interference drag
(without propeller) is unfavorable when the nacelle
is placed above the wing, and favorable when placed
below the wing. These changes are not a simple
function of the distance from the wing, since position
A-l-A shows the greateat increase in lift and the most
unfavorable interference, whereas position B–2–B
shows the most favorable interference. On the other
hand, the propulsive e%iciency increases as the vertical
distance of the propeller from the wing increases, the
highest c5cienciea occurring in positions C-3-A and
C-3-B. Here again the change is irregular. Combin-
ing all factors, the highest net efficiency for both the
high-speed and the climbing conditions is obtained when
the nacelle is just back of position B (i. e., with the
center line of the propeller about 25 per cent of the
chord ahead of the leading edge).

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

DE91GN CONSIDERATIONS

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

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

Nacelle drag = C. (wing basis) g i3
= (7D1g 75. m)
- ~= (engine diam. basis) q (D,)’ (IX)
mc. q (20)’

where D,- Engine diameter in inches
then u., g 75 = ~fi q 400-.

oh 5 ~DI :.;—=0.1875 C& m
and similarly for the Mt

oh =0.1876 o.
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If the codiicients of Table ~ me multiplied by
0.1875, then equation (IX) may be used with some
saving of time when the drags of nacelles with diiferent
engines is being computed. This method also elimi-

natca the wing area as a variable in nacelle drag. It is
clesx, howevar, that the wing-area basis was necessary
in the other comparisons made in this report.

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

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

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

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

CONCLUSIONS

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

2. An unfavorable interference drag (without pro-
peller) results when a nacelle is placed above and
forward of a wing; a favorable interference drag re-
sults when the nacelle is below and forward, and prac-
tically no interference drag results when the nacelle is
in line with the wing.

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

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

5. The most unfavorable location of a nacelle and
propeller is with the thrust ti about one-third of the
wing chord above the chord line and with the propeller
10 per cent of the chord ahead of the leading edge of
the wing, i. e., with nacelle very close to the upper
surface of the wing.
- 6. Nacelles located above or below and forward of
the wing in corresponding positions have about equal

CO~ FOR AERONAU!HCS

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

LANGLIIY MIWOIHU AERONATJTTCAL LABORATORY,

NATIONAL ADVISORY Comnmm FOR AERONAUTIIJS,
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2.

3.

4.
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TABLE IV-Continued

THRUST COEFFICIENT-Contiiued
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B-%B. ..-.. .-.--. . . . . . . . . . . .
G2-B --------------------
A-3-B . . . . . . . ..-. -..-. . . . . .
B-3-B -. . . . . --------------
G>B...-- . . . . . . . . . . . . . . . . . .

a m75
.a3it3
.M73
.C@&
.a336
.C@M
. 07&3
.mm
.m
.C&15
.Cs29
. a317

:%%
.m46
.MM
.Uw
.M80
. am
.@&
.M73

o.m67
.MT1
.M76
.M36
.0543
. CL576
, c$12
.M13
. 0s1
.Q526
.M30
.Mz5
.0s3
.0s7
.(WS
.wl
.M69
.0539
. a$sl
.m78
.W.?4

–a Cm6
–. m40
–. m16
–. w

.0310

.Mz9

.0E2

. m21

.Mm

.Mio

.m

.0365

. Ol!a

.M70

.m48

. 01C5

.Wm

.Cwa

.Cwdl

. ml

.M30

O.am
.Ms7
.M30
.mm
.07m
. m14
.0724
.0705
. 07e3
.0700
.077’9
.0763
.077’6
. 070s
.On’8
.Wa7
.Mo2
.M21
.Ms2

:M

o.mm
. ma

:%!%
.07n
.0761
.m71
.Wm
.ml
.MM
.0712
.c@7
.Mxl
.07125
.OnM
.0741
.0730
.0762
.0707
. Owl
.0702

a m70
.Iwo
.mm

:%!
.m73
.W
. (ml
.mm
.MM
.Oml
. MM
.W47
.C@29
.M23
.CM4
.Mb3
.W@3
.Cml
.M74
.M32

Propeller No. 4424 [64. Set 1~ at 0.76R. Angle of attack-+lo”

ALA---------------------- aaw
B*A---------------------- .m83
WA----------------------- .M59
A-2-Ah _-- . . ..-. --- . . ..-. — . . -------
B->A ----------------------- .m26
GSA---------------------- .mm
A-1-A* . . -------------------- . 07fa
B-I-A* ---------------------- .07m
C-I-A--.-.--.–.-.-.-.-.-–- .07m
~:.:------------------------- .07m

- . . . . . . ..- . . . . . . . . . . . . . . . . .07m
0---------------------------- .07S7
A-l-B~b ------------------- ---i%
B-l-B= ----------------------
G1-B ----------------------- m?$&
A-%B -----------------------
&%B----------------------- .a?a
C-2-B --------------------- ;@&
A+B-----------------------
B+B----------------------- . ml
HA----------------------- .M70

aims IcLo7~[amsl.a310 .m
.- .0760 .M74

0.0543
.M62
.Om

--------
.M23
.C6M
.04s-7
. CMl
.Cu86
.IMm
.W
.MS

.—-----
. am
.CA94
. WI
. w6
.M41
.mso
.C57B
.057$

a Mll
.0434
.0446

-------
.Wm
.Qi40
.Ow
.Ms3
.aw
.0325
.Cm3
.M78

,—-----
.W7
.CGm
.04m
.Oilo
.0437
.0479
. 047U
.0472

——

aoma
.02a7
.C@3

--------
.M73

:%

.0277

.0279

.0276

.0m4
.—-----

.mm

.mm

.0342

.m

.Cm$

.ml
NW&

am4
.0143
. Om

-am
–. CW3
–. M70

.———.-

.--—----

.——----

.-.—----
-a Oz18
–. o141
–. 0140
–. Olm
–. Olco
–. Crb7
–. olm
–. mm

...-. ——
–. C@Jl
–. m74

-: %
-. Mi8
–. m
–. ml

.
--------
.Olm
.0124
.Om
.0120
.0161
. Olm
.0101
.014!3

,--..--—.
–. m!2

.am

--------
.0776
.07m
. 07m
.072a
.0738
.07w
.07m
.0729

.- ------------------ .
.0710 : .m24
.0722 . M51
:~ I :=
:W& : .mm

.Wa
.mm .m
.mm : .m74

,.-.----—
–. mu

:E
.mil
.CIYis

--------
.M16
. Olm
. C1251
. Olm
.01U4
.a2m
.0225
.0234

---------
.0x8
.Cms
.0149
. ml
:=

.Im35

. Olw

,--------
.073s
.0761
. Om
.0776
.07m
.ama
. am
.m24

- ---—.....
. M76
.0076
.0707
.07m
.0720
.0744
.0762
. 07bs

.-.--------
.am
.&&%
.M23
; Mwl&

.mm

.0376

.M73
1 ,

aNacellefafml lntoafrfoll. Data uarelfabh

.
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TABLE V

POWER COEFFICIENT

Cp=$

Pmpalkr No. 4412-4 fret. Set 1P at L76 IL Angle of attaok.-fP

I Nacelle @tIon I al I al LO Ias a7 I as 1.9

am
. Olw
. ola5
. 01%
. Olzl
.0116
.O.u7
.0145
. Olm
.0145
.0121
.0115
.0107
.0185
.0111
.0104
::1

.W78

:%%

0.4 I 0.6 0.6

..----

... -----
-------
. ......

.m3’4
.-. . ..-.

:%%
--------

.ma
--------
.-------

. m57

. CO1O
.-.-.---
.. . .----

AIL----------------------- aOMO I ao440
Baa--------------------------
M-L-.. —-------------------
A-2-A ------------------------
E>L ------------------------ -
GIL----------------------
A-1-A ● ----------------------
B-l-A ● ----------------------
G1-A--._— ______________

ao4s2
-0425
.04m
.0414
.0421
.04s7
.0428
.04m
.0429
.04m
.0418
. m17
.mm
. 0U5
.0424
. m84
.04s4
.0S3
.0423
.m
.042a

m2& am
.am

.0112 . mm
.Cm2:&i .02s3
.Om:8%’

.0i07 :%%’.C4M . .0392

.0412

.0410 :%

.Ow .C@39

. 04n . Olm

. 04a3 .Cm6

.0u2 .am

.0419 .am

.Om .IE33

.mm .03m

.0411 J&

. m17

. O!ll .a392

am
.Cm3
.axa
.aMo
.Wo
.0254
.am
-0?42
A&

.W.b5

.0&55

:&!
.W2
.@&
.mo
.CGol
. m46

:E

am a m9s.am .0212
.m .0218
.m .0227
.mw . 02m
.mw .Oml
.fmo .Oma
.Im12 .0223

. 02a4
:%? .0240
.aml .fu27
.OIM .Ozm
.a325 .Oz.9
.aml .022s
.a&J6 . fr214
.02m .aa32
.mol .Oizo
.mm .Om
.0232 . OIM
. ml .O.um
.Ozw . Ozlfl

.0431 .0431

.04M X&

.0420

. m19 .0423

.0401

.04s4 %
.0427

:n .0433
W& .mz7

.04m
. Oia?l .0422
.043 .0i38
.m27 .04z2
.0435 .0431
.0439 .0440
.0139 . oi40
.O#o .0440
.Ofxz .0431
.0431 .04s3
.OmJ .043a

A------------------------
B----------------------------
o-------------------------
A-I-B c ----------------------
B-l-B ● -----------------------
Glib --------------------------
A-%B --------------------------
%>B--------------------------
GAB--------------------------
A+B--------------------------
-B-----------------------
C+B-------------------------

..-----
--------
.-.....-
.-.....- 1

I--------

ALA-------------------------- O.om
we-----------------------.04s2
-A------------------------- .0130
A-2-A -------------------------- .04m
B-2-A _________________ .0424
.Gs&--------------------- .m4s
A-l-A . ------------------------ .0430
B-1-A. -------------------- .043s
G1-A----–._..._ .- . . ______ .0S3

:%
.04w
.0440

a~

. Olw

. m17

.0423

.0442

.0430

.0429

.04K4

.0424

.Oim

.m28

:%

:E
.O&o

:%

:%

LN’&

:ti
. Otza
.CM20
.0#3

:8%!.Om
. IM18
.mm
.0132
.0421

%J

.04s3

.0420

:&i’

a 0414
.Oal

:%?
.0411
.0k25
. OW
- lM12
.0416
.040a
. 04a3
. Om
.0428
. OK@
.Oas

:E
.04.ml
. m14
.0116
.C416

ao389

:%
.ma2
.0R9
.0402
.0397
. met
.m
.mw

.:%J?

.ma

.m

.0s69

:%%
. mm
.03a3
.C13Q5

aaw
.0352
. mm
. m47
.cwl
.a304
. fmo

:%%’
.W3

:%!
.W7
.W
.0239
. mm
.mo2
. WI
. mm

:%%

ao278
.0290
.0291
.0239
.Oim
.m
. a314

:E
. mu
.03w
.crzw

:=
. mm
.fnm

%J

:%%

a 0184
. Olm
.02m
.Om
.am
. m14
.0245
.0231
.mz3
.0w3
.02al
. m19
.0278
.cims
.0221
.0230
.mm
.0227
.UmJ
.0218
.0219

aim . . . . . ..-
.W70 --------
.Wa5 -------
.W . . . . . . . .
. mm --------
.0110 --------
.0157
.0131 _R’!!
. Olm --------
.0133 . IM18

. -------
:% . ..-...-

.W
.0140 . W6
. 0U2 . . . . . . . .
.0122 . . . . . . . .
.0126 -.....-.
. Olm . . . . . . . .
.0102 ..-...-.
.0111 . . . . . . . .
.0112 .. . . . . . .

A----------------------------
B__V.._---.-----------.-.
0-----------------------------
A-I-B ~---------------------
B-I-B s -----------------------
Glib --______ . . . . .._.__
A-2-B ---_____. ..- . . . . . ..__
B-2-B __________________
C-%B -------------------------
AaB-----------------------
-B-------------------------
CAB-----------------------

.0432

:&i?
:E
.Olm
.0431
.OsB

Pm@larNo.441%4feat. tw17ata75a AnglaOfattack.+@

A-2–A_________________
B-3-A_____________
c-2–A_______________
A->A_______________
B-!&~ .--.–__.___.-
c-2-A_______________

0:gl

.W3

:E
.04as
.m29
.m34
.0483

:E
.mss
.Ma
. M7
.0i34

:%
.mw

:@
.m44

aof33 aom
.0434 .04!B

ma!
% .0418
.Otm .0423

.msl
:= :=
.0t29
.W.o .04m
A& .m17

.m24

:M :%
.0433 .0125
.Oml .mm

:M’ :H?
.m40 .04s4
.0431 .0423
.0423 .mra
.O%m .W

aom
.oul
.MO
.mm.04u
.mlfl
.om.om
.04a3
.04a5
.om.0411
.0414
.04u
. m14
.0421

:~

. 041tl

.ml’a

Llcr35&

4?8&

.mm

.mw

.mm

.m’m

.Ow

.W -

:%%
.Om
.am
.mo
.04co
.Cm9
.Om
. mm
.c3Q5
.amo

m3&

.IB43

.am

.m47

:E
.aw
.03m
.mss
.msl
.Owl
.0378
awl
.CBo2
moo
.ams
.W8
.C3ea
.03t.3
.02.w

o.Om
J)2s&

.0!205

.0i%4

.0297

.0307

.a302

.O!m

.Oai

.029.5

.0234

.0J2a

. am

.Cw7

.fms

.0310

. am

.am

.WG

.a304

o.0W3 o.Cu38
. Om
. Om3 :%!
.0173 .cws
.ml SIJ8J
.0210
.0232 . Ol?a
cam .0119
. Gzlo .0105
.0232 .0140
.02zl . Olm
. m17 .0116
.m .OxB
.0m2 .0150
.W.o . N&l
.02bo
.0737 .014
.0235 . Olm
.0230 . msl
.@i?3 .0132
.02aa .0120

..-----

.-...-.

... ----

.-.....
-------
-------
aoneA-1-A ___–_____– _____

B-1-A E______________
G1-A______________
L ----------------------
B-.––.--.--––__ _____
o___________________
A-l-B o_---______ :_:_.
g::; . ---------------------

——. —-----------------
A-%B -----------------------
:g:____________

— ---- . ------- .-.-.--—
A&; —-------------------

—.. —-. .-. ———.—--
C-L?–B_____________

------
------

.Wm
.......
..-----
.Om

:%%
.C@.5
.m

.-.....
-------
.. ....

Propelfor No.4412-4fwt. E@ilPat O.75R Angle ofattaak-+lIY

0:g

.Cm7

.CG-i3

.CB82

.CG6a

.0300

.(?3W

.039s

. ml

:8$%
:%%
.am
.Oilo
.mm
.Om
. mm
.Ca97
.Mm

0.0440
.m
.Cm4
.Oira

:%
.Om
.0434

‘%
.C4n
.0427
.0425
.m30

:8%

:%
.m22
.0432
.0444

aom
.m20
.Om
.0407
.0i22

$g
.Om
.0418
.0u8

:=
.mzl
.C423
.0i30
.mm
.04m

:%
.0436

U&

.Om

.:88$
.OM.2
.C4u
.m17
.0414
.Ouo
.04a5
.04a5
.m17

:Hi
.0417
.mm

:W
.0418
.m2a

: :lE#

.0203

. OIIKI

. OUM

.Ga3

.02a

.0223

. 021a

.Oz’s4

.02?0

.0222

.0313

:%%!
.mo
.02s6
.V250

:=
.0248

A&__–_=:_._____–
—.- ——----

MA----------------------
A-2—~-------------
B-a______________
G2—L--------------
A-l-A _____________
g;-:. __.: ___________

;:::z:.-.z::::::::z:::z

o_z_::D::::::::::::
A-l-B _____________
M1; ._ —___________

A-2-B-::;~~~_~~~~:
~&;_–-–-___..-. ____

A-?-B~–_-~::~~~:::~~:
B-3-B_ .–—_________
C-2–B_____–_– _____

aow
X.&

.0414

.Okm

.0f31
IOU&

.043u

.04!z3

.0423

.W3

%%
.0i2a
.0433

:&
.m84
:~

am 0:fI&
.a347
.W8 Sci&
. ml
.0340
.m54 %
.m55 .ml
.aw

:%
:% .a?lo
.m.58 . ml
.am .02s3
.cwJ3
.m74 :&Hl
.0302 ;%
.Owl
.Wo .a322
.U37b S&

:E .a317
.m .cmzl

awn
. m9
.Cws
. m47
.cma
.lwcn
.OLm
.0116
. Olla
.0140
. Olm
.m24
.0240
.0170
.0142
.m
. mm
.0155
. mm
.01E5
. 01s2

..-----
—-----
... ....
.-.....-
.. .....
.. -.-.. .

arm
------

I.......,—----
.m47

:%i
.0110
.m
. W40
.Kki9
.W3

l------

. NaceIle faked Into afdofL

“
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TABLE VI

PROPUILUVE EFFICIENCY

(T–AD)V
v- P

ProPellar No. ~ fed. Set 1P fit 0.761?. AI@ OfftkWk--&

I v

NeceUe &tIon _
0.1 0.7 I a81a9O.a 0.3 0.4 o.61a.6

A+-A..._...-.-. –-.-.-.- am
B&~___________ .!D7

---—--—.—.-..-— .207
A-%A _____________ .210
E%L ------------------- . ml
C-2-A -------------- .lm
A-I-A c--.. -.----—.- .lso
g;-A&_________ .105

- --. -.--. ---. —-. .IM
k- __. -.-. -.-. -.-. --— — .106
B .--. -.--. -. —.-—----- .=ifm
o .--. -.- —.-. -.. -. —------- .Iw
A- I-B e.. ---------------- .lEa
B-1-B ●---_. _.-. -.--.– .1%
Glib ------------------- . ml
A-2-B--.. -.-. -... -–—---.104
W>B--------------------- .197
G2-B-_—---_.____– . Kc3
A+B------------------
BIB----._.._.-. ______ :E
HA----.. -.-. -..--—---- .ml

am
.390
.6s2
.m
.376

:%!
.376:g
.8s1
.2s0
.an
.979
.3s3
.36s
.372
.m
.8s6
.3SQ
.3W

a636
.s44
.s4s
.U43
.s?0
.m
.493
.Em
.517
.625
.M
.E30
.&
.Iiz3
.m
.616
.619
.Jn6
.S41
. ml
. w

am
..s2s
.670
.663
.W
.640
.em

:%
.64a
.649
.654
.eul
.M6
. !$81
.aw
.660
.M4
.Ma
.WJ
.551

aiw
.740
.760
.731
.7M
.72a
.6%5
.760
.72%
.7X
.731
.731
.Ix9
.ZM
.741
.720
.776
.766
.744
.723
.746

am
.761
.7s3
. 2%1
.760
.769
.72s
.778
.m
.767
.763
.7W
.721
.7M
.m
.m
.7b8
.m
.m
.no
.iw

am
.m
.7E3
.707
.795.m
.741
.W1
.779
.774

:Z
.7M
.766
.701
.m
.760
.704
.737
.783
.776 I

aon _
. no :~
.7W
.749 .546
.719 .W
.722 .3%5

.Ma
:% .447
.Tia .375
.TM .46s
.735 .%2
.69.5 .s25
.6W .m
.701 .3.%’
.m
.675 ._-:_:
.Wil
.716
.675 -:!!
.t?a —––
.e.w .I16

Propeller No. 442-4 feat. W 1P at 0.75R. &@e of etteck=IY

AitA _____________ am
B&~.--—–.-–.–. .m

.- .--. ---. —.—-... .!U17
A-1-A _____________ ;Z&
B-%A-----.__-__ --._-–
WA----. —--------- .104
A-I-A 0-------------- .Isa
&&:__________ .194

.194
A_--.::~~::::I~~:: .Im
B --.---—.—---.-——— . Ka
0---------------------- .197
A-l-B ●---------------- .M3
B-1-3 ●----------------- . I’M
Glib ------------------ . I’m
A-+B---.-–-.-.--.-.----.. .196
WE----.. -–.-. --—-..-.. . KM
C-2-B_ .-_––.–-._-.. . K8
A->B ------------------- .2M
B-2-B--–––--.–.—–.–– .ml
MB-------------------- .ZiQ

am
.641
.ws
.643
.S21
.m
.:?s
.ml
.au
.Sal
.als

:E
.ma
.519
. b17

:~

..544

—
o-ma a7s6
.661 . 7U
.671 .767
.68.5 .m
.&m .726
.640 . Tal
.ss3 X#
.tal
.615 .091
.041 .na
.63a .no
. MO .714
.601 M&
.041

. n6
: Fo .720

.71S
.;%J .761

.744
.W .736
.6E5 .749

LIZ

.794

. 7m

.776

.764

.6SI

.727

.ias

.746

.7s0

.743

.n5

.769

.7nl

. no

. 7&5

.797

.m

. 7i’6

.7W

0.765 ab69
.nl :=
.757
.761
.777 :%!
.776 .716
.659 .fsa
.Za .m
.7%3 Xi&
.747
.762 .&a
.754 .684

.061
.:E :g
.749
.7.53 .7m
.m .707
.794 .m
.784 .6Q5
.770 ;g
.791

am
.Wz3
.m
.ma
.374
.372
.347
X&

.674

.676

.373

.649

:%
.s70
.-no
.s78
.m
..WI
.3%7

—--
.—---
0
0
am
.!zm
.Zw
.3W
. a14
.421
.974
. 4m
.464
.us
.259
.W3
.8X9
.W
.141
.179
.297

RewJMNa 4412-4feaL Set l~8ta761L bgleof at@ck-+P

A+L-------------------- anm
B-&L-— ___________ .X6
WA--------------------- .ma
A+L--------------------- .m
E%L---------------------- . 1ss
G2-A.-..–-.___. ---- . m
A-1-A ●---. —________ . In
B-l-A ●____________ .m
G1-A.----—..-.-. -.-. —-- JcQ
k ---------------
;---------------------- . 19a

--- . -- —- . -.-.-—---- . 1s9
g;-; :___________ .185

.Is5
Gl~B-=::~=::=:::=-:= . 1!36
g-;: ___________ .105

.105
CM-B-::::::==::::=:: .197
A+B---------------------- ;g
B-8-B-—–.----.-.-.–.–––
WE-------------------- .196

am
.8M
.Ea
.8M
.an
.W1
.m
.s5’
.Ws
J&

.Saa

.&m

.66s

.WJ

.s57

.W4

.374

.Wa

.m

.an

am3
:%

..m

.616

.bn

.470

.409

.4E3

.L?@2

.W

.494

.4m

:Z
.514
. Slo
.s25
.b44
.623
.830

am
.660
.694
.637

:%
.6s3
.W3
.609
.611
. ml

;~

.W3

.629

.eal

.64

.694

.646

.Ma

am
.740
;&4

.707

.721

.6-%

.Osa

.Mi2

.676

.@4

.676

.Iw

.&l

.m

. n4

.tm

.7W

.743

.723

.740

(In&

.789

.740

. 7t4

. 71M

.m

.m

.6M
:g

.m
:%

.780

.760

.m

.na

.724

. n4

.7s3

a 703
.na
.765
. 7Q3
:%

.656

.595

.69.9

.fm

:%
.7W
.Tm
.767
.767
.725
.m
.7$0
.776
.7L%

_—. -
-—. -
—-
.—--
.a cm

.!253

.144

.169

.274

.260

.Mo

.427

.6s2

.4m

.522

.670

.304

.4m

.344

.846

.4n

Prepallor No. 442+ faat. t%tW at a 78R. -e of attaok=+l~

A+L------------------ am am am
~~_:r-–_..._.._. .189 .375 .En

. . .---. ——.-.-. —- .27$) .3$2 .m

a5s6
.m
.M4

.—. —.
.610
.6s2
.E8a

:%
.M?J
.Ea5
.s99

—-.
.s?4
.M3
.m
.Es
.697
.637
..ws
.m

a no I a749 a68a a473
. no .751 . 74a .614
.766 .767 .na .473

.—.
—-—
,—--
—--

am
0

.—--
.W
.X0
.%l
.m

—--
.620
.4sl
.W1
.m
.646
.44a
.493
.S9a

A-2-A b-_.___--._–- _._z-- .–:=– .-.=—.
E%L--------------------
G%L--.— -------------- . K% .371 .616
&-]:~:------------------ .176 .Z31 .464

---- ..-. -.. -. ——---- . ml .s36 .4&5
GINA ------------------ .184 .344 .47a
A .--. -- —.- —.-. —— -—.. .lM .348 .47a
B-.. --- ——. -.--- —— ---- .m .s40 .474
0-----------------------
A-l-B ●*.____ .-.. -–. L---–:–;.. .-.-:;–. .-.:;.
:;:: y___________

- -- —------- ------ . 1s3 .W4 .4n
A-%B----—_.____ ..-. .191 .834 .4s7
&%B----..._-._. _...-... .190 .834 .M1
~B-------------------- .M4 :X& .409
A-3-B ------------------- . 1s9 . 51Q
IH-B-- . . ..-_. ___._ . . . .376 . 6ZI
W-B----.. -.–--— ------ :% .s23 .m II

_—---————
.Ws .718 .a?d .495
. no .7B3 .7W :g
.6a4 .041 .m
:% :% .W4 A&I

.554
.624 .647 .6s2 .bw
.617 .Ei37 .640 J&
.616 .@36 .W

_— — - — -.--—---- ——.-.
.6W .@3 . 7m .W
.02a :% .671 .0a2
.690 . n6
.044 .W :E .574
.665 .W .@a :%
.724 .n6 .7s9
.723 .77’.3 .n6 .726
.722 .766 .m .765

b Tbrmtdeta unmlieble.. Necalle fahi fnh 8fifOil.
.
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TABLE VII

LD?T COEFFI:lEEN&ET: PROPELLER

C&p‘$

PropellerNo. ~ fek E&1P at 0.76R Anglo of attack--~

TABLE VII-Continued

LIFT COEFFICIENT WITH PROPELLER
OPERATING-Conthued

&p= ~

I?mpeflerNo. 441= feet. Set 17 at 0.75R. Angle of attaokm+lOa

Nacdle
fmsftfonr0.5

A&---- CL185
.170

G3–L..- .lEa
A-2-&---- .!M
B-2-L.-.. .199
G%A-_.-.. .109
g;:&_ —-. .230

——. . .210
G1-A–-__. . 19)
A-------- . la
I&------- . lsl

109
A-
&-B ●_.--l . iti

&

&i%%n —

0.6

v
ima6

a hs3
. 1E3
. lea
.Xr.2
.178
.161
.m
.X0
.177
. la)
.175
.158
. 1s3
.Im
.135
.110
. Ml
.134
.Iza
.146
.148

a7 k8 a9 LO

a8 a9

L

1.0
— —

a 154
.142
. Im
.109
.173
.134
.187
.179
. lm
. lfa
.145
.151
.131
.131
.148
.m
.143
.142
.142
.M8
.149

a 153
.145
.155
. Im
. lsl
.12-9
.lw
.174
. le4
.160
.m
.155
.139
.1’33
.105
.142
.146
.149
.134
. 1E3
.1’54

0.6

a890
.876
.m.M
:%!
:%
.m.952
.9s4;~8

.915

.S71

.6%7

.892

.8.s7

:x

0.7

0.ss4
.870
.s3s
.817
.8W
.870
.922
.935
.8$3
.91s

:%
.001
A&i

.&%

.890

.Eal

.881

.8M

.670

.145

. lW

.Is7

.170

.140

.104

. W3

.109 I

.165 \

.163

.lul

.127

.nfl

.133

.U3

.134

.136

:E
.148 I

A-2-L -------
W&+&::::.

A-H----:
B-2-L .-..-.
c-2-A------
A-l-A =—---
B-I-A ●%.---.
G1-A_ .._.

M.&K

.916

.910

.W6

.s93

.Wa
,900
.’?-58
.974
.Wa
.690
.042
.931

:&!
.W4
.m
.677
.8s1
.8%

:% am -. . ..-.
.85s . . . . . .

.881 .Pa3 am
.830

%J :% ;g

.m .892 ,880

.917 .fm .&m

.893 .W3 ,8s1

.m ,8QJ .8s9
,916 .906 ,8fr3
.919 .911 .007

.872
:%! :% :%
.W3 A&l

.8C0
:E .876 .W9
.872 .%5 .8s9

.&m A&l
:=
.872 :%’ .%?4

A-------------
B----------
0-------------
A-I-B ●—-..-.
B-l-B ●—---..
C-l-B----
A-2-B___
B-2—B-----
G2-B----
A-3—B----
B-3-B+=.__:

-1-B—--- .141
-2-B---- . na

D->B_.._- .122
C->B---- . 12a
A+B---- J&
-B—.––
C-3-B-.—.— .148

I

d attaok=w

a 40 -------
——-

:% —.–
.%7 U_&
.E33
.3s0 .3s3
.420 .4XI
.403 .404

.401
:%?
.W2 :E
.m .393
.Wf .2s3
.300 .35s
.2s7 .s%7
.W3 .&u
.3s3 .Sa3
.371 .373
.?s3 .=
.3s2 ;S-J
.W7

ProueJM No. MM-4 f- Set lr at 0.76R. AU— -
o.4m
.392

%
.3X!
.3%3
.423
.410
.4a3
.4W
.397
.s92
.3W
.3.!4
.3$3
.381

:%
.37’6
.230
.3Q2

A-3-L——
B-3-L.. -
G3-L___
A-2-A-–__.
~~~.--

g;:~:—__–
_. —-

G1-L__

● Nacelle feflwl Inte airfom

TABLE VIII

MOMENT COEF~I:EE~~N~TH PROPELLER

$____
_— -----
-— -----

:-1-B ●__
g::; ●_———

_— -
A-2-B–_.-
B-2—B----
C->B----
A+-B-——
&&—__

_— -

C.P”*

Repeller N& Ml= fwt. M 1P at a76 Z{. An@e of nttaak a -6°

Nedfe
&tfon -

v
a

L o

-_:g
-.032
-. 0?3
-. m
-. ml
-.059
-. au
-. cm
-.076
-.076
-. mo
-. am
-, m
-. ml
-.079
-. fm
-. ml
-. au
-. fm
-. m7

1

a6 as

–a 034
–. 078
–. on
-.074
-.070
–.074
-. 03s
–. 070
–.039
-.076
-. 0?4
–. W
-. C4t7
-. fm
-. W.5
–. 074
-. 0%5
–. 034
-.073
-.079
–. 078

a7’0.5 0.0
. 1-
&4----::::l
w-k--.-’
A-2-A_ ..--i
I%EA-----

-—. -
A-1-L----
B-l-A=----
GI-A-- . . . .
A--------
B--------
0---------
A-l-B~----

%1%:::::1
A-2-B . . . . . .
M&-----

—---
A-3—B-----
B-a-;=.::-:’

-1

ProPoUarNo. 44122 fwL Set 1P at a75 R. Male of attmk=+~

am am
.m .ew

:E %%
.840 .040
.028 .022

.070
:% .CL9s
.84s :E4&l

:% .048
.0!r4 ;O&
.W1
.022
.Fsn %
.614 .014

.027
:%? ;%
.622
.614 .616
.0%3 .028

A-3—A---
B-3-A-----
c-3-A_-..;-;
A-2-A__. _.’
B-2-A---J
C-2-A-.-–-
&;:~:—:__~

C-1-c:::l

0.6s2
.m
.0.54
.075
.eJ3.5

:%
.719
.710
. 7as
.m
.m
.061
.045
.071
.010

%
.m
.023
.On

ae4.5
.m
.040
.064

:E
:%
.m
:E
.@3

%
. 0s1
.014
.K23
.023
.m
.615
.&m

amo

:!%
.842
.eu
.034

%J

.em

.872

.W

.031

.023

.m

.014

:%’
.024
.013
.02s

-a 142
–. 139
–. 141
–. 12.5
–. 117
–. 123
–. w
–. 113
—.1
—.(
—.
—.:
—.(
—.a

Z&s
–.o --
—.0
—.a
:La

-a 107
–.103
–. 107
–. lW
–. W3
–. m
–. mz
-. @xl
~.

–. 037
–. m
-. w
–. m
–. 020
–. 032
–. 070
–. 070
–. M.o
–. fwl
–. E4

-a on
-. m
–. fm
-.035
-. m
–. 034
-.071
–. 077
–. 076
-. on
–. m
-. w
–. fm
–. @f
–. m
-. am
–. f80
–. m
-.034
–. 070
–. m

-a 072
–. @Is
-. 0?4
-.037
-. m
–. 037
–. 031
-. w
–. fu4
-.075
-. on
–. W
–. m
-. w
–. QJ6
-.077
-. 03s
-. am
-. on
-. as4
-. W4

-—.—
ao43
:~
.W
.m
:%
.Is40
.021
%.014
.824
.615
-021
.018
.m

:::-:-....-.
- ---.-.--

o_-_.-–.,
A-1-B ●_—--
g::; ●—.––

—----
A-2-B -----
B-2-B----
G2-B .
A&;—~:::

—---l
C-3-B-.-.-]

C57
m7
m
(01

.

oNaceIfefalrd tntoairfofL . NamUe W fnto 8MoII.
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TABLE VIII-Contiiued TABLE VIII-Continued

MOMENT COEFFICIENT WITH PROPELLER
OPERATING-Continued

C.p=$c

MOMENT COEFFICIENT TVITH PROPELLER
OPERATING-Contiiued

C.,=,*

.PrweUer No. 4412-4 fret. ffet 1P at 0.75 R. Angie of attack-+lfP

I IPro@ler No. 44H feat. Set 17’ at 0.75R. An@ of atbmk-o’

?iacelfe
Wtlon —

Nacdle
pdtfon

I als 0.6 a7

-o. 07%
–. 072
–. 071
–. 073
–. m4
–. 691
–. 071
–. WI
–. 051
-. 6s2
–. 055
–. 04s
–. 075
–. 075
–. MO
–. m4
–. m2
–. fwl
-. 64s
-. Ow
–. 047

0.s a9 LO

..----

.--.-.-
-——--
-_: g5;

–. 646
-. cm
-.041
–. 640
–.054
–.Om
–.644
-.076
-. m
–. 070
–. 070
–.070
–.m
-.070
–.070
-.MS

——
, 0.6

-a 133
-. lm
–. 125
-.110
-. m)
–. I@
–. m
-. m
–. am
-.076
–. 077
~g

-. m
-.073
–. 6!6
–. ot7
-. 6t5
-.021
-. am
-.622

a6 0.8 au 1.0
l—

A&+-=:_-I –0. m
-.m

c-&A----- -.119
A-2-A ----- –. 109
B-2-A _____ –. ml
G2-A__.-. –. m4
A-l-Ac---- –. m
B-1-A _____ –. 074
c!-l-A____ –. 076
A---------- –. 07a
B--------- –. m6
o--._-__–- –. 656
A-l-B*_. –-. –. 072
B-1-B*____ –. 071
O-l-B---- –. m
A-2-B ._..-- –. 6to
B-2-B _____ –. MS
C->B._..-- –. 033
A-2-B---- –. 012
B-3—B____ –. 012
O-S-B._..–_ –. m7

-_aQ&

-. 6ss
-. C@J
-. on
-.074
-. ftm
-. MO
–. m
-. m7
-. 05s
-. m
-.074
-.072
-. w
-.6.53
-.652
-. 04s
-. ma
-. m
-. m

–_:M&

–. C81
–. m4
–. 055
-.051
–. w
–. 616
–. we
–. 056
–. 0E3
–. 046
-.076
-.076
–. w
-. W8
–. m7
-.662
~.

–. MO

–a 057
–. 06f
–. 054
–. ma
–. 6t9
–. 640
–. mt
–. 042
–. 049
–. ma
–. 552
–. 6t4
–. 076
–. 077
–. cm
–. cm
-. W
–. w
–. 653
-. m7
–. m

A-3-L. . . . . .
B-3-A- . . . . .
C-3-A----
A-2-A -----
B-2-A. . . . . .
CW&A___
;-;:% ---—

&-A_~

~. M-J

–. m
–.w
-.m
–.fen
-.076
–. 052
–. 070
-.074
-.072
-.074
–. 076
-. w
-.077
–. MS
–. Ml
-. Ml
–. 6t4
-. 6t4
–. M4

-_:&o
-.m
-.w
-.6s0
-. m2
-. m.s
-.040
–. 654
-. m7
-. W3
-. m
-.076
-. UM
-. m
-.on
-.077
-.073
-. w
-.MS
-. m

–a w
–.054
–. w
–.ml
–. 652
–. am
-. w
–. m
–. fwl
–. 039
–. m4
–. m4
–. am
-.637
–. 034
–. 076
-. ml
–. 077
–. 072
–.076
–. 074

-a0?4
–. 07s
-.079
–. 073
–.0$5
-. on
-.m6
–. 045
–. M41
–. 070
–.039
-. ma
–.076
~.

–. MS
–. 071
–. 09

.–.65.9
–. 659
–. 65s

--------
.-. —-..
-------
–IL 058
–. 049
–. m
–.0s3
–. 031
–. fu7
–. M.5
–. m
–. m
–. MO
–. M7
–. CM
–. 07a
–. m
–. 0s1
–. 076
–. 079
–. 078

. . .. ........k----
0----------
A-1-I@-----
B-;-&...

- - -----
A->B----
B-2-B .-.-..
C-2—B -----
A-2—B_.._.
B-3—B_-...
O-2-B-- . . . @NnmJlefaked fnto tiOfl.

TABLE IX
Pmpalk No. 44f2-4 feet. Set lF at 0.76R. Angle of Wta&=+P LANDING-SPEED RATIOS FOR NACELLE

LOCATIONS
p-p_:.. - -0.126

..-. -.119
O-2-A. . . . . . . -.117
A-2-A _..._ - -.107
B-2-A_..._ -.002
o-2-A- . . . . . -.10.3
A-l-A~ . .. .._ -. MS
B-I-A=._ .._ -.076
G1-A..-.-. -. on

. . . . . . . . . ..- -.076
$ . . . .._.. -- –. m

. . . . . . . . . . . . –. MS
A-l-B* . . ---- -.070
B-1-B*____ –. 077
O-1-B---- -.070
A-2-B— . . . . . –. 642
B-2-B____ –. 040
O-2-B _____ –. 035
A-3—B____ -.010
B&-; -.- . . ~ :~~

. . . . . .

-~ ~; -0.077 -a MS
-.072 -. ma

-.m –. 074 -. w
-. 6s5 -.071 -. Oos
-.072 –. 059 -. m
–. m –. ma -. m
-.070 –. ml -.056
-. ml -.059 -.048
–. M2 -. cm -.047
-. m7 -. w -. ml
–. m -. MO -.057
–. MO –. 654 -.051
-.076 –. 076 -.076
-.076 –. MO ;.
–. 071 –. 072
–. 067 -.033 -.0$5
–. w –. m -.072
–. 652 –. mf -.697
–. 034 ~. -. m2
–. fm ~.
–. an ~ 062

OL ~g abna-fl.6M. PrOf.wlkr No. 4412-4 fak Set 1P at
0.76 l?. Angle of attack-lP
I

-a 055
–. 053
–. Om
–. m7
–. 046
–. 049
-. Osl
–. ma
~.g
–.050
–. m
–. 076
–. MO
-.074
–. m7
:%6

-. m9
–. 070
–.m7

.-—_

.-—---
-am-t
-.040
–. 646
-. m
–. 037
–. MS
–. 066
–. m
-.049
–. 074
–. m
–. 073
–.MS
–.076
–. 074
–. 076
–. 072
–.070

2 a

Landingmawl ratto

-4Z5L

——
A-3-A -----------
=A-------
G2-A --------
A-2-A -------
B-2-A __.-__..
G2-A.–––__–
A-1-As ---------
B-l-AE --------
B-l-A-------
G1-A--------
L-----------
B---------
o__________
A-l-B*-------
B-I-B@_-...__
Gl-B_-.._._-
A-2-B -------
B-2-Bb._-.__. -.
W2-B_–.__...
A-2-B _______
B-3-B -------
G%B ______

am
.!223
.972
.918
.m
.97U

i~
.m
.973

i%!
L KU
.9!0

:E
.946

ams

:%
A&

.M9

.055

.W3

.ml

. ‘%1

i%

:%

:%’
.s77

0Nncellafaked fnb dIfO~

.—--------
.057
.QM

:%2

-----------
.951
.961
.970
.s55

.-.-.-—---
Lm
Lfo
L 02
LM

I

. Nacdfe faked fntoafrfd b Not tested at W.
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TABLE X

EFFECTIVE NACELLE Lll?T R.A’IT.OS

Etive mmIla ffft-(lfft ofwfnKawalIe cnmbfnMfoII)-(lfft OfwinK 8fOll&

I I It

I Nawflopmitbm
I

Effmtlve nacaIklml CmffMant Eflectlva nomlle Mft
brag of nacalfe afollo at @

=1-=-l-=+& I +lP +& I +Irr +W

—l—
A-3–A—–––––_
&&~. ______

——
g__________

.-— —
c-2-A_________
~;-~_.–___

—-.-.—.—_
B-1-L_ –_____
c-l-A— --------
A–--._.___._.
&——-.-_.__.

—. -.-—___
A-l-B*—– ______
&g*--. —-–_.

—— ------
A-2-B— ______
B-2—B________
C-2–B________
A+B—.––.–_._
B-?–B ________
Cf+-B --------

-am
-.018
–. ml

–: E
–. 047

.015
–. m
–. 62s
-.024
–. 027
–. 015
–. 019
–. MO
–. Oze
–. 016
–. 022
– 019
–. am
-.026
–. ml
-. WI

-am
–. ml
–. 024
–. WKl
-.016
–. 033

–: i%
-. w
–. m
–. 023
–. m
–. cm
-. cm
–. m
–. Ols
–.ml
–. am
-.629
–. 02s
–. 030
–. ml

-am -O. (X8
–. Ozl –. M-3
-. W -. m
–. o17 –. f!34
–. W7 –. m
–. 026 –. C16
–. W7 –. 019

–: E –: E
–. 019 –. 017
–. 014 . . w

.m .017
.018

–: E –. ~
–. 026 –. W4
–. 017 –. 017
–. m –. OH
–. m –. 036
-. m -. 03f
–. M7 –. MS
–. OM –. Oal
–. Om –. m7

-am
–. 036

–; ~

–;:

-. cm
. cm
.017
.044

-: !%
o

–:@
..—-—. —

–. m
–. m

.010
–. OM

-am
+.m
–b m

7.m
–6. 0)

–IL 75
%75

–L m
–7. w
–o. m
-6.75
–3. 76
-4,76
–7. m
–7. !2.6
+.m
–h so
-4. 7s
-& m
-0.26
-7.76
–s. 23

–L m
-6.26
–&m
-2 m
-4.0)
–. $

–iii %
–h Lw
-h 76
–L W
-2 w
–9. 25
–7. m
-4 m
–7. 75
–6. 76
–7. 26
–7. cl)
-7. m
–6. m

-a 76
–h !2.5
-h !2a
-4.26
-L 76
–o. 25
–L 76

L 76
–13. 26
-4.76
–% bo

L60

–lk %
-6.25
426
–a 26
-7. m
–7. 76
-@.76
-&fDI
–h m

–2 w
-6.76
–h w
__~ :

-4. m
-4.76

3.76
-m m
-4. !2s
-~ g

.$:

-- E
-9. m
–7. 76
–7. m
-h fm
-4.26

.76
-n. 76

........-
-126
-; H

1.26

oNaalfn falmifntoafrfolL
TABLE XI

El?l?ECTIVE NACELLE DRAG RATIOS . .
EHva nadfe drag-=(diag of wbwnacalle cmnbfnatfon)-(drag of wfng alone)

I f n Ii

I Nada fmftfon I BTEavo UaLnnadrag Cmtmcflmt II Effactfvanacafle drag
hag of nadle done

- L Eflwtfva nacefb drag
hag of Ilamw done at d

+Im r+lrr –P

. —

CLM36
. mm
.m
. owl
. owl
.Cum
.mm
. m70
.a3f6
. 0W5
.mm

:%%’

–: E
-. Wo
-. @szl

fP +EP

237
237

i%
2.W

M
287
h 74
237

iZ
L%

-.
—.~
-.
-. 11
—.
—.E

.K1

:E

–11-1–+12?–&w -w

A&~—–7___
———.
—-.——

A%&__
I&&~_____

-——_—
A-l-A ..__-
B-l-Ac -----
B-l-A______
c-l-A---—.––

O.w
.W35

:E
.m

:&!%.0U5
.0236

:%%
.W

–:%%
-. ma
-. Cms
-. w
–. mx
-. m

.mn

.m5

. fw

&mm
. oral
.Om
. Olm
. Om
.Cms

:%%’
.C3m
. Olus
. Wlo
.m
. Olm
. W70

-. MM
-. mm
-. m
-. W5
-. CQ2s
o
-: W&l

223
z=

i%
yJ

i%’
6.44
U&

$Kj
—.w
—.69
-. 34
-——
—.62
-. 34

x

2s3
228

M
2W

M
2s
&ss
M&

L13
L6J

—.

=. z
-.13
–. 13
-.

.H

.13

.ss

$__--—–––
—— -—_.

i’-~B~z~-~y
B-1-B c______
Cl-l-B _____
A-S-B—____
EM&______

-— —__
A-3-B _______
B+—B______
WB_____

————
–. m
–. m
-.m
-.Cmo .I

I

0Nacallefaked fnto afrfolL
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TABLE XII

OPERATING COEFFICIENTPROPELLER

PropaIlorNo. Ml-4 fmk M 1P at fL76R AI@ of attnok--tP

NacaIfa
pMk.fOn

0.1
I

(L2 a4 as a8

A&-—-__ ._.–..__.
. . ..-. . - —--.--.-—

F>2:::::7r_-_-:-_-::z
Eg_____________

.-. --. -.- —. —. -—-.
A-I-A*--------------
&l-A~..--_.—- . . ______
GFL..--— --------------
L .. —-. --. ——— -.---. —-
B ..--. ————-- ——.—.-. ——
o_-–—._--.-.-–-.––
A-1-B ~--------------
FM:; u---------------

A-%B:::::~~---i~::::~::-:
-B--... -.--. -—--------
G>B--------------------
A+B__________________
B-3-B ----------------
HB---..--.-.-.-— -----

am a 374
.W1 .376
.m .676
.m .377
.E3 .677
.W .372
.Is .376
.167 ; ~:

:% .676
.lEa .376
.lEa .877
.187 .374
.133 .Sn
.Im .376
.Is7 .374
.Is7 .374
.187 .374
.Is7 .676
.187 .374
.Ib7 .376

atm
.Ea4
.6M
.J5s7
.666
,6s1
.5M
.M.s
.M3

:%
.15e3
.E@3
.667
.MJ
.632
.692

:E

:E
——

a 766
.767
; ;UJ

.763

.766

. 7M

.769

.769

.-769

.769

.mo

.766

.m

.768

.766

.766

.76s

.767

. 7E.9

.767

CLE5s
.W3
.056
.m
.QM
.’2+s
.062
.$57
.W
.s54
.R51
.W
.ea
.968
.959
.964
.962

::

.%56

L17
L 17 ;{
L 17
L 17 LU
L 17 L41
L16 L41
L16 L88
L 17 L40
L 17 L41
L 16 L40
L 17 L 41
L 17 LU
L16 L39
L 17 L41
L 17 L 41
L 17 L42
L 17 L41
L 17 L 40
L18 L43
L 17 L42
L 17 L41

L76

::
L71
L71
L 76
L66
L@
L71
L69
Ln
L 76
L65
Ln
L72
L 74
L72
L7U
L76
L 74
L72

236
2m
22!
216

;:

a 10
~;:

218
2211
204
113
’223
2a4
219
213
!237
!l!m
222

Pro- No. 441&4 tank Sot 1P d an E. bgb of attoak-W

am
.Lw4
.f&l
.&m
.E&5
.ml
.6s4
.693
.Ix4
.669
.Lw
.M6
.M2
.M6

:%
.&m
.652
.EJ3a
.W3
.663

a 766
.768
.766
. 7eJl
.763
; ;$

.763

.754

.769

.769

.769

.764

.760

. 76s

.766

.762

.766

.766

:%?

A-3-L-_ ._ ——_______ lllm
B-8-A-. --.----. -—----- .Is7
O-3-A_ —-------------- ~g
A-%L..-.--.--_-.. -–.-.—
gg~:--:______________ ;%

A-1-Ad-::-:-::~=:=~~:;::= .ls9
g;-~:::L_.-.__-. __.-. L_. .lm

.lm
A--~...--i::~=_=-~=_-~ .lm
B._-— ------------- .IEa
0--. ----.--.----—-- :g
A-1-B *--. —.__. _.–_._-.
&~:g=---------------- .lss

----. -- . . . . --- .-—.-.-.. .187
gag----. -.--_ .--—-__.. .187

-.-. .-. -. —- ——..-. ——.. .187
G>B------------------ .lm
A+-B----__-_-— ----- .167
~;::: ---. --.-— _.-._-. .Is7

..-. --. --. --— —— .187

Pm@ler No. 4412-4 ML

248
2W Ia 375

.374

.376

.37a

.370

.373

.676

. 6i’6

.376

.377

.376

.376

.374

.376

. W’6

.374

.374

XJ

.376

am
.MJ5
.9s9
.059
.W
.’W3
:%&

.W3

.054

.9.53

.867

. w

.053

.W

.966

.W2

.962

.%!4

:%

L 18 L42
L 17 L42
L 17
L 17 M
L 17 L 42
L16 L 41
L 16
L 17 H!
L 17
L 17 k:
L 17 LU
L 17 L41
L 16
L 17 :8
L 17 L 41
L 16 L40

LU
iti L40
L 17 L42
L 17 L41
L 16 L41

L7E
L 76
L 74
L 74
L73
L73
L68
L7U
L71

?E
L 72

i%
Ln

;E
L70
L73
L72
L72

-.—- 1———
1%
2W
214

:H
216
221

R
217
214
216
218
22d
22a
221

I J1

Sat 1P at 0.76R Angle of attyk-+6”

ALA---------------------
HA----------------------
WA---.–.-.-–.-.-..-.-.-.–-
A-%L---–––.-.-. -—-------
B-Z-A --.----- .-—-----
c-2-L--––-__––-. _––.-
A-l-A.—.-–--—––.-––
B-1-A@---------------
GINA.. ----.----.----—--
A .-. ---. -.-- —.-. -- —- ——-
B-------------------
o.-.––-–––––––.-–—-
A-1-B *----------------
B-1-B ~--. —---_ —______
C-1-B -----------------
A-2-B ----------------
B-2-B ----------------
G>B-----------------
A-3-B. -... -––-.-––––._
B-3-B ----------------
O-2-B ----------------

a 376
. W’4
.376

%J

.376

.376

.376

.317

.376

.376

.376

.374

.376

.374

.374

.37A

.376

.674

.374

:x

.&86

.683

.Ef!J

.653

.586

.666

.EdM

.667

.656

.b$5

.&36

.694

.6es

.m

.&m

.Ea2

.685

.&m

.Ea

Iln&

. 7s

:%
.766
. 7E4
:%

.760

. m

. 7b9

.767

.763

. 7Ea

.763

.766

.764

.769

.769

.766

am L 19
.067 L 18
.m :;:
.’wl
.967 L 17
.062 L 17
.W6 L 17
.Q64 L 17
.963 L 17
.W8 L 17
.Wa L 17
.9E-9 L 17
.053 L lb
.056 L 17
.054 L 17
.Q63 L 16
.053 L 16
.961 L 16
.Wa L 17
.054 L 16
.966 L 17

~4J .

;Z
L42

H
LU
:.

L 42
L43
L%
L40
L41
L31
L40
L40
L40
L41
L u

;;
ifw
L76
L73
L 70
L71
L 76
L70
L72
Ln
L63
Lm
L 70
L67
L@
LW
Lm
L 70
L 70

274
——
,——
—--

227
2B
212
218
:~

218
2m
L96
2a3
214
204
210
214
214
214
216

● NacaIlefaked Into ahfofl.
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TABLE ~-Continued

FOR AERONA~CS

PROPELLER OPERATING COEFFICIENT-Continued

Promller No. 442-4 feeL e%t1P at 0.76R. Angle of attaok-+lw

Iiacdle
Htkrn

al

A-3-A ----------------
ML.--.--–--.---..-.––––
-L----------------------
A->A--...–---__----.-._.-.
=2-A -------------------------
GIL.. -.–-------.---–-–-.–
A-I--+ 8------------------------
WI-A -----------------------
G1-A ------------------------
A---------------------------
B.--. _--__ –.--. -.--.–
0---.–.-–-.––.----–--.––-
-\-l-B ------------------------
W1-B -----------------------
G1-B -------------------------
A-%B -------------------------
B-%B---.--—---–--––.---..-
C-2-B --. —----------------
A+B-----------------------
-B-----------------------
-B---. ---––.-----..------–

● N8c0ue faked Ma afrfon

aa aa

am4
.&&
.&04

:%!
.634
.E85
.s64
.635
.SM

:%

:E
.M4
.E51

:%
.m
.M3
.m

a4

a 7ecI
. 7ba
. 7b7
. 7.s
.750
. 76s
. 7sa
.756
.767
.7*
.769
. 7b9
.766
.768
.760
.7bl
.766
. 7Ea
. 7b5
.766
.764

v
m

a6

am
.957
.959
.W3
.Wa
.9s9

:@

:%
. 9s6
.067
.W8
.962
.052
.947’
.953

:%!
Al&

a6

L 19
L 17
L 17
L 19
L 18
L 17
L 17
L 17
L 17
L 17
L 17
L 17
L 15
L 16
L 17
L 16
L 16
L 16
L 16
L 16
L 16

a7

L46
L43
L42
L 4.5
L 43
L 41
1.41
L41

$1

LU
1.35
L38

:%
L3B
L39
L39
L 40
L 36

as

La
Ln
L 74
L81
1.76
1.74
:.:

i73
L 70
L 70
L n
L60
1.66
L66
L@3
L67
L67
L@J

;: g

a9

... ----
-------
-------

163
-------

!Ln
214

-------
221
211
214
2.17

M
211

::

M
207
2a3


