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TRSTS OF SEVERAL MODEL NAOELLE-PROPELLER
. KkRRANGEMENTS IN FRONT OF A WING

. By James G. McHugh
SUMMARY

An investigation was conducted in the N.A.0.A. 20-
foét wind tunnel to determine the drag, the propulsive and
net efficlencies, and the cooling characteristics of seve
eral scale-model arrangements of air-cooled radial-engine
nacelles and present-day propellers in front of an 18-
percent-thick, 65— by l5-foot airfoil. Investigations of
like arrangements simulating the geometric proportions of
airplanes in the 20,000-pound weight classification have
been conducted by the N.A.C.A. and the results are summa-
rized in previous reports. This report deals with an in-
vostlgation of wing-nacelle arrangements simulating the
goometric proportions of airplanocs in the 40,000~ to0 70,000~
pound wolght classification and having the nacelles locatod
in tho vicinity of the optimum location determined from the
carlier tests.

Two 3-blade propellers with diameters of 36 and 48
inches, respectively, were oach testod in conjJunction with
a2 l2-~inch-~diamoter nacelle in three positions in front of
the wing and with a 16~inch~diameter nacelle in six posi-
tlions in front of the wing, Lift, drag, cooling-alr flow,
and propeller characteristics wore determined for each of
the errangements. Comparisons on the basis of net effi=-
clency between the various arrangements indicated that,
for hish-speed and crulsing conditions, the most -favorable
location for a tractor nacelle~propeller arrangement of
the type tested was with the thrust axis on the wing cen-
ter line and with the propeller between 156 and 30 percent
of the chord forward of the leading edge of the wing. The
loss in noet efficiency through the use of either large-
diameter engines or nacelle installations having a high
interferonce drag is cleoarly indicated. )

In certain cases, the.actlon of the propeller slip-
stream on the flow pattern over the wing-nacelle arrange-
ment may be such as greatly to influence the cooling qual-
1ties of a givon wing-nacelle-propeller arrangement.




INTRODUGTION

The design of engino-nacelle installations for large
alrplanes has always involved a certain amount of conjec-
ture on the part of airplane desligners. ©Several years ago
the N.A.0.A. conducted a lengthy investigation for the
purpose of establishing an optimum arrangement of the wlng-
nacelle=propeller combination (reference 1). That inves-
tigation covered & large range of varlations in nacelle
position and ylelded results- that have been of considerabdls
value to designers. The tests of reference 1 were made
with a nacelle of relatively large dlameter as compared
with the wing thickness, were conducted through a propeller
ororating range that would be uscd only in the take-off and
clinbing range of present-day airplanes, and did not in-
clude either o thorough investigation of the effects on not
efficloncy of small changes in- nacelle locatlon from the
optimum location found nor measurements of cooling—~elr flow
through the cowling.

In order to make a more detalled study of nacelle lo-
cations in the vicinity of the best position found in the
previous test prozram and to investigate arrangements sult-
able for the 40,000~ to 70,000-pound airplano classifica-
tion, the N,A.C.A. has instituted an investigation in the
20=foot wind tunnel of wing-nacelle-propeller interference
in which a wing, propellers, and engino-nacelle models
simulating modern practice were used. The phases of the
investigation that have been completed to date include (a)
measurements of drag, propeller, and cooling characteristics
for several combinations of geometrically similar propel-
lers and nacelles of different nacelle~propeller diameter
ratios with no wing present and (b) measurements of 1lift,
drag, propeller, and cooling characteristics for the same
nacelle~propoller combinations in several positions in
front of a thick wing. Part (a) has been reported in ref-
erence 2§ this report presents the results of part (b).

APPARATUS AND METHOD

The N.A.C.A. 20-foot wind tunnel in which these tests
were conducted 1s described in detall in reference 3.

Two shect-aluminum nacelles, 12 and 16 1nche§ in dlam-~
eter, were used in the investigation., The values of the



conductlvity wore 0,072 for the 1l2-inch nacelle and 0,085
for the l6-inch nacells, The nacelles and the manner in
which the engine was simulated are .descridbed in reference 2,

Two.3-blade propellers, 36 and 48 inches in diameter
(referonce 2), were msed in the investigation., The blade
angle of both propellers could be adjusted dy turning the -.
blades in the hub. For theso tosts, the blades were sot
at 26° and 35° at 0,75 of the tip radius. Additional tests
of one of the arrangements were made with the propeller
blades set at 15°, 209, 30°, and 40° at 0.75 of the tip
radlius.

The electric motor used to drive the propeller 's 10
inches in dlameter and develops 25 horsepower at 3,300
TeDeM,

The wing used in the investigation has a span of 15
feet, a chord of 5 feet, and is of N.A.C.A, 23018 airfoll
section, It was constructed of wood and was varnished and
waxed to provide & smooth finish. The central portion of
the wing was provided with suitable metal ribe and plates
for the connections of the supports used in attaching the
motor and the nacelle to the wing,

The wing was mounted on the standard balance supports
descridbed in reference 4. The arrangement was such that
the wing could pivot about a line 25 percent of the chord
back of the leading edze and 6 percent of the chord below
the chord line. The angle of attack of the wing could be
changed by an electric motor operating a worm to which the
rear wing-support struts were attached. All forces act-
ing on the wing were transmitted to a six-component auto~-
matic recording balance on the test-chamber floor.

Tests were made of nine wing-nacelle arrangements,
Photographs of the arrangements are reproducod in figure 1
and the principal dimensions of ocach arrangement are given’
in figuro 2, PFigure 3 shows one of the wing~nacelle ar-
rangoments mounted in the tunnel for tests,

Bach wing-nacelle arrangement was tested with the proe
Peller removed. Measurements of lift, drag, pitching mo-
ment, and pressure drop through the cowling were made with
the vwing at an angle of attack of 3° and at air speeds var-
ying from 20 to 100 miles por hour. In sddition, each ar-
rangement wags tested at a constant air spoed of BO miles
Per hour and at wing anzles of attack varying from -89 %o
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the angle of stall in increments of 1°, Yor use in sub-
sequent annlyses, similar tests were made of .the wing alone,

4 second serleoe of tosts was mede of each comblnation
with the propeller operating and with the wing at an-angle
of attack of 3°, The propeller speed was held constant .
and the alr speed was increased by -incremonts until a ve-
locity of 80 milos per hour was roached; tho air speed was
then held constant and the propeller speed was varled to
cover the rest of the propeller operating range, Simulta-
neous readings of torque, thrust., revolution spoed, pres-
sure drop through the cowling, 1ift, and ‘air spoed were
takon at frequont intervals,

SYMBOLS AND COEFFICIENTS

The coefficients and symbols usod 1in analyzling tho reo-
sults of this investigation are defined as follows?
'q, dynamic pressure of air (& p Vo).

P, mags donslty of. alr.

«
-

voloclty of alr streanm,

propeller revolution speod,

1ift,

drag °

change in drag of nacelle dus to propellor slipstream.

pitchlng moment about pivot.

thrust of propeller (tension in crankshaft).

net force on thrust balance.

dlameter of propeller,

A O P B B U U = B

diameter of nacelle,

e
S~
o

ratio of nacelle dlamseter to propeller diameter,

9
-

power supplied to propeller,



v¥/aD,
n,

propeller blade .angle at 0,76 of the tip radius.

~area of wing.

chord of wing. -

spgn of wing,

profile drag.

minimum induced drag (L%/mqd®).

i \

q X area of Jet )

where &8 = 0,142 for case under conslderation
(reference 5).

Jet~boundary interference drag( ]

effective nacelle drag, drag of nacelle plus mutual
wing-nacelle interference dreg. .

difference in induced drag of combination, at a given

velue of 1lift, from value of L% /mqb® assumed
for wlng alone.

difference in Jjet-boundary interference drag of com-
binatiog, at a given value of 11ift, from value of

L
qa X area of Jot

aggumed for wing alone.

D1+DJ
wing drag coefficient (D/gS).
D

effective nacelle drag coefficient (-———%—-—)-

q(ma“/4)
11ft coefficient (L/q8).
pitching-moment coefficient (M/qSc).
propulsive thrust coefficlent.
power coefficient (P/pn3DS%),

edvance-dlameter ratio of propeller.

propulsive efficloncy [(Cq/Cp)(V/nD)].



N.D.¥., nacelle drag factor (Do ¥/P).
Mo, net efficlency (N - N.D.F.).

Cgs speed~power coefficient (q/pV'/Pn .

Ap," pressure drop across engine,
J/Ap/pm® D®, cooling-air-flow coefficlent.

Subscripts w, ¢, and p refer to conditions with
wing alone, wing-nacelle combination, and wing-nacelle-
propeller combination, respectively.

METHOD OF ANALYSIS

A discussion of the problems involved in evaluating
the relative merits of wing-nacolle~propeller combinations
is given in part VI of referonco 1 and a mothod ie thereln
dorived for comparing the merite of the various arrango-
ments at o constant value of tho lift coefflclent. Compar-
isons by that method necossitate conducting propellor tests
ot soveral angles 6f attack of the wing in order to obtailn
the powor-on curves of 1lift coefficiont agalnst.angle of
attack for each arrangement,

The method of comparison used in the analysis of the
results of the present investigation 1s basleally similar
to the one given in roference 1 except that, instend of
comparing the various arrangemonts at a constant value of
1lift coefficient, thoy are compared at a constant angle of
attack; the effect of variations in 1lift 18 eliminatod dy
adding to the total drag of each arrangement the computed
values of the change in minimum induced drag and wind-
tunnel Jet-boundary interference drag caused by the propel-
ler. The necessity of obtaining the power-on curves of
lift coefflclent against angle of attack is thus elimi-
nated and the amount of testing required ias greatly de-
croased,

The derivatlon of the expressions for propulsive ef-
flclency, net efficiency, and propulsive thrust coeffil-
clent follow,

The summation of horizontal forces acting on a nacelle-



propeller combination mounted on a balance in a -wind tunnel
is commonly written as followss

. R4+ D =T~ AD = pgopu;qive thrust
where D 1s the drag with the propeller removed. The pro-
pulelve efficloncy .of the propellor-nacelle comblnation 1s
dofined as

N = (Eropulsiv; thruat) ¥ (1)

When the propeller-nacelle unit is operating in proximlty
to a wing, the 11ft generated with tho propeller .operating
is likoly to differ from that genoratod at the same angle
of ettack with the propeller removed and on that account,
unless proper procautions are taken in determining the
value of the propulsive thrust to use in epplying oquation
(1), on erroneous valuo of 1 may be obtained. In what
follows, the mothod used to ovaluate the propulsive effi-
clency, the net efficilency, and the propulsive thrust of
the nacelle-propeller combination is explalned.

The horizontal reaction of the winz alone on the bal=-
ance suvports, when tested in a circular open-throat wind
tunnel, can be expressed as follows:

Dy = Do, + Di, + Dy (2)

Similarly, the draes reaction of the wing-nacelle combina-
tlon 1is

Deg = Do, + Dy + Dy + Dy + AD3_ + ADy (3)
w ¢ e c ¢

With the propeller operating, the horizontal reaction of
the wing-—nacelle-propeller combination is

B =T «AD « D = Dp = Dy = Da = ADy = AD (4)
Op T Tm T Tip T Ty p Ip
Adding equations (3) and (4),

T - AD =-R + Do + C(Dip + DJP) - (Dic + Ddc)] +

+ [(8Dy + Apy ) - (ADy + ADg )] (5)



Bquation (5) shows, for a given lift, a change from
the computed values of induced and jet~boundary lnterfer-
ence drag due to the effect of the propeller on the span
load distridbution, It is reasonable,  therefore, to charge
that drag to the propeller in determining its propulsive
thrust. Thus, ’

proopulsive thrust = (T-AD)- [(AD1P+ADJP)- (AD1°+ADJ°)]
= (R+D,) + [(nipw_,P) =(Dy +D3.)1] (6)

The induced drag due to 1lift 1s
Dy = L%/ mqb? (7)

The Jet-boundary interference drag is
a

(8)

D 8 .
J = q X area of Jot

whero @8 dopends on the ratio of wing span to Jet dlame=-
ter and has a value of 0,142 for tho case under conselder-
ation (reforenco 5).

ddding equationes (7) and (8), introducing ccefficients,
and simplifying,

D = Dy + Dy = 0,1402 Cr?q8 (9) -

If this expression 1s substituted in equation (6), the pro-
pulsive thrust 1s seen to be

? - AD - t(ADip-+ 85) = (8Dy_ + 815 )] =
= B + Dg + (Dr, - D1,) (10)

Introducing'coefficienta and simplifying, express the
propulsive thrust coefficlent as

R+ q8 [0p_ + 0.1402 (Cy 83 - 01 B
6p = a8 [Cp, (Cp,° = On,°)] (11)
p n® D4

The nacelle drag factor 1s defined as?



K.D.F, = DpV/P (12)

where D, 1s the difference, at constant 1lift, between
the drag of the combination and. the drag of the wing alone,
Equation. (12) becomes, by introducing coefficients and
simplifying, .

N¥.D.F, = (:29-%522!) (é%:) Qﬁ%)ﬁ | (13)

The propulsive efficlency can be expressed as

Op ¥ :
N = op 2D (14)

and the net efficlency as
nO = n - N.D.F. (15)

Values of Op, N.D.F., 7N, and Mo &given in this

report were computed according to the relations given in
equations (1), (13), (14), and (15), respectively. The
slgnificance of 1, 1My, and N.D.F. 18 fully discussed
in reference 1, and the validity of the approximations 1in-
volved in their determination 1s considered, Attention is
called to the fact that, in thls report, the value of T,
has been dotermined throughout the entire operating range
for two blade-angle settings of the propeller; whereas, in
reference 1, it was dotermined for only one dlade-angle
sotting at values of -V/nD of 0.42 and 0.65.

DISCUSSION OF RESULTS

The foregoing analysis shows that the essentlial fac—
tors influencing the merit of a wing-nacelle-propeller
combination ares (a) the increase, at a gilven wvalue of
1ift coefficient, in the drag of the wing-nacelle combina-
tion over the basic winzg dragj and (b) the propulsive effiw
clency of the wing-nacelle-~propeller combination. Theory
indicates that the efficlency of the propeller 1s inoreased
when 1t operates in the high-veloclty region that exists
above the wing (reference 6). Previous investigations have
.shown, however, that the increase in drag incurred by mount-
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ing a conventional enczine nacelle in any position such
that the nacelle does not intorsect tho wing far offsets
any eain in propulsivo efficiency which may bo obtained -
from such an arrangement, Thesoc invostigatlons have also
indicated that the minimum inorease in drag due to the en~
Rine nacelle can be obtained only when the nacelle and the
wing intersect in such manner that a large portion of the
frontal area of the nacelle is common to the wing,

Tho results of the presont investigatlion show the of~
foct of gmall varlatlions in nacelle location on effective
nacelle drag and propulsive and net efficlencles when the
nacelle 1s in the vicinity of 1ts optimum location and, in
addition, show the cooling-alr-flow characteristics that
were obtalned with each arrangement,

Lift and Drag with Propeller Removed

The alrfoil characteristica of the wing alone are come
rared with the corresponding characteristics of the varil-
ous wing-nacelle combinations in figure 4. The angle of
stall 1s seen to increase progresslively as the nacelle 1s
moved away from the wing. Any comparison of the effect of
nacelle posltion on the maximum 1i1ft based on the results
of these tests 1s of questionadble value, however, because
of secondary effeots that are caused by the small span of
the wing, Such effects at low 11ft coefficieonts will be
of negliglble magnitude and the comparison .of effects that
occur in the high-speed range (COp = 0.2) 18 therefore
valild,

From large-scale plots similar to those in flzure 4,
the value of effective nacelle-~drag coefficient, i.e., the
increase in drag coefficlent caused by adding the nacelle
to the wing, was determined by taking the difference, at
congtant 1ift coefficlent, between the drag coefficlent of
the wing-nacelle combination and the drag coefficlent of
the wing alone, The varliation of the offective nacelle
drag 1n coefflclont form based on the nacelle crose-scction-
al aroa according to tho relation

8
maB/4

%, = (ch - ch)

ls given as a function of ‘the 1ift coefflciont in flgure 5.
Tho results are not strictly comparadble because, owing to
the differences in cooling-alr pressure drop shown in fig-
uro 6, the drag due to the cooling-alr flow was not the
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samo for oach arrangement tested. In ordor to place the
values of effoctive nacelle drag on a moro nearly compart-
ble basls, the results of figure 6 were corrected to the
condlition of xzero cooling-alr flow according to the rola-
tlon. )

cnno = ODn - K (Ap/q)a /a

: 8

vwhere K(Ap/q y>/ is the theoretical iAcrease in drag co-

efflclent due -to the flow of alr through the cowling (ref-

erence 2)3 GD is the effective nacelle drag coefficient
o

for zero cooling-air flow; and K 1is the conductivity of

the engine,

The variation of oDn with C1, 18 given in figure
°

7. It 1s interesting to note that the minimum value of
ch for the 1l6-inch nacelle is obtained with the nacelle
o

centrally located with reference to the wing. No off=
center locations were tested in the case of the l2~inch naw-
celle, but there ig little likelihood that the drag could
be materially reduced below the minimum valuo of Onn of

0.025 obtained with that nacelle in the central 1ocation.

The effect of fore~and-aft location of the nacelle
with reference to the wing is most clearly shown in figure
Bsa At 2 wvalue of Cy, of 0.2, the drag added by the 12-

inch nacelle in the central location was practically indee-
pendent of its distence from the wing, At the same velue
of Cp, the value of ch for the l6~inch nacelle was

' o

lowest at the l5-pércent-chord position and increased with
increasing distance from the wing. ILowering the lé-inch
nacelle to positions 4, 5, and 6 gave the same general
trend that occurred in the contral location, dut the drag
was higher throughout the entire rance.

At a value of Oy of 0.4, the lowest value of drag
added by the l6~inch nacelle was obtained with the nacelle
in the central location and close to the leading edge of the
wing. The drag added by the same nacelle in the lower po-
sitions was practically uninfluoenced by fore-and-aft loca-
tion and was in all cases higher than the drag obtained in
the central locations. In the case of the l2-~inch nacolle
in the central location, the draz was, for locations botwoen
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30 and 45 percont of the chord forward of the leading edge
of the wing, nearly the same at a ‘value of C7 of 0.4 as’

i1t was at 0,2 but, at the closer positions, the drag con=
slderably increased at the higher value of Cg. The in-
creace in drag with Oy that occurred in this case (12-
inch nacelle in position 1) may have been due to the fadt
that the dlstance betweon the tralling edge of the cowling
and the loading edge of tho wing was short (fig. 1). It
ls conceivable that cortain small interfoeronces duo to the
flow around tho juncture of tho nacelle and the loading
edge of the wing became more pronounced as the angle of
attack of the wing was increased and thus increased the In-
terference drag with lncrease in 1ift coefficlent,

In zeneral, the results indicate that, for high~speed
flight conditions, 1t is desirable from considerations of
drag to have the nacelle centrally located wlth reference
to the wing and with the propeller axis approximately 15
percent of the wing chord forward of the leadlng edge of
the wlng,

The lmportance of nacelle diameter relative to wing
thlckness 18 shown in fizure 9, This flgure was derived
from the results of the tests herein reported and from
other tosts of a complete model of a large alrplane testod
in tho full-scale wind tunnel (reference 7)., The effoctive
nacelle drag coefficient decreases wlth relative nacelle
diameter until the nacelle dlametor becomes equal to the
wing thlckness. Beoyond that point, however, further do-
crease ln rolative nacolle sigze causes practically no
chango in tho offoctive nacoclle drag coefflclent,.

Careful filleting at the juncture of the wing and the
nacelle 1s of prime importance, The comparlson in figure
7 of tests made with the 16-inch nacelle in position 3
with two different falring arrangements indicates the im-
portance of zood intersections. The two fillets were sim-
1lar oxcept that fillet A dld not expand tho air on theo
upper surface as rapidly as did fillet Be. Fillet A also
had numerous surface lrregularities; wheroas fillet B .was
qulite smooth. The surface 1lrregularities of fillet A ap-
parently accounted for an increase 1n nacelle drag of near-
ly 30 percent in the range of 1ift cooefficients correspond-
ing to hlgh-speed fllght. At high values of Cj, the drag
obtalned with flllot A became less than that obtained wilth
fillet Bs This decroaso may have beon due to the fact that
the lowor rate of expansion of fillet 4 preventod separa-
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tlon, and attendant increase in drag, from occurring at
the higher values of Ofe.

Propulsive and Net Efficlency

The results of tests with tne propeller operating
were reduced to the conventlional coefficlent form and plot-
ted as a function of V/nD., Figure 10 is given as a sample.
Presentation of the results in their entirety is unwarrante
ed; consequently, only that part regquired for final analy~-
'sis is 1lncluded, Values of - Cp, Op, TN, TNy, and Gy read

from carefully faired curves at even values of V/nD have
been tabulated and can be obtained on request from the
N.£eC.h,

The envelope curves of net and propulsive efficlency
obtained from tests of “¢he varlous arrangements are given
in figures 11 and 12, Comparison of the repults is simpli-
fled through the use of the cross plots of 1T given inx
figures 13 and 14 and the cross plots of Mo &iven in
fiZures 15 and 16, Inspection of these curves revoals
that, when the nacelle was centrally located with refer-
ence to the wing, the propulsilve efficloncy was not groat-
ly affected elther by yariation in forc-and-=aft location
or by variation in the valuo of 4/D, <thoe maximum value
of TN being betweon 0,80 and 0.835 for all the arrango-
monts tostod with tho nacello in the contral location,

The effect of varioction in 4/D on propulsive effi-
clency appeared to be more pronounced for the offwcenter
nacelle locations, In the caose of the 48-inch propeller
operating in conjunctlion with the l6-inch nacelle, 1,04,
d/D = 0,33, the variation with fore-and-aft location was
small, being of the order of 1 percent; bdut, in the case
of the 36-inch proveller opernting in front of the same
nacelle, 1.84, d/D = 0,44, the propulsive efficiency was
from 2 to 6 porcont lower than that obtalned with the valuo
of d4/D of 0.33 and there was o marked tendency for 1T to
decrease as the distance of thoe propellor from the wing
was increoased, Thus, 1t is soon that, for the central na-
celle locations, the wing hos a tendency to neutralise
tho offects of d/D on N but, for tho off-center -locaw
- tions, tho offoct of tho wing 1s less pronounced and the
voriationiof 1 with d/D 1g almost as zZroat as that ob-
talnod from tho tosts of nacolles alone (roference 2),
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The maximum value of 1T has already been shown to be
but slizhtly affected by nacelle location; the nacelle
drag was therefore the factor with the most influence on
N, Comparigson of the curves of net efficlency given in -
fggures 15 and 16, together with the curves of propulsive
efflclency given in figures 11 and 12 and the wvalues of
effectlive nacelle drag coefficlent given in figure 8, shows
the relative importance of nacelle drag and propulsive effil-
clency on the.net efficlencles of the various wing-—nacelle-
propoller arrangements, _Tho highest wvalues of not effl-
cloncy wore obtained with tho arrangements that gave theo
lowost nacolle drag, 1.e,, the 1l2-~inch nacelle in tho cen-
tral locatlons; and the lowest values of net efflclency
wore obtained with tho arrangements that gavo the hlghost
nacello drag, 1e0., the l6-inch nacelle in the off-ceanter
locations,

The trend of the curves of T, glven in figures 15

and 16 indicates that, for all the arrangements tested,

the best locatlion was in the positlon of lowest drag, that
is, with the nacelle centrally located with respect to the
wing thickness and with the propeller between 15 and 30 .

vercent of the chord ahead of the leading edge of the wing,

The data 1n figures 15 and 16 show the effect of var-
iations in nacelle drag to be much more pronounced at high
thai at low values of 4/D. This fact is' evident when 1t
is considered that tho net thrust T, 1s equal to the pro-
pulsivo thrust minus the effeoctive nacelle drag,.

The nacellc drag expressed as a porcentago of tho pro-
pulsive thrust incremses with the ratic d/D. Inasmuch as
No depends directly on T,, o given percentade change in
the wvalue of D will have o much greater influence on
Mo ot high than at low volues of d/D. This offect is
cloarly illustrated by tho comparison glven in figure 17
of tho results obtalned from tosts of two different fillot
arrangomonts on the same nacelle,

Lift and Pltching Moment with Propeller Operating

The effects of the operating propoller on the 1lift
and thec pitching-moment coefficlents are shown in figures
18 ard 19, respectively. TFoired curves showing the mean
of all values of these coofficients are given. Bracketing
curves donote the maximum variation of tho tost points from
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the mean valué, The results shown in figures 18 and 19

are applicadle only to the particular arrangements tested
in this investigation and are inscluded to show that, ex-
cept at low values of O_, the effect of.the variables

" congsidered in thig 1nvessigation on the lift and ths pitch-
ing-=moment coefflcients is emall.

Cooling Characteriastics

The results obtained from measuroments of the pressure
drop through the engine cowling are presented in figures
20 and 21, The method of presentation is tho same as that
used 1n reference 2, where it 1s dlscussed in detall,

The change in cooling-air-flow characteristics with
change 1n the ratio of nacelle diameter to propeller dlam-
eter (figs., 20 and 21) is in agreement with the results of
determinations of cooling-alr-flow characteristlcs of na-
celles alone reported in reference 2 in that, when the na-
celle diameter 1s large relative to the propeller dlameter,
the cooling-air flow with the propeller operating i1s con-
slderably greater than when the nacelle diameter is small
relative to the propeller diameter. Further comparison of
figure 20 with the results shown in figure 16 of reference
2 reveals that, in the case of the l6-inch nacelle, the
action of theo propeller was to increase the cooling-alr
flow above that obtained with the propeller removed whon
the nacelle was 1n the presence of the wing; whereas the
results of tosts of the nacelle alone (reference 2) indi-
cate that, except at low values of V/nD, the action of
the propeller reduced the alr flow through the cowling,
Similar comparieons show that, in the case of the 1l2-inch
nacelle, the propeller reduced -the cooling-air flow when
the nacelle was in the presence of the wing and that the
effect was more pronounced than shown by tests of the same
nacelle alone, Further ingpection of figures 20 and 21
shows that moving the 12-inch nacolle closer to the wing
caused the action of the propeller to become more detril-
mental to the cooling-air flow but that, as the 16-inch
nacello was moved closer to the wirg, the actlion of the
Propeller on the cooling-alr flow became increasingly ad-
voantageous. This apparent inconsistency is not clearly
understood. The offect of the propeller on the cooling-
alr flow 1s probadly depondent on the flow conditions that
oxlst around the nacelle in front of the wing. It 1is
thorefnro possible that tho change in flow around the na-
celles as they were moved clogser to tho wing allowed the




16

propeller to maganify ites distorting effect on the flow in
such a manner -as to improve the coolling-air flow of the lé-
inech nacelle and to impair the cooling—alr flow of the l2-
inch nacelle, -

CONCLUS JONS

l. The effect of variation in the ratio of nacelle
dlameter to propeller diampter on the propulsivwe efflclen-
cy of ‘a wing-nacelle-propeller combination 1ls dependent on
the location of the nacelle relative to the wing., When the
nacolle 1lg located directly in front of the wing, the effect
is small; when the nacelle is lowered to a positlion such
that the thrust axis becomes tangent to the lower surface
of the wing, the effect becomes more pronounced. In all
cases, however, the effect is smaller in magnitude than
was shown from tests of nacelles alone.

2e The highest net efficiency was obtalned with the
arrangement that zave the lowest drag, that is, with the
nacelle centrally located with respect to the wing and with
the propeller axis about ‘15 percent of the wing chord ahead
of the leadling odece of the wineg,

3¢ The propeller slipstream had dbut little effect on
the 11ft and the noment coefficlents of the wing in the
range of crulsing-speed 11ft coefficients.

4, The actlon of the propeller on the cooling-air
flow 1is dependent both on the size and on the position of
the nacelle relative to the wing.

Langley Memorial Aeronautical Labor;tory,
Natlonal Advigory Committee for Aeronautiecs,
Langley Field, Va,, May 31, 1939.
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INTRODUGTION

The design of engino-nacelle installations for large
alrplanes has always involved a certain amount of conjec-
ture on the part of airplane desligners. ©Several years ago
the N.A.0.A. conducted a lengthy investigation for the
purpose of establishing an optimum arrangement of the wlng-
nacelle=propeller combination (reference 1). That inves-
tigation covered & large range of varlations in nacelle
position and ylelded results- that have been of considerabdls
value to designers. The tests of reference 1 were made
with a nacelle of relatively large dlameter as compared
with the wing thickness, were conducted through a propeller
ororating range that would be uscd only in the take-off and
clinbing range of present-day airplanes, and did not in-
clude either o thorough investigation of the effects on not
efficloncy of small changes in- nacelle locatlon from the
optimum location found nor measurements of cooling—~elr flow
through the cowling.

In order to make a more detalled study of nacelle lo-
cations in the vicinity of the best position found in the
previous test prozram and to investigate arrangements sult-
able for the 40,000~ to 70,000-pound airplano classifica-
tion, the N,A.C.A. has instituted an investigation in the
20=foot wind tunnel of wing-nacelle-propeller interference
in which a wing, propellers, and engino-nacelle models
simulating modern practice were used. The phases of the
investigation that have been completed to date include (a)
measurements of drag, propeller, and cooling characteristics
for several combinations of geometrically similar propel-
lers and nacelles of different nacelle~propeller diameter
ratios with no wing present and (b) measurements of 1lift,
drag, propeller, and cooling characteristics for the same
nacelle~propoller combinations in several positions in
front of a thick wing. Part (a) has been reported in ref-
erence 2§ this report presents the results of part (b).

APPARATUS AND METHOD

The N.A.C.A. 20-foot wind tunnel in which these tests
were conducted 1s described in detall in reference 3.

Two shect-aluminum nacelles, 12 and 16 1nche§ in dlam-~
eter, were used in the investigation., The values of the
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