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SUMMARY

Thh report is thefowrth of a series gioing tlu rewh

obtained from tests in the N.A.C.A. l!O-footwind tunnel

to oktermine the inietference lift and drag and tlu pro-

pulsive ej&ieney of wiqpnuwUe-propeUer combinalti.

Previom report8 @e Ma remdts of &x& with tractor

propelkrs with varioua forms of nucel?za and engine

COWI%98. This report givm th8 remd% of te8t8 of tandem

arrarq7emA8 of engines and propeUer8 in 11 po8iti0n8
with reference to a thick wing.

Tha wing had an aqwct rdw of 3, and a maximum

thicknas of I?Opercent of the ihord. The tmginev were

~/9-scale mode+%of a Wrigh4J+ radiu.1akeooled engine
and were inxtalled in naceUe8of the 8ame 8cu.le. 2%.8

propellers were 4 feet. in diameter. Te8t8 wm mude
with two di$ereni mzcelks and with wveral difertm#
combinu-tiona of engine cowhg8. l’h-e e@ct8 of varia-

twn8 in propeUer spacing and in tha an@ of co40ling-

ring chord to thrud line were also instigated.

Z’7u lift, drag, and propulsive @.cienq were deter-

mined at 8everd angih of attack for the 3 n.aceb 8hupe3

with mz.rimu combinutti of engi?w cowh.gs in eaeh of

S na.eelh ikcution.s. From i9ie8e temk the nueelle and

cowling combination that gave the highest net ej%ienq

waa determined and wed in d.1 oth8r nuc8L?810cuii0n8

tested.

me re8uJ!t8indtie thui with a tandem arrangement

of @w and propeller8 th8 bed over-al? q$icimq 2%

obtained by ming a nacd.e of the .?owevtdrag& ia poa$ibk

to obtain m“thmd impaiting-th8 coot?ing of the c@ukr8.

Of thi? 8everd engine-coding mmbin.dti tt%ted, beat

resu?48 were obtained with an N.A.C.A. haod over th
front 0@nder8 and a ring ovm the rear cylinders. Wh8n

a large nuceUe ia wed with thti cowling combindiun

there ia little d@rence between the net e~ for

podions with the nucelle faired itio the wing and poti

tiom with tha thrust line abotd half a propeUer diumeter

below the lower surface of the wing, both positions being

greaily s-wperior to any poM4m te8ted above tha wing.
Thtzse poM.on8 and cowlings,.however,are WWiderabl?l
inferior to the beA trador~opel.kr amangement8 pre-

vioudy reported. .

INTRODUCTION

This report is the fourth of a seriw giving the rewdts
of an investigation to determine the mutual interfer-
ence effects of wings, naoelles, and propellem on the
aerodpsmic characteristics of various combinations
of these bodies. The program, originally presented at
the Fou@h Annual Aircraft Engineering Research
Conference in May 1929, has subsequently been
extended and now includes nacelles with tractor,
pusher, and tandem propellers and biplane as well as
monoplane wings. Tests have been made with
several propeller pitch settings and with numerous
types of cowlings of air-cooled engines.

The iirst three reports of the series (references 1, 2,
and 3) have given the results obtained with a tractor
propeller operating in proximity to monoplane wings.
This fourth report presents the results obtained from
tests of tandem arrangements of propellem and radial
air-cooled engirw in 11 positions with reference ti a
thick wing. TeskI were made with two difIerent
nacelle shapes and with several different engine
cowlings on each nacelle. A few additional tests were
made be detarmine the effect of propeller spacing on.
propulsive eiliciency. In order to prevent the number
of tests born becoming excessive, the test positions
were limited to those which merited practical con-
sideration.

The locations of the nacelles with reference to the
wing, the shape of the nacelles, and the various types
of cowlings to be used ware determined from a study of
dome&c and foreign airplanes incorporating tandem-
engine instillations in their design.

In order to show the relative merits of the various
srrangementa of wings, nacelles, and propellem with
respect ta performance a system of comparison has
been developed, and in this report the relative merits
of the various combinations are compared for two flight
conditiorm

Previous to these tests very little information was
available on the effect of operating propellers in tan-
dem. A few isolatid twts had been made of tandem
propellers alone, but the tests discussed here are the
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first that have attempted ta show the mutual inter-
ference effects of wings, nacelles, and propellers.

These tests were caducted in the NA.CA. 20-foot
h tunnel at Langley Field, Va.propeller—rmearc

APPARATUS AND METHOD

The propeller-resesrch tunnel in which these tests
were made is described in reference 4. With the excep-
tions cited below, the standard apparatus and test
methods were used. The wing used in the t~ts had a
5-foot chord, a 15-foot span, and a m~um thick-

nc.w of 20

The propelhra used, 1 -+ght-hand tractor and 1 lefh
hand pusher, were both 4 feet in diametar and were
geometrically similar to the Navy no. 4412, 9-foot-
di&neter aluminum alloy propeller. A number of fuU-
sccle tests of this propeller have been made and am
discussed in references 5 and 6. The bladea may be
turned in the hub to give different pitch settings.

Each propeller was driven by a 10-inch-diameter,
220-volt alternating-current induction motor capable of
developing 26 horsepower at 3,600 r.p.m.; the two
motors were operatd in parallel. WUes were led from

i+-@ rew prcpeller --7@frmi pr~ller

Section A-A Sec tim B-B Sectim C-C Secfim D-D

FIGUREL—Largenecde and engineesambly, PWMIIarspaaing1 dlemeta.

Dercent of the chord. It is described in I
detail in ref~ence 1.

The engine nacelles, constructed of sheet aluminum,
were similsr to nacelles required for Wright J–5 radial
engines and were four-ninths full scale. Detailed
wooden models of the enghm were installed in the
nacelles. One nacelle, constructed with the dimen-
sions given in &we 1 and called ‘%rge nacelle”,
representswhat is believed i%be the optimum practical
nacelle shape for a propeller spacing of one diameter.
Figure 2 shows the large nacelle modiiied for a pro-
peller spacing of one and one-half diametem. The
dimensions of a second nacelle, called a “small nacelle”,
are given in figure 3.

The engine cowlings used consisted of the N.A.CA.
hood, shown in flgunx 1 and 2, snd the two variabl.+
angle rings ahown in iigure 3. These rings are identical
to the one shown in figure 3, reference 2.. .

the motors down the struts into the wing and along the
supporting members to control equipment below.
These wires were carefully taped to the struts and sub-
sequent tQstaindicated that they had a negligible effect
on the tie drag. A dynamometer was used for cali-
brating the motors and curves of active current against
torque for various values of frequency were obtained
for each motor.

The motors were driven from a variabbspeed alter-
nator, speed control being obtained by controlling the
frequency of the current output from the alternator.
Revolution speed was indicated by a condenser-type
electric tachometer connected by wires to an indicating

instrument on the control board.
In order to make the rcsndtsobtained from the two

sets of pitch settings herein discussed directly compcxa-
ble with the results obtained from the tests reported
in references 1, 2, and 3, the pitch of the two propellers
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was adjusted to give equal power cmi3icienta at peak
propulsive efficiency and also to bring the points of

FmuEE4.-wfng-nm3neM Ioc?.tiom.

peak propdsive efficiency at values of V/nD=CL66
for one set of pitch settings and at V/nD=O.83 for the
other set of pitch settings, these values of V/nD being

In order to determine the eilect of nacelle shape,
engine cowling, and angular setting of the variable-
angle ring on the net efficiency of the wing-nacelle-
propeller combination, drag and propeller tests were
made using two di.fEerentnacelle shapca and the follow-
ing combinations of engine coding:

With the large nacelle (fig. l)—
Exposed cylindem front, exposed cylinders rear.
N.A.C.A. hood front, exposed cylinders rear.
N.A.C.A. hood front, variable-angle ring rear.
Variableanglering front,variable-angle ringrem.

With the small nacelle (*. 3)—
Exposed cylinders fixmt, exposed cylinders rear.
Exposed cylinders front, variable-angle ring rear,
Variable-angle ring front, exposed cylinders rear.
Variable-anglering fron~vmiable-angle ringrear.

In order to determine the optimum ring setting of
the variablcwqgle ring, iwstkwere made, in each of the
above-mentioned combinations where the ring type of
cowling was used, with the chord line of the ring sec-
tions set at several diiferent angles with respeot to the
thrust line of the propellers.

All the abov~mentioned nacelle and cowling arrange-
ments were located in position 2-B as show-nin figure

FIGUEEh—W’fneaa@e wmbbmtfon mountedfor twt fn pmftion4-A.

the points at which peak propulsive efficiency occurred
in the tractor-propeller teats of references 1, 2, and 3
for the 17° and 22° pitch settings, respectively.

4, and it was found by testing some of them in positions
2-A and 1–C that their order of merit wns apparently
independent of nacelle location.
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Using the beat nacelle-cowling arrangement deter-
mined from the above-mentioned tests, testswere made
with the wing and nacelle in the relative positions
marked in figure 4. The nacelle positions are de@-
nated by the system of lettem shown. In the figure
the crosse9 indicate the positions of the center lines of
the propeller hubs.

The wing-nacalle combinations were mounted on the
balance by means of standard supports described in
referenm 7. With these supports the *oil pivots
about a line near the lower surface 25 percent of the
chord back from the leading edge, the mgle of attack
being adjustad by n crank operating a post connected
with rLsting on the airfoil. The airfoil and nacelle
mounted in one teat position are shown in figure 5.
I?igurea 6, 7, and 8 are photographs of other wing-
nacelle combinations. In sill oases the thrust line of
tho propeller was parallel to “tie wing chord. The lift
rmd drag forces were measured simultsmeouelyby bal-
mcea on the floor below. The Reynolds Number
varied from about 2,160,000 at the lowest air speed
(5o miles per hour) to about 4,300,000 at the highest
speed (100 miles per hour).

A series of tests at various air speeds was made with
the wing alone at anglea of attaok of –5°, 0°, 5°, 10°,
and 12°. Tests were also made without the wing, at
an angle of attack of 0°, for a few of the more important
nacelle and cowling arrangements.

With each wing-nacelle combination a run was made
at several airspeeds with the propellersremoved. The
lift, drag, moment, and air speed were measured at
angles of attack of —5°, 0°, 5°, 10°, and 12°. A sec-
ond test was then made with the propellers operating
nnd with the tunnel operating at several air speeds.
In this test the lift, drag (or thrust), torque, propeller
revolution speed, and air speed were measured at
angles of attack of —5°, 0°, and 5°.

Tare-drag measurements were made with the wing
supported free of the balance supporte. Other tests
indicated that the propeller had a negligible effect on
the tare drag.

RESULTS

The measured lift and drag were reduced to the
usual coe5cient43:

lift
O..=@

CD=?

(ym. ?9sg!?I

where q, the dynamic pr~we (YiPV2).

p, mass density of the air.
V, velocity.
S, area of the wing.
c, chord of the wing.

(All moments were taken about the quarter-chord
point of the wing.)

These coeiiicients were first plotted against the
dynamh pressure q and then oross-plotted as CL, CD,
and Cmagainst a (angle of attack) at values of the
dynamic pressure corresponding to 50, 75, and 100
miles per hour in standard air.

The lift and drag coeilicients have been plotted as
polar diagnum so arranged as to facilitate comparison
of the results with various cowlings in the different
nacelle locations. Figure 9 shows the results for
various co-dings and nacelles in position >A; figure 10
shows the results for position 2-B; and figure 11 the
results for position l–C. Figures 12, 13, and 14 com-
paxe the effect of various locations of the completely
cowled large nacelle in positions above, below, and in
the wing, respectively, and iigure 16 shows the relative
merits of mpresantative nacelle locations above, below,
and in the wing. In all these diagrams the polar of
the wing alone is also given. All the polars are plotted
from the data obtained at an air speed of 100 miles
per hour. The results are also given in tables I and
If together with those for two other air speeds, 50
and 75 mik per hour. The values of the moment
coefficients, which were found to be the same for all
air speeds, are given in table III.

The resulti with the propeller operating are reduced
to the usual coefficients and are based on the revolution
speed of the front propeller. Owing to the charac-
teristics of the alternating-current motors used to
drive the propellers the ratio

revolution speed of the front propeller--
revolution speed of the rear propeller

was practicrdly unity except at very low values of V/nD.

T–AD
CT-W

CPF= &

c
P.

l’R= pnF3D6

Cptoti,= CPF+ CPB

q =propulsive efficiency

effective thrust X velocity of advance
total motor power

= (Z’-AD)V
Ptm

()“ “*, i%

Cs=propeller-opwa@3 coefficient (reference 5)

‘c,
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Where
T,

AD,

T-AD,
nF,
D,

PF,
pm

thrustof propellers.

Pcaith >A Pcdion 2-B

change ~ & of
propellers.

body due to action of

effecti-vethrust (discussed in reference 5).
fronhpropeller revolutions per unit time.
propeller diameter.
front-engine power.
rear-engine power.

P ~.~1,PF+PB.
p, mass density of the air.

CL and C= are mmputed as before but are now
called (& and CmP.

The coefficients for all nacelle positions and cowl-
ings at various values of V/nD and different angles of
attick are given in tables IV to XI, inclusive:

Table IV.-Thrust coefficient ((?~).
Table V.—Fron&pmpeller power coefficient

(o*F).
Table VI.-Rem-propeller power coefficient

(uFE).

Table VII.-Propulsive efficiency (q).
Table VIII.-Propeller-operating coefficient

(1%).
Table IX.-Lift meficient with propeller oper-

ating (Q.
Table X.—Moment coefficient with propeller

operating (OmP)o
Table XI.-Propeller coefficients-nacelle alone

tests.

Since only individual values of the preceding coeffi-
cients are used in later comparisons, all curves are not
reproduced here. Figure 16 is a typical plot of suoh
valuw. (See also &s. 9-12 of reference 1.)

Aspect ratio and tunnel-wall interference correc-
tions have not been made as the results are intended
for comparative purposes only.

ACCURACY

All readings were taken on scales and instruments
that were calibrated frequently during the tests. The
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angle of attack of the airfoil ma set within 6‘ of the
desired angle with an inclinometer. The calibrations
of motor torque are believed to be correct to within 0.1
foot-pound, and the motor revolution speed was meas-
ured tc the nearest 10 r.p.m. The lift and drag were
read tic the nearest pound.

With the wing at high angles of attack, particularly
near the burble point of the airfoil, the forces fluc-
tuated rapidly and the above accuracy could not be
obtained. The major portion of the faired results is
believed to be ccrrect within +2 percent, as indicated
by the scattering of the test Points.

DISCUSSION

The chief factors that determine the merits of a
wing-nacelle-propeller combination me propulsive
efficiency, lift changeable tc propeller and nacelle,
and effective nacelle drag. In order tc be strictly
accurate, rmy comparison of the relative merits of a
number of wing-nacelle-propeller combinations should
take account of each factor. However, for a general
case, no sy@em of compation so far devised is capable
of taking intc account each of the contributing factors
in their exact proportion. Analysis of the problem
immediately indicates that if the forces of propeller
thrust and effective nacelle drag are represented as
collinear vectcnx the force vector representing the lift
chargeable to the propeller and nacelle must be repre-
sented at right anglea to the force vectors of propeller
thrust and effective nacelle drag, and a completely
satisfactory method for evaluating lift in terms of
thrust or drag is diflicult to obtain.

Previous reports on this subject (references 1, 2,
and 3) have taken account of the lift effect by charging
ta the nacelle the difference between the drag of the
wing alone and the drag of the wing-nacelle combina-
tion at the angle of attack which, with propeller operat-
ing, gave the same lift coefficient as the wing alone.
In this report, the various Wing-nacelle-propallercom-
binations are compared for the high-speed and the
climbing fight conditions by this method, which is
fully discussed in reference 1.

It is desirable tc point out here that, although the
effect of the propeller and nacelle on wing lift is small
at low angles of attack (at conditions corresponding
to high or cruising speeds), it may be appreciable at
high angles of attack (conditions corresponding to
landing) and care should be used in design to consider
these effects on lift for the latter ccndition. At high
angles of attack the nacelle drag forms such a small
proportion of the total drag that there is no material
difference in total drag with different arrangements
rmd the discussion of relative merit may be coniined
to the high-speed and climbing conditions mentioned
in the preceding paragraph.

Drag.-Of the remaining factors affecting the merit
of a wing-nacelle-propeller combination it may be said
that, since the variation in propulsive efliciancy for
diilerent nacelle positions is fairly small, the most
important item is nacelle drag. This discussion will
tit consider the factors influencing the drag of the
nacelle and subsequently will consider the effects of
the propeller.

Wh% reference tc the polar diagrams of various
nacelles and cowlings in position 2-A (~. 9), position
2-B (fig. 10), and position 1–C (@g. 11), it will be noted
that the drag of the combination with the ku-genacelle
is appreciably less than it is with the small nacelle,
regardless of the type of engine ccwling used. With
reference to the small nacelle it may also be seen that,
except in the case of position 2-A at low angles of
attack, the addition of cowling rings increased the drag
over the values obtained with exposed cylinders. The
effect of engine coding on the large nacelle is shown
in figures 9 and 10. It maybe seen that placing the
N.A.C.A. hood over the tiont-engine cylindem and
leaving the rear engine with exposed cylinders shows a
great decrease in drag as compared to that for the lmge
nacelle with exposed cylinders both front and rear.
The additional decrease in drag obtained through ccwl-
ing the rear engine cylindem, although appreciable, is
relatively small as compared tc the reduction in drag
obtained by cowling the front engine with the N.A.C.A.
hood.

The effect of nacelle location on drag b of about
equal importance with the effects of nacelle shape and
cowling. Figures 12, 13, and 14, show the effects of
variations in location of the completely cowled large
na.de in positions above the wing, below the wing, and
in the wing, respectively. An inspection of these charts
reveals the fact that moving the nacelle fore-and-aft
has very little effect on nacelle drag, regardless of
whether the nacelle be above the wing or below the
wing. Figure 15 shows typical polars of the completely
cowled large nacelle in positions above, below, and in
the wing. It is tc be noted that positions in the wing
and positions below the wing are about equal with
respect tc drag and that both are greatly superior to
positions above the wing.

The effect on nacelle drag of angular setting of the
variable-angle ring k shown in figures 17 and 18. It
is to be noted that the nacelle drag is not appreciably
affected by rear-ring setting within the range of –5°
tc 10°, but is quite sensitive to front-ring setting.

Propulsive efflcienoy,-Figures 17 and 18 show the
effect, with the small nacelle, of variabh+angle ring
setting on propulsive efficiency. Comparisons are
made at a constant value of V/nD. With reference tc
iigure 17, it will be noted that with the rear cylinders
exposed the peak of the propulsive-efficiency curve
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apparently occurs at a front-ring setting of about 6°.
Putting a ring with a setting of 5° over the rem cylin-
ders increased the propulsive efficiency for all values of
front-ring setting, but the maximum value apparently
SW occurs at a front-ring setting of about 5°. The

,

‘ Ring over frw”f “engim” cyl’sA-
rear engim cyf’s. expose~

+ — Ring over front .engi* cyf’.s,
ring set 5Q over rear eng cyl ‘s.

, , ,

.60
F - \ .

.50

.-40

.90

z ~ -.801 * + .

.70

~
45 ‘+

40 -
//

3 /1
A—. ——.-—- -

30 with= .~ 2. ;
+ cylinders front and reor

25
I

230 I II
-5 0 5 10

front -ring setfi~ a2grees

FIaUEE 17.—Bffwt of front-ring rotting on nad.le (b& rUOLHMVEeIIidenoy,and
net effldanoy. Smallnacellein @tki 2-B.

effect of varying the angrdsx setting of the rear ring
is shown in @ure 18. It may be seen that with the
front cylinders exposed the propulsive efficiency con-
tinued to increase with increasing angular setting of
the variable-angle ring. It is to be noted that placing
the ring with an angular setting of 0° over the front
cylinders increased the propulsive efhiency slightly
and caused the point of mtium efficiency to occur at
a rem-ring setting of about 5°.

Ihrther consideration of the problem of ring setting
shows that the point of maximum net efficiency cornea
neither at the ring setting which gives minimum drag
nor at the setting which gives maximum propulsive
efficiency, but at some intermediate point. The results
shown in figuma 17 and 18 show the optimum ring
settings to be about 0° for the front ring and about 5°
for the rear ring. I?or all practical cases the optimum
ring settings are apparently independent of nacelle
shape.

CO~ FOR AERONAUTICS

The results of these tests show that the fore-and-aft
location of the nacelle with reference to the wing haa
very little influence on the maximum efficiency ob-
tainable at any given value of US(see reference 6 for n
discussion of this coeiiicient), the maximum variation
@g ~m about 2 percent for positions above the
wing to about 1 percent for positions below the wing.
The vertical location of the nacelle with reference to
the wing does, however, have an appreciable effect.
Figures 19,20, and 21 are plots of q and V/nD against
C! for representative nacelle locntions above, below,
and in the wing, respectively. Inspection of thcm
curves reveals that the propulsive eficiency obtained
with nacelle positions below the wing is somewhat
higher than that obtained with positions above the
W@Z, and that for nacelle positions in the wing the
propulsive efficiency is considerably lower than

A - Ring over kor engine cyl!s.
front engine cyl’s. exposeo!

+ — Ring over rear engi~ cyl’s., -
ring set O“ over front eng. cyl’s.

.80

.50, 7 - - —
/ = - — —~ ~

.40

.90 -+- —

.80 -’

.70

45

40
\

35 ___ > _.’-___ .._ n_p . e;= 5 ---
-2 ‘

30 Drag wiih exposed
qlitiers front ond rem

25 I

240 1 H 1
-5 0 5 10

that

I

Rear:ring set fing, degrees

mum IS.-mTe@ of rem-ingMing onnacelled% DOPUMVe~hw, ad
net e13Memy. SmatI msaIle in poaith 2-B.

obtained with the nacelle located either above or
below the wing.

COMP~ISON OF ~ESULTS

& stated at the beginning of the discussion, the
true merit of any wing-nacelle combination is deter-
mined by the interrelation of the lift, drag, and pro-
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peller effeck considered separately. The detie(
discussion of the method given in reference 1 and use(
in the previous reports of this series results in th~
following equations: .

(T–AD)V CT VPropulsive efficiency=q = ~
“Ca

C.*–C* ~

()
Nacelle drag eiiiciency factor= ~ ~ ~~ :

P-

.80
v, ~ .

F- “ -
1

x %
4 y.70
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20.8”frm?
22.O“ reor -

v / 15.9” fronj --
17.l”reor
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/

//’
.50

1,0
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/ /
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:5 .7 .9 1.1 13 1.5 I.7
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FIGIJBE10.—Variatfonof ~ and V/nD with C8 for typkal @tfon above wfng
Tandem @t!OLI l--k. An@ of attaok,W. UK@ namlfawfth NA.O.A. hwd.
fronhrfng6“mar. Bfadeangleof propdk at0.76R.

Net eficiency=propulsive efficiency-nacelle drag
~, V CDL7-CDW 8 V ‘efficiency factor = ——

()ZL?LD ~m ZD

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

OLJ*,dr~ coeffici~t of the tig-nade com-
bination (propeller removed) a% the
angle of attack at which the lift coeffi-
cient with the propeller operating is the
same a8 the lift cceilicient of the wing
alone at the given angle of attack.

These formulas are applied to two conditions: One

for high speed and cruisiig with a propeller ~- 0.65

and a lift coefficient corresponding to that of the wing
alone at an angle of attack of 0° (OL=0.409), and one

for climbing with a ~~ = ().42 and a lift coefficient

corresponding to that of the wing alone at an angle

of attack of 5° (CL=0.652). The -& selected for the

high-speed comparison is that at which the propellers
operated at maximum efficiency for pitch settings

from 15.8° to 17.1°. The ~~ for climb is obttined by

/ “ — \

.80 / ‘

A f

-
7

\

.70 / ‘
A

v /‘ 15.8”fron’+

/
16.8° reor

.60 t

// k

.50
‘21.2”fronf

22.0” rear

1.0
/

.9
21.2” frord / /
22.0” rear /

.8
/

/ N

. 7 5
‘15.8” fronf

/
/

l&8”reur

.6 / / /

v /
/

ti
/ /

/ ~ J
.5 — — - J —

/ I
.4 /v / 1
“l/l/ lIll

/. I 13 /.5 1.7

FIGDEE2U.-Varfatfonof q and w wfth 06 for typfcal -n below wfng.
Tandem @tfoo 2-B. @of attack,W. ~ nadle wfth NA.OA hood
front,dog ~ rear. Blade angiaof propalk at 0.75R.

assuming that climbing is done at 60 percent of high
speed and that the torque of the engine is constant.
A diagram of the method of obtaining the drag value
used in computing the nacelle drag efficiency factor is
given in reference 3. The foregoing values of liftr.
coefficient and ~ me the same as have been used innD
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previous comparisons of results for the airfoil used in
these teds and the net efficiencies may be directly
compared.

It would perhaps be bettar to make comparisons at
a constant value of C. but there is no evidence that
the relative order of merit wonId be changed and the

c=

ham 21.-VarWfon efgand Vi’nDwfth Ca fortyplral pmftfmfnwfng. Tendern
&tfon 1-O. Angle of att.ac&P. Urge nacdle titb NA.O.A. hood fronh
dug 6° mar. Blade ongleof propdfer at 0.78R.

resulting complication would not be justified. The
order of merit of the various cowling and nacelle
positions, which is the primary object of the analysis,
is clearly indicated by the present computations. The
results are given in table XII. I?or a few arrangements
for which the data are incomplete, no net efficiencies
are given. That these are generally poor, however, w
be seen from the data given.

Examination of the table for the high-speed condi-
tion shows that the large nacelle with N.A.C.A. hood

CO~ FOE AJIRONAUTICS

on front engine and variable-angle ring set 6° on the
rear engine located in position z–C gives the highest
net efficiency (0.614), followed closely by the same
nacelle in position 2–B (net efficiency 0.611). The net
efficiency is only slightly lower for other locations of
the same nacelle below the wing but falls to low values
for locations above the wing. Other types of cowling
show- lower values in all locations. With the engine
cylinders exposed the net eficiency drops to very low
values (0.386 for position 2–A, small nacelle).

The propulsive eficienciea are fairly high but the
nacelle drag efficiency factora are also high, which
accounts for the low net efficiencies. The lowest
nacelle drag efficiency factor (0.106 for position 2-C)
is acc.ompmied by a low propulsive eficiency (0.720).

Rear propdler blade mgle a+ 0.75 R.,degrees

l?mom 21-EeMfon betwan the pftch mttfng of front propdlor ond the Pltoh
sottfU’0[ rearProlmllerforerredlmwerakuorkd at peakeflldenoy.

It nppeam that this arrangement would be improved
by moving the front engine farther ahead of the wing,
judging by the nmlts for tractor position B of refer-
enca 1. The net efficiency for the latter is 0.762, so
that the beat tandem arrangement is greatly inferior
to the beat tractor. The cowled tractor nacelle is
known to have a low drag and the generrtlinferiority
of the tandem arrangement must accordingly be
charfged to the high drag of the rear portion of the
nacelle. In view of the satisfactory propulsive 135-
ciencies, the study of new types of cowling or, perhops,
relocations of the rear engine should result in improved
performance.

Two of the various schemw that have been advanced
for improvement in the shape of trmclem-propeller

.
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nacelles me: (1) The mounting of two tractor engines
in tandem, and (2) the mounting of the pusher engine
forward of the tractor engine in such a manner that
the two propellem face each other. Both these
schemes, as well as various others that have been pro-
posed, would undoubtedly involve serious cooling
problems, and since no teats are lmown to have been
made on them the results that might be obtained
through the use of radical types of cowling are entirely
problematical. It is thought, however, that there are
good possibilities of discovering a nacelle cowling com-
bination for tandem-e~”ne nacelles that would give
a lower drag than conventional arrangements.

PITCH-SETTINGRATIO

In conventional tandem arrangement of engines and
propellers it is generally desirable for the pitch settingq
of the two propellers to be such that both engines will
turn at the same revolution speed at full throttle. In
this series of tests the pitch of the two propellers was
adjusted in each case to give equal power coefficients
at the point of peak propulshe efficiency and, as it
can be shown that for propellem of the same diameter,
both driven by engines with equal torque character-
istic,

r.p .m. front propeller
T

C.rar
r.p.m. rear propeller = CPtiont

itiaevident that when the power coefficients of both
propellers are the same the propellwx are both turning
at the same revolution speed. The results of these
teats indicate that no absolute ratio of pitch settings
can be determined to fit all cases, because the required
ratio is different for each nacelle location. Teat re-
sults do indicate, however, that for any given nacelle
location the pitch setting of one propeller is practically
a straightAine function of the pitch setting of the other.
Fiie 22 shows the relation between the pitch setting
of the rear propeller and the pitch setting of the front
propeller for several @pical cases.

DESIGN CONSIDERATIONS

There is no definite relation between engine power
and engine diameter; consequently no definite ratio of
nacelle drag to motor power can be established which
will be generally applicable. l’or any given nacelle-
propeller combination in which the nacelle shape and
location are similar to those considered in this report
the designer may, from the data presented, determine
quite accurately the drag of the full-scale nacelle. The
values of propulsive efficiency as obtained here should
be practically the same as those that would be obtained
from full-scale propeller teats and, as long ss the ratio
of propeller diameter h nacelle diameter is nearly the
same, the values may be applied to full-scale propelle~
with little error.

Knowing the nacelle drag and propulsive efbiency,
he designer may for his particular case determine the
)ower available after the drag of the nacelle has been
~ccountedfor.

No data are available for determin@ how the slip-
hream lift as obtained in these tests maybe applied to
ill-scale airplane design. The results of these tests
ndicate the relative effects of the propellers on the
ring lift, but judgment must be used in applying those
xxndtato airplane design.

CONCLUSIONS

1. Wh% tandem propellers the effects on net eilici-
mcy of nacelle shape and cowling are of equal import+
ince with those of nacelle location.

2. In general, tandem-propeller-nacelle positions
below the wing and positions in the ming are of about
Squi! merit, and both are greatly superior to positions
~bove the -wing.

3. Conventional tandem arrangements of radial air-
:ooled engines do not give as good net efficiencies w
mn be obtained by the use of two tractor-propeller
installations of the same general arrangement.

4. The net efficiency of a tandem-nacelle-propeller
combination is not greatly affected by fore-and-aft
location of the nacalle with reference to the wing.

LANGLHY MEMORIAL kiIRONAUTICAL LABORATORY,

NATIONAL ADVISORY Cormrmm E FOR AERONAUTICS,

LANGL~Y FIELD, JrA., January 17,1934.
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TABLE II

DRAG COEFFICIENT WITHOUT PROPELLER
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.ma
.W
.Ckm
.M7f
. mm
.Ow
.M5(
. M7(
. Mlt
.w!
.mll

.Oiw

.Ow

.OiE

.Ow

.0671

. aw

.04$1

.Im3

:E.mm
.1180
.1140
.1163

. 10!J3

. m27

.1026

.m

.m

.m)a

.m

:E
.M50
.m40
.Ow
.M95
.mso
. mm
. m75
.&w
. lW
. ma
. Im
.Ow
.m
.mm
.1015

%%
.Ma6
. lllm

.0376

.M35

.mm

.MM

.0440

.MM

. ms

.m50

:823
.W
.0448
.0411
.0440

.am

.m

.M-m

.02M

.aml

.Om

i%’
. M-75
.Om
.C&55
.0350
.04m
.0415
.0405
.0405
.CMm
.0405
.04m

.:8%
.Cml

:8%

:E2J

.04zt

.Om

. cat

.6%!

.Oaw

. 037s

. 027;

.am

.Lm

. 10M

. Im

. 1M3

. 17m

.1702

.1770

. 10M

. mm

. 10M

.1473

.1470

.1434

. MM

.1496

. Mm

.15$0

.1610

. M!ZO

. lmo

.1525

.1620

. mm

. 16m

.1570

. MM

.M53

. M&O

.1626

. 1M5

.1570

.I.5!M

.1646

.1545

. K45

.1453

.1454

. 14m

.1615

.1670

.1515

. 14W

>m95

1
..do-- . . . .--. -do-------------- -.---do --------------
..do-- . . . . . ..-do.-..--.- . . . . . Eqxad dindem
..do-- . . . E- oYllndan- -.-. -do--------------
Bmall-.-.- . . . ..do ---------- ---..do--.------..-..
-.do---- N.A.O.A. hood---- Ring 6“---------
_do---- Rlngw-..-.- . . . . - . . ..do -------------

LMEO.--l N.AO.A. hd---.-l-.---do--.-.-.-.--.-.l .(E3O

-1-do----- -.-.do-----.------- ----do --------------
-ado--.-.--..-. do------------- RAW.. - . . ..--.._

’11

..do.--...-.--do ----------- Ring5” -------------

_do---- ._-.do ---------- Ring CP...___-..
--do---... -–.do ------------- Ring&’________
-ado-.-.- . ..-.do ------------- RInglCP---------
..do- -__.. -.-do -------------- Exposedaylindam-.

----do-- . . ..---–
RIFE??!.=.- ----do --------------
Ring -IV---------- -..-. do--------------
Ring -W------- -..-. do----------
Em-@ ti@=------d0-------------

;.do ------ . . ..-do -------------- Ring lW--..-.-.–-
..do-- . . . . ..-. -do-------------- Ring r-------------
,..do ------ --.--do -------------- Ring w-._. ..__-
,--do------ .-.. -do-------------- Ring –6”, ---------

.M40

.U340

.022a

..do ------ E]
-$___ 1

------ 1
..do ----- 1
small. -.. 1

...do- ----- .-.--do--------.-.-..l R
,-.do ----- Rl
--do----- 1
--do -- . . Ri
--do---- R1

lng –llY -------
Ing 4“_-__-:-: ExJK&loy.lyym::

Ring m---------
log –m.-..-...-.. --..do ------------
Ing–80----------- -.-. -do--------------

._do ----- Ring –w---------- ..--.do ------------
-do------ rung 4“------------- R@5°. .- . . -----
.-do ------ Ring –60. .- . . . . ---- ----- o-- . . ..__z
...do-- . . . . Ring r... --------- -..-. do--------------
.--do ----- . . ..-do -------------- m l@----------
...do ------ ..–.do---,------- Ring w--------

kW--–– N.A.O.A. h~----- RfU v--------------

.-.do ----- ----- do--------- _.-.do ---------

.mlo

.Cmu

---1.-do ----- .---.do--.-.-.-. ----. --.--do --------------
small ----- Expowd OYlhd
..-do-- . . . . Rlngw ------------- i&%Y?Y!-

L9rEa-. . . . N. A.O.A. hood----- -.-.. do--------------

..-do- . ..-. .-.-. do-------------- ----do --------------

.aax

.am
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TABLE III

MOMENT COEFFICIENT WITHOUT PROPELLER

~- moment
q&

Engine cwlfng Al@ qf attack
Namlfo
p3dtIon ‘rgp of nawfle

Front I Rmr –P 0’ 6° m u?

Wfng done -aoia -a 007 -0. m -a MO -a m
— .

1-A a---------- NA.O.A- h~------------- RfIv~-------------------- –. ~ -. m -. m -.072 -.072

2-A -__-&-_-—– _-dO— -–––.-.-.-–--– ._ado_______________ –. fw -. MO –. ma
—–.-.--.— .––do--.---–—––––– RxmmedOyIfnders --------

-.053 ~.
–. ml -. w -. am

-_do— ------- ~ @fnd--––-
-. m

–--d~–-–-----..-.–---.. -. w -. Obo –. Oso
--—------- .--do-—-—–.-–––. __-do_____________ –___

-. m -. 0b9
–. m

-—do——.-..
-. O&s –. w

~&-:~--–-::--
lwJ&_:_____________ :~ ~& ~. ~. ;C&

-. m -.000

—do -.- —-. .-. -— —..

2-A m.-—---—-– NA.OL hood------------ .—do— ---------------- -. m -. 0s4 -. w –. w -. O’5a

4-A —do_________ __-do__—___––___–_ .--.do—–-––.-.-.. ---—– -. Ml -. W’5
–.-do—----— —-d~

–. 067 –. w -.067
-_—-–-.-––– Rfng o“--_-—–_.-... –. w -. W4 –. m -. 0s7 -. 0s9

1-B _._do___ -—.-.. —do—-––—-–----– E@ 60------------------- –. w -. m –. W-4 -.071 –. 070

%B __.do ________ _-_do___–___._-. __._– Rfng w-_-___–.___–. -.074 -. 07u –. m
—-d-------- .--do—–––-–.-.——— Ilfng r--------------------

-.070 -. m
–. 07a

__.do——_––_
-. m –. m7 –. 0i2 -.076

–-_do—–__--.—_-—- Rfng lrP_____________ –. 076
_do_————

-.039 –. fkm -.072 -.076
––- _-J3&-------------

._—do— -------
Mx=f wliud=-------- -. m -.072 -. 07f -. m -.077

.—do—
ExpcE3d@Infers_._—__ –--d-. -.–-.— ----------- : 0# -.071 ~, -.074

——--- a –~----––-----—––
-. w

;=--:p_:::___–– Rfng –Id---–----..-=
—-d--------------- -.070 -.076 -. m
–—do—---—— ------- –. 077 -.072 –. m –. 071 -. 0s1

-—– a –~----–-––----— -—do——––.––-–.-. -.. –. 075 -. on –. 071
8mnlf-––.-––.–– _y&oy-lfndem- --.-.–— --–do—

–, 072 -.070
–. 070

-—do—–-.——
.—-. —-. —— ----- -.071 –. 074 -.076 -. Ow

-—–-––.–. Ring lw------------- ~.: -. m –. w
_—do—_--__— _--do___ ––_______

-.074 -.077
Elng UP_____________ -.070 –. 071 -.074

—----- —–do—_.—–—-––-
–, 079

---
._-%-— _____ —–do—–—.-.–.–—–—

z RI& ~5:=1=1:.:=– -.076 -.070 –. m –. 074 -, M2
–. 070 -.070 –. 070

–_-do_-_-––_ –--do--.––--.-——
-.075

Ring –llr___._--:._-I:
-. 0s1

–. 077 -. mu
--::--. -–-.-— R@ 4“---

-. m –. 076 -. WI
~——.-.---.—. =P=@ m~ –. m -.074 -.076 -. ml -. W

– lung rP-_— __________ —_-do ______________
---------

———— –. 07s -.076 -.074
--—-d~—--- U –~----—–——–-–– –---do—–-–---— ------ :.

-.076 –. m

do
-.073 –. 074 -.074 -.079

--- ——.-.-.—— Ring –w---––.--—-— _-do ____________
Rfu –l@----–––--.——_ --.-d~——-.––-.-—-:

-. 0?s -. 0?2 -.072 –. @l
—-. -. m

Ring 4“--_–.-_–-–
-.074 ~. –. 076 -. 07a

-- . - —--—-----

q~ff=- ‘---
r%!z::-:::::::~::

;~ :g ~. :g :jj
.--do
.-.-do—–——–
_—do—_-—

—-———— – Rhlg lw------------------- ~.
:z~—_ –.-—--- lung w---. ----.--—.. -.072 -.071 -.076 -. m

3-B m--–------—— N.A.O.& hm&–-—––—— Rfng &-I--— ------- -. ftsl -.076 –. 073 -.076 -.076

4-B –-do—–-.–--—— -—d---––.—-.-.-– –_JiO___-____-. __._— -.078 -.071 -. MO –. 070 -,071

1-0 .—.do—-—----- .—do———
8mafL ---------- W cYfGi&–i==::_ ‘&—&iii-d--=:::::_

–. 077 ~. –. (M6 -. WI -. WI
-. 09s

-—do.—--–—-.
–. w –. 073 -.m

--——.-.--———— Rfng P-----.-–-.--.–- -.076 -. w –. w -.031 -. W@

2-o ---––-----–– N~O~ ~----––----—– –--do---------------------- –. m -. 0?3 –. ml –. 0s7 -, 0s7

3-0 .--.do----------- .-–-do— ----------------- .--. -do— ------------------ –. w -.073 –. 070 -. w -. Mu



I-A

2-A

6-A

4-A

1-B

Z-R

3-B

4B

1-o

!2-0

a-o

[ ma---l N~o~hood----lB’ur------------l

1
. ..do..-. . .. JJo__..--- . . . ..d% . . . . ..-.
._do._— --do -- . . . . . . . Em OYlio
.*-. ~Lw-::.y: -=*-—— ---------

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

----- %%%!::: .3;::::::::::
. ..do---
.- do

b–- N.A.OA. hood. . . . . ..--do— --------

.-do. ..- .-_do..-._...-.. . ..-.do— ---------

.-do. -.. .-.-do— -..- . . Ring @- . . ..--...

.-. do--— .._.do._ . . . .._.-- Rlog 6“..--.-..—

.-. do.-— . . . . . . . . . . . . . . . . . . Mngw.. .._.__.

. ..%..... ..-..&— . . . . . . . . . Ring 6“.--.- . . . ..-.

.- & ..-. -.--do— . . ..-.. -.. Ring 1P . . . . . . . . . .

. . . ..— .&_-G.K Exy=s#doyllnd%ra-
_.%___ . . . . . . . . . . . . . . . . .
—do..-.. I@ -6” . . . . ..-— ..--do— ----------
-.do..-.. Ring -l@______ -.-L$__
...do ----

. . . . . . . .
. . . . . . . . . .

s-. %K&%ila%c :::aO——-----
-do..-. .—.do—-—-------- Rti l@---------
.-.do-.. .._.do _________ Rfng’P ------------
. ..do...- ..-.. do-------- RIIISW------------
.-do... - -.-&. .-- . . . . RinK-P---------
. ..do---- -.-do. — . . . . . . . . . RIJU-lV-. ..--...
. ..do___ Ring 40_. . . . . . . . . . -d oylfndem.
—do___ ~ @F . . . . .._. . . ..-do-— --------
.-do . . ..- - . . . . . . . . . . . . ..do— --------
._do--- Rlog -w . . . ----- .--do-----------
.-do . . . . . Rfng -1& . . . ----- -.._do— -------
.-do--- RlnE4“.--___.- RIllg#_._.-_=:

Ring -P... ---- ----
::%1: Rlrr r... -..- . . . . . ..-.do—-.—----

~L-.._._... RInElW. . ..-. -----.-do. . . . . .—
&. . . . . . . . .—. —------- Rlngv..._._ . . . .

Idme.-. N.A.O.A. hind . . . Ring 6Q-----------

-do. . . . . -.-do—-...-..-. ---do—---------

_&-.. . . . ..do-— --------- . ..-.do ------------
Exp@od Oyllnd- Expcued0y~dE18-

do ‘- Rlng(P. . . . . . . . . . . . Rhw JY----------. . . . . . . .

1Lame.-. N.A.O.A. hood-... . . . ..do—---------

. . .do. ..- . . . ..do— . . .. —.- . . . ..do— --------- I

!
17. . . . . . . ----- ------ ------ ------ ------ ------ ------ -------- ------- ------ ------ ------ ------ ------ ------ ------ ----------- ------ ------ --------

1

17. . . . . . . ------ ------ ----- ----- ------ ------ ------ -------- ------ ------ ------ ------ ------ ------ ------ ------ ------------ ------ ------ --------
17.0.. . . . . . . ..-. . . . . . ------ ------ ------ ------ ------ -------- ------- ------ ------ ------ ------ ------ ------ ------ ------ ----- ------ ------ --------
17. ------. . . . . . ------. ----- ------. . . . . . ------. . . . . . ------. ----- ------------ ---.------- ------. . ---- ---------------- -------------- ---.-------- .----------- ------------ -._-------- ------------ ----------- ------------ .----.------------------ ------------ ------------ -------------
17. . .

Mhl%di%kl’d”iiiilid::%(:dfdid!d$i:d~df~“ ‘:---- ‘:iiiJ ‘:tiii ‘Tii---.%ii ‘%% ‘W ‘:6--- ‘--,W- ::::::: :::::::::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::: ::::=

17.q . . ..-l . . ..-.l.- . . ..l...-..l...---l... ---l. -----l... ---l--------l-------l------l------l------l------l------l------l------l------l------l------i------l--------

u:::::::4:::4::::!::5::5:::::!::5::::5:::::::::::$:4::::::::+4::::::=,,::::!::~::~::~:.-Xx ‘Ui--- Tin-- ‘~ii---: -----:-----Xii- ‘:-------: -------ice ‘-iii---:: iiti:iiti ‘Ii--- Ti----liiii ‘:iSii ‘:ii-- ‘;---- ‘:---- T-- ‘-%iii



TABLE IV—Continued

THRUST COEFFICIENT, CT.-D~tiD4-Continued

ANGLE OR ATTAOK-W

Ihnt propollor: Rfght hand no. 44124.fmt dlomotnr. W pro@foc M Iumdno. 44>

I ,

‘al
cm
o

l-footdiamotor

v
nii

0.110,210310,410 JI 0,610.710A 10,911 .011.1

-I-H –l–kl–l-Hl-
1-A

2-A

3-A

4-A

1-B

‘J-B

6-B

4-B

1-0

2-0

a-o

Larga... N. LO.A. hwd----- Ring r-.. . . . . . . . .

,-.do . . . . . . . ..do.-. -... -.-... -.-..do -------------
,..do . . . . . ..-..do ------------- EIPW O@lndem.
,..do . . . . . EIWW3 oylfndera- . . . ..do— . . . . . . . . . . .
Slnoll . . . -~xd;-l.i~----- --.--do-— ----------
...do . . . . .

“W:::::::::::...do . . . . . Ring &-:...-.-:-:: ----- ;!-,:lEJI z). ‘al

:: W70 % %;
-,01
-,0107 ...:.. ..:!.!
-,024 2a(

h?.9
lh 9
Ill 9
16,7
L&8
M.8 141

17,1 .167 .1
17. .1601 ,1
17.1 ,M7 ,14
17. .1 ,1406
18.8 .1676 ;;40
16, , 447

.]a2 . u ;Cw;l

.lala ,11

.la17 ,11 ,0439

.12b3 .1
,11 :Owm

:Ia , Illx ,0969 /14
.0717 ,0407 ,01
;% .W .017

,C@-5 k; :017
.W
,074 ,W8 :0231

l&9j 17.4 .Imj .14WI .laM\ .ll~ ,08Ml ,~ ,0474 .ols5j -,0+ 2UI !iaILarge-.. N.A.OA. hood. . . . . . . ..do ... . . . . . . . . . . .

,..do . . . . . ..-..do-.- . . . . . . . . . ..-..do ... ..-- . . . . . . .
-do . . . . . .-...do ------------- mns r------------

.-do. . . . . . . . ..do. .. . . . . . . . . . . R@ 6“..- . . -------

..do . . . . . . . . ..do—----------- Rhw IY.-- . . . . . . . . .

..do . . . . . . . ..-do— ---------- Rlw 6“.. . . . . . . . . . .

.-do. -.. . . . ..do— ----------- Rlng W-----------
-do. . . . . ..-.. do- .. . . . . . . . . . . Ewosod oyllndom-
-do. . . . . Em oyllndwa- . . . ..do ... . . . . . . . . . . .
..do . . . . . Ring -6° . . . . . . . . . . -...do . .. . . . . . . . . .
.-do . . . . . . . . . . . . . . . . . ..do— . . . . . . . . . .
..do . . . . . 22 %. . . . . . . . . . . . ..do. — . . . . . . . . . .
8nlnlL... Exw@ oyllndom. . . . ..do. ... . . . . . . . . .
..do . . . . . . . . ..do— . . . . . . . . . . Ring lW-----------
-do. . . . . . . . ..do— . . . . . . . . . . Ring 6“. . . . . . . . . . . .
..do.. -.. .-..do - . . ..-- . . . RIwW. . . . . . . . . . . .
..do . . . . . . ..-do -... -.- . . . . RInR -6” . . . . . . . . . .
..do . . . . . . . . ..do-- . . . . . . . . . . RIIW -lW . . . . . . . . .
..do .. . . . Ring 4“. . . . . . . . . . . Erw=wIoyllndom.
..do . . . . . Ring O“. . . . . . . . . . . -...do . . . . . . . . . . .
..do . . . . . Ring -5” . . . . . . . . . . . . . ..do— . . . . . . . . . . .
..do...- Rlng -W . . . . . . . . . . ._..do ... . . . . . . . . . .
..do . . . . . Ring -lW...- . . . . . . . ..do.._._ . . . . . . .
..do---- Rlw4° . . ..___.. RJng6“. . . . . . . . . . . .

— .. . . . . . . . . .

:g:~~:: .%%::::;::::: %%:::::::::
.::.. . . . ..do._ .. . . . . . . . . . Ring W.... . . . . . . . .

---- N. A.O.A. hod . . . . Ring P . . . . . . . . . . . .

-do. . . . . .-..do— . . . . . . . . . . . . . ..do— -------

..do. -.. .--do. . . . . . . . . . . . . . . . ..do—...-..-.
SronlL_. EXPOWIoyllndera- EXPOW3oyllndm-
..do..._ Ring O“-. . ..--. . . . Ring P.... . . . ..-.

-, MW 2L

!-. OK%.. . . . . ...??.!

: ; :

16,8 la 8 . KS-2
;:; ;: 8 ,1

I&8 M+8 : b
L&8 M+8 .L5N
M.8 la.9 . 1s02
lh 8 10.8 . MM
lh 8 10.8 , lWI
16,8 17!1) . 16m
16,
lh 8 $0 : M
16 . lnm
15.8 17:0 ,1648
lL ,1519
l&8 11 . lbw
16,8 17.0 ,1694
16,
1.5.8 1:0 :E
I& 17.0 ,1625
16.8 17.0 .MM
m

1

17.0 , 1s46
lh8 17.0 .1
lh 8 17.@ .160
16.8 17,0 ,1 ;

:!460
, 142JI
,1
.1442
,1464
, 14s4
,1449
, 1U8
.1469
.1
,1468
.1
.1
,1
.1426
.1401
,1
.1
,1471
.1
, 14@
. 14ad
.1

i

.U2Q4
, la17
,1323
,1
, lW
, lal
,1
, lal
.1
: ;al

, lal
,1
,127
.1
,1304
.1232
,1239

:1
.1221
, la%
; ya !

,1184
.11C4
.1101
.1125
,1144
; y

,114
.1
: ;;0

.11

.11
,1111
.1171
,11
.11
,1
, Iln
.119
.1135
,11
,1
, Ilm

1
.,-:w .

-: WM
.. . . . . . . . .. . .

:m17 .. . . . . . . . . . . .
!@W. .. . . . . . . . . . .
,032d 21,1 22.(
!Iwa .. . . . . . . . . . . .

:mr
.W7
.@$o
,01

4,ml ::
, au2

:%%
. Ola
,W47.

4 I,01
.01 . . . . . . . . . . . . .

. . . . . . . . . . . .

I
.............

2L2 22[
.. . . . . . . . . . . .

2L 22(
21, a. (

:::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l::
..... ...... ...... ...... ...... ...... ...... ...... ...... ...... ........
..... ...... ...... ...... ...... ...... ...... ...... ...... ...... ........
..... ...... ...... ...... ...... ...... ...... ...... ...... ...... ........
..... ...... ...... ...... ...... ...... ...... ...... ...... ...... ........
..... ...... ...... ...... ...... ...... ...... ...... ...... ...... ........
..... ...... ...... ...... ...... ...... ...... ...... ...... ...... ........

....... ......
7U.. . . . . . . . . . . .
7 . . . . . . .. . . . . .

. . . . . . . . . . . . .
... ... ......
...... .. ....

21.1 22(
21.1 22.(
2L 1 22( !!!14514!!!I-!!!4!!!!!!!!!l.x’!!;i-”- ‘~iT” ‘Ii% ‘~iiii ‘Ii”-- ‘:iti ‘ri--- “1---- ‘W -:”--- ---:GM

$-----1------...... ......
2LI 22.( t d. & 64144~.11&97407&L54 m;Mii ‘-iii---ii-- ‘“i--------- ‘----- “---”- ‘----- ‘----------- ‘--;----

:::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::::
l&d 17,d.wl.lwl .wl.ld. od. mMl, d .02041-.0340] 2a+ 22(

,d 2La 2z(

J {

.W40 2L ~(
-, W$9 21. a i

. . . . . . . . . . . . . . .... ...... ...._ ...... ...... ...... ...... ...... ...... ...... ........
m--- N,A.OA howl-

t

..-. do— ------

_do..-. --.-do -------- . ..-do-—..-..- 4 I.W7 2L0 22.(

2L0 2a(
1111 I 11!11



TABLE IV—Continued

COEFFICIENT, C~-=–&dinued

ANGLE OF ATTAOK.6°

Frontpmpdhr Righthnndno.4412-4foot dkunoter. ReaIpropolk: Ldt hondno. 44124-feat dhmokm

‘% “fkP~Y ‘hnt] Rear 0.1 I 0.2 I 0.2 ] 0.4 I OJ ] 0.6 I 0.7 I O,S I 0.9 FTontlRw 0.1 I 0.2 \ 0.8 I 0.4 I 0.5 I 0.6 ] 0.7 I 0,8 I 0.9 I Lo I LI

1.A

2.A

3.A

4.A

1-13

2-B

3-B

4-B

1.0

uugo-.. N. A.O.A heed. . . . . Ring 6“. . . . . . . . . . . .

. ..do . . . . . . . . ..do . . . . . . . . . . . . . . . . ..do-_ . . . . . . . . .

.-do. . . . . ..-.. do. . . ..-.-... 13xX oyllndu%.

. ..do..-. ErPomd oybden. . . . ..do-- . . . . . . . . . . .
Small.. . . . ..do-- . . . . . . . . . -...do . . . . . . . . . . . . .

.-do . . . . . N. A.O.A hwd . . . . . Ring 6“..._._ . . .

.-do. . . . . Ring w . . . . . . . . . . . . . . . ..do-- . . . . . . . . . .

Lni-g&-. N.A.OA hood. -.. . . . ..do-- . . . . . . . . . . .

. ..do..-. . . . ..do--...- . . . . . . . . . ..do-- . . . . . . . . . . .
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21.1 22.0 :@# .C#3 .~ .% .0E48 . ‘--;ti% -;66 -;G6 “~~irn
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ml& -- 21.1 a.o .@l .

,m cm .W .&iB.:Mii .:= -__i .:= .:6ii6
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8-B

4-B
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lh 7

10.1

lh 8
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1A8
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TABLE V—Contfnued

FRONT PROPELLER POWER COEFFIC131NT, C~r=ti-#&Continued

ANGLE OF AITAOK-6”

Front propolk: Right-bond no. 441Z+-fmt diameter, Row WOPOIW Iafbhnnd no. 441Hfoot dfarnetor

s%:: %%:f

=%” ‘P $= o.* I o-2 I IMI 0.4I M1M\0.71M [WI l?rontlRrru oc,lo.alo310.410Jlo.610e710$loollo111

1-A Large-_. . . N, A.O,A, h~----. Rtngso--.-.-.-.-.--

2-A . ..do . . . . . . . . . . ..do . . . . . . . . . . . ..- . . . ..do . . . . . . . . . . . . . .
. ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . E-d oyUndora_.
. ..do . . . . . . . Expmodoyllndom_- . . . ..do . . . . . . . . . . . . . .
Smrdl. . . . . . . . . ..do . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . .

. ..do . . . . . . . N,A.O,A, hwd . . . . . Rln 5“.. . . . . . . . . . .

. ..do . . . . . . . Ring @... . . . . . . . . . . . . . .id . . . . . . . . . . . . . .
3-A Lorgo- . . . . N.A.O.A. hood. . . . . . . . ..do . . . . . . . . . . . . . .

4-A . ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .
. ..do ------- . . . ..do . . . . . . . . . . . . . . lung w.... . . . . . . . . .

1-B .--do . . . --- . . . ..do . . . . . . . . . . . . . . Itlng6“. . . . . . . . . . . . .

2-n . ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . Ring@-- . . . .._._.
. ..do ------- . . . ..do . . . . . . . . . . . . . . Ring 8“. . . . . . . . . . . . .
. ..do ------- . . . ..do . . . . . . . . . . . . . .
. ..do

Rfng l@ . . . . . . . . . . . .
------- . . . ..do . . . . . . . . . . . . . . Expawd oyllndors-..

. ..do . . . . . . . Expmod oyllndera_ .. . ..do.- . . . . . . . . . . . .

. ..do .. . . . . . Ring -6” . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . .

. ..do . . . . . . . Rlog -IV.. . . . . . . . . . . . ..do . . . . . . . . . . . . . .

.Kloo.i: . . . . Ring -160 . . . . . . . . . . . . . ..do . . . . . . . . . . . . . .
Expwad oyllndem_. .. . ..do . . . . . . . . . . . . . .

..-do...:::: . . . ..do . . . . . . . ..-..-. Ring W. . . . . . . . . . . .

. ..do .. . . . . . . . . ..do . . . ..__. _.. R!w 60. . . . . . . . . . . . .

. ..do .. . . . . . . . . ..do . . . . . . . . . . . . . . Ring W. . . . . . . . . . . . .
:::~ .. . . . . . . . . ..do. . . . . . . . . . . . . . Ring -60 . . . . . . . . . . .

------- . . . ..do . . . . . . . . . . . . . .
. ..do . . . . . . .

Ring -lW . . . . . . . . . .
Ring 40. . . . . . . . . . . . . EXPOSWoyllndem_.

. ..do . . . . . . . Ring (Y. . . . . . . . . . ..- . . . ..do . . . . . . . . . . ..-.

.-.do . . . . . . . Ring -P.. _._._. . . . ..do . . . . . . . . . . . . .

. ..do . . . . . . . Ring -P... __ . . . .-...do.-. . . . . . . . . . . .
-do.. . . . . . gun: ;l:...__... . . . ..do . . . . . . . . . . . . .
. ..do . . . . . . .

- ‘---------- “W:::::::::::::. ..do . . . . . . . Ring -60- . . . . . . . . . . . . . . .
. ..do . . . . . . . Rln ID._. .._._.. . . . ..do

------ --_j:.._ . . . ..__. Rlnglti:::::::::::-do... -.. . . . . .
. ..do. . . . . . . . . . . ---- Ring W_________

3-B Large_ -.. N.A.O,A, hti . . . . . Ring 6“...___ . . . .

4-B .-.do..-. ..- -...do-...-...-..-.. ..-..do . . ..-. -..- . . . .

11-0 .-.do . . . . . . -...do. .-.. -.... -.. ._..do . . . . . . . . . . . . .
8-*_. Es@$d oyllnder6- Eqmsod oyRnders_

. . . . . . . . . . . . . . . . . . . RIIM 6“.- . . . . . . . . . . .

~ w— N.A.O.A. hd . . ..- .-.do --------------

8-0 .-.do___ --do ------------- .-.-.do. .-- . . . . ..-.-.

F3`7'-!'-l'-d'-3'-4'''i'4--'‘:’:
‘---‘----- ‘--”-. -:---- -W” -:-----:= -:tliii-:iti---X:---W. -:ti-- -;6E7--m-” -:-----: -----: ---- -:& -:biJj -:---- -Wi ‘Xiii
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TABLE VI

REAR PROPE~ER POWER COEFI?ICD3NT, CPB=p~

ANGLEOF ATTAOK–-6°

Front ~polk Rlghkhandno. 4412+-foot diameter. Rex pmwer: I..oIt-knd no. 4412-4-fmt dfametm

N~lJo Tm~,gf

k .T? ,I!P ,.. %.,.8
Front

I I

1-A 1‘wb~E& 3:i3’F I-TF‘F‘F-El’$!aom 0366 220 22 O.MS aw2 .0014awO @Ml&w 047 0.041 Ilml & ~~

2-A

hrgo--.jN.A.O.A. hood---j RiogK...........l l;O\

..-do..._.. .._-do . . . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .

. ..do----
Ih 9

-. . .._do . . . . . . . . . . . . . . Expmedoyllndonu-.
.B._:. _..

16.9
Expwd oyllndem... . . ..-do. . . . . . . . . . . . . . 16.9

—- .-...do . . . . . . . . . . . . . . . . ..-do . . . . . . . . . . . . . . 16,7
..-do.__.. :&~+ lxGl---- ‘1 60. . . . . . . . . . . . .
..-do____ . . . . . . . . . . . . ..% . . . . . . . . . . . . . . !!:

?-A

4-A

1-B

2-B

3-B

4-B

1-0

2-o

a-o

ww--l N. A.O.A. hti-.l . . . ..do.-.- . . . . . . . . ..l I& gl

...do . . . . . . . .. ..-do--- -.-..------l-~ij~~~~~:~~::l::::l ‘;gl

..-do____ .. . ..do ---------------

...do._...do . . ..lo.__ . . . . . . . ..l R[ng6°. . . . . . . . . . . ..l IL51

..do . . . . . . .. . ..do. . . . . . . . . . . . . . Ring W... . . . . . . . . . .
. ..do . . . .._ . . . ..do. . . . . . . . . . . . . . R[ng 5“. . . . . . . . . . . . .
. ..do. . . . . . . . . ..do. . . . . . . . . . . . . . RIw lay’.. . . . . . . . . .
. ..do..._.. ..-..do . . . . . . . . . . . . . . Expowd cyllndom--
. ..do_ . . . . . i3qmed oyllndwa-.. . . ..-do. . . . . . . . . . . . . .
. ..do_ . .._ Ring -6” . . . . . . . . . . . _...do . . . . . . . . . . . . . .
. ..do . . . . . . . Ring -1P . . . . . . . . . . . . ..-do- . . . . . . . . . . . . .
. ..do . . . . . . . Ring -M” . . . . . . . . . . . . ..-do. . . . . . . . . . . . .
8mnlf.. . . . . Expo=wlogllndom... . . ..-do-- . . . . . . . . . . . .

...do_ . . . . . . . . ..do. . . . . . . . . . . . . . Ring 10”. . . . . . . . . . . .

. ..do- .. . . . . . . ..-do. . . . . . . . . . . . . . Ring 8“. . . . . . . . . . . . .

. ..do- . . . . . . . . . ..do . . . . . . . . . . . . . . Ring W. . . . . . . . . . . . .

. ..do. .. . . . . . . . ..do--.__ . . . . . . . RIw -60 . . . . . . . . . . .

..-do. . . . . . . . ..-.do.- . . . . . . . . . . . . Ring -UP.. . . . . . . . .

. ..do . . . . . . . Rhg 4“. . . . . . . . . . . . . Bxf)ccal oyllndors-

...do . . . . . . . Ring V . . . . . . . . . . . . . . . ..-do. . . . . . . . . . . . .

. ..do. . . . . . . ‘[w -6” . . . . . . . . . . . . . . ..do. . . . . . . . . . . . .

. ..do. . . . . . . Ring -80. . . . . . . . . . . . . . ..do. . . . . . . . . . . . .

..-do . . . . . . . rwlucl--:cP.. . . . . . . . . ..-do.-.- . . . . . . . . . .
-.-do . . . . . ..
. ..$ . . . . . . . ““---------- ‘h%::::::::::::::Ring -60 . . . . . . . . . . . . . . . .
. . . . . . . .

‘OK...: . . . . . . . ‘iii%+;;:::;::::::
. . ..- . . . . . .

. ..do-.- . . . . . . . . .

..-do . . . . . . . . . . ..do . . . . . . . . . . . . . . R@ F . . . .. . . . . . . . .

fJwm----- N. A.O.A. hwd..-.. ‘[w 60.. . . . . . . . . . . . I&

-do. . . . . . . . . . ..do.- . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . 1la I
. ..do . . . . . . . -.-. -do. . . . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .
EmolL.. . . .

15.8
Expcwl ogllndom_. E_ ogllndom... 14.7

..-do . . . . . . . RIM W. . . . . . . . . . . . . Ring 60. . . . . . . . . . . . . 14,7

hi-go---- N. A.O.A, hwd._..- . . . ..do.- . . . . . . . . . . . . M.8

.-do . . . . . . . . . . ..do . . . . . . . . . . . ..- . . ..-do-- . . . . . . . . . . . . lh 8

[ g ~ ~ ~ ~ ~ ~ ~i # g

-;; -:6Eii-;%J7‘:&&‘r~-‘Iij-- “:tii- ‘:ti” ‘;---- “~fiijj

,MI13 :@3M :C@70:l13&4.0327 .0229 .W38 . ohm :(lMn ‘--iiIi --Z-6 -w -:= -Wil -Xi% ‘:ti- ‘~~ ‘~~-- .~~i- ‘~---- ‘:= ‘~~i~

17:0.:?!-! .:!!.. .:!!!! .:!!!! .:_ .. . . . . .: . . . . .: . . . . .. . . . . .
. . .0157

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

g



TABLE VI-Continued

REAR PROPELLER POWER COEFFICIENT,

ANGLE OF AITAOKmW

—ContinuedCPE=J!D

Front pmpolk: Right-hnnd no, 4412-4-footdlametor. Rear prqwlkr: I.aft-hnndno. 441!4-4-footdlometar

NamIk *u:f
pmltion

- 0.,0,0,04,:,0,07,0,00 FT. oio21010410Jl:lo710$loQlol.
1-A

2-A

~-- N.A,O,A. hd----- Ring P . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do_ . . . . . . . . . . . . . . . . ..do..- . . . . . . . . . . .

. ..do . . . . . . . . . . ..do— . . . . . . . . . . Expowi oyUndera—

...do . . . . . . . Em oyllndom_ .. . ..do_ . . . . . . . . . . . .
Smnu .. . . . . . ..-do_ . . . . . . . . . . . ..dor . . . . . . . . . .

. ..do . . . . . . . NA.O,A, hwd__ R
96 ‘------------. ..do . . . . . . . Ring 00. . . . . . . . . . . . . . . . . . 0.-- . . . . . . . . . . . . I16.9 17,1

l&9 17,1
16.9 17,1
I&7 17,0
M.8 I&
I&8 lt 8 1,OK@

. Ml
, M@
.mw
.0410
,0410

,WOl
.W
.U266
; ~:

,mm

.Wz

.W8

.W

I,OR-6
,0141
,0144
,0123
,0130
.013

.034e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.0346 2L
4 =ol~l$~l~l~ld~144~l~lo’~1~

I,0443

,0413
.041

3-A

4-A

l-n

2-II

Lm’2e------N. A.OA. hood. . ..- . . . ..do ... .. . . . . . . . . . .

. ..do . . . . . . . . . . ..do ... . . . . . . . . . . . . . . . ..do ... . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do_ .. . . . . . . . . . . . Ring W. . . . . . . . . . . . .

. ..do ------- . . . ..do..- . . . . . . . . . . . Rlog 50. . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do_ . . . . . . . . . . . Ring W... . . . . . . . . . .

. ..do . . . . . . . . . . ..do. .. . . . . . . . . . . .

. ..do . . . . . .
Ring 6“. . . . . . . . . . . . .

. . . . ..do ... . . . . . . . . . . . . Ring lIY . . . . . . . . . . . .
. ..do . . . . . . . .. . ..do ... . . . . . . . . . . . . Expamdoyllndor%_
. ..do . . . . . . . Expmed oyUndom- . . . ..do. . . . . . . . . . . . .
;::%..: . . . . Rlog -P.. . . . . . . . . . . . . ..do ... . . . . . . . . . . . .

. . . . . . -. . . . . . . . . . . ..do._ .. . . . . . .._.
. ..do . . . . . . . :M X..: . . . . . . . . . . ..do ... . . . . . . . . . . . .
sInnlL... . . EXIXL@oyllodora.. . . . ..do.- . . . . . . . . . . . . .

1:::*::::::: ::::: $=.: . . . . . . . . . M& :~ . . . . . . . . . . . .

.-do.. -
. -. . . . . . . . . . . . . . . . . . . . . . .

. . . . ..-.do. -— . . . . . . . . . Ring d... . . . . . . . . . .
. ..do . . . . . . . .._.do . . . . . . . . . . . . Ring -.50. . . . . . . . . . .
. ..do.. . . . . . . . . ..do ... . . . . . . . . . . . . Ring -lIY’ . . . . . . . . . .
. ..do . . .._. Rlrw 4“. . . . . . . . . . . . . RXW.WI oyllndors---
. ..do . . . . . . . Ring 00. . . . . . . . . . . . . . . . ..do._ .. . . . . . . . . . .
. ..do- . . . . . lung -6” . . . . . . . . . . . . . . ..do. — . . . . . . . . . . .
. ..do . . . . . . . Ring -P . . . . . . . . . . . . . . ..do ... . . . . . . . . . . . .
. ..do . . . . . . . RIw -lIY . . . . . . . . . . . . . ..do ... . . . . . . . . . . . .
. ..do . . . . . . . Ring 4“.. . . . . . . . . . . . RIIU P... . . . . . . . . . .
. ..do. . . . . . . Rlog To” . . . . . . . . . . . ..-.do ... ..-.. -...-..
-.-do . . . . . . . R~

16.91 17,81 , Q,,]

. Mm

.0407:4,0421 4.0233

.02w ‘1,0227
,0234

.024

16.9 17,
m 9 17,Ii

,0148
,0141

10,.5,17,

I&8 l&
i16,8 M 8

16,8 10.8
16,8 I&8
15.8 l&8
L&8 10,8
l&8 la a
I&8
16.8 i:@
16.8 17,0
lh 8 17.0
lh 8 17.0
lh 8 17.0
lh 8 17.0
lh 8 17.0
lh 8 17,0
16,8
lh 8 :; o
16.8 17,a
16.8 17,a
IL 8 17.0
l&8 17.0
M.&
lh 8 ;: o

lh7 17.2

10.1 17.u

i’dw/I
.IXWI 2L8 220 . .00

1 J

.M1 ,W6 .M7 .0b57 ,Q4eo .0437 !Cc53 ,Wa4 .0185

.m .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:G.. .:&.. .:tiii ..Gi . . . . . . . . . . . .
,w 21. 220 .&ml .MS8 .Mu3 .06s4 . . . .0161

4

:0378---ii-i --5-- -:ti “:wi ‘Ttili ‘:---- ‘:=1 ‘I%ii ‘:W--:-----:Gi ‘:tii ‘;iiii.@M 2’L-J
..?.. .:!’?!! .:?! .: . . . . ..E .:?! .:”!. .:!!.. .: . . . . .:? .: . . . ...!.?

:W3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

21.1 22 .w .M1O .0m8 .0570 .M4 .0605 .04
:01

.041 .0340 .02s3 ,0146

. m ::::::: :::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::: ::::::::::::

.0101
,0101::::::: :::::::::::::::::: :::::::::::::::::::::::: :::::::::::::::::: ::::::::::::
,01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,0109-

4 4

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.W13...ici ..E . . . . . . . . .:= ..= ..Gi ..= . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.0407 .041 :% .~ .0140
: Mm .0313 :Wll :m :0640 :

:~- %; E
.046 ,M

.022s .0913 .0tQ4 .0673 .0544 .0311 .047 !0413 .a340 :02b4 :;%
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.WI .. . . . . .
2L 1

. . . . . . . . . . . . . . . . . .
22.

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.0319 . ,0576 .0662 .Wn .

:01
.04m .03M . ,0L59

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. Olw -...-.. ..– . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. -.- . . . .

.oq .q .awq.Oq .ml .Ct3cq .01811

.0170

.0185

.owl

!

.01

.0172
,0109
; :;7

,01
.01
.0177
,0180
,0178
,0181
,Owa
,0173
.0173
; p

.0193

.0174

.Oml

. Ola

. 01E3

d
,0404
.0411
.QH2
. 04CQ
.04M
.0417
,04m
.041
.0402
.Qm7
. OK@

:041

f

:0403
,041
.0407
,0-4

:0420
.0413
.04M
.0124
. mm

0“...... . . . . . . . . . . ..do..._ . . . . . . . . . .
. ..dn.. . . . . . . . . ..do_- . . . . . . . . . Ring lW . . . . . . . . . . . .
. ..do . . . . . . . . .._&. _...._ ._. Ring W-.- . . . . . . . . . .

ti--- N.A.Q.A. h@––––– Rlog 60--. . . . . . . . . . .3-B

4-B

.0421.0413 .mw

“4
.Cma

.0304

:cm

.W2J

.aw

.0296

.Cm4 “7.0254

.01
~
,d zLd 220! .wd .mzd .WU! .omd .md .OMII.wI .wd mm! .w! .OMOl...do . . . . . ..l . . . ..do . . . . . . . . ..l . . . ..ti . . . . . . . . . ..l .041cj.asfd .Olq

4.0411
.m@l

1-0 .- ,do...___do_o _________ . .._do_-.__.._.

4

16.8 17.0
Smnll__.. ~ oyllndera-. RXWSS oyUnders-_ 147 lL

. ..do ------- R4ngW________ Ring UP.-. ._.-._. 14.7 lh

.04!.a36

.a367 7:0246
.0m4 .4

,0
.0143
.0

>0 IAxge_... NA.OA. hd___ .__do_._..__.

3-o .-do._ -.. .._.do__–._..._ _._do_.__.._.

lh8 17.

16.8 17.1! .0410 .CQ44

.03414.U31 4.0%1

.04101 .01%



TABLE VI-Continued

REAR PROPELLER POWER COEFFICIENT,

ANGLE OF ATTAOK.5”

PRcFE-—~np,D@20ntinued

Front propolk Right-hnndno. 441’2-4-footdiameter. Rw propdlem kft-hdnd no. 4412-4-featdlamekv

FJog:y
Ex@ne cowllng v

1

~oyy v

N~Jlen ~9:f 0.76 R. ,. D

Flont I Rmr ~+~ 0’I02I03Id:lddo+ ~::i: 0’I02I03I04I04I‘o’I07I08I09I10I 11
I-A

2-A

GA

4-A

1-B

2-B

3-B

4-B

1-0

!l-c

3-o

Lorgo... . N..A.O.A.ImM..... Ring 5“ . . . . . . . . . . ..-

. ..do .--... -_..do . . . . . . . . . . . . . . . ..-.do . . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Expased oyllndora...

.i.&::::: -y--:!~:-m.. -.-. -do. . . . . . . . . . . . . .
. . . . . . . . ..do . . . . . . . . . . . . . .

. ..do .. . . . . . N. A.O:A. hood-... Ring 6“ . . . . . . . . . . . . .

. ..do ... . . . . Ring W.- . . . . . . . . . . . . . ..do . . . . . . . . . . . .

L@rgo--_- N.A.O.A. hti . . . . . . . . ..do . . . . . . . . . . . . . .

. ..do. . . . . . . . . ..do . . . . . . ..__.. .-... do. . . . . . . . . . . . . .

...do . . . . . . . . . . ..do . . . . . . . . . . . . . . Elngw. ..__._ . .

...do .. . ..-. .. . ..do. . . . . . . . . . . . . . Ring 6“. . . . . . . . . . . . .

. ..do .. . . . . . .--. -do. . . . . . . . . . . . . . Rlng(P . . . . . . . . . . . . .

. ..do . .. . . . . .-.--do . . . . . . . . . . . . . . Ring 5“. . . . . . . . . . . . .

. ..do .. . . . . . .--. -do . . . . . . . . . . . . . . lung IV . . . . . . . . . . . .

. ..do- . . . . . . . . . ..do . . . . . . . . . . . . . . Exposed oyllndors-_

..-do -.- .. . . Ex~d oyllndenL_ . ..-.do . . . . . . . . . . . . . .

..-do . . . ..-. Ring -5°. . . . . . . . . . . . . . ..do . . . . . . . . . . . . . .

. ..do . . . . . . . Ring -lW. . . . . . . . . . . ..-.do . . . . . . . . . . . . . .

.-do . . . . . . . Ring -lo”. . . . . . . . . . . . ..do . . . . . . . . . . . . . .
Small.. . . Wposod oylfndem... . ..-.do . . . . . . . . . . . . . .

-..do . . . . . . .-.--do . . . . . . . . . . . . . . Rlrrg lIY . . . . . . . . . . . .
. ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . Ring 60. . . . . . . . . . . . .
.--do . . . . . . . .-.--do . . . . . . . . . . . . Ring W. . . . . . . . . . . . .
--do . . . . . . .-.--do . . . . . . . . . . . . . . Ring –60. . . . . . . . . . .
.--do . . . . . . ---. -do. . . . . . . . . . . . . . Ring -lOO. . . . . . . . . .
._do_ . . . . . Ring4° . . . . . . . . . . . . . Exrmsd oyllndarn...
.-.do- . . . Ring O“. . . . . ..-- . . ..-.. do. . . . . . . . . . . . . .
.--do . . . . . . . Ring -6” . . . .._._. . . . ..do . . . . . . . . . . . . . .
. ..do . . . . . . . Ring -8” . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .
..-do . . . . . . . Ring -l@ . . . . . . . . . . .-...do . . . . . . . . . . . . .
. ..do . . . . . . . Ring 4“. . . . . . . . . . . . . Rfng 5“. . . . . . . . . . . . .
..-do . . . . . . . Ring -60 . . . . . . . . . . . . . ..-do . . . . . . . ..-.-..
.-.do . . . . . . RIn 00. . . . .
.-.do . . . . . . . . ...50........:::::: -Hl%$W:::..__..

. . . . . . . .

..-do. . . . . . . .-...do-. . . . . . . . . . . . Ring V... -..._...,

Lorge.. -.. N.A.O.A.hood. . . . . Ring V- . . . . . . . . . .

. ..do . . . . . . . . . . ..do . . . .. —...... . . . ..do . . . . . . . . . . . . . .

._do_ . . . . .

t

. . ..do. . . . . . . . . . . . . . .-...do . . . . . . . . . . . . .
Smrdf.. .. . Expuwi oyllndora._ ExP@@ oyllndora..

. ..do . . . . . . . Ring W..- . . . . . . . . Ring 6“.. . . . . . . . . . . .

‘: 3=L’LLLam =J=LLLI=L=JJ=LJ=QWI 0.0409&am a Olw . . ----

Lurgo_..- N.A.O.A hwd. . . . . . . . . ..do . . . . . . . . . . . . . .

. ..do... . . . . . . . ..do . . . . . . . . . . . . . . ..~..do . . .. —.......

16.9

159
I&0

la 6

8
$8
lh 8
lA8
lh 8
I&8
I&8
lh 8
16,8
lh 8
16,8
15?8
16.8
lh 8
lh 8
lh 8
lh 8
lh 8
l&8
I&8
lh8
lti 8
16,s
15.8

1&7

18.1

I&8
147
147

I&8

lh 8

~ f #1$;iij:jy#i
‘T--- ‘X&i‘ZiiGi ‘%ii ‘XrX6 ‘1---- ‘:ii?i ‘-;K ‘-iiIi --ii-i -;6-= -:M “X&ii -Xkl.i -:---” -:-”-- -;---- -;---- -T--- -:---- -:----

“-~~ ‘:~ ‘:---- ‘:---- ‘Y3i.i--;iiG ‘-Yti ‘-ii:+ --$-6 “j-g -:$: -Wi -:% ‘YE ‘:@ ‘Xl@ ‘:Gi ‘IGi--Zri% ‘zii~

‘1---- ‘;-----:=l ‘:Eli ‘X%i “Xiii ‘XiGi ‘-W=5 ““ii:i “-%-6 ‘;@ii ‘Xii8 -:tii -:Gn “:WE -:= -Ii-” -:-”-- -:& -:iriij?j‘:ii~

:-----; ---- ‘Tti ‘Xiii ‘X-iii ‘Wi ‘:ii-- ‘-:Gi -- ::;::: :::::: ::::-- ‘“---- ‘----------- ‘----- ‘----- ‘----- ‘----------- ------ ‘-----
‘- -:---” -:”----:iHi -W -:---- ”;%-- -Xii -:= -;= ‘Tbiti

‘- ‘-- ‘;= ‘X= ‘X-”- ‘Ttii ‘--tii- 11:::: ::;;:; :::::- ‘-”--- ‘---”- ‘----- ‘----- ‘---”- ‘----- ‘----- “----- ‘----” ------. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------ . . ----

17:0.: . . . . . . . . . . . . . . . . :::::: I:::: :::::: :::::: :::::: :::”--- ‘----- ‘---”- ‘---”- ‘“---- ‘----- ‘----- ‘----- ‘----- ‘“---- ‘----- ‘----- ‘---”- ‘-------- ------ ------ ------ ------ ------ ------ ------ ---------- -- ------ . . . . . . . . . . . . .-----

~~d:d:d:d:~fil:d:~l:d::~d.d-:::l--::l:::'l:-d:-~l:::l:-~l:-~l:-~17.0 .0413 .0037 .ml .W71 !W39 .W-W .0249 .01’30 .0110 21.0 22.0 .0213 .W15 .0310 .a5’a9 .0673 .M40 .O.W2 .0446 .m74
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TABLE VII

PROPUL431VE EFFICIENCY, q--v

ANGLE OF ATTAOK. -6”

Front praplkm Rlghbhandno, 441=foot dlemek. Rearpmpdk: U&hand no, 441%4.footdlameta
.

~c~l:y
Engine mwl[ng v

1--1,

FT#y v
Nacallo %~l:r 0.7bR. nii 0.7bR. ni

pmttlon

Front 1~ IFront Rmr 0.1 I 0.2 I 0.3 r 0.4 I 0..5 I 0.6 I 0.7 I 0,3 I 0,9 Front I Rear 0.1 0.1 0310.410J 106[0.710310 C911.01T
I I I n= Zd:iXL G- 1“ - - “ - T - - l-rno a 141 0.‘XI a 414 ab3b 0.b40 & 717 am am 0.7W 0.707------1-A

3-A

3-A

4-A

1-B

2-U

3-B

4-B

1-0

2-C

3-0

I Largo....- N, A,O,A. hind . . . . Ring 6“_ . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . . ..do.._ .. . . . . . .._

. ..do .. . . . . . . . . ..do__ . . . . . . . . . . . Exw ayllnd~.

...do .. . . . . . IMP+@ oylIndem._ _...do_ . .. . . . . . . . . . .
Smfdl- . . . . . . . ..do .. . . . . . . . . . . . . . . . ..do ... . . . . . . . . . . . .

. ..do .. . . . . . N. A,O.A, hood... . . . Rln b“_ .. . . . . . . . . .

.-.do .. . . . . . I@ W- .. . . . . . . . . . . . . . . .!O– . . . . . . . . . . . .

@w------N, A,O.A. hwd-... . . . ..do— . . . . . . . . . . . .

. ..do .. . . . . . . . . ..do . .. . . . . . . . . . . . . . ..do ... . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Rhu @ . . . . . . . . . . . . .

. . . ..do . . . . . . . . ..do__ . . . . . . . . . . . Ring s“. . . . . . . . . . . . .

..-do . . . . . . . . . . ..do__ .. . . . . . . . . Ring O“. . . . . . . . . . . . .
:::$: . . . . . . . . . ..do ... . . . . . . . . . . . . Ring be. . . . . . . . . . . . .

. . . . . . . . . ..do..- . . . . . . . . . . . Ring IV. . . . . . . . . . . .
. ..do . . . . . . . . . . ..do . . .. . . . . . . . . . . . Expw.uioyllndem..
. ..do . . . . . . . Expawdoyllndora_.. . . ..do. ._.. _._...
. ..do . . . . . . . Ring -6” . . . . . . . . . . . . . . ..do.._- . . . . . . . . .
-do. . . . . . . Ring -lW— .. . . . . . . . . ..do..-_ . . . . . . . . .
-do. . . . . . . Ring-160. . . . . . . . . . ._..do . . . . . . . . .
EmaJ1-. . . . -d 0ylh@3ill_. . . . ..do--__ . . . . . . .

. ..do- . . . . . —..do.- . . . . . . . . . . . . Ring lap. . . . . . . . . . . .

. ..do . . . . . . . ._..do__..._._... Rhu 6“. . . . . . . . . . . . .

. ..do._..- _...do_ . . . . . . . . . . . . Ring P. . . . . . . . . . . .

.-.do..- . . . . ..do_ . . . . . . . . . . . . . Ring -6”-. . . . . . .
-:$- . . . . . . . ..do_ . . . . . . . . . . . . Ring -lO”. . . . . . . .

. . .. . . Ring 4“. . . . . . . . . . . . . Exp.wl oyllndem_.
--do. . . . . . . . . . . . . . . . . . . . . . . ..do.__.__ . . . .
_.do . . . . . . . :ti !5” . . . . . . . . . . . . . . ..do._._..._...
_.do . . .._. Rtng -W . . .._ . . ..- _...do__.._ . . . . . .
_.do . . . . . . . Ring -lOO.-.- . . . . . . . . ..do.__ . . . . . . . .
_.do._ . . . .

‘k40----------”-- 2!%.:::::::::::_.do . . . . . . . R@ -P... __ . . . .

:g:::::: :$k::::::: -@by:::::::::::
. . . . . . —. .. ---- . ..- . . . . . . . . . . .

1-------NA.O.A. hood----- Ring be--. —-----

.do.. . . . . ..-..do.- . . ..__... _.-.d_.____ . . . . . .

t

.-do. . . . . . ._..do___.._.._. ._-.do _.._.. _..
Em@ @ndem-- g= OYllndem-

.!!*I RinEO“..._ . . ..__ - . . .. —-. .—

1- tW--- ~.LOA hoc-i ----- -do-_ . . . . . .

.do-.-.. -.do-.-—-. _..de_________

~ g!g!~~h~f~fi‘-----‘----- ‘----------”‘“”--- ‘-”---‘----”‘-----‘-----‘--”---‘“”””- -:”----: -’---:--- --%3 --:6HI--m‘-:% ‘-:8i6‘-%+5‘-%E ‘“W

,9, ::,,b-~;<;:*:~:-:+!%!J--:g$~:~=‘--- ‘-”-- ‘-----—---------m--:s ‘Xi’% ‘“:% ‘-M ‘-:iii ‘“3U ‘-;%6
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

17.4 .19s1 .3671 .M3\ .4 .nol .7MI .76-4 .60,~...-l 20.8] zl~ .M$l .303] ,4401 .bool .0541 .m\ .7771 .K131 %31 .7241 .’237

or
cm
03



TABLE VII-Oontinued

PROPULSIVE EFFICIENCY, q= (T–$D)v—C.utinu~

AN(31J13OF A’ITAOK-W

Fzont propelk Right-hand no. 4412-4-foot dfometer. Rmr propeller: Left-hnnd no. 441Wfmt Wmetw

“l’’’’f~l--+-- F I , ,041061t0710alo911.0LolFront IRear 0.1 I 0.2 \ 0.3 ] 0.4 0.5 I 0.6 ] 0.7 I 0.8 I 0.9 Front Rear 0.10.20.3 . . . .

1-A

2-A

3-A

4-A

1-B

2-B

3-B

4-B

1-o

2-o

3-o

IIme--...lN.A.OUJOL..{ RlLW50. . ..._+

-do.. -.. - .._.do--._ . . . . . . . . . . . . ..do-- . . . . . . . . . . . .
. ..do .-.-... . ..-.do--.-.- . . . . . EXPWW cylinders.
. ..do . . . . . . . EIPc=s8eloylhrdem.. .-...do-- . . . . . . . . . . .

. . . . . . . . ..do--...- . . . . . . . . . . ..do . . . . . . . . . . . . . .
.%!___ N. A.O.A. hood----- Rlrw 5“. . . . . . . . . . . . .
. ..do. . . . . . . Ring W.--.. —...-.. . ..-do--...-.- . . . . . .

I IAWG..I N.A.C.A hmd..-..l . . . ..do-- . . . . . . . . . .

. ..do . .. . . . . . . . ..do. . . . . . . . . . . . . . . . . ..do .. . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. -.-. . . . . . . . lung v . . . . . . . . . . . . .

. ..do. ..--.. . . . ..do-- . . . . . . . . . . . . Ring 6“...- . . . . . . . . .

. ..do. . . . . . . . . . ..do.- . . . . -------- Ring @..- . . . . . . . . . .

. ..do . . . . . . . . . ..-do-. . . . . . . . . . . . . Ring 5“. . . . . ..-.. -..

._do . . .._. . . ..-do-- . . . . . . . . . . . . Ring lW . . . . . . . . . . . .

. ..do . . . . . . . -. . ..do-- . . . . . . . . . . . Emsedoyllndere---
-do . . . . . . . EqmsedoyUndera.. . . . ..do--.. . . . . . . . . . .

. ..do. . . . . . RlnK -6” . . . . ..-.-.. . . . ..do-- . . . . . . . . . . . .

. ..do . . . . . . . RlnE –lW .. . . . . . . . . . . . ..do.- . . . . . . . . . . . .

.5._ti.._.. RIUE -l& . . . . . . . . . . . . . ..do- . . . . . . . . . . . . .
. . . . . Rxrmadoyllndere-.. . . . ..do. . . . . . . . . . . . . .

. ..do ------ ..-..do--...- . . . . . . . . Rlns lW------------

. ..do . . . . . . . . . . ..do-. . . . . . . . . . . . . Rlns 60. . . . ..- . . ----

. ..do. . . . . . . . . . ..do. . . . . . . . . . . . . . R{w IY. . . . . . . . -----

._do . . . . . . . . . . ..do -------------- Ring -60. - . . ..-..-.

. ..do . . . . .-. . . ..-do -------------- Rhlg -lW.. --------
_:~._ . . . . Ring 40.--... . . . . . . Exlw5d oyllndera--

. . . . . . . Rlnu IP___ . . . . . . . . . . . . ..do-- . . . . . . . . . . . .
. ..do..- . . . Ring -6”-- . . . . . . . . . . . . ..do-- . . . . . . . . . . . .
. ..do . . . . . . . Rlns –8”-- . . . . . . . . . . . . ..do-- . . . . . . . . . . . .
. ..do . . . . . . . . . . . . . . . . . ..do--.-..- . . . . . . .
...do . . . . . . . w 2!.:: . . . . . . . R
...do . . . . . . .

Into. . .. . . . . . . . .
Rins -P. . . . . . . . . . . . . . . . 0-- . . . . . . . . . . . .

:::%::::::: :::f:_ . . . . . . . . . . . . -M_&31#::..._.._.
. ..do . . . . . . . R ~----- . . . .-.-do . . . . . . . . . . ..-

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

LarEe_. . . . N.A.O.A. hood----- Rtng 6“-------------

-.do . . ----- .-... do-- . . . . . . . . ..-. . ..-do-- . . . . . ..--...

. ..do. . . . . . . . ..-do...- . . . . . ----- .-... do--------------
8K08L. . . . Emmedo@hdem..- ExPmedoyllndera..

. ..do. . . . . . I@ r.- . . . . . . . . . . . Ring P.-. . .--------

Large... . . . N. A.O.A. hmi..-. . . . ..do . . . . . . . . . . . . . .

_do . . . .._ . . . ..do . . . ----------- . . . ..do -------------- KM
16, 17. ,1 .37 .61 ,

10.1 17. .106 .30 .61 .

lh 17.0 ,1 . .4
14.7 16, ,51 :61
14.7 16.0 :% :3 ,61 .621

1& 17.0 ,190 .36 .4 ,

M, 17. ,1 .3 . e-m

\

.728

.731

.740
; p9

,736

: ?4
,724
.764
.7
.744
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.--do . . . . . . . . . ..do. . . . . . . . . . . . . . Em OWndem-.
...do . . . . . . . EXPO@ oyllndom- . . . ..do . . . . . . . . . . . . . .
Smell-—-- . . . ..do . . . . . . . . . . ..-. . . . ..do . . . . . . . . . . . . . .

.-.do . . . . . . N, ILQ.A, hoed.. -.. Rln 6“. . . . . . . . . . . . .

. ..do . . . . . . . Ring W. . . . . . . . . . . . . . . . . .So. . . . . . . . . . . . . .

----- N, A.C.A. hood----- . . . ..do. . . . . . . . . . . . . .

.-do . . . . . . . . .._do _________ . . . ..do. . . . . . . . . . . . . .

._do . . .._. .._.do.. -._ . . . .._. Ring W._ . . . . . . . . .

. ..do ------- . . . ..do. . . . . . . . . . . . . . Rkxg 60. . . . . . . . . . . . .

. ..do ------- . . . ..do.-- . . . . . . . . . . . Ring V . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do__..._ . . ..- Ring 60. . . . . . . . . . . . .

. ..do ------- .-.--do . . . . . . . . . . . . . . Ring W..-- . . . . . . . .

. ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . Ex@ oylindoxn_
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N. A.O.A. hd---..l FUng6“. - . . . ...-....1

-..do-...-..-..-.. . . . ..do..- . . . ..-.-...
. . ..do__ . . . . . . .._. Em oyllndma-
EXIX6M oyllndere_ ...-.do— . . . . . . . . . .
. . ..do. .. . . . . . . . . . . . . . . ..do .... . . . . . . . . . . .
~-4-~A, hood----- Ring 60. . . . . . . . . . . . .

. . . . . . . . . . . . . . . . ..do—.-...- . . . . .

N. A.O.A. hOOd.-... . . . ..do—. . . . . . . . . . . .

. . ..do.. _. . . . . . . . . . . .Rii;$._._ . . . . . . .

. . ..do— .. . . . . . . . . . . . . . . . . . . . . . . .

.-..do— . . .. . . . . . . Illng F . . . . . . . . . . . . .

. . ..do—-..-...-.. RlnE ICY. . . . . . . . . . . .

. . ..do_.-_ . . . . . . . . R1oELW. . . . . . . . . . . .

. . ..do.--- . . . . . . ..-. . . . . . . . . . . .
-.. . . . . . . . . . . . . . =-oy]lndek
Eq%d oyllndere- .. . ..do__.-.- . . . . .
Rtng -P.. -... ----- . . . ..do-.- . . . . . . . . . .
Ring -1P---------- . . . ..do ------------
Ring -1~ . . . . . . . . . . . . . ..do- . .. . . . . . . . . . .
Em oyllndere-. . . . ..do..- . . . . . . . . . . .
. . ..do. .. . . . . . . . . . . . RIOEIv . . . . . . . . . . . .
. . ..do..--...- . . . . . R1OE60. . . . . . . . . . . . .
. . ..do. — .. . . . . ..-. RhIEfP . . . . . . . . . . . . .
. . ..do--- . . . . . . . . . RinE -~... . . . . . . . .
. . ..do ... . . . . . . . . . . . . RfnE-lW ----------

. . . . . . . . . . . . . ExpmwJeyllndem..
I%! $ . . . . . . . . . . . . . . . . ..do.-...- . . . . . . .
R@ -v . . . . . . . . . . . ..-..do— . . . . . . . . . .
Ring -P . . . . . . . . . . . . . . ..(IO .. . . . . . . . . . . .
Rfu -l@ . . . . . . ..-. . . . . do... . . . . . . . . . . .
Rlng4° . . . . . . . ..__ Rln 60. . . . . . . . . . . . .

do_–...__...RlnE -P . . . . . . . . . . . . ..-.

::%!’::::::::::::: -y@~::::::::::::
. . . . . . . . . . . . . . . . . . . . . .

N. A.O.A. hood. . . . . Ring 60.. . . . . . . . . . . .

. ..-do ... . . . . . . . . . . . . . ..-do . . . . . . . . . . . . . .

. . ..do . . .. . . . . . . . . . . . . . ..60.—-. . . . . . . . . .
E-d oyllndore-- RxWd oyllndem---
Rlng ~ . . . . . . . . . . . . . Rfng bO-------------

N. A.O.K. hwd . . . . . .. . ..do-- . .. . . . . . . ..-.

_..do_-_._._.. . . . ..do. -.-.. . . . . . . ..
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LIFT COEFFICIENT WITH PROPELLER OPERATING, (&_~pqs

Cn
0
b

FIont pll
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1-A

2-A

3-A

4A

l-n

2-D

3-B

4-B

1-0

Engtnomwllng
Typogf

Front I RraI

LQm------ N,A.O.A.hood. . . . . RlnE 6“. . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .

. ..do . . . ..- . . . ..do. . . . . . . . . . . . . . Expomdoyllndom..

.B._d . . . . . . EXPC$Moyllndom... . . . ..(IO. . . . . . . . . . . . .
. . . . . . .. . . . . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . .

. ..do . . . . . . . N. A,O.A. hood.-... Rlr)g 30. . . . . . . . .._

. ..do . . . . . . . Ring P. . . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .

~------ N.A,O.A, hood. . . . . . . . ..do.-- . . . . . . . . . .

. ..do . .. . . . . . . . ..do . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . .

. ..do. . . . . . . . . . ..do. . . . . . . . . . . . . . Ring O“.. . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring 6“. . . . . . . . . . . .

.-do. . . . . . . . . . ..do. . . . . . . . . . . . . . Ring (Y. . . . . . . . .._

. ..do..- . . . . . . ..do . . . . . . . . . . . . . . Ring 5“.- . . . . . . . . . .

. ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . Ring 1~ . . . . . . . . . . .

. ..do . . . . ..- . . . ..do . . . . . . . . . . . . . . ExWd oyllndora-
-.-do . . . . . . . EXPCSWIoyllndem... . . . ..do. . . . . . . . . . . . .
. ..do . . . . . . . Ring -6”. . . . . . . . . . . . . . ..do. . . . . . . . . . . . .
. ..do . . . . . . . Ring -lay. .-_ . . . . . . . . ..do . . . . . . . . . . . . .
.B.gd . . . . . . I@ -16” . . . . . . . . . . . . . ..do. . . . . . . . . . . . .

---- Eqmrd oyllndera... . . . ..do. -- . . ..-..._
. ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . ILL: lcJcJ_. . . . . . . .
. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . . . . . . . . . . . . .
. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring Of.- . . . . . . .._
..-do . . . . . . . .-... do.. . . . . . . . . . . . . Ring -SO.. . . . . . . . .
. ..do . . . . . . . .-...do. . . . . . . . . . . . . R[ng -1 OF. . . . . . . . .
. ..do . . . . . . . RlnE 40.-- . . . . . . . . . . ExLw?adoyllndom..
. ..do . . . . . . . Ring m.-- . . . . . . . . . . . . . ..do.-- . . . . . . . . . .
. ..do . . . . . . . Ring -P.-- . . . . . . . . . . . ..do.-- . . . . . . . . . .
. ..do . .. . . . . Ring -p.-- . . . . . . . . . . . ..do. . . . . . . . . . . . .
. ..do . . . . . . . Ring -lIY.-- . . . . . . . . . . ..do.- . . . . . . . . . . .
..-do . . . . . . . Rln34” . . . . . . . . . . . . . Rln 60-----

---- .--%J.:-.::+:::. ..do . . . . . . . Ring -6”.. . . . . . . . . . . . . . .
. ..do . . . . . . .
. ..do . .. . . . . .??do?-:::::::: . . . . R!ng lb::-...: . . . .
. ..do . . . . . . . _...do. . . . . . . . . . . . . . Ring ~.-- . . . . . . . . .

----- NA.0.A. hood----- Ring 60.-- . . . . . . . . .
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3-o —do . . . . . . . .-.-do ----- ._ . . . .._. ado. . . . . . . . . . .. .
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;~~i'''''l''''''l'''''l'''''1'''':l'''''l~'':~l~::::l::::::l:::::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l::::::l:::
17.21.. . . ..1.. . . ..1. . . ...1 .l@)l .l@ll .KE1 .1121 .1251 ,1401 ~81 2201.. . . ..l._...l . . . . ..l . . . . ..l .0341 .USll , lCt31.14 .1271 .1321 .131

@“---”-l------l------1.4.4 J+“4 -4-1 4 4------l------l------l------14.44 “’444 “w



TABLE JX-Continued

LD?T COEFI?ICIENT W(TH PROPELLER OPERATING, C@=$j-&mtinued

ANGLEOFA’1”1’AOH
Rout propolk: Rlghkhand no. 4412-4-fmt dknetar. Rear propdler: Ht-hand no. 4412-4-fwt dkxnotsr

1-A

%A

3-A

4-A

1-B

1-B

3-B

4-B

1-o

2-o

3-o

Large---- N. A.OA. hwd----- Ring 80.. - . . . . ..--..

. ..do . . . . . . . . . . ..do. -- . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Em oylIndom...

.-do . . . . . . . 13xPMEMoyllndom.. . . . ..do. --.- . . . . . . ..-
sm31L-... -...do-. . . . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .

.-do . . . . . . . N. A.O.A. hood----- RhI P--.. . . . . . . . . .
8...do. . . . . . . Ring v-- . . . . . . . . . . . ----- 0.- . . . . . . . . . . . .

Large... . . . N. A.O.A, hood----- . . . ..do. . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . .-...do. . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring 00. . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. -- . . . . . ..-.. - Rtng S“. . . . . . . . . . . . .

.-.do . . . . ..- . . . ..do. . . . . . . . . . . . . . Ring ~-- .. . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring 60.. . . . . . . . . . . .

. ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . Ring I@-- . . . . . . . . . .

. ..do . . . . . . . -...do . . . . . . . . . . . . . . Eqwed oyllnders-.

. ..do . . . . . . . ExPrxwdoyllndom... . . . ..do. . . . . . . . . . . . . .

. ..do . . . . . . . Rfng -50-- .. . . . . . . . .-.--do . . . . . . . . . . . . . .

. ..do . . . . . . . Ring -100 . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .

. ..do . . . . . . . Ring -160 . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .
8nlalL.. . . . ExPo@ oyllndore-.. .--. -do. . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring IV.--. . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring 60 . . . . . . . . . . . .

. ..do . . . ..-. . . . . .do.-- . . . . . . . . . . . Ring (P. . . . . . . . . . . . .

. ..do . . . . . . . ..-..do. . . . . . . . . . . . . . Ring -50-- . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring -10” . . . . . . . . . .

. ..do . . . . . . . Ring 4“-- .. . . . . . . . . . EXPOS=IoylIndem...

. ..do . . . . . . . Ring O“--........ .. . . . ..do. . . . . . . . . . . . . .

. ..do . . . . . . . Ring -6”- . . . . . . . . . . . . . ..do. . . . . . . . . . . . . .

. ..do . . . . . . . Ring –P-- . . . . . . ..- . . . ..do. . . . . . . . . . . . . .

. ..do . . . .._ Ring –lV-_ . . . . ..- - . . ..do. . . . . . . . . . . . .

. ..do . . . . . . . Rlog4°.- . . . . . . . . . . . Rlo 6“.-- . . . . . . . . . .
5. ..do . . . . . . . Ring -6”. . . . . . . . . . . . . . . . 0.-- . . . . . . . . . . .

. ..do . . . . . . . Rlo OO.--. . . . . . . . . . . . . ..do. . . . . . . . . . . . . .
5. ..(Jo . . . . . . . . . . . 0.-- . . . . . . . . . . . Ring ID.-- . . . . . . . . .

. ..do . . . . . . . . . . ..do. . . . . . . . . . . . . . Ring OO.-. . . . . . . . . . .

LonJo-..... N.A.O.A. hwd----- IMIIE50.--. . . . . . . . . .

. ..do . . . . . . . . . . ..do . . . . . . . . . . . . . . . . . ..do. -- . . . . . . . . . .

. ..do . . . . . . . .& .Gi.ka.&... . . . ..do. . . . . . . . . . . . . .
small---- Ex@ oyllnd~

. ..ao . . . . . . . Ring W. . . . . . . . ...= Ring .5”.. . . . . . . . . . . .

UuRe-.... NA.O.A, hood. . . . . .-.--do . . . . . . . . . . . . . .

. ..do . . . . . . . . . . ..do..- . . . . . . . . . . . . . . ..do.-- . . . . . . . . . . .

.
17.0. . . . . . . . . . . . . . . . . .

17.1. . . . . . . . . . . . . . . . . .
17.1. . . . . . . . ---- . . . . . .
];: . . . . . . . . . . . . . . . . . .

.- . . . . . . . . . . . . . . . . . .. .
lugl . . . . ..l . . . . ..l- . . . ..l
le.8 . . . . . . . . . . . . . . . . . .

411117. . . . . . . . . . . . . . . . . . .

I
,8 . . . . . . . . . . . . . . . . . .
, . . . . . . . . . . . . . . . . . .
L . . . . . . . . . . . . . . . . . .

la 8 . . . . . . . . . . . . . . . . . .
la . . . . . . . . . . . . . . . . . .
la . . . . . . . . . . . . . . . . . .
la . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
;! . . . . . . . . . . . . . . . ..-
17.0------ .-..-. . . . ..-
17. . . . . . . . . . . . . . . . . . .
;; ;::::: ;::::: ;:::::

17:0. . . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . ..-.
17.0. . . . . . . . . . . . . . . . . .
17.0 . . . . . . . . . . . . . . ..-
17.0.. . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . .
17.0------ .--... . . ----
q.m . . . . . . . . . . . . . . . . . .
1(.U.....- ...... ......

/

17.0. . . . . . . . . . . . . . . . . .
17.0. . . . . . . . ..-. . . . . . .

17.2.. . ..- . . . . . . . . ----

17. . . . . . . . . . . . . . . . . . .

17.0. . . . . . . . . . . . . . . . . .

u

lL 0 .. . . . . . . . . . . . . . . . .
l& . . . . . . . . . . . . . . . . . .

17,0. . . . . . . . . . . . . . . . . .

17. . . . . . . . . . . . . . . . . . .

.4

.4

.4

1

.434

.476
,436

.444

:

.40

.434

.3

.313

:i%
#m
.m
.XO

:m
.306
.319
.3%3
.326
.343
.3X
.3m
.Slo
.2JM
.3m

:307
#m
.$35
.312
.312

J
.s20

.2$$

.413
,4as
.407

{

a 417

:41
.4
,4m
.453
.406

.4M

4,410
.4
.314

/

.320

.s23

:323

%$

;%
;&o

,230

:34
.34

:333
.345
.337

:336

;237

,q

J.407

.37

II4 0.371

1:300
.3m

I
;%
.34
;y

.343

.346

.346

.316

.361

:!$
.349
.348
,349
.35-5

:U
,343
.368

A
.343

.34

:391

.3661

.28

.Wt

.36!

.36

.28

.84
,30
.3e-
.3?
.30
.38
.%3
.88
.3T
.37(
.W
,3&
.W
.3T
.?S
.2T
,3n
,32!
.311
#w

:5
,371

.3&

.W

.3-M

. 3Z

.3b!

.3s!

.?&

—
0.9

0,37C
,37$
!37T
.376
.370
.37a
.324

.381

.30C

.mf

. 3dl

.374

.3M

:%
.W3
.371
.S-70
.376
.3M
.3M
.376
.3Ss
.37E
.381

:E
.S7f
.3!$
.3-57
,371
.274

:E
.3&7

.872

.370

.3M

.2$$

.361

.W

.365
.

;J&$r

0.75R. ii%

Front Renx 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Lo Lo . . . . . . . . . . . . ------ . . . . . . 0.M 0.422 0.4M 0.378 0.3-990.$22 0.302

m, .s no . . . . . . . . . . . . . . . . . . . . . . . . .4= .414 .ma .391 .m 3$4
m, 8 2Z0 . . . . . . . . . . . . ..--.. . . . . . . .416 ,4m ,we .391 :384 :%
m. s no . . . . . . . . . ..- . ----- . . . . . . .436 .410 .Sa4 :377 .373 .370
20.8 220 . . . . . . . . . . . . . ----- . . . . . . .m .a .251 .376 .372. . . . . .

.. . . . . . . . . ..- . . . ..- ------ ------ . . . . . . ------ ------ . . ---- ------ . . ---- ------ . . . . . .
2L 2 22.0. . ---- .-... - ------ .. ---- .430 .412 .397 .3&3 .sS2 .3s0 .377

m.9 22.7. . . . . . ------ ------ ..--.. .42”5 .4W .3s3 ,376 .37U .W .36-a

2L 2 22.0 . . . . . . ------ ------ . . . . . . . 4M .4W .3m .3s4 .W .377 .273
. . . . . . . . . . . . . . . . . . ------ ------ . . . . . . ------ . . . . . . . . . . . . .. ---- ------ ------ . . . . . .

2L 8 22.0 . . . . . . . . . . . . ------ . . . . . . .302 .329 .342 .342 .343 .363 .309

. . . . . . . . . . . . . . . . . . . . ---- ------ . . . . . . . . . ..- . . . . . . . . . . . . . ----- . . . . . . ------ . . . . . .
2L 2 22.0. . . . . . ------ ------ . . . . . . .296 .340 .362 .364 .3b3 .m .3m

. . . . . . . . . . . . -. -.. . ------ ------ . . . . . . . ----- . . . . . . . . . ..- ------ . . . . . . ------ . . . . . .
21.2 220 . . . . . . ------ ------ . . . . . . .313 .W ,367 334 .s$4 .3F4 .3T3
21.2 220 . . . . . . . . . . . . . ----- . . . . . . .530 ,342 ,382 :250 .&m .372 .376

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

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

. . . . . . . . . . . . . . . . . . ------ ------ . . . . . . ------ . . . . . . .. ---- ------ ------ ------ . . . . . .
21.1 no . . . . . . . . . . . . ------ . . . . . . .325 .340 .364 .302 .370 .378 .332

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

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

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

. . . . . . . . . . . . . ---- . . ---- ------ . . . . . . . . ---- . . . . . . . . . . . . . . . . . . . . . . . . ------ . . . . . .
,. . . ..- . . . . . . . . . . . . . . ---- ------ . . . . . . ------ . . . . . . . . . . . . .. ---- . . . . . . ------ . . . . . .
. . . . . . . . . . . . . . . . . . ------ ------ . . . . . . ------ . . . . . . . ----- ------ . . . . . . ------ . . . . . .
. . . . . . . . . . . . . . . . . . . . ---- ------ . . . . . . ------ . . ..-. . . . . . . ------ . . . . . . ------ . . . . . .

21,1 22.0. . . . . . . . . . . . . . . . . . . . . . . . .m ,343 .&w. .352 .373 .W .2.m
21.1 22.0. . . . . . . . . . . . . . ---- . . . . . . ,3233 .348 .371 .37a
2L 1 220 . . . . . . . . . . . . . . . . . . . . . . . . .320 !346 .3b2 .384

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

. . . . . . . . . . . . . . . . . . . . . . . . ------ . . . . . . ------ . . . . . . . . . . . . . . . . . . . . . . . . ------ . . . . . .
21.1 m.o . . . . . . . . . . . . . . . . . . . . . . . . .338 .347 ,2-$3 .370 .376 .X$2 .3E3

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

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

2Q.8 22.0. . . . . . . . . . . . ------ . . . . . . . 3M .333 .345 .348 .3b8 .272 .376

2L 3 220 . . . . . . . . . . . . . . ..-. . . . . . . .311 .332 .s33 .3M .?.m ,3m .364

21,0 22.0. . . . . . . . . . . . .--... . . . . . . .409 ,303 .3M .370 m
21.2 22.0. . . . . . . . . . . . . . . . . . . . ..-. ,4a3 ,397 .300 .3e3 :376 :W %!

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

21,0 no . . . . . . . . . . . . . . . . . . . . . . . . ,4%4 .40 .3%$ .224. .Zao .378 .378

21.0 220 . . . . . . . . . . . . . . . . . . . . . . . . . 4@3 .m .W .367 .367 .380 .300



Necello Type of
praltlon nacelle

1-A Lmw----
2-A . ..do . . . . . .

_.do_ . . . .
. ..do . . . . . .
8rnEdL.._

. ..do . . . . . .

. ..do . . . . . .

3-A ho-go-..

4-A . ..do_ . . . .
-do . . . . . .

1-B .--do . . . . . .

2-B ..-do . . . . . .
. ..do . . . . . .
. ..do .. . . . .
-..do . . . . .
.-do . . . . . .
. ..do_ . . . .
. ..do . . . . . .
..-do . . . . . .
Snlou...-.

. ..do . . . . . .

.--do . . . . . .

.--do . . . . . .

. ..do . .. . . .

. ..do . . . . . .

. ..do . . . . . .
_.do.._..
-..do . . . . .
. ..do . . . . . .
...do . . . . . .
_.do_ . . . .
. ..do_ . . . .
. ..do_ . . . .
. ..do_ . . . .
. ..do_ . . . .

~B ~-

4-B . ..do . . . . . .

l-o Joti.-...
. ..-

-.do-. -...

2-0 IArgk__

3-0 ._do___

TABLE IX-Continued

‘p-ContinuedLIFT COEFFICIENT WITH PROPELLER 0PIN3ATTNG, CLPE~-s

ANGLE OF ATTAOK.6°

Front propollor:R!ght handno, 4412-4-footdlomotm, Rnnrpropofk Mft head no. 4412-4-footdlnmetcz

L_p-cl;y
Englno @Afng v

0.76R. nii

FL’

N.A.O.A. h~.--...l Ring 6“. . . . . . . . . . ...1

I
,. . ..do .. . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . .
.. . ..do . . .. . . . . . . . . . . . Expowd ogllndore-..
Exf)mMoyllndore-. . . . .._o_.._._.._..
.. . ..do...- . . . . . . . . . . . . ..do . . . . . . . . . . . . . . .
N,A,O,A, hmi..-.. Rln 6“. . . . . . . . . . . . .
Iungw. . . . . . . . . . . . . . . . .$0. . . . . . . . . . . . . .

N, A.O,A, hood.. -.. . . . ..do ... . . . . . . . . . . . .

....#do ..- . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . .

.. . ..do_ . . . . . . . . . . . . . Ring W. . . . . . . . . . . . .

.. . ..do. —- . . . . . . . . Itiog5” . . . . ..-..._

.. . ..do.. .. . . . . . . . . . . . Ring W... . . . . . . . . . .

.. . ..do . .. . . . . . . . . . . . . Ring 6“.. .____ .

.. . ..do ... . . . . . . . . . . . . R@ 1~ . . . . . . . . . . . .

.. . ..do ... . . . . . . . . . . . . Erposod oyllndore...
wbf-~-bl:.efi: :::::$0: . . . . . . . . . . . .

Ring ~lO”. . . . . . . . . .
. . . . . . . . . . . .

. . ..do— . . . . . . . . . . . .
. . . . . . . . . - . . ..do- .. . . . . . . . . . .

;W;ihdm ... . . . ..do_ .. . . . . . . . . . . .
.. . ..do— .. . . . . . . . . . . Ring law . . . . . . . . . . .
.. . ..do_._ . . . . . . . . . Ring 60. . . .._._ . .
.. . ..do ... . . . . . . . . . . Ring W... . . . . . . . . . .
.. . ..do ... . . . . . . . . . . . . Ring -6” . . . . . . . . . . .
.. . ..do ... .. . . . . . . . . . Ring -lay. . . . . . . . .

. . . . . . . . . . . . . Espcc?edoyllndore-.
2%$ . . . . . . . . . . . . . . . . ..do ... . . . . . . . . . . .
R@ -5” . . . . . . . . . . . . . . ..do ... . . . . . . . . . . .
ll;l -8-=-=.. . . . . . . . . - . . ..do .. .. . . . . . . . . . . .

. .._ . . . . . . . . ..do_ . . . . . . . . . . .
Ring ; . . . . . . . . . . . . .

I

. . . . . . . . . . . . !!%:::::::::::::::

:~~~~::::::::::: ‘Hi&iFX~IIII-:l
. . . . . . . . . . . . . . Ring W. . . . . . . . . . . . .

N.A.OA. hod ... . . . Rti 60. . . . . . . . . . . . .

.. . ..do –_ . . . . . . . . ..]-...do- . . . ..._....]

.-.-do ---------- ..--do_ . . . ..-.._
Exf)owdoyllndom_ Exfmswioylfndera_
Ring ~ . . . . . . . . . . . . . Ring 6“. . . . . . . . . . . .

NA.O.A. hoo&._. - . . ..do._ . . . ..-. -----

_...d_-__ . . . ..__ _...do_ . . . . .._.._

o

17.0

16,0
I&9
16.9
16.7
16.8
16.8

I&9

16,9
I&0

10,a

lh 8
;; 8

lh 8
16.8
K. 8
M.8
I&8
16,8
16.8
lh 8

;} 8
M.8
16,8
lh 8
lh 8
lh 8
lh 8
lh 8
lh 8
]$ 8

lL 8

lh 7

10,1

I&8
14.7
14.7

I&8

l&5

!!!!!!!!g!!i!g!!!!!!!!SEi!!‘!!!!agz
17,1). . . . . . . . . . . . . . . . . . ,5 !6M !ma .E#2 .60 .007 2L8 220 ------ . . . . . . . . . . . . . . . . . . .574 ,676 .m !6m .60 .E&J ,001

10.8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
I&8 . . . . . . . . . . . . . . . . . .
l&8 . . . . . . . . . . . . . . . . . . ..:... ..:!!! ..:Y ..:... ..:! ..:!!! J!”.. ..?.. :::::: :::::: :::::: :::::: ..;
10,8. . . . . . . . . . . . . . . . . . .6W ,680 ,M3 .&a ,001 ,fJXl 21.z
la 8 . . . . . . . . . . . . . . . . . .

!i20 .. . . . . . . . . . . . . . . . . . . . . . . ,502 ,6W .680 .6CQ ,w?a
.&a ,60$ ,0a3 ,@30 .W

lL 8 . . . . . . . . . . . . . . . . . . ..: ..:!?! ..:!!! . ..!!.: ..!?.! :::::: :::::; :::::: :::::: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
lL 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . -....-
l&8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . . .W ,Om .002 ,l?JM
17.0.

,010 .011 21,1 Z2.O.. . . . . . . . . . . . . . . . . . . . . . . ,672 ,MO ,C# .033 ,010 .013 .014
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . .

17.0.. . . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
+} o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. ------ ------ ------ ------ ------ . . . . . . ------ ------ -. .-. . ------- . . . . . . ------ ------ . . . . . . . . . . . . . . . . . . .. ---- .. ---- ------ . . . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -- . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . . ,6$1 .69 .6M .(UN .013 ,021.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . .
17.0. . . . . . . . . . . . . . . . . . .bw ,680 .E%s .0a3

Cn
a
m



THICK WTN~VARIOUS RADIAL-ENGINE COWTXNG=AND13M PROP~

.
,4



k
o

598 REPORT NATIONAL ADVISORY COMMITITl E FOR AJIRONAUTICS

1.
::: ::::”: ::::::: ::; :::::::: :::::::: :::::,,,, ,1,,,1 ,!, ,,,,, ,!,:::.: : : : : : ~~::,::: :::::: :::::: ::

,,.! !1! ,,,.,,,,, .,..,,. :,,,
:“: :::; :::::: :::::: ,,, !!,,,i:::::’

::::i, ,,,,,1 :::: :~;:: ; : ::
::

,,,,
::: i

:::::: :;
:::,

dl::.,, ,0.! :::: I : :: :: ‘ ‘ ot (,,, ,,,,,, ,,,0

::: :::: :::::: :: ::::::: :::’::: :::::::,,,,
:!:::,, (,,,,,

:::::: :::; ::::: ::!::1 1! .(.(,!, : 1:::: i:::::::: :::: ::,,0 , ::::::: ::::::: ::::::: !! :11
0 .“ . emm m 00 0 COcomm& M e eeetio eeeeaee e

. .
.00

.5 . ~~~g g %:< l=GA& 2%SSGSGG~ ; :: ~ tj $<d& < - . &55 5 . . . . =5 +..+. .-++.. . . . . . . . . .

I



TABLE X-Continued

‘p Continuedc1 MOMENT COEFFICIENT WITH PROPELLER OPERATING, C.P=w

t
AN(3LEOFA!M!ACK-&

1’
Frontpropelk Rfght-baudno. 4412-4foot dlomo~. Renrpmp.dfec Iaft.bend no. 4412-4-footdfameter

I ,
40es

{ , 1-.R@eJay
Enginemwlfng

x!% Wof
0.78R.

1-A

2-A

3-A

4-A

I-B

2-B

?-B

4-f3

1-0

2-(3

3-c

Lu’80---- N. A.C.-k. hood. Rfng W.... . . . . .
o

117. .. . . .

17.1. . . . .
17.1. . . . . .

17.1. . . . . .

.-do.-... . .._do--._ . . . . . .._.do.-._ . . . .

. ..do..-... .-.-do -- . . . . . . . ExJm#f .lln.

. ..do.. . . . . = cyllll- . .._do_._.._.

8melL. . . . . . . ..do--.- . . . . . . . . ..do-..- . . . . . .
...do..-...

‘“A”O”L ‘&- ‘%$::::::::::. ..do- . . . . Ring O“-------- . . ..-

17.0. . . . .
1(?.8. . ..-.
18.8. . . . . .

.-. . ..... -. 0
-.223 -.142 -. Wa-.077 -.

220 . . . . . . . . . . . . . . . . . . . . . . . . -.202 06 -. m -. m -,
. . . . . . . . . -.049 ..?.. .. E.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .::!!..:.!...... 1–.064

-.044 2L2 o . . . . . . . . . . . . . . . . . . . . . . . -. m -.140 -,1 m -, &i -::ti -::GEj“=mij
070-. M6 -.046 2S49 227 . . . . . . . . . . . . . . . . . . . . . . . . -. m -.142 -.lm -. m -. w -.057 -.062

.-. . . . . . . -. 223 -. lM -.104 -.078 -. 0# -. 0!7 2L 2 220 . . . . . . -...-. . . . . . . . . . . . . -,1 ‘M -.140 -,1 m -. w -. m -, w -. WI

. . . . ----- . . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . . . . . . . . . ------ .. ---- -- o--- . . . . . . . . . . . . . . . . . . ------- . . . . . . . ------- ------- ------- ------- -------

-.. . .. . . . .@ –. 016 -. Uzz -.041 -. M3 -. w 2L8 220 .. . . . . . . . . . . . . . . . . .. . . . . .lm .010 -. 02) -. 02s -. 0.59–. am -. M-4

---- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------- ------ .. ---- ------ . . . ..- . . . . . . . ----- .-- . . .
.-. . . . . . . ., , -. 048 -. m -. w !2LZ 210 .. . . . . . . . . . . . . . . . . . . . . . . .Cw4

-=:ah .X:ti. -ZIG. .=:m

‘--- ‘---- “--m ---m -::W -xiii -=:= -YE --ici ‘----- “----- ‘----- ‘-”--- “----- “---E “------ ----iji?j ‘------ ---”z ------” -y~~. . . . . . . . . au . . . . . . . . . . . . .. . . . . . . . . . . , -. m -. -.044 -. -. ml

-.. . . . . . .W-5 .010 -. m -.048 –. w -. M9 2L2 220 .. . . . . . . . . . . . . . . . . . . . . . . .C# . m -.020 -.042 -.061 -. m -. W5

---- ---- --. . . . . ------- ------- ------- . . . . . . . . . . ..-. . . . . . . ------ . . . . . . . . . . . . ------ . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . ..- . . . . . . . -------
. . . . ----- . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. ------ ------ ------
..-. ----- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .- .-. . . . . . . . . . . . . . . . ------- ._ ---- ------- ------- -------

w -. M6 -,072 2L 1 !aO . . . . . . . . . . . . . . . . . . . . . . . . .Wa -, 037 -, ml -.043 -.069 -. (m -, m

---- ----- . . . . . . . ------- . . . . . . . .. . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . ------ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..----- .+----- -------
.-. . ----- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------- ------- -q-----
.-. . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ---- . . . . . . . . . . . . . . . . . . . . .------ ------- ------- ------- -------
. . . . ---- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ----- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. . ----- . . . . . . . ------- ..----- ------- ------- ------- -------
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._ ..-. ------- . . . . . . . . . . . . . . -Q----- ------- --- Q---
.. . . ----- . .. ---- . . . . . . . .- .-. . ..- .-. . .- . . . . . .. ----- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .----- . . . . . . . . . . . . . . . . . . . . . .--..-- ------ ------- -------

.-. . . .-. . .W7 0a2 C@ -,062 –. m -.072

.. . . . . . . . :ml :W -. 060 -, m -. w -‘~i-i --ii-i : :::::: ::::: H:::: : :::::- ““w -=Xi-i -::~ -=:ti; -z:Gi -❑:m “z:=

.-. . . .-. . . cm -.085 -.
.067 .m -. w -.

2aa. ------ . . . . . . . . . . . . . . . . . .037
.-. . .--- 2L 1 220. . . . . . . . . . . . . . . . . . . . ..-. ,042

M -.069 -. M7 -, on
<046 -. a55 -. M4 -.070

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

_. .. ---- . . . . . . . . . . . . . . . . . . . . . . . . .------ . .- . . . . . . . . . . . ------- ------- -------
. . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------- ------- ------ . . . . . . . -----Q-
. . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . ..-. .------ ------

no. ------ . . . ..- ------ . . ..- . 036 -, W8 -. m -.046 -. O&5-. M2 -. M-5

. . . . . . . . . ,071 n.o . . . . . . . . . . . . . . . . . . . . . . . .an .@n -. 028 -,044 -.064 -. om -, m

. . . . .-.. -.043 -.023 -.018 -,01 ‘220. . . . . . . . . . . . . . . . . . . . . . . . -, m -.073 0!38
220. . . . . . . . . . . . . . . . . . . . . . . . -, m’ -, w :078

w -. WI -,067 -.066
:074 -.078 -. w -. w

+---- N.A.O.A. hood. ..-.. do- . . . . . . . . . 17.+.....

.-do . . . . . . . ..-do. -....._. ..--do---. . . . . .
-.do.-_ . . . . ..do--._ . . . . . Ring W-.. . . . . .

lh 9
M 9

l&b !17. . . . . . .
17, . . ..-.

17. . . . . . .l...d_l.-_l..._lo._ . . . .._l Rlng6°._._...l

..-do . . . . . . . . ..-do--..__.. Ring 0“..-..._.

. ..do...-.. . . . ..do-- . . . . . . . . Ring 60. . . . . . . . .

..-do . . . . . . ._..do--._ . . . . . Ring 10”. . . . . . .

. ..do...-. . . . ..do. -._ . . . . . E* eYb-

-.do. . . . . . Eti oWln- ..-.do ------- {

lh 8
16.8
lh 8
lh

16.8
!

la ......
It . . . . . .
10. . .. . . .
10.8.. . . . .

l& Ej_._.

- I do- . . . . . ...l.-do . . . . . . RtT-~= . . . . . . . . . . .
..-do . . . . . . Rlrq
..-do- . . . . . Rlru
8rIlall---- Rxe oY]hl. .._.do..._ . . . . .

do-. . .. . . . . . lll@;~. . . . . . .
. . . . . . . . .

41l&8 I& . . . . . .
;;; p: .-:...

. . . . .
I& 17.0... . . .

5%::.::::l:::::ik::::::::l
I...dl...-.l...:; 16,8

I&8
M.8
1S.8
lh 8
I&8

lh 8
M?8
I&8
M.8
I&8
lh 8
16,8
;f 8

1
17.0. . . . . .
17.0. . . . . .
17, . . . . . .
17. .. . . . .
17, .. . . . .
17, .. . . . .

..-do...-.. .--do . . . . . . . . . . R

.-do. . . . . . . ..-do--. . . . . . . Rlr@ W. . . . . . . . .

. ..do . . . . . . . . . ..do-..- . . . . Ring -60. . . . . . .

.-do . . ..-. .--do --------- Ring -l~. . . . . .

. ..do . . . . . . Ring 40.. -...-.. W @n-

. ..do---- Rlng IY. . . . .._. . . . ..do-- . . . . . . . .

. ..do...-.. Ring -60 . . .._. . . . ..do--._ . . . . .

..-do . . . . . . Ring -8”.. . . . . . . ..-do-..- . . . . .

. ..do...-.. Ring -lIY____ -.-do . . . . . . . . . .

. ..do. . . . . . Ring 4“.._..._ R

. . . . . . . . . _.3:::--:-:--
. ..do . . . . . . Rins -60 . . . . . . . ----- 0--.. . . . . . .
. ..do . . . . . . Ring @
. ..do . . . . . . . . ..-do-_.._... Ring lb.::-:.::
.-do . . . . . . . . ..-do _______ Ring V . . . . . . . . . I

::0::::::
17.0. . . . . .
17. . . . . . .
:; :-----

Ii .:::::
17, . . . . . .
17. . . . . . .

I Z-..1 N.A.C.A.hc+d.l ItlILg60. . . . . . . ..l I&

1m 1 117. . . . . . .

17. . . . . . .l...do.- . . ..l . . . ..do-- . . . . . . ..l..-..do...- . . . . ..l

.-do. . . . . . . . . ..do . . . . . . .._ -.-do --. . . . . . . .

-:;---- ;$ @~- E= cY]in-
. . . . . . -. . . . . . . Ring 60. . . . . . . . .

LeIKo_. N. A. O.& hind. ..-.do-.._ . . . . .

i
. .... .

i .. .. .

!l&6 .: . . . .

17. .. . . . .

17, .. . . .l...do . . . . ..l . . . ..do- . . . . . . . ..l . . . ..do-- . . . . . . ..l
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TABLE XI

PROPELLER COEFFICIENTS-NACELLE-ALONE TESTS

Front pro- EfgWhend no. WS-4feet dfemet=. Rmr wOmec LafMmndno. 4412+-fmt dlemeta. Angleof attaok.0”

P&@ay
R@ne mwlfng

Type of nec?lfe 0.75R 5

Front Emr FTunt Re3r al 0.9 0.3 0.4 0.6 0.6 I+=FT=
I’nmeIk Slmdng 1dlapeter ‘

I I I 1.1.1111
Cmg : O?’& a a517

. Om
.W@ . 07a .063a

:W& -a m . . . . . . .
, No . . . . . . . .

.0201 -. MO . . . . . . .

f!i I PromIler- 1)4 dfemetm

,.. ,-

I I I ! I 1 , I 1 1
Pm@farWacfnl?1mlmtfu

~>a k%ie: E&%?.!_-= _E%k:::_I m4 17’.0 .Osm .@so .CCm .W7k$z
10.6 17.0 mm4 am am am W&! M& CMm& : y~ 0.IM46

~F

. . . . . . . .

Do--- ExpawdeylInde.r&_ Em cylfndem_. m 4 17.0 .am .@% .msa .0376 .C040 .W6 .0230 .0146
.W40 . ..-.-..

g 4,Z

.W40 . . . . . . .

gl!

Pmpa?r Sp3uing1?4dlmmtem

~$ ~--
N~.cAh~– Efng 5“----------- l&4 17.0 0.0376 0.@37b aCm4 am O.OW O.f%m aoz3s a 0LS2 0.W47 .- . . . . .

Frepmr elmfng 1 dlemek

‘::: =J+-==4~~ ‘g a% ‘g ‘% ‘g a= ‘g ‘% ‘% ‘E ‘:::

33m6 8UUU----- Rlu O;_ -
-v!+ %.

$1
,8

~ &“

!&

Pro@’ar ermhlg IM dlemden

--—- NA.OA. h~.. RJng.P________ 154 17.0 0.0410 O.olm acml am am Q.CGS60.m 0.01139 am . . . . . . . .

Pro@ksrmdng ldfameteir

4~& k- ;&’’@--- Rfn 50---_--.-.--- ‘~” 17.O‘~ :% :$ :% :g CLg :g C&l .-Kzi..........
oQ-------- _AL-—___ 16.4 17.0 .W7

Do_- ~ m’~- ~ @~d@a-- Ieb4 17.0 .197 .s%2 .516 .62-9 .7-M .7W .em .071 . . . . . . . . .
.. -.-..,
. . . . . . . .

21
E#;

mmmeowl~~ ,

Large--- NAC7L hind––––– R@ So---–_—-.. 10.4 17.0 O.wo 0.374 u L$ls (LOz7 am U762 a701 0.007 . . . . . . . . . . . . . . . . .

Pro@erspmlng ldiemet8r
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TABLE XII

RELATIVE ~RITS OF TANDEM WINGNACELLEPROPELLER COMBINATIONS

-t wO@kC Rfght-bend110.44E4-Mmt dhmetar. War pm@lom I..aMmndno. W2—44M4dfamatar

NacaUe
position

1-A

2-A

8-A

4-A

1-B

%B

2-B

4-B

1-o

2-o

3-o

~--

1
NA.C7.A.hod.-—— R@ 60------------

_-Ji&-- _-do_... __._&._& —.--.-—. .
...- ----- ..-do________ Erplsml oyumim_-
.-;:0--- ErpmKl oyundara__ .-_do ________

-. ___
-d&-...
---- -----

y.A.LAp-GGiI::Hick:::::::---.------——o_____.-:
IAlge---- NA.O.A. W---- .__do_________

.. ..-$. ----- .._d&________ –.-do_ .- —------ .
----- . . . . . . . ---- _— ------ Rlng r________

.-.-do____ -_.do ________ Rlog P__________

--do ----- .—.do --------- Rlng P___________
.-_do . . . . . . . ._Jo_________ Rlng P__________
,.._do..- .- -—do_____-.—__ Ring l@-. _._.--–
-._do . . . .._ . . ..-do___–-_.. ~ oyllnd@m___
,-_do..__. ~ w~~- .-.–do -------------
.. . ..do__... u –@------------ .-.--do -----------
.--$____ Fung-lw-------- ----.do --------------
,. ..- ------ w –~”--------- .-.–do— -----------
small____ ExLuc#JayUndan___ .__do _________
,...-do____ —_.do _________ Rlng lo_________
._..do.._._ __do _______ Ring So--------------
,.--do____ ._..do ________ R@ cP_________
,. . ..do____ .._ Jlo_________ Rlng -V_________
,._-do..__. .__do —--------- R@ -l@--------
-_-do ..__. Ring 40_________ ExPE@ oyllnd~.
.. ..-g..-_. * ~-------- .-_do___ --- —----- .
,...- ----- ----------- -__do-._.___–
-._do____ Ring –e---._—_.. _._do ________
.-..do____ Riog -l@_______ _-do_________
,.-.d ______ Ring 4“_ -------
,-._do___– w -------------- .3E::::::X
,-._do____ Rln v_________ .__dO_._.__-.
,-J$--- .._.%o _ —-------- R@ l@________
,.-. ----- ..-_do--------- – Ring r_________

~---- N.A.OA. hind_—__ Ring P--------

.--do---- -–Jlo_._.--._. ._do _______

,.-.do____ .._do_________ _._do _________
mna$_.— ~ oyllndan__
,---- . . . . . . . Rlog v---------- W-’?-!!-?:

Mrga----- N.A.OJL. hood-- ---- ---do-— ------

-.-do--.+-.-d 0-------------- . ..--do— ----------

o

17.0

I&9
1&9
I&9
lh7
15.8
M.8

lh9

15.9
1&0
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