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RESEARCH MEMORANDUM

INVESTIGATION OF THE EFFECT OF CHORDWISE
POSITIONING AND SHAPE OF AN UNDERWING NACELLE ON
THE HIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A
45° SWEPTBACK TAPERED-IN-THICKNESS-RATIO
WING OF ASPECT RATIO 6

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

Three different nacelles located In an underwing position at the
0.46 semispan station of a 45° sweptback wing were investigated at three
chordwise positions through a Mach number range from 0.70 to 1.08. The
nacelle profiles were essentially an ogive cylinder, an NACA 65A-series
airfoil, and an NACA Owseries airfoil (reversed). The model was a small-
scale semispan wing of aspect ratio 6 and tapered-in-thickness rgtio.

The results showed that, at Mach numbers greater than 0.95, the
lowest nacelle-drag coefficlents were obtained with the NACA 65A-series
shape in rearward and intermediate chordwise positlons and with the
ogive-cylinder shape in the forward position. Of the chordwise positions
investigated, the rearward nacellie position generally gave the lowest
necelle=drag coefficlents aend the highest drsg-divergence Mach numbers.
Of the aerodynamic characterlstics other than those involving drag, the
stability characteristics showed the largest effects of adding a nacelle
to the model. At a Mach number of 1.08, where the largest changes in
stability at a 1ift coefficient of 0.1l usually occurred, a forward
nzacelle posltion was destebilizing by an amount equivealent to a change
in serodynsmic-center location of as much as 15 percent of the mesn
aerodynamic chord. The destebilizing effect of forward necelles was
reduced by rearward movement of the nacelles. The stability character-
isties at the higher 1ift coefflcients showed that both the ogive-cylinder
shape and the 65A-series shape in forward and intermediate chordwise
positlions extended the 1ift coefficient at which pltch-up was shown for
the wing without nacelles. The O-series shape extended the 1ift coeffi-
cient for pitch-up for 81l chordwise locations of the nacelle.

—
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INTRODUCTION

The Nationel Advisory Commlittee for Aeropautics is conducting a
program of regearch on nacelles and external stores in order to provide
Instsllations suitable for use on airplanes at trensonlc speeds. The
investigatlons of this program are concerned with an over-all evaluation
of the effects of body positioning and shape on the aerodynamic charsac-
teristics of airplane models with straight and sweptback wings.

The present paper 1s the second of a series of pspers reporting the
results of investigations made on s0lid bodies of revolutlion in the Langley
high-speed 7= by 10-foot tunnel as part of the general program. In this
peper sare presented resulis showlng the effect of chordwise positioning
of underwing nacelles of three profile shapes at a wing spanwlse location
of 0.46 semispasn outboard of the plane of symmetry on a 45° sweptback wing
without a fuselage. Previously reported (ref. 1) sare results showing the
effect of spanwise and chordwise positioning of an underwing, ogive-
eylinder nacelle on a 45° sweptback wing without a fuselage.

In the investigations of nacelles made in the T- by 10-foot tunnel
as well as those made earlier by the Pilotless Alrcraft Research Division
(refs. 2 to 6) a wing of 45° sweepback, aspect ratio 6, teper ratio 0.6,
and NACA 65A-series airfoll sections has been used as the test vehlcle.
The thickness of the wing used in the tumnel investigations tapered from
9 percent chord at the root to 3 percent chord at the tip, while the
thickness of the wing of the flight models was 9-percent chord from root
to tip. For the most part, the investigations were made on solid nsacelle
models. The effects of Internal flow are, however, shown for one nacelle
location in reference 6, and for several nacelle locations in another
investigation (ref. 7) made in the Langley 8-foot high-speed tunnel.

The results cobtained In the Iinvestligations of which this peper is
one are consldered to be exploratory ln nature. By covering a broad
range of nsacelle posltloning wvariables, these results are Ilntended to
show positions of particuler interest in order that later investigations
may be directed toward developing a better understending of the flow
characterlistics over these installations. These pspers are also intended
to supplement the zero~lift drag results obtained in earlier flight
investigations (refs. 2 to 6) by covering a rsnge of 1lift coefficlents
extending from sbout O to about 0.5 and also by showing the effects of
nacelle geometry end positloning on wing 1ift, pitching moment, and bending
moment.
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SYMBOLS

1ift coefficient (Twice semispan 1ift/qsw)

drag coefficient (Twice semispan drag/qSy)

nacelle-drag coefficient (CDmodel + nacelle cDmgdel) 25
n

piltching-moment coefficient referred to 0.25% of wing
(Twice semispan pitching moment/qS.E)

bending-moment coefficient (Twice root bending moment/qsw%)
2
free-stream dynamic pressure, 1b/sq £t, %pv

twice aree of semispan model, 0.125 sq ft
meximum frontal area of necelle, 0.00119 sq £t

mean aerodynamic chord of wing, 0.14k7 £¢

2
SW

Jfb/z c®dy (using theoretical tip)
0
local wing chord parallel to chord plemne, £t
twice span of semispan model, 0.866 ft
nacelle diameter, £t
diameter of nacelle at hypotheticael nacelle inlet, £t
diameter of nacelle at hypothetlcal nacelle exit, ft
longitudinal distance from wing leading edge to nose of
nacelle; negative when nose of nacelle is forward of wing

leading edge, Tt

lateral distance from plane of symmetry to center line of
nacelle, ft

nacelle length, ft

effective free-stream air velocity, ft/sec



% CONNBEE—— NACA RM L52KZ25

b/2
M effective free-stream Mach number éi\/p cMpdy
Yo
My local Mach muber
M, aversege chordwlse Masch number
P mass density of air, slugs/cu ft
Ca angle of attack, deg
aC
Yep lateral center of pressure referred to wing semispan, SEE
1

= )
Cr. = (-JE
Lo 5 /u

Cmy, = (SE%DM

APPARATUS AND MODELS

This investigation utillzed a small semispan model that was mounted
on a reflection~plesne plate, located 3 inches from the tunnel wall 1n
order to bypass the wall boundary layer (fig. 1). A more detailed dis-
cuselon of the model setup and the strain-gage-balesnce system employed
1s glven 1n reference 1.

The wing was constructed of steel and had 45° of aweepback referred
to the quarter-chord line, an aspect ratic of 6, and a teper ratio of 0.6.
The airfoll section at the wing root was an NACA 65A009 snd at the wing
tip an NACA 65A003 section. '

The nacelles were solld bodies of revolutiocn constructed of mahogany.
Three nacelle shapes were investlgated. They were an oglive-cylinder
shape, a shape generated by revolving an NACA 65A-series airfoll section,
and s shape genersted by revolving a modified NACA O-series airfoll sec-
tion which was reversed in direction for this investigetion. A drawing
of the nacelles with the nacelle ordinates is presented 1n filgure 2. The
nacelles were deslgned to have identical maximum dlameters and, if ducted,
to have spproximately equel nacelle diameters at the hypothetlcal nacelle
inlets and exits, as well as identical fineness ratios of the ducted
lengths. In order to maintein fineness rstios that were approximately
the same for the unducted nacelles, 1t was necessary to modify both the
nose and the tail portions of the NACA O-serles profile. The fineness
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ratios of the test nacelles were 9.34 for the ogive-cylinder shape, 10.68
for the 65A~series shape, and 10.0k for the O-series shape.

The ogive-cylinder nacelle was similar in shape to the nacelle
investigated in references 2 to 6, in thet for both nacelles oglval-nose
and tail sections were used between which was located a cylindrical
length of body. For the nacelle of the present investigation, the
ogival tail section terminated in a point, whereas the nacelles of ref-
erences 2 to 6 were blunt-ended; thet is, a portion of the ogival tail
wag removed.

The nacelles used herein were also somewhat larger relative to the
wing than were the nacelles of the flight investigations. The size of
the nacelles of this investigation waes determined from existing Jet~
engine specifilcations and by considering the wing to be & 0.0l-scale
model of & bomber wing. At full scale the diasmeter of the nacelles would
be about 47 inches and the airplene would be of the medium-bomber category
of alrplanes.

Each of the nacelles was so located below the wing as to maintain
a distance equal to the meximum radius of the nacelle between the wing
chord plane and the nacelle center line. The nacelles were located at
0.h6b/2 outboard of the wing root chord. Three chordwise positions of
the nacelle were investigated and designated herein as resrward, inter-
mediate, end forward. Test locations in terms of wing local chord
length are tebulated on figure 3. The chordwise positions of the nacelles
were obtained by locating the solld bodies 1n chordwise positions so that,
if the nacelles were ducted, the inlets would be at the wing leading edge
for the rearward nacelle; the midlength of the ducted bodles would be at
the midchord point for the intermediate nacelle; or the exlts of the
ducted bodies would be at the wing trailing edge for the forward nacelle.
Because of the differing lengths of nacelle shead of the contemplated
inlets, the chordwise position parameter x/c assumes different values
for each of the three nacelle shapes at & given chordwise position. No
fairing of the wing-nacelle Juntures has been employed for any of the
configurations used in this investigation.

METHODS AND TESTS

The reflection~plane plate attached to the wall of the high~speed
T- by 10-foot tunnel induces over 1ts surface a region of local velocities
higher than the free-streem velocities of the tunnel, which permits
testing of small models to Mach numbers of 1.08. The varistions in local
Mach number over the reflection-plane plate are shown in filgure 4 for
typical Mach numbers. As indicated by these data the Mach number gradi-
ent in the region of the model decreases with decreasing tunnel speed.
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At a Mach number of about 0.93 the flow is gradient free. Effective
free-stiream Mach numbers, which are used as the basis of data presenta-
tion, were obtained from the relationship

L7 oty

o

M=

0|

Lift, drag, pitching-moment, and bending-moment coefficients were
measured over an angle-of-attack range that extended from ebout -1.5°
to 9.0° at Mach numbers from 0.70 to 1.08. The variation of Reynolds
number, based on the mean serodynamic chord, with Mach number for these
tests is shown 1n figure 5. Because of the small size of the model
employed in this Investigation, Jet~boundary and blockage corrections
were considered negligible.

In general, the accuracy of the force and moment neasurements can
be judged by any random scatter of the itest points of the basic data.
In determining increments of forces and moments, however, faired values
of forces and moments are used; thus, the influence of test-point scatter
on the curves of summary results tended to be minimized.

The reflection-plane technique, in which smsll half-span models are
located in s localized high-velocity fileld to obtain transonic speeds,
has sometimes given absolute values of coefficients, partiecularly drag,
that do not correlate well with date obtalined on larger full-span models.
Valld incremental effects, such as those due to model configuratilon,
1ift coefficient, or Mach number are, however, believed to be obtained
by this technique. These concluslons were reached after a correlative
study of results from bump~type test techniques and the conventlonal
sting-type test techniques had been made (ref. 8.) Subsequent experience
with nacelle and external-store-tests, results which are as yet unpub-
lished, has shown that trends of drag increments due to nacelle config-
uration and obtained from models investigated on bump-type facilitiles
show good quelitative agreement with those obtalned on larger-scale full-
gpan models tested in f£light. '

RESULTS AND DISCUSSION

The results of this investigation are presented in filgures, the
contents of which are summarized on the following page:
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Figure

Basglc data
WINg 8lONEs « « « « =« o « « s o s o s s s o« « o s s o s s s ¢ o« 6
Wing with oglve-cylinder nace e e o s o 2 s s & = o u s o o« o & T
Wing with 65A~series NECElle. « « « + « « s « « « o s « s o« « « « 8
Wing with O-series nacelle. « « « ¢ « ¢ ¢« ¢ « s =« o ¢ ¢« s o o s « 9
Drag characteristles . « ¢ ¢ ¢ o &+ o « ¢« o o o 2 s « o s &« « « 10 0o 13
Sumsry of aerodynsmic characteristics . . . . .« +« « « . « . . 1k to 21

Lift-curve slopes presented were measured through zero 1ift, wheress
pltching-moment-curve slopes were measured at a 1ift coefficient of O.l.

DRAG - CHARACTERTISTICS

The varietions in drag coefficient of the model with each of the
three nacelles and without the nacelles are presented in figure 10. The
dats presented in this psper for the nacelle with the ogive-cylinder
shape were taken from reference 1.

The Mach number for drag divergence used in this paper was deter-
mined by inspection of the drag-coefficient curves (fig. 10) and the
discussion is limited to the results at 1lift coefficients of O.4t and less.
The results indicate that nacelle shape has in genersl less effect on
the drag~divergence Mach number of necelles in the reserward and forward
positlions than on the nacelles in the intermedlate position. In the
intermediste position, nacelle shape shows an increasing importence with
increasing lift coefficient. Of the three shapes investligated in en
intermediate position, the highest drag-divergence Mach mmbers were
obtained with the 65A-series shaspe and the lowest with the ogive-cylinder
shape. Furthermore, it appears that, of the nscelle chordwise positions
investigated, the higher drag-divergence Mach numbers were generally
obtained, up to Ci, = 0.4, with nacelles in the rearward position.

The varistion of the nacelle-drag coefficlents, which are deflned as
the increments in drag due to the nacelles based upon the nacelle maxl-
mm frontal srea and include interference, are presented in figure 11
as a function of Mach number. These data have been used to cross-plot
the nacelle~drag coefficient against both model 1ift coefficient (fig. 12)
and nacelle chordwise position (fig. 13).

In reference 1, it was shown that the lergest effect of increase in
model 1ift coefficlent on nacelle-drag coefficient was obtained for the
extreme inboard arnd tip location of the nacelle, and conversely nacelle-
drag coefficients for mlidspan locetions were less affected by increase
in model 1ift than extreme spanwise locaitions. The results presented
herein (fig. 12) also indicate that at the midspan location investigated,
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increase in 1ift had little over-all effect on the nacelle-drag coeffl-
cients, except for some rather abrupt increases in Cp, at 1ift coeffi-

clents of about 0.3 and greater which occurred for the most part at sub-
sonic Mach numbers with rearward locations of the previously lnvestigated
ogive~cylinder shape and also for the 65A-series shape.

At Mach numbers greater than sbout 0.95 at the lower 1ift coeffi-
cients and at all Mach numbers gt the higher 1ift coefficients, both
nacelle chordwlse location and shape have important effects on the nacelle-
drag coefficlenta. These effects are 1llustrated in figure 13 for Mach
numbers of 0.7, 0.9, and 1.08. At Mach numbers lower than 0.95 at the
lower 1ift coefficients, the nacelle-drag coefficients are consliderably
smaller and less affected by nacelle position and shape. Rearward nacelle
movement 1s seen to result Iin gubstantial reductions in nacelle-drag
coefficients at a Mach number of 1.08 at all 1ift coefficients and as a
result the minimum nacelle drag 1s obtalned with the most rearward nacelle.
0f the nacelle shapes investigated the lowest nacelle-~drag coefficients
are shown (figs. 11 to 13) for the 65A-series shape in rearwsrd and inter-
mediate chordwise positions at Mach nunbers greater than sbout 0.95 and
at 1ift coefficients from O to O.4. In the forward position the lowest
necelle drag for supersonic Mach numbers and 11ft coefficients from O to
0.k 1s shown for the O-~series shape. At a 1ift coefficient of 0.5 and
at subsonic speeds, the chordwise location for minimm nacelle drag in
general has changed from the most rearwsrd location investigated to more
forward locations. It appears (fig. 12) that this change tekes place
at 1ift coefficients of about 0.3 or greater.

It has been expected that nacelle shapes having a cylindrical mid-
section might produce smsller nacelle-drag coefflclents than nacelle
shapes with continuously varying curvatures of less severe effects of
superposition of the pressures over the cylindrical length of the body
on the pressure field of the wing. The results presented herein, however,
show an obvious drag disadvantage for a nacelle of such a shape. This
result may be due to the fact that the length of cylinder employed is
less than the length of the local wing chord. Thus, the reglons of pesak
pressures at the intersections of the nose and the tail sections with the
cylindrical midsection, although not necessarily colnciding with the peak
pressures of the wing, still lie on some part of the wing for all nacelle
chordwlse positions investlgeted. The resulting interference appears to
be more serious for the ogive~cylinder than for the two shapes with con-
tinuously varying curvature. It would appear necessary to design bodles
of the ogive-cylinder shspe with & cylindricel midsection long enough to
locate the peak pressures shead of and behind the local wing chord. Such
8 design specification would seem to introduce some specific limits as to
what may be efficlently housed in a body wilth an oglve-cylinder shape.

It should be remembered that the results presented In this paper
were obtained on a wing without & fuselsge. As suggested in reference 1,
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1t gppears that a fuselage can have an eppreciable effect on nacelle
interference and consequently on nacelle drag at transonic speeds. It
further sppears that the effects of a fuselage on ch cen be larger

for extreme inboard as well as extreme tip locations of a nscelle than
for intermediate locetions. Hence, 1t might be anticipated that the
nacelle~drag results presented herein for an intermediste spanwise nsacelle
location would be less affected by a fuselage than those obtained for
either more inboerd or more outboerd nacelle locsetions.

Lift-Drag Ratios

In figure 1k are presented the maximum 1ift-dreg retios obtained
for the model with and wilthout nacelles. In evaluating the effect of
nacelles on (L/D)max it has been found convenient to divide the mexi-
mun lift-dreg retio of the model with nacelle by the maximum lift-drag
ratio of the model wlthout nacelle. The resulting retio gives a quan-
titative expression of the effect of the nacelles on (L/D)mﬂx. These

ratios are presented In figure 15 as a function of nacelle chordwise
locetion for representative Mach numbers. The results reflect the
characteristics of the nacelle-drag coefficlents discussed in the pre-
ceding section; that is, the nacelle shapes and poeitions giving the
lowest drag due to the nacelle alsc give the highest maximum lift-drag
ratios. It is seen that at a Mach number of 1.08 where the most signifi-
cant effects of nacelle shape and position were shown in the drag charac-
teristics, the highest (1./D)pax was obtained with the 65A-series shape,
and for all shapes the highest (I/D)max was obtained wlith the rearward

necelle. In the rearward positlion the maximm l1ift-drag ratlio of the
model with the 65A~series nacelle was sbout 95 percent of the meximm
lift-drag ratio of the model without nacelles at M = 1.08 and sbout

97 percent at M = 0.90. Throughout the greater part of the Mach number
range and the chordwise-position range, the lowest maximm l1ift-drag
ratios were obtained with the nacelle of ogive-cylinder shape, which also
gave higher nacelle-drag coefficients than either the O-series or the
65A-series shapes. At a Mach number of 1.08 the maximm 1ift-drag ratio
of the 65A-series shepe was from & to 12 percent higher (based on the
meximm lift~drag ratio of the basic model) than that of the ogive~
cylinder shape throughout the range of chordwise positions investigated.

Lift Characteristics
The variestions in lift-curve slope of the model with and without
nacelles are presented in figure 16. The increments between the resulis

obtained on the model with and without nacelles are presented in flgure 17
as g function of nscelle chordwise position. The 1ncrements were obtained
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by subtracting the results obtained on the model without the nacelle from
those obtained on the model with the nacelle. The largest effect of
necelle shape as well as chordwise positlon appears at the lower subsonic
Mach numbers (represented in fig. 16 by results at M = 0.70) where all
shapes produce a substantigl increase in C1, of the model for inter-
mediate nacelle chordwise positions with the largest 1increases belng pro-
duced by 65A-series shape. At Mach numbers around 0.90 the ogive-cylinder
nacelle in the Intermediate position 1s seen to develop a large increase
in Cr, (fig. 16). The nacelles of all three shapes in forward positions

generally result in little change in Clg of the model throughout the
speed range. At a supersonic Mach number of 1.08 a rearwsrd location of
the nscelles results in an lncreased lift-curve slope of the model that
is somewhat less, however, than the Ilncrease in Cro produced by inter-
mediate nacelles at subsonlc speeds.

Pitch Characteristics

The slopes of the pitching-moment curves obtained at a 1ift coeffi-
cient of 0.1 for the model with and without nacelles are presented in fig-
ure 18. The increments in slope due to the nacelle as a function of
nacelle chordwlse position obtained from these results are presented in
figure 19. The increments were obtalned by subtracting the results
obtained on the model without the nacelle from those obtained on the model
with the nacelle. These data indicate that, at a (1 of 0.1, additlion
of the nacelles in. the forward position is destablllizing by amounts equiv-
alent to changes in the serodynamic-center location of up to 15 percent
of the mean sercdynamic chord. In genhersasl, rearward movement of the
nacelles results in a substantiasl stabilizing effect. The effects of
nacelle chordwise location are particulerly large at M = 1.08 where a
change in ACmCL equivalent to a stabllizing change in the aerodynemic-

center location of 17 percent of the mean serodynemic chord occurs for &
change from forward to resrward locetion for the nacelle with the
65A-series shape. Similar changes in ACmgy, Wwere obtained with the
O~serles and the ogive-cylinder shapes at this Mach number. The effect
of nacelle shape on the stability charascteristics of the model is seen
(fig. 18) to depend upon Mach muber. At the lower subsonic Mach numbers
change in nacelle shape from either the 65A-series or the O-series to the
oglve-cylinder shepe 1s stgbilizing except for forward positions where
nacelle shape has little effect on the stebllity characteristiecs. At
supersoni# Mach numbers the largest effects of the nacelles on the sta-
bility characteristics of the model exist for the forward chordwise posi-
tion and, as indicated above, the maximum change in CmCL due to the

addition of the nsacelle is of the order of 0.15.

It is seen in figure 6 that a destabilizing break develops at the
higher 1ift coefflcients in the pitching-moment curves of the model without
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nacelles at Mach numbers from 0.70 to 1.05. Inspectlon of the pitching-
moment curves of the model with nacelles indicates that some chordwilse
positions of the nacelles are effective in increasing the 1ift coeffi-
clent at which this pltch-up tendency of the wing develops. In this
respect, forward and intermediate locations of bhoth the ogive-cylinder
shape and the 65A-series shape are beneficial except et a Mach number

of 1.00 (figs. 7 and 8). The O-series shape, however, appears to increase
the 1ift coefficient for pitchk up for all chordwlse locatlons and Mach
numbers except at M = 1.00 for forward and rearward positions and

M = 1.00 and 1.05 Zfor the intermediate position.

lateral Center of Pressure

The incremental effect of the nacelles on the latersl center=ofe
pressure locations of the model are presented in figure 21 as a function
of nacelle chordwise position. These increments were obtained from
Tigure 20 by subtracting the results obtained on the model without the
nacelle from those on the model with the nacelle. At the lowest Mach
nunmber investigated the nacelles in any chordwise position result in a
location of the lateral center of pressure inboard of that for the model
without nacelles. Increase in Mach number results in a genersl outboard
movement of Yep due to the nacelles. The largest effect of speed and

chordwise position on the location of the lateral center of pressure is
shown for the oglve-cylinder shepe in an intermediate chordwise position,
where sbout a 3.5-percent semlspan cutboard change in Yop ‘takes place

over a Mach number range from 0.70 to 1.08. As a result of this change
in yep for an intermediate chordwise posltion, the oglve-cylinder shape

experiences a considerable change with speed in the shape of the curve
of AQyep 8as & function of nacelle chordwise position. The curve 1is

characterized at M = 0.70 by the most inboard location of Yep

occurring for the intermediste position which changes to the most out-
board location of yop at M = 1.08.

CORCLUSIONS

An investigation of the effect of nacelle chordwlse positioning and
shape of an underwing nacelle on the high-speed aserodynamic character=
istics of a smell-slze 45° sweptback tapered-in-~-thickness-ratio wing of
aspect ratio 6 indicate the following conclusions:

1. The largest effects of nacelle chordwlse positioning and shape
on the drag characteristlics were found at Mach numbers greater than
gbout 0.95.
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2. At Mach numbers greater than 0.95 the lowest nscelle-drag coeffli-
cients were obtalned with the 65A~series shape in the rearward and the
intermediate chordwlse positions and with the O-eerles shape in the for-
ward position.

3. Of the chordwlse positions investigated the lowest nacelle-~dreg
coefficients were obtalned at the higher Mach numbers and lower 1ift
coefflclents with the nacelles in the rearward position.

4, The largest effect of nscelle shape on drag-divergence Mach nume-
ber was shown for an intermediste chordwise nacelle position where the
highest drag divergence Mach numbers were obtained with the 65A-series
shape. It also appeared that, in general for any shape, somewhat higher
drag-divergence Mach numbers were obtalned with a rearward chordwise
position of the nacelle than wlth elther intermediate or forward positions.

5. At the higher Mach numbers the highest maximum lift-drag ratios
of the model with the nacelles were obtained with the 65A-series shape
in the rearward position and in general the lowest were obteined with 211
chordwlse positlons of the ogive~cylinder shape.

6. Aside from effects on those characteristics involving drag,
perhaps the most important effects of adding a nacelle to the model were
shown in the locations of the aerodynamic center. At a Mach number of
1.08 where the largest changes in stability at a lift coeffilecient of 0.1
usually occurred, a forward posltion of the nacelle shapes was destebl-
lizing by an amount equivalent to a change in aerodynamic-center location
of as much as 15 percent of the meen serodynamic chord. The destabi-
lizing effect of forward nacelles was reduced by rearward movement of

the nscelles.

7. The stability characteristics at the higher 11ft coefficients
showed that forward and intermediate locations of both the ogive-cylinder
shape and the 65A-series shape were effective in ‘increasing the 1ift
coeffliclent at which pitch-up was shown for the wing without nacelles.
The O-series shape was, however, effective in all chordwlse locetlons
in increasing the 1lift coefflclent for model pitch-up.

Langley Aeronauticel Laboratory,
Nationsl Advisory Committee for Aeronasutics,
Langley Field, Va.
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Figure 13.- Variation of nacelle-drag coefficient with nacelle chordwise

position for three nacelle shapes at J/’_ = 0.46,
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Figure 16.- Variation of the lift-curve slopes with Mach number.
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Figure 18.- Variation of the piltching-moment-curve slopes with Mach
number. CL =0.1.
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Figure 19.- Variation of the increments in pltching-moment-curve slopes

with nacelle chordwlse position.

Cy, = 0.1.
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Figure 20.- Variation of the lateral-center-of-pressure locations with
Mach number.
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