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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A SMATL-SCALE INVESTIGATION OF THE EFFECT OF SPANWISE
AND CHORDWISE POSTTIONING OF AN OGIVE-CYLINDER UNDERWING -
NACELIE ON.THE HIGH-SPEED AERODYNAMIC CHARACTERISTICS
OF A k5° SWEPTBACK TAPERED-IN-THICKNESS
WING OF ASPECT RATIO 6

By H. Norman Silvers and Thomas J. King, Jr.
SUMMARY

A nacelle was investigated in three chordwlse locations at each of
four spanwise locations in an underwlng position on & small-slze semi..
span model of a wing sweptback 45° and tepering in thickness from 9 per-
cent at the root to 3 percent at the tip. The investlgation wes made to
determine the effect of the nacelle in a wide range of locatlions on the
high-speed aerodynamic characteristics of = swep:t'ba.ck wing wilthout a

fuselage.

The results indicated, in general, that reductions in nacelle-drag
coefficient (including interference drag) come from rearward.chordwise
movement of the nacelle through the range of chordwise and spanwise posi-
tions investigated. except at the extreme tip locatlon where, for the
higher 1ift coefficients, minimum nacelle drag was obtained for interme-
dlate chordwise locations. The nacelle-drag coefficlents of the nacelles
at both the extreme inboard and the tip locatlions were shown to be criti-
cally dependent upon model 1ift coefficient. The highest maximum 1lift-
drag ratios of the model with nacelles were obtained with the nacelle
located at the most reerward chordwise positions. The most significant
over-all effects of nacelle positioning or the lift- and pitching-moment-
curve slopes were shown for chordwlse positioning at inboard spanwlse
locatlons where s change from forward to rearward nacelle locations pro-
duced a stabilizing chenge in the aerodynamic-center location from 12-
to 25-percent mean serodynsmic chord over the Mach number range investi- .
gated. At high 1ift coefficlents the destabilizing pitch-up of the wing
was minimized at all nacelle c:hordwise loca.tions for middle~-span locations
of the nacelle. -
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INTRODUCTION

The Natlonal Advisory Committee for Aeronautics is conducting a
program of research.on nacelles and external stores in order to provide
information for the design of installations sultable for use on airplanes
at transonlc speeds. The investigations of this program are concerned
with an over-all evaluatlon of the effects of body positioning and shape
on the aerodynamic characteristics of models with straight and sweptback

wings.

The present. paper 1s the first of a serles of papers reporting the
results of Investigatlons made in the Langley high-speed T- by lO-foot
tunnel as part of the general program. The results presented in this.
paper ghow the effect of spanwlse and chordw1se positioning of an under-

wing, ogive- cylinder nacelle on a h5° swepﬁback wing without a fuselage.

Results showlng the effects of veriations in body ‘shepe and vertical
positioning end the:effect of a fuselage on a vertically symmetric
necelle 1n several spanwise locations will be presented in subsequent
papers, _

In the lnvestigations of nacelles made in the Langley hilgh-speed
T- by 1l0-foot tunnel as well as those made earlier by the Pilotless
Aircraft Research Division (refs. 1 to 5), a wing has been used having
a sweepback angle of 45°, an aspect ratlo of 6, & taper ratlo of 0.6,
and NACA 65A-series airfoil sections., The wing used in the Langley high-
speed T- by 1lO-foot-tumnel investigations, however, was tapered in thick-
ness from 9 percent at the root to 3 percent at the tip, whereas the
wings of the flight models were 9 percent thick from root to tip.

The results obtained in this seriles of investigations are consildered
to be exploratory in nmture. By covering a broad range of nacelle posi-
tioning variables, these investigations are intended to show nacelle .
positions of particular réesearch interesi .in order that later investiga-
tions may be directed toward developing & better understanding of the
flow characteristlcs over the nacelle installations. These papers are
also intended to sBupplement the zero-lift drag results obtained in earlier
flight investigations (refs. 'l to 5) by covering a range of lift coeffi-

cients extending from sbout O to about 0.5 end also by showing the effects -

of nacelle gecmetry and. positioning on wing lift, pitchlng moment, and
bending mament,
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SYMBOLS
Cy, 11ft coefficient, Liice Semispan 1ifb
Sy
Cp drag coefficlent, —Yic® Semlspan drag
Sy
s
W

Cop nacelle-drag coefficient, (CD delinacelle Cp del) o5
Cm pitching-moment coefficient referred to 0.25¢ of wing,

Twilce semispan pltching moment

@Sy
Cyg bending-moment coefficient, Twice root bending moment
b
oSvz
q free-stream dynamic pressure, ;Evaz, Ib/sq £t
- twice wing ares of semispan model, 0.125 sq ft
Bn maximum frontal area of nacelle, 0,00119 sq ft
- bf2
(o] mean aserodynemic chord of wing, -S—- f cedy (using
w- 0

theoretical tip)}, 0.1h7 ft
c local wing chord parallel to free. stream, ft
b twice span of semispan model, 0.866 £t
d nacelle dismeter, £1
b4 longitudinal distance from wing leading edge at nacelle

spanwise locetlon toc nose of nacelle; negative when nose of

nacelle is forward of wing leading edge, ft
b lateral distance from plane of symmetry to center line of

nacelle, £t
1 ~ nacelle length, 0.36% £t
v effective free-streem air velocity, f£t/sec

Claliiihng
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o b/2
M effective Mach number, ——k/r Mgdy
SwJp :
M, local Mach number obtained from calibration made without a
model in place on the reflection~plane plate.
Mg, - average chordwise Mach number
P mags densgity of sir, slugs/cu ft
a angle of attack, deg
Yep lateral center of pregsﬁre referred to wing semispan, dCp/dCL
La da

mcy, ~ <§g§)M

APPARATUS AND MODELS

This Investigation waes conducted in the Langley high-speed T~ by
10-foot tunnel and utillzed a small semispsn model mounted on & reflection-
plane plate, which was located 3 inches from the tunnel wall in order to
bypass the wall boundary layer (fig. 1). The semispan model was attached
to a strain-gage balance by a projection of the root chord which passed .
through the reflection-plane plate, To prevent fouling of the model, a
clearance of. spproximately 1/32 Inch was maintained between the root chord
end the reflectlon-plane plate. The straln-gage balence was attached to
the outside of the tunnel and, to minimize leakage of alir into the flow
field of the model, the bslance was housed in a sealed container.

The semlspan wing model was-constructed-of steel and had an angle
of . sweepback of 45°_referred to the qparter—chord line, en aspect ratio
of 6, a taper ratio of 0.6, and NACA 65A-series airfoill sections parallel
to the air stream that tapered in thickness from Q9 percent at the root to
3 percent at the tip. - - -

The nacelle used in this investigatlon was similar, in general, to
the nacelles used in references-l to 5, in that all nacelles were formed
from oglvel nose and tail sections and & cylindrical midsection. The
tall sectlon of the nacelle of this investigation termineted in a point
(fig. 2), vhereas the tall sections of the nacelles of references 1-to'5.
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had a blunt end; that is, the extreme rearward portions of the ogival
tail sections were removed. The fineness ratios of the nacelles, based
on the actual body lengths tested, were 9.3L4k for the nacelle of this
investigation end 9.66 for the nacelles of references 1 to 5.

The nacelle of this investigation was somewhat larger compared.to
the wing than the nacelles of references 1 to 5. The size of the nacelle
used herein was established from exlsting Jjet-engine specifications and,
based on an assumed model scale of 0,01, would result in a full-scale

- nacelle of espproximately 47 inches in diameter. At this scale the air-
plane would be of the medium-bomber class., Ordinates of the nacelle
are presented in table I,

In each chordwise end spanwlse position the nacelle was located so
that the distance between the chord plane of the wing and the nacelle
center line was equal to the maximum radius of the nacelle. Three chord-
wise locations referred to herein as rearward, intermediate, and forward
were investigated In each of four spanwise locations, Test locations of
the nacelle are shown In figure 2, The chordwise locations of the
nacelle were cbtalned by using constant distance between nacelle nose and
wing leading edge. This procedure resulted in different nondimensional
locations (as shown ir table of fig. 2) when referred to the local chord
which varies because of the taper of the wing.

METHODS AND TESTS

The reflection~plane plate attached to the wall of the Langley
high-speed T- by 10-foot tunnel induces over its surface a region of
local velocities higher than the free-stream veloclties of the tunnel
test section, which permits testing of small models to Mach numbers of
1.08. The variations in local Mach numbers over the reflection-plane
plate are” shown in figure 3 for average test Mach numbers. As Indicated
by these data, the Mach number gradient in the reglon occupied by the
model decreases with decreasing tumnel speed. At a Mach number of sbout
0.93, the flow becomes gradient free. Effective Mach numbers, which were
used as the basis of data presentation, were obtained by integration of
the contours 'by the relationship

b/2
M=§-‘/; Mg, dy

Lift, drag, pilitching-moment, and bending-moment coefflclents were
obtained over é&n angle-of-attack range thet extended from about -1.50
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to 9.0° at Mach numbers ranging from 0.7 to 1.08. The variation of

Reynolds number with Mach number for these tests 1s shown in figure k.
Because of the small size of the model employed in this investigation,
jet-boundary and blockage corréections were consldered negligible. -

In general, an indication of the accuracy of the force and moment
measurement 1s given by any random scatter of the test points of the
basic data. In determining incremenis of forces and moments, however,

" falred values of forces end moments are used, thus tending to minimize
the influence of test-point scatter on the curves of summary results.

Experience with the technique of locating small reflection-plane
models in & locallzed hilgh-veloclty fileld to cbtain transonic speeds has
indicated that absolute values of coefficients, particularly drag, some-
times -do not correlste well with dsta obtalned on larger models using
other test techniques. Valid incremental effects, such as those due to
model configuration, lift coefficlent, or Mach number, are, however,
belleved to be obtalned by this technique. These conclusions were
reached after a correlative study (ref. 6) had been made between results
cbtained from bump-type test techniques and conventional technigues In
which a sting support was used. Subsequent experience with nacelle and
external-store testing has also shown that the trends of drag increments
due to nacelle configurations, which are obtained from reflectlon-plane
models investlgated on bump-type test facilities, sppear to be in quali-
tative agreement with those results obtained on larger scale three-
dimensional nodels tested in. flight,

RESULTS AND DISCUSSION

The results of this investigation are presented in figures and the
content is summerized as follows:

Figure

Beaic data:
Wing @loNe v & & « o o o o s« o s s o o o s s s°¢ o o 'a « » 5
Wing with nacelle at various locations . . . e s s e u s s 6 to 9

s-lmmary figures: . o - . . .
Drag characteristics « . . ¢« ¢« ¢ ¢ ¢ ¢ ¢ « o & & « o« = o « g to 13
Ma.ximmlift-dragratio.................13a.nd1h
Lift-curve SlODE & v v o« « o o o oo, s o s.s o o« o « o« « » 15 and 16
Pitching-moment-curve sloP€e . o« « « « o « « o o o « « « o 17 and 18
Lateral center of PressuUre « o+ « « o« s « o o s ¢ s = « & o 19 and 20

Lift-curve slopes presented were measured through zero lift, whereas
pltching-moment-curve slopes were measured at a 1ift coefficlent of 0.1,

ol
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Drag Characteristics

The variations in drag coefficients with Mach number for the model
with and without nacelles are presented in figure 9. These results
show an Important effect of speed on the drag due to the nacelles in the
transonic speed range. At low lift coefficlents the drag due to the
nacelles is, in general, considersbly higher at Mach numbers above force
break then at lower speeds. Such characteristics have been shown before
in flight investigations made at zero 1ift (refs. 1 to 5).

Before a more detalled discussion of the effect of 1lift as well as
the effect of nacelle position on nacelle-drag coefficient is undertaken,
it is of interest to discuss the drag-break characteristics as shown
from the total drag coefficlents (fig. 9). At low 1lift coefficients the
nacelle locations for the highest Mach numbers of initial drag divergence
appear to occur for the rearward nacelle in spanwise locatlions from
0.46b/2 to 0.96b/2. -Although somewhat lower than those for the rearward
nacelle, the Mach numbers for drag divergence are also high for tip
mountings (0.96b/2) of the intermediate and forward nacelles at low lift
coefficients. It is of Interest to note that, at the higher 1ift coeffi-
cients, nacélle locatlons for which the nacelle drag 1s the lowest
usually have considersbly lower Mach numbers for drag divergence than
the nacelle locations for which the drag 1s higher.’

The nacelle.drag coefficients, defined as the increment in drag due
to the nacelles plus interference based upon nacelle meximum frontal.
ares, are presented in figure 10 as a function of 1ift coefficlent, in
figure 11 as & function of nacelle spanwise location, and in figure 12
as & function of nacelle chordwise location. These data (figs. 10 to 12)
show that the inboard and the tip locations of the nacelle are the span-
wise nacelle locations subject to the largest changes in nacelle-drag
coefficients due to change in 1ift coefficient throughout the Mach number
range. It 1s also seen that, In general, the rearward nacelle is subject
to larger changes in Cp, throughout the range of spanwise locations

because of changes in 1ift than is elther the intermediate or forward
nacelle location. It appears then that extreme locations of the nacelle
elther spanwise or chordwise (when the nacelle is rearward) result in
interference effects that are critically dependent upon model 1ift coeffi-
clent on a model without a fuselage. It has &lso been shown (ref. 5)
that, on & model with a fuselage, the inboard and-tip locations of a
nacelle produced nacelle-drag coefficients much lower than those of inter-
mediate spanwlse locations. These results, avallable only at zero 1lift,
agree qualitatively with umpublished results cbtained as another phase of
the present investigation, which show the effect of a fuselsge by compar-
ison with the reéesulis presented herein on a wing without a fuselage.

Very little gquantitative Informetion is aveillable to explain the
large chenges 1in interference found for some extreme locations of nacelles.
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At transonic speeds, however, the development and movement of shock waves
with change in Mach number and 11ft coefficlent can have considerable
effect on interference. ~It hds béen shown recently (ref. T) that shock
waves Induced by a fuselage can extend beyond the wing tip with little
diminution in intensity. Thus, nacelles located even at the wing tip
could be affected by, fuselage-induced shock conditions. It should be
empheslzed that, although fuselage effects appear to be an important
factor in nacelle Interference at tranasonic speeds, not enough is known
about fuselage effects In this gpeed range to permit generaslization
appliceble to particular designs. As a step toward developing an under-
standing of nacelle interference on.a wing without a fuselage, it is-
desireble to examine the results presented herein,

Favorable interference exists at the higher 1ift coefficlents for
extreme inboard nacelle locations if the nacelle is located rearward on
the wing chord, becéuse in this location en increase in 1lift produces
considerable reductilons in nacelle-drag coefficlent throughout the Mach
number range investigated. A tip location of a forwaerd nacelle is seen
to give rather abrupt increases in CDn with incresses in 11ft coeffi_

cient at 1ift coefficlents greater than sbout 0.3. A rearward location
of the inboard nacelle end a forward location ofthe tip nacelle are of
particular deslgh interest because on & sweptback wing these locations
result in a minimum longitudinel displacemert of. welght away from the
center of gravity of an alrplane. For this reason intermediste nacelles
at midspan locations are glso widely used. The nacelle-drag coefficients
of the Intermediste nacelle at O, hﬁb/e although varying little with 1ift
coefficient at Mach mmbers of 0.90 and 1.08, are seen to be somewhat
higher than those.of the rearward nacelle in the 1nboard location. It is
important to note In the interest of 1ow nacelle drag that the ‘rearward’
nacelle generally ‘gives lower CD for all . spanwise loéations, except

for the higher 1lift coefficients when located at the extreme tip as will
be pointed out later. -

Filgure 12 1s presented to show the variation of nacelle-drag coeffi—_ B

cient with nacelle chordwise position. These results indicate that the
most pronounced effect on CD of changes In chordwise location exists

for the extreme inboard nacelle location and the tip nacelle location
which have been shown earlier to be critically affected by CL. As

indiceted previously in this paper, & rearward location for a nacelle is
a promising low-drag locatlon except at the tip (0.96b/2) location for
higher 1ift coefficients, where minimum nacelle-drag coefficlents were
obtained for the intermediaté chordwise nacelle locations. Rearward
nacelle locations have also been shown to be low-drag locations in ancther
investigation using a nacelle of lower fineness ratio and different
profile shape (ref, 8). A
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Lift-Drag Ratios -

The variations in maximum lift-drag ratios for the models both with
end without nacelles in the various test positions are presented in fig-
ure 13. It has been found convenient in obtaining & quantitative expres-
gion of the effect of the nacelles on the maximum lift-drag ratlo of the
model to divide the (L/D)pax Of the model with nacelles by (L/D)max

of the model without nacelles. Presented in figure 1l are these ratios
as a function of nacelle spanwise location. Discussion of the effect of
nacelle position will be concerned with these ratios. It is seen that a
ratio value of less than 1.0 was obtalned for &ll conditions of this
investigation; that is, the (L/D)pex of the model with nacelle was
always less than that of the model without nacelles.

As mﬁy be antiéipated from the foregoing dilscussion of nacelle-drag
coefficient, the nacelle chordwise location for the highest (L/D)yex

is the rearward location. In general, the highest maximum lift-drag
ratios of the rearward nacelle are obtalned at spanwise positions from
0.%0/2 to 0.5b/2 where they are about 9L percent of the (L/D)mgxy of

the model without nacelles. The (L/D)pay oObtained with the rearward
necelle is also from 8 to 13 percent (based on (L/D)pgy, ©f the model)
higher then that of the next best chordwise location.

The large variations of nacelle-drag coefficient shown previously
at the higher 1lift coefficlents for the extreme inboard and tip nacelle
locations are not reflected in the maximum lift-drag ratlos because the
1lift coefflcients for (L/D)max are somewhat below the 1ift coefficients

at which these varlations in CDn were found.
Lift Characterlstics

The variations in lift-curve slope with Mach number of the model
wilth and without nacelles in the various positlons investigated are
presented in figure 15. To aild in determining the effects of nacelle
position on the lift-curve slope, the incremental changes in CLa due

to the nacelles have been taken and are presented in figure 16 as a
function of nacelle spanwise locatlon. These datas indicate that the
types of varietions found in the subsonic speed range for the three
nacelle chordwise positlons imvestigated are considersbly different
from those shown &t a supersonic Mach number of 1.08, At subsonic
speeds, there is a range of spanwise locatlons (wvhich varies with speed
but usuelly lies within 0.30b/2 to 0.70b/2) in which the forward and
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rearward nacelles have little effect on the lift-curve slope of the
model. Outside of this range, some increase in Cp  occurs. On the

other hand, the Ilntermediate nacelle 1ls seen to produce a meximum
increase withln this spanwise range that is as much as 15 percent of
Clu, of the basic model. At a supersonic Mach number of 1.08, however,

the intermedliate nacelle is seen to produce the minimum increase In CLa
in this spanwlse range, whereas high CLa increments have developed for

the rearwerd nacelle,

It is of interest to note that, Iin general, a tip mounting of the
nacelle increased the lift-curve slope of the model except for the rear-
ward nacelle at M = 1,08. This condition may be expected as it is
commonly known that a tilp-mounted nacelle effectively provides an end
plate for the wing. The Increase In effective aspect ratiov coming from
such & conditlon has in some instances materially reduced drag due to
1ift of the model with tip mounted nacelle over the drag due to 1lift of
models with nacelles at more inboard locations. Drag results (fig. 10)
show, however, that such a result is generally not the case in this
investigation, probably because of the adverse effects of 1lift coeffi-
cient on the flow at wing-nacelle junctures for some of the tip config-
urations, & condition which might be lmproved by fairing of the wing-
nacelle Jjunctures.

Pitching-Moment Characteristics

The effects of nacelle positioning on the stebllity characteristics
of the model as indicated by the increments in slopes of the piltching-
moment curves are presented in figure 18, and were obtained from figure 17.
The pltching-moment date from which the slopes were obtained (figs. 5
to 8) showed considereble nonlinearity for some nacelle locations and
some Mach numbers at the lower 1lift coefficlents vhere pitching-moment
slopés ere usually taken. The slopes presented were obtained at a 1ift
coefficient of 0.1 and, because of the nonlinearities, cannot be used
for analysis at other 1ift coefficients. Comperison of the pitching-
noment curves for the model with the nacelle In various positions with
those of the model without nacelle show that the major nonlinearities,
at low lift coefficients, occurred only for the model with nacelle. It
is not known whether this apparent effect of the nacelle on the stabllity
characteristice would be encountered at higher Reynolds numbers or not.

In spite of the nonlinearities, it appears desirable to indicate several
general observations gbout the effect of nmcelle positions on the stability
of the model at Cp, = O.l.

Markedly different variastions in the increments in pitching-moment-
curve slope (fig. 18) are seen to exist at subsonic and supersonic speeds.
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The more important effects of speed on ACmCL are found for the forward

and the rearward nacelles. At subsonic Mach numbers the forward nacelle
is seen to produce a decrease In stdbility of the model which varies
little for the various sgpanwlse positions Investigated in comparison to
the veriations in ACmcL ghown at M = 1,08, where a change in ACmCL

equivalent to a change in serodynamic-center location of 22,5-percent
mean serodynemic chord occurs. The rearward nacelle, however, shows
little effect of spanwilise location on the increment In pitching-moment-
curve slope at M = 1,08 but rather ebrupt and sizable changes at sub-
sonic speed., Tn this speed range the most serlous changes in ACmCL

for the rearwsrd nacelle is seen to occur over & spanwise range from
gbout 0.50 to 0:70b/2 where the rearward nacelle changes from the chord-
wise locatlon contributing the largest instabllity to the chordwise.
location contributing the largest stablility. Because of these character-
lstica an over-all increase in stebility occurs as a result of movement
of the nacelle from a forward to & rearward location in inboard spanwise
positions that is equivalent to a 12~ to 25—percent change in the mean-
gserodynamic-center location.

In addition to the static longitudinal stabllity as indicated by
ACmC teken at a 1lift coefflcient of 0.1, it is of interest to exsmine

the effect of nacelle location on the stability characteristics at high
1ift coefficlents. The results, figure 5, show that, in this 1ift range,
the wing wilthout nacelle encounters destabilizing pikch—up at 1ift
coefficients somewhat higher than sbout 0.3 throughout the Mach number
range. The results obtained with the nacelle in place indicate that
several locations of the nacelle are effectlive in minimizing pitch-up of
the wing at high Cj. Tt appears that the maximum benefit is obtained
for middle-span locations of the nacelle. With the rearward nacelle,
pitch-up of the wing is reduced with the nacelle gt 0. 70b/2 whereas
with a forward necelle, it 1s reduced with the nacelle at O.46b/2. It
is interesting to note that, with the intermedlate nacelle, pitch-up 1s
minimized at both 0.46b/2 and O. T0b/2.

Lateral Center of Pressure

The increments in lateral center-of-pressure locatlons obtained
from figure 19 are presented in figure 20. An examination of these
results does not reveal such obvious Mach number effects as were found
in the increments of lift-curve slope or piltching-moment-curve slope in
passing from subsonic to supersonic speeds. Ih genefal, outboard move-
ment of the nacelle from a location of O.20b/2 produces an inboard move-
ment of the latersl center of pressure from that of the model without
nacelles until, at some spenwise location, a maximm Inboard location
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of ¥ep- is obtained after which further outboard movement of the nacelle
results in outboard movement of ybp.' The wing-tip nacelle seems to

produce an additional loading of the wing tip so that an over-all out-
board movement of Ycp -results. The largest change in Aycp fourd for

the three chordwise locations investigated was shown for the rearward
nacelle at the wing tip at a Mach number of 1.08 where about a S5-percent
outboard movement of-the lateral center of pressure occurred as the
nacelle was moved from 0.7lb/2 to 0.96b/2. The principal effects of _
increasing Mach number appear to be an dutbdard displacement of the span-
wise location for maximum Inboard location of ycp and a more outboard
location of Yep -for the nacelle at the wing tip. The over-all chianges

in lateral .center of_pressure due to the nacelles in verious spanwlse and
chordwise locatlons were foumd to be within shout 3 percent semispan at
subsonic speeds and 6 percent semispan at supersonic speeds.

CCONCLUSIONS

The results.of an investigetion of an underwing ogive-cylinder
nacelle in three chordwise pogitions at each of four spanwise locations

on the serodynamic characteristics of a 450 sweptback tapered-in-thickness'

wing at small Reynolds numbers indicate the followlng conclusions:

. Lle In general, reductions in nacelle-drag coefficient (including
interference drag) result from rearward chordwlse movement of the nacelle
through the spanwise range Investigated, except at the extreme tip loca-
tion at the higher 1lift coefficients where minimum nacelle drag was
obtalned for more intermediate chordwise locations. '

2. Both the extreme inboard and tip locations of the nacelle showed
a critical dependence of nacelle-drag coefficient on 1lift coefficlent
throughout the speed range investlgated. For the Inboard locatlon the
largest changes in nacelle-drag coefficlent due ta 1ift coefficlent were
shown for the rearwar( nacelle, where apprecidble reductlions in nacelle
drag came wlth Increase in lift for the tip location, the largest changes
in nacelle drag oc¢curred for the forwerd nacelle, where increase in 1ift
coefficlent produced significant increases 1n nacelle drag.

3. The highest maximum lift-drag ratios of the model with nacelles
were obtalned with the nacelle in the rearward location. With this chord-
wilse location, the highest maximum lift-drag ratlios were obtained at near
midsemispan nacelle locations where the maximum lift-drag ratlo of the
model with nacelle was of the order of 91 percent of that of the model
without nacelle.



NACA RM L5222 GONm T, ' 13

4, Characteristically different veriations in the increments in )
slopes of the lift-~ and pitching-moment curves due to the various nacelle
positions were obtained at subsonic and supersonic Mach numbers. The
most significant effects of changes in nacelle spanwise and chordwise
positions on the increments in 1ift-~ and piltching-moment-curve slopes
were shown in the pitching-moment-curve slopes where changes in nacelle
chordwise position fraom forward to resrward in imboard spanwise locations
produced from 12- to 25-percent stebllizing changes in the aerodynemic-
‘center locations referred to the measn aerodynamic chord.

5. Nacelle spanwise locatlon had a significant effect on the
stability cheracteristics of the wing at high 1ift coefficients. Mldsemi-
span locatlions of the nacelle appesred to minimize the destabilizing
pitch-up tendency of the wing at high 1ift coefficients for all chordwise
positions of the nacelle, = o T .

Langley Aeronautical Isboratory,
) Rational Advisory Committee for Aeronautics,
Langley Field, Va.
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Figure 1.- Two-view drewing of the 45° sweptback semispan wing of aspect
ratio 6, teper ratic 0.6, end an NACA G5A-series airfoil section tapered
in thickness' from 9 percent at the roct to 3 percent at the tip.
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Figure 2.- Drawing showing the locations of the nacelle on the test model.

All dimensions are in inches.
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Figure 8.- Aerodynsmic characteristics of the semispan wing with the
nacelle in the forward chordwise location.
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