£

|
-

M AY L& 1o%4

e T
WJ"; a

B == g

¥

—- . NATIONAL_ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED

July 1939 as
Advance Confidential Report

AERODYNAMIC CHARACTERISTICS OF A 4-ENGINE MONOPIANE
SHOWING COMPARISON OF AIR-COOLED AND
LIQUID-COOLED ENGINE INSTALIATIONS
By Abe Silverstein and Herbert A. Wilson, Jr.

Mnéley Memorial Aeronautical ILaboratory
Lengley Fileld, Va.

. WASHINGTON

NAbA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-

ACR July 1939

nically edited. All have been reproduced without change in order to expNitA g(eneﬂial ]dl}SEJ{gU;qugv

NLLTLTTXLN

A

L - 471 LANGLEY MEMORIAL AERONAUTICAL

LABORATORY
Langley Field, Va,

A
b’ﬁ e nmm | | 1 n 1 N 11—



http://www.abbottaerospace.com/technical-library

| 3 1176 01354 3262

0 o r
ARRODYRAMIO OHARAOTERISTIOS OF A 4-ENGINE MONOPLANE
SHOWINKG COMPARISON OF AIR-COOLEBD ARD
LIQUID-COOLED ENGINE INSTALLATIONS
'By Abe S8iiverstein and Herbert A. Wilson, Jr. -

SUMMARY

An investigation has been conducted in the N.,A.C.A.
full-scale wind tunnel of a 1/4-scale model of a large
4-engine monoplane to determine the over-all aerodynamic
effliclency of comparable liguid-cooled and air-cooled en-
€ine installations.

The resulte show that the nacelles for liguld-cooled
englnes increased the high-speed drag of the model 7.9
percent, the oil coolers 3.9 percent, and the underslung
Prestone radlators 13.5 percens, making the total drag in-
crease of the 1langtallation 25,3 percent.

The nacelles for the alr-gcooled engines increased the
high-speed drag of the model 16,8 percent, the oll coolers
3.9 percent, and the cooling air 16.8 percent, making the
total drag increase of the installation 37.5 percent. 4
slightly higher propuleive efficiency for the alr<cooled
installation partially offeset its higher drag,

The o0il coolers in the leading edge of the wing con-
sideradbly decreased the maximum 1lift coefficlent.

INTRODUCTION

An investigation has been conducted in the N.A.C.A,
full=goale wind tunnel to determine the aerodynamic char-
acterigtics of a 1/4-scale model of a 4-engine monoplane
when equipped with comparable air-cooled and liquid-cooled
engine installations. The air-cooled engline installation
conasisted of nacelles equippod with N.A.0.A. cowlings and
011’ coolers located in the leading edge of the wing. The
liquid~coo0led arrangement consisted of nacelles with under-
slung Prestone radiators and oll coolers in the leading
edge of the wing. 1In each cage the maximum nacelle diame~
tef- and fairing of the nacelles into the wing were identi-
cal,
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The investigation included measurements of the 1lift,
the drag, and the pitching moment coefficients of the model,
and of the propulsive efficlency of the enginé-propeller
installations for the following conditions.

4, Bare wing model without nacelles, radiators, or
0il coolers (fig. 1).

Be Air-cooled engine installations (fig. 2).

(1) With N.A.0.A. cowlings having large exit
slots, and 04l coolers in the leadlng
edge of the wing.

(2) With oil coolers oclosed.

(3) With oil coolers closed and without air
flow through the cowling.

(4) With oil coolers closed and with exit slots
of cowlings refaired and decreased in sise.

Cs Liquid-cooled engine installations (fig. 3).

(1) With nacelles, underslung Prestone radiators,
and oil coolers in leading edge of the wing,

(2) ¥ith Prestons radiators removed,

(3) With Prestone radiators removed and oil coole
erg closod,

The llé-acale model ig.the same one used in a previous
investigation of enclosed-engine arrangements reported in
reference 1,

SYMBOLS
@p, angle of attack of the fusélage reforence axis
relative to the wind axis, deg.

q, Q&ynanmic pressure, lb. per sgq. ft.

8, wing area, sq. ft.

¢, mean chord of the wing, area/span, ft.
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Y. eair speed, f.p.s.
L, 1lift, or force normal to the relative wind, 1b,
D, drag, or force parallel to the relative wind, 1bs -
Dy, power-off drag of combipation, 1b,
¥, pitching moment, lbh.~ft,
O = L/q8
Op = D/q8 (Subscript w refers to power=off drag of
the model with bare wings: c, to power-off
drag of the model with engine-nagelle
inntallation.)
C, = ¥/qSc
R, resultant 4drag force of a propeller-~body combina-
tion, 10,
T, thrust of propellers operating in front of a body
(tension in propeller shafts), 1lb.
AD, increase in drag of the body behind the propellers
due to the action of the propellers.
T - » ©offective thrust of the propeller-body combination.
Tps» index thrust.
P, opower input per propeller,
Ptot: total power 1nput to propsllers.
OT = m—“AD -
pn8® D4
P
Op =
P pn3 DO
= 11.:.%21_1 = propulsive efficiency.
¢
N = 7N (Egl) = over-all efficiency.
¢
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Pt 5. |
To ' m =20 u index thrust coefficient.
¢ $pvis

N, =N at Op = 0,25.

n, propeller rebplution gpeed, r.pese

D, propeller dlameter, ft.

B, propeller blade angle at 0.76 R, deg.
8¢y flap deflection from closed position, deg.
a, s8lope of lift curve, .40;/da, deg.

MODEL AND TEST EQUIPMENT

The tests were conducted in the N.A.C.A. full-gscale
wind tunnel, a description of which is given in reference 2,

The model was a metal-covered, midwing monoplane with
a span of 37.25 feet. The wing sections were symmetrical
and tapered in thickness from 0.,18c at the root to 0,10c¢
at the tip., The wing had a plan form tapered 4:l, with a
root chord of 7.28 feet and an area of 172 square feet.
Split tralling-edge flaps with an average chord of 0,l5¢c
extended over tho middle 60 percent of the span with the
exception of a short gap at the fuselage. Tho angle of
wing setting to tho fuseclage referonce line was 4,6°. A
line.  diagram of the model with dimensions of the various
nacelle-propeller arrangements tested 1s shown in figure 4.

Four 3-blade aluminum alloy model propellers were used
throughout the tests. Blade dimensions and sections for
the propellers are given in figure 6. ZEach propeller was
driven. by a 25-horsepower squirrel-cage induction motor,
the speed of which was regulated by varylng the frequency.
The propeller speed was measured with a Weston electrical
tachometer, Propeller torques were determined from an elec=
trical calibration of the motors.

Perforated metal plates were used to asimulate ‘the ra-
dlators for the liquid-cooled engine installation, and the
. engines for the alr-cooled engine installations. The
Plates simulating the radiators were propertioned to have

T —~
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the same rosistance as a standard Army Alr Corps radiator
of 9e~inch deptk. Holos were spaced in the 1l3-inch-dlameter
plate used to simulate the air-cooled engino so as to Ob-
tain a oconductivity, k, of 0,124 (wee roference 3), which
approximates that of o twin-row radiasl engine. The cowling
was tested with the originzlly designed exit slot 1-3/16
inches and the reduced slot of 3/4 inch width (fig, 4)
which have been designated as large exit slot and refalred
exlt slot, respectively., A pressure drop across the con-
ductivity plates of 1,29 q was measured with the large

exit slots and 0.63 q with the refaired slots.

With the propellers removed from the model, measure-
ments of forbes and pitoching moments were made for all the
test arrangements over an angle-of-attack range from zero
lift through the stall at an air speed of about 60 miles
per hour, 8cale effect on the drag at low 1lift coefflw
clents was nlso measured over a range of air speeds from
30 to 120 niles per hour.

With the propellers operating, propulsive characteor-
latics of the nacelle-propellsr arrangements were deter-
mined for an angle of attack corresponding to high-speed
flight. In addition to the usual aerodynamic forces and
pPltching moment, the measurements included the power input
to the propellers and the propeller speod. The procedure
followed in the propeller tests was to hold the torque ocon-
stant- and incroase the tunnel ailr speed in steps from 30
miles per hour to 100 miles per hour, after which the pro-
pollor speed was reducod until szero thrust was reachod,

The effoot of the propeller operation upon the 1lift and the
Piltching moment was determined at a tunnel speed of approxi-
mately 50 miles per hour for several thrust conditions,

POWER-OFF OHARACTERISTICS

. Aerodynamic characteristics of the model with the pro=
pellers rémoved are shown in figures 6 to 13. The data
shown in flgures 6 to 10 were obtained at a test speed of
about 60 miles per hour corresponding to a Reynolds Nunmber
of approximately 2,500,000, based on the average wing chord
‘0f 4,62 feet. The coefficlents are based on a wing area of
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172 asquare feet and are corrected for wind-tunnel effects.
Pitching~-noment coefficients are computed about the assumed
ocenter-of-gravity position shown in figure 6. 4 comparison
of the more important characteristics such as L/Dg,..

Orag.- The soale effect on the drag coefflclents of
the various model arrangements at: Oy = 0.26 (assumed

highwgpeed 1ift coefficient) 1s shown in figures 1l and 12,
The drag coefficients obtained at 100 miles per hour are
used for the comparison of the arrangements in table I.

The drag increments due to the nacelles, radlators, cowlw
ings, etc., are shown in figure 13,

Based on the bare-ying model ¢rag, the tests show that
the liquid-ocooled engine nacelles increase the drag coeffie
clent of the model by 0.0014, or 7,9 percent; the oll coole
ers increase the drag by 0.0007, or 3.9 percent; and the
Prestone radiators increase the drag by 0.0024, or 13.56
percent. The total increase in drag coefficlent due to the
liquid-~cooled engine installation 1s 0.0045, or 25.3 per-
cent,

The increase in drag coefficlent due t¢ the air-cooled
engine nacelles and cowlings with no cooling alr is 0,0030
or 16,8 porcent of the bare-wing model drages With the cool-
ing air flowing through the large exit slot of the cowlings
the drag coefflcient of the nacelles is increased to 0,0060
or 33,7 porcoat. Including the 3,.,9-porcont increase due to
the ol1l coolers, the total drag ¢of the air-cooled engine
installations wlth large exit slots 1s 0,0067 or 37,6 per-
cent of the bare-wing moder drage By reducing the exit
slot gap to 3/4 inch, eliminating the sharp corner of the
nacelle at the cowling exit slot, and providing a smooth
oontour. the drag of the air-oooled installation was re=-
duced to 0.0054 or 30.4 percent of the bare-wing model drage

Maxipum lift.- Values of maximum 11ft for the various
arrangements are shown in table I, There 1ig little varia-
tion in the maximum 1ift coefficlents for the air-cooled
engine arrangementa; however, they show a small increase
over the values obtained for the bare-~wing case. This in-
creage may posslibly be attributed to an increase in the
effective area of the wing due to the nacelles.

O0f particular interest 1s thé comparatively low value
of the maxlimum 1ift coefficient for the liquid-=cooled on-
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gine arrangement with dil coolars open. Unfortunately,
the. maximum 1ift coeffiscient was not devermined for. the
air=c00led engine arrangement with oil coolers openg how-
* ever, ‘a study of- -tuft surveys.made on the liguid-cooled
engine arrangement (reference 1) indicates that the oil
cooleis ssriously disturd the air flow over the wing at
large angles of attack, therebdy inducing an earlier sepa-
ration and lower maximum 1ift coéfficlent.

PROPULSIVR AND OVER-ALL E¥FICIENCIES

Ingine-~propeller combinations should be compared by
neans of an over-all efficienscy including doth drag and
propulasive efficilenoy., The over-all efficiency 1s defined
as the ratio of the power required for the bare-wing model
at a given level flight speed to the power input actually
required at this speed for the model with the englne-
propeller installation,

The over-all efficiency of the bare-wing model 1s
therefore 100 percent and, for an engine-propeller comdl-

nation, is given by
c
Mg= M (%:)

Yalues of bver-all efficlency given in tabdle I are based
on & 1ift coefficient, O = 0.26, and a bdlade angle,

B = 233° at 0,75 R, which are assumed high-gpéed condi-
tions,

The effective thrust of a propeller-~bdody combination
may be computed from wind-tunnel data by means of the re-
lation

R-DQ-I-AD-!
from whiech,
?T-~-A4) =D, ~R

Yor tests without a 1ifting surface behind the propel-
ler, T = AD may be obtained from measurements of D, and

R made gt the same angle of attack and dynamic pressure.
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WVhen the flow over a 1lifting surface is influenced by the
propeller, there are changes in the 1lift as well as the
drag that should be credited to or charged againgt the pro-
peller. The change in 1ift has been allowed for 1n these.
results. by making moasurements of D, and R at the same

11ft coefficlent instead of at the same angle of attack.

Propulsive -characteristics at Op = 0.25 are shown

in figures 14 and 15 for the air-cooled engine installa-
tions and in figure 16 for the liguid-cooled engine in-
stallations. %The propulesive efficiencles for the alr-
cooled installations at Cp = 0.70 are almost identical

with those at O = 0,25. The propulsivo efficiencles for

the air-cooled installations with large oxit slots (fig.
14) increase with blade ‘angle up to B = 33%°, reaching a
maximum efficiency of 84.5 perceant. The liquid-oooled in-
stallation reaches a maximum value of 81 gercent~at B =
234° and decreages slightly for B = 2849, The higher ef-
ficlency of the air-cooled installations is attribduted to
en improvement in flow over the air-=cooled cowlings due to
the propeller slipstream, The high propulsive efficlency
of propellers operating ahead of bodles over which the flow
is disturbed has been noted in previous investlgatlons.
This latter supposition 1g borne out by the data shown in
figure 16 for the air-cooled installations with the refailred
exlt slot. Tor this condition, the exit slot was refaired
s0 that the air flow was more nearly tangentlal to nacelle
contour than for the orliginal sharp-edge exit slot. The
propulsive efficienscy for this case closely corresponds to
that for the liguid-cooled installation, The over-all ef«
flciencles, T, given in tadle I, show that the over-all

efficiency of the liquid-cooled installation 1s about 64%

percent, whereas that for the air-cooled ingtallation with
large exit slot is& only 60 percent.

POWER-ON OHARAOTERISTIOS

In order to describe the conditions of propeller oper-
ation and avoid the complexities introduced by variations
in propeller blade angle and V/nD, wuee is made of an in-
dex thrust coefflclent, which is indepandent of these varia-
bles, and takes the form
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in which T, .is the Propulsive efficiency at Op = 0.25-

for the oond!.tion- of V/naD and blade angle at which the
toats were mande. The variations of the 1ift curves of the
air-cooled arrangements with Ts ! are shown in figures

17 and 18, and the variations of maximum 1ift eooffiolont
and 1ift curve slope are shown in figure 19, The effects
of power on 1lift are more pronounced for the case of flaps
up than for flaps down, and the variation for index thrust
coefficients greater than 0.1 is almost linear. ZFor index
thrust coefficlents less than 0.1, the increase in 1if%
wvith flaps down with Tog ! is quite large. It will bde

noted that the maximum 1ift coefficients, flaps up and
flaps down, coaverge for hligh wvalues of index thrust co-
efficient,

A large change of the pitching moment with applica-
tion of power is shown by figures 20, 21, and 22, for the
air- and liguid-coocled enginé installations with flaps up,
and for the air-cooled engine installation with flaps down.
Figures 20 and 21 show that for both installations with
flapis up there 1s a change in balance with increasing
power, but no larges change in stabllity. TFor the airwcoocled
engine installation with flaps down, however, there is a
snalle) change in balance accompanied by a very large
change in static stability, the model becoming quite un-
stable at large values of thrust.

HIGH-SPEED PERFORMANCE COMPARISON

In order to compare the engine installations directly
on a basls of the performance of the full-scale airplane,
& high~gpeed determination has been uade for all of the
model arrangements in figures 23 and 24. The oalculations
are based on sea-~level air density, a gross welght of
70,670 pounds, a wing area of 2,750. square feet, a propeller
dianeter of 13 feet, oonstant-npeed propeller operation at
1,300 repem., and a total engine output of 4,000 horge-
power, Curves of 1lift against drag are taken from data at
100 miles per hour tunnel speed.

Values of the high speed for each of the model arrange-
ments are shown in table I. The high speed for the ocom-
Plete air-wcooled engine installation is 192 miles per hour
as compared with 195 miles per hour for the complete liquid-
cooled installation. An inteéresting comparison is found in
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items 6 and 8§ ef table I, from whioch it 1as seen that chang-
ing from a liquid-cooled nacelle exclusiye of cooling to

an air-cooled nacelle with no cooling decreases the maxi-
mum speed from 207 miles per hour to 200,56 miles per hour.
Thlis difference is due to the faét that the drag increment
for the alr-cooled nacelles is more than double that for
the liguld-cooled nacelles.

CONCLUDING REMARKS

The aerodynamic characteristics of the model tested
with the liquld-cooled engine insatallation are somewhat
superlor to those of the air-ecooled engine installation
with the original exit slot. The lower propulslve effi-
clency of the ligquid-cooled installation is more than com-
pensated for by the lower drag. Changing the nacelle from
the streamline sgshape of the liquid-cooled installation
to the blunt shdpe of the air-cooled installation about
doudbles the nacelle drage OComparison of the drag results
for the air-cooled engine installation with the large exlt
slot and with tho refaired exit slot emphasizes the neces-
sity for providing an N.A.C.A. cowling with & smooth exit
slot and of correctly adjusting the quantity of flow through
the cowling.

The refalred exit slot arrangement represents a design
providing suffliclent coolling for climbing flight and ex-
cosslve cooling drag for the high-gspeed condition, The use
of an exit slot large enough to cool the engine in the high-
speed condition, in combination with a means for increasing
the exit slot area during climbing flight, would reduce the
cooling drag to a negligible quantity. A4 corresponding re-
duétion in the cooling drag of the liguid-~cooled engine 1in-
stallation counld be accomplisghed by the use of wing-duct
radiators described in reforence 4. General comparigons of
the merits of liguide~cooled and air-cooled engine installa~
tions are not feasible from the limited data presented in
thig report.

Langley Memorial Aeronautical Ladoratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va.,, Decemder 5, 1938.
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TABLE I

COMPARISON OF PRINCIPAL AXRODYNAMIG CHARACTERISTICS OF THE 'MODEL
WITH LIQUID-COOLED AND AIR-COOLED ENGINE IIBIAIIIIIOIB

Model arrangement

Nmax

B=233°

(b)
b

nx

G!=0

by =60

Vmax
level
flight

Model without ﬂicellel.
ovare wing

Air-cooled engine installa-
tion with large exit slot
‘and oll coolers open

Air-cooled engine installa-
tion with large exit slot
without eil coolers

Air-cooled engine installa~
tien with refaired exit
slot with oll coolers
closed

Air-cooled engine installa~-
tion without cooling air
with o1l coolers closed

Liquid-cooled engine in-
stallation with oil and
Prestone radiators

Liquid~cooled engine in-
stallation with oll radi-
ators and without Prestone
radiators

Liquid-cooled- engine in-
stallation witheut oil and
Prestone radiators

+0345

- 0338

0225

0208

«0199

+0192

83,5

81.0
81,0

81.0

81.0

81'. 0

100

64.5

73,6

1.28"

1.34

1,35

1,33

1.16

1.73

(c)
liw

20,0

16.8

16.5

16,9

16,6

193

194

195.5

2005

185

204

207

(8)yrom data at 100 mep.ly test air lpeed.
(®)Based on Cp =0.25 and Ty, for 234%

(e)Lnnding gear extended; all others, lending gear retracted,
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FTIGURE LEGERDS

Figure ‘1.~ Bare wing model.
Pigure 2.~ Model with nacelles for alr-cooled sngines.

Tigure 3,- Model with nacelles, radiators, and oil coolers
for liguid-cooled engines. -

Figure 3a.» (Bottom view) Model with nacelles, radiators,
apnd oil coolers for ligquid-cgooled engilnesn.

Tigure 4.~ Diagram of model arrangements,
Tigure 5.~ Blade dimensions for model propellers,

Figure 6.~ Aerodynamic characteristics of model; without
nacelles, radlators, or oll coolers. Approximate test
air speed, 60 miles per hour.

Figure 7.,- Aerodynamic characteristics of model; nacelles
for air-cooled engines, large exit slots, oil coolers
closed; approximate test alr speed, 60 miles per hour.

Figure 8.,- Aerodynemic characteristics of model. Nacelles
for liguid-cooled engines, Prestone radiators on, 01l
coolers open; approximate test alr speed, 60 miles .per
hour.

Figure 9.- Aerodynamioc characterigtioce of model. FKacelles
for air-coolesd engines; oill radiators closed; exit slot
refalred; approximate test air speed, 60 miles per hour.

Figure 10.~ Aerodynamic characteristics of model. Nacelles
for air-cooled engines; oll radiators closed; no cool-
ing air; approximate test air speed, 60 miles per Hour.

Tigure 1ll,- Scale effect on drag coeffialents for model
arrangements with nacelles for air-cooled engines.
OI‘ = 0025.

Figure 12.~ Scale effect on drag coefficient Tor model ar-
rangements with nacelles for liquid-ecoled engines.
BII = °Q25.

Flgure 13.,~ Soals effect on increments of drag for the alr-
cooled and liguid-cooled engine~nacells arrangements,

Flgure 1l4.~ Propulsive characteristica of the model with
nacelles for alr-cooled engines for four bdlade angles.
Large cowling exit slots. Oj = 0.25,
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Figure 16.- Propulsive characteristice of the model with
nacelles for air-gooled engines at P = 28~1/2° for:

a. Model with ocowling exit slot refaired; Op = 0,25.
be Model with no cooling air; 05 = 0.25.

Mgure 16.~ Propulsive characteristics of the model with
nacelles for liquid-cooled engines for four bdlade angles;
oil coolers openi Prestone radiators on; Oy & 0,25,

Figure 17.,~ Bffect of power on 1lift coefficient for the
model with nacelles for air-cooled engines. Large cowl-
ing exit slots; o0il coolers closed; &8¢ = 0 ; approxi-

mate test air speed, 50 miles per hour.

Figure 18.~ Effeot of power on 1lift coefficlent for the
model with nacelles for air-cooled engines, Large cowl-
ing exit slote; o1l coolers closed; &8y = 60°; approxi-
mate test alr speed, 50 mlles per hour.

Flgure 19,~ Effect of power on the maximum lift coefficlent
and on the 1lift curve slope for the model with nacelles
for air-cooled engines. Large cowling exlt slots; oll
coolers clomed; approximate test alr speed, 50 miles
per hour.

Figure 20,~ Effect of power on the pitching-moment coeffi-
clent for the model with nacelles for alr-cooled engines.
Large cowllng exit slots; o0ll coolers closed; &8¢ = 0°.

Figure 21l.- Effect of power on the pitching-moment coeffl-
clent for the model with nacelles for liquid-cooled en-
g€ines. Prestone radiators on; o0il coolers open,

Figure 22,~ Effect of power on the pitching-moment coeffi-
clent for the model with nacelles for alr-cooled engines.
Large cowling exlt slots; oll coolers closed; 8p = 60°,

Figure 23.~ Speed determination for the model arrangements
with nacelles for air-cooled engines. Based on constant-
speed propeller operation with: total engine power, 4,000
horsepower; propeller speed, 1,300 r.pem,; propeller di-
ameter, 13 fest; gross welght, 70,5670 pounds; wing area,
2,750 square feet.

Flgure 24,~ Speed determination for the model arrangements
with nacelles for ligquid-cooled engines. Based on con-
stant-speed propeller operation withs total engine power,
4,000; propeller speed, 1,300 r.p.m.{ propeller dlameter,
13 feet; gross weight, 70,570 pounds; wing area., 2,750
square feet.

—1

I
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N.A.C.A. Fige. 1,2



http://www.abbottaerospace.com/technical-library

N.A.C.A. Figs. 3,3a

Figure 3a
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N.A.C.A.

Fig. 4

P,

a, c.g. 845" above TE. of root chord
b, Cowling diometer at erngine =/3"
c, Maximum nacelle diameter

Air cooled engine 7
arrangements 46°

37— 4445
NG 7]

A .

Liq:id cooled engine Section A-A.

Exit slof width = /%'

; Sectionn A-A, showing
4.6° original exit slot

Exit slot widfh = %"

Sectionn A-A, showing
refaoired exit sfot

d, 0il coolers

3 -
1 e

arrangemernts

Figure 4
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N.A.C.A. Figs. 6.7
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N.A.C.A. Figs.11,12,13
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N.A.C.A. Figs. 16,17
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N.A.C.A. Figs. 19,23,24
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