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WIND TUNNEL INVESTIGATION OF NACELLE-AIRFRAME INTERFERENCE
AT .ACH NUMBERS OF 0.9 TO 1.4 - FORCE DATA

Daniel P. Bencze

Ames Research Center
SUMMARY

Detailed interference force and pressure data were obtained on a
representative wing-body-nacelle combinatisn at Mach numbers of 0.9 to 1.4.
The model consisted of a delta wing-body zerodynamic force model with four
independently supported nacelles located beneath the wing-body combination.
The model was 62.2 in, Tong and had a wing span of 40.8 in. The model was
mounted on a six-component force balance, and the left-hand wing was pres-
sure-instrumented. Each of the two right-hand nacelles was mounted on a
six-component force balance housed in the thickness of the nacelle, while
each of the left-hand nacelles was pressure-instrumented. The nacelle
support system provided the flexibility of varying the position of the
nacelles relative to the wing-body combination and each other, and the
capability of controlling the mass flow through each nacelle.

The experimental program was conducted in the Ames 11- by 11-Foot Wind
Tunnel at a constant unit Reynolds number of 3.0 x 108/ft., The primary
variables examined included Mach number, angle of attack, nacelle position,
and nacelle mass-flow ratio., Four different configurations were tested
to identify various interference forces and pressures on each component;
these included tests of the isolated nacelle, the isolated wing-body ~om-
bination, the four nacelles as & unit, and the total wing-body-nacelie
combination. Nacelie axial location, relative to both the wing-body com-
bination and to each other, was the most important variable in determining
the net interference among the components. The overall interference ef-
fects were found to be essentially constant over the operating angle-of-
attack range of the configuration, and nearly independent of nacelle mass-
flow ratio. .

INTRODUCTION

To achieve a substantial increase in cruise speed of current trans-
port aircraft, recent efforts have been devoted to exploring the feasi-
bility of a Tow supersonic transport aircraft which does not produce a
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noticeable overpressure at ground level (ref. 1). Due to the inherently
high drag and large interference effects associated with the transonic
Mach number range, the design of an efficient aircraft is critically de-
pendent upon the integration of the various components. This is particu-
larly true for the propulsion system design and integration, since the
installation effects must be included in the selection of the engine
cycle. Little data is available that is directly applicable to propulsion
system integration problems at these Mach numbers. Therefore, an experi-
mental program was formulated to obtain detailed interference data on a
representative transport over this Mach number range. The principal ob-
jectives of this program were to evaluate the performance penalties as-
sociated with the propulsion system installation and eperation and te
acquire detailed force and pressure data to be used for the evaluation of
analytical techniques. The force data is presented in this report, and
the pressure data is presented in reference 2.

NOMENCLATURE

Y T P Ty

The 1ift, drag, and pitching moment of the wing-body and wing-body-
nacelle configurations are presented in the stability-axis coordinate
system. The individua) nacelle forces are presented in the body-axis
cocrdinate system.

Symbol Definition §
Aac nacelle aft cavity cross-sectional area -%
Ac nacelle capture area of nacelle; nRé %
AFc nacelle forward cavity cross-sectional area %
AL nacelle lip cavity cross-sectional area i
As1 first-order, nacelle seal, balance constant

ASz second-order, nacelle seal, balance constant '%
ASF nacelle forward internal lip surface area 5
ALPHA angle of attack ' j
B wing span, 40,8 in. %
c chord
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Symbo1
CAl,CAD

CAO-AC

CAD-FC

CAO-L

CAO-S

CAQ-SF

CAD-T

CD-WB
CD-WBN
CFO
CLMI,CLMO
CL-WB
CL~WBN

CM-WB

e s
—— -

Definition

axial force coefficient of inboard and outboard
nacelles, respectively; axial force/ch

aft cavity, outboard nacelle, axial force balance
correction; aft cavity axial force/qAC(table 3)

forward cavity, outboard nacelle, axial force
balance correction; forward cavity axial force/ch
(table 3)

1ip cavity, outboard nacelle, axial force balance
correction; forward 1ip cavity axial force/ch
(table 3)

seal, outboard nacelle, axial force balance correc-
tion; seal force/ch(tab1e 3)

internal lip skin friction, outboard nacelle, axial
force balance correction; internal 1lip frictional
force/ch(tab]e 3)

total outboard nacelle, axial force balance correc-
tion; (CAD-AC) + (CAD-FC) + {CAD-L) + (CA0-S) +
(CAO-SF), added to gross axial force coefficient
(table 3)

drag coefficient of wing-body combination; drag of
wing-body/qS

drag coefficient of wing-body-nacelle combination;
drag of wing-body plus drag of nacelles/qS

internal 1ip, average skin-friction coefficient

pitching-moment coefficient of inboard and outboard
nacelles, respectively; pitching moment/qLAc

1ift coefficient of wing-body combination; 1ift of
wing-body/qS

1ift coefficient of wing-body-nacelle combination;
1ift of wing-body plus 1ift of nacelles/qS

pitching-moment coefficient of wing-body
combination; pitching moment of wing-body/qCRS
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Symbo]
CM=-WBN

CNI,CNO

CY1,CYO

CYNI,CYNO

DX

DXI

L
L

L/D~WB

L/DWBN

MFR-AV
MFR-LI
MFR-LO
MFR-RI
MFR-RO

JRUUI—
. e _ P

Definition

pitching-moment coefficient of wing-body-nacelie
combination; pitching moment of wing-body plus
pitching moment of nace]les/qCRS

normal force coefficient of inboard and outboard
nacelles, respectively; normal force/ch

reference root chord of wing-body combination,
29.23 in.

side-force coefficient of inboard and outboard
nacelles, respectively; side force/ch

yawing-moment coefficient of inboard and outboard
nacelles, respectively; yawing moment/qLAC

axial position of the outboard nacelle 1ip minus the
axial position of the inboard nacelle 1ip,

(X-0UTBD) - (X-INBD)

axial position of the outbeoard left-hand (pressure
instrumentation) nacelle minus the axial position

of the outboard right-hand (force-instrumented)
nacelle

nacelle length, 10.54 in.

Tower wing surface

lift-to-drag ratio of wing-body combination, (CL-WB)/
(CD-WB)

1ift-to-drag ratic of wing-body-nacelle combination,
(CL-WBN)/(CD-WEN)

average mass-flow ratio of the four nacelles
mass-flow ratio of left-hand inboard nacelle
mass-flow ratio of left-hand outboard nacelle
mass-flow ratio of right-hand inboard nacelle

mass-flow ratioc of rijht-hand outboard nacelle
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Symbol
MO

PAC
PB1/P1

PB2/P1

PFC

PI
PL

X~INBD
X-MA

X-0UTBD
A

Y

Definition

average Mach number over the internal lip surface of
outboard nacelle

average, nacelle aft balance cavity static pressure

ratio of average wing-body base pressure to free
stream

ratio of average wing-budy sting cavity pressure to
free stream

average, nacelle forward balance cavity static pres-
sure

free stream static pressure

average, nacelle internal lip static pressure
free stream dynamic pressure

nacelle radius

nacelle capture radius

average Reynolds number x 10'6 over the internal 1lip
surface of outboard nacelie

reference wing area, 4.435 ft°
upper wing surface
wing design plane {figure 2(a))

wing-body axial coordinate, positive going downstream
{(figure 2(a))

X coordinate of the inboard nacelle lip

X coordinate of the inboard nacelle 1ip with the
delta axial drive at its most forward position

X coordinate of the outbcaid nacelle Tip
local nacelle or root chord axial coordinate

wing-body lateral coordinate, positive out left-
hand wing (figure 2(a))
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Symboi Definition
2Y1/B lateral position of the inboard nacelles as a

fraction of the semispan

2Y0/8 lateral position of the outboard nacelles as a
fraction of the semispan

z wing-body vertical coordinate, positive up
(figure 2(a))

z tocal wing surface coordinate

©, THETA angular location of pressure orifices on the

nacelle, 0° at top and positive going clockwise,
Tooking downstream

MODEL AND INSTRUMENTATION

The wind tunnel model consisted of a basic wing-body combination
with four independently supported nacelles located beneath the model.
Photographs of the model and support system installed in the Ames 11-by
11-Foot Wind Tunnel are shown in figures 1(a) and 1{b).

Aerodynamic Model

The aerodynamic force model consisted of a delta wing-body combi-
nation, shown in figure 2(a), and was designated WB. The model had an
over-all length of 62.2 in. and a wing span of 40.8 in. The wing had a
delta planform with a leading-edge sweep of 50.5° and a leading-edge ex-
tension with a sweep of 75.0°. The reference wing area and root chord
were 4.435 ft2 and 29.23 in., respectively. The wing coordipates are tab-
ulated in tables 1 and 2. The model was supported by a six-component
internal strain gage balance, and the moment center was located at X =
52.92 in. and Z = 5.04 in. The left-hand wing was pressure-instrumented
with 95 static pressure orifices on the Tower surface and 31 on the upper
surface; the location of the orifices is described in figure 2(b).

Nacelles

Two different nacelle geometries were tested and are described in
figure 2(c). Nacelle N1 employed a sharp cowl 1ip while nacelle N2 em-
ployed a stightly blunt 1ip. The nacelle contours are included in figure
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2(c). To adequately support the nadelles while maintaining an unrestricted
flow passage through the nacelle and support sting, the aft end of the
nacelie was modified as illustrated in figure 2(c).

0f the four individual nacelles supported beneath the wing-body model,
the two on the left-hand side (looking upstream) were pressure-instru-
mented, and each of the two nacelles on the right side was mounted on a six-
component internal strain gage balance. The locations of the surface
static pressure orifices on the N1 and N2 nacelles are presented in figure
2(d)., The two six-component force balances used to support the right-hand
nacelles were housed in the thickness of each nacelle. The balance is
basically a two-sheli, flow-through force balance using eight instrumented
flexures located 90° apart at twe axial locations. A schematic, showing
the balance instalied within the contours of the N1 nacelle, is presented
in figure 2(e). To prevent flow through the balance cavity, the metric
and non-metric components were bridged with a flexable rubber seal, as
indicated in figure 2{e). To provide the necessary base area corrections
for each nacelle, the pressure on the flow side of the seal was measured,
as were the pressures in the forward and-aft balance cavities. The pres-
sure instrumentation is outiined in figure 2(e). Five separate correc-
tions, described in table 3, were applied to the measured nacelle axial
force balance readings to obtain the final aerodynamic data. These
corrections included the pressure forces within the forward and aft balance
cavities, on the forward lip cavity, across the balance seal, and the
skin friction on the internal nacelle lip. The areas associated with each
of these forces are identified in figure 2{(e) and listed in table 3. The
cross-sectional areas for the forward and aft balance cavity forces and
the forward 1ip force were based on the physical geometry of the nacelles,
while the seal force was obtained through a calibration of the nacelle-
balance system. The internal skin friction from the nacelle 1ip to the
sea]l was based on the average turbulent skin friction for this length, as
indicated in reference 3.

Nacelle Support System

The nacelle support system, shown in figure 3, was designed to indepen-
dently support four nacelles beneath the wing-body combination while pro-
viding the flexibility of positioning the nacelles relative to both the
wing-body combination and themselves. The support system also provided
the independent control and measurement of the mass flow through each
nacelle. The major components of the nacelle support system consisted of
the main cross support, four vertical support and positioning units, and
four flow-through nacelle stings and flow-metering units,

Eleven independent drives provided, in effect, a tiree-dimensional,

nacelle-positioning capability. These included two lateral drives which
positioned the inboard and outboard nacelle pairs symmetrically about
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the vertical center line. Four vertical drives were used to control the
vertical position of the four naceile stings. A main axial drive con-
trolled the position of the main cross support and hence the position of
all four nacelles as a single unit. Each nacelle sting had a delta axial
drive unit which allowed the position of each individual naceile to be
varied relative to the other three. OCf the 11 drives, &ll were remotely
contrclled except the four vertical drives, which were manually operated.
The maximum travel of each drive, relative to its mid-position, is sum-
marized in table 4, and the range of achievable nacellz positions, in the
coordinate system of the wing-body model, is presented in table 5. In-
corporated into each nacelle sting was a mass-flow control plug to vary
and appropriate instrumentation to measure the flow through each nacelle.
fach plug was remotely contreiled.

Boundary-Layer Trips

To insure a turbulent boundary layer over the wing-body combination
and nacelles, transition trips were applied to each of these components.
The trips consisted of glass beads with a diameter range of 0.0049 in. to
0.0058 in. The transition strips, each 0.0625 in. wide, were located on:
the fuse1age, 1.5 in. downstream of the nose; the upper and lower surfaces
of the wing, 0.75 in. behind and parallel to the wing leading edge; the

- nacelles, 1.00 in. downstream of the nacelle 1ip. Trip effectiveness was
verified through the use of sublimation tests.

RESULTS AND DISCUSSION - PRESSURE DATA

A listing of the configurations tested is given in table 6 and a de-
tailed tabulation of the data piotted is given in table 7. The pressure
data on the outboard nacelle is presented in figure 4, the inboard nacelle
data in figure 5, the lower wing surface data in f1gure 6, and the upper
wing surface data in figure 7. The isolated nacelle characteristics of
both nacelles at two different angles of attack and mass-flow ratios are
oresented in figure 4, items 1 through 4 (see table 7). The nacelle-
nacelle interference effects are contained in figure 4, items 5 through 10,
and figure 5, items 19 through 24 as a function of nacelle axial and lat-
eral position and mass- -flow ratic. The wing-body-nacelle characteristics
are shown in figure 4, items 11 through 18; figure 5, items 25 through 32;
figure 6, items 33 through 40; and figure 7, items 45 tnrough 52. The
effects of variations in nacelle axial and lateral position, nacelle stag-
ger, angle of attack, and mass-flow ratio are presented. The vertical
positions of the nacelles were held constant; the centerlines of the in-
board nacelles were located at Z = 2.44 in. and the centerlines of the
outboard nacelles at Z = 3.02 in. The isolated wing-body characteristics
were obtained with the nacelle support mounted behind the model to allow
the interference of the support system, as a function of its position, to
be identified. These results are presented in figure 6, items 40 through

3
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The characteristics of the wing-body-nacelle combination are shown in
figures 11, 12, 13, and 14. The results are presented in terms of the wing-
body forces, the nacelle forces, and the combined wing-body-nacelle forces.
The vertical positions of the nacelles were held constant; the center-
1ine of the inboard nacelles was located at Z = 2.44 in., and the center-
1ine of the outboard nacelles at Z = 3.07 in, Figure 11 presents the
effects of nacelle axial position; figure 12, the effects of mass-flow
ratio; figure 13, the effects of angle of attack; and figure 14, the ef-
fects of nacelle lateral position,

The isolated wing-body characteristics are presented in figures 15
and 16. The isolated wing-body data was cbtained with the nacelle support
system mounted behind the model to allow the interference of the support
system, as a function of its position to be identified. These results
also are presented in figures 15 and 16. '

In all cases, data is presented over the Mach number range tested.
However, care must be exercised in using the data for Mach numbers near
1.0 because of the significant interference of the nacelle support system
on the wing-body combination. An analysis of the interference forces and
pressures on the various components for limited portions of the data con-
tained herein is presented in reference 4. _

Ames Research Center
Naticnal Aeronautics and Space Administration

Moffett Field, California 94035 October 23, 1976
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TABLE 3. -~ NACELLE BALANCE CORRECTIONS

Correction* Symbol Expression
Aft balance cavity CAQ-AC ~-{PAC-PI) AAC/qAC

Forward balance cavity CAQ-FC (PFC-PI) AFC/ch

Lip cavity CAO-L (PL-PI) A /aA,
_ 2
Seal CAO-S (PFC-PL) Ay, + (PFC-PL)"Ag,
CL
Skin friction CAQ-SF 0.455 _ 1050
__(mngNo)z"“8 RNO | aqp

1.0 + 0.85 Y=1 wo2 | Ac

Total CAO-T (CAG-AC) + (CAD-FC) +

(CAO-L) + (CAD-S) + (CAQ-SF)

Constants:
Apc = 0.959 in°
Age = 1.141 in’
A_ = 0.565 in’
Acy = 0.807 x 10734n? (INB'D); 1.194 x 107%in? (0UTB'D)
A, = 0.17 x 107%n%/1b (1N8'D); 0.30 x 10°8in%/16 (ouTB'D)
Agp = 12.283 in’

* Balance corrections added to nacelle balamce axial force
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TABLE 4. - RANGE OF TRAVEL OF THE NACELLE DRIVES

Drive Range Relative to
Mid Position
Inboard lateral £ 2.10 in’
Qutboard lateral +2.10 in2
Vertical + 2.50 in
Main axial + 6.00 in
Delta axial + 4.00 in

TABLE 5. - RANGE OF NACELLE POSITIONS RELATIVE TO MODEL COORDINATES
(Figure 2(a))

Position Range
Inboard lateral 4.08 <Y < 8.28 in]
Outboars Tateral g.04 <Y < 12.24 in?
Vertical -1.97 < Z < 3.03 in
Axial 40.0 < X < 60.0 in’

t- Quthoard lateral drive at outboard limit
2- Inboard lateral drive at inboard limit
3~ Maximum axial separation of any two nacelles limted to 8.0 in,

13




TABLE 6. - CONFIGURATION DESCRIPTION

No. Config.

Left-Hand Nacelles Right-Hand Nacelles

Outb'd Inb'd Inb'd Qutb'd  Wing-Body
1 N1 N1 * * N1 *x
2 N2 N2 * * N2 o
3 N2N2 N2 N2 N2 N2 o
4 NN N1 N1 N1 N1 aox
5 WBNIN N1 N1 N1 N1 WB
" 6 WBN2N2 N2 N2 N2 N2 WB
7 NB*** * * * * WB

*- Nacelle and nacelle sting not instailed

**. Wing-body not installed, sting fairing installed

***_Nacelle support system installed, but nacelles and nacelle stings not installed
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Title

Interference effects of
aft nacelle

Effeets of angle-cof-attack
on isolated nacelle forces

Bffects o mass-flow ratio
on isola‘zd nacelle
characteristics

Effects of mess-flow ratio
on isolated nacelle
characteristics

Effects of mass-flow ratio
on isolated nacelle
characteristics

Effects of mass-flow ratio
on isolated nacelle
characteristics

TABLE 7. ~ INDEX OF PLOTTED DATA (Force)

Interference of sting fairing  N2N2

on nacelle axial force

Effects of nacelle
position on necelle forces

Effects of nsacelle
position on nacelle forces

Dependent Independent Independent Nominal
Config. _Variable _Variable Parameter* "ALPHA  MFR
n CAO DXT - 0° Max.
N1,N2 CNo,CAQ, ALPHA Config. Var. Max,
CLMO ,MFR-RO
N1i,N2 CaD MFR-RO  Config. 0° Var.
N1,N2 CAD-T,CAO-L MFR-RO  Config. / 0° Var.
§N1,N2 CAO-FC,CAO-AC,MFR-RO0 Config. o° Var.
CAD-SF ,CAO-S
N1,N2 CFO,M MFR-RO  Config. 0° Var.
RNQ
CAI,CAC X-INBD  — 0° Max.
N1N1 CAY,CAQ DX Config. o° Mz 2
N2N2
N1NL CA0,CAI, DX 2YI/B=.23,.25,.30 0°  Max.
CNO,CNI 2YO/B="60’CSS,QSO

* Mach number is an independent parameter in all cases
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Plot
Page(sl
1

2=5

6-12

13-19

20-26

27-33

34-35

36-k42
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Fig.
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11

11
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¥ Mgch number is an indepencdent parameter in

Title

Effects of
on nacelle

Effects of
cn nacelle

Effects of
on nacelle

Bffects of
on nacelle

Effects of
on nacelle

Effects of
cn nacelle

Etffects of
on nacelle

Effects of
on nacelle

Effects of
on nacelle

Effects of
on nacelle

TABLE 7. - Continued

Dependent Independent Independent

Config. Variable Variable Parsmeter*
nacelle position NiNl CLMQ,CIMI DX 2YI/B=.23,.25,.30
forces CYQ,CyYI 2Y0/B=.60,.55,.50
nacelle position N1N1 CYNO,CYNI X 2YI1/B=.23,.25,.30
farces 2Y0/B=,23,.25,.30
angle-of-attack N1N1, CAQ,CAI ALPHA Config.
forces NeN2
angle-of-attack N1N1, MFR-RO,MFR-RI ALPHA Config.
forces N2N2 MFR-L0Q,MFR-LI
mess-flow ratioc NLN1 CAQ,CAT MFR-AV Config.
axial force Nene
mass-flow ratio NiR1 MFR-RU, MFR-RI ,MFR-AV Config.
axial force N2K2 MFR~LO,MFR~LI
nacelie position WBN1N1, CD-WB, X-INBD D¥X=0,k.8 and
and wing-body forces WBNZ2NZ2 CD-WBN config.
nacelle position WBN1N1, CL-WB,CL~WBN X-INBD DX=0,4,8 and
and wing-body forces WBN2NE CM-WE,CM-WBN config.
nacelle position WBN1NL., CAQ,CAT X-INBD DX=0,4,8 and
and wing-body forces WBN2KZ config.
nacelle position WBN1NM1, CNO,CHT, X-INBD DX=0,4,8 end
and wing-body forces WEN2NZ CLMO,CLMI contTig.

all cases

Nominal
0° Max.
0° Max.

Var. Max.

Var. Max.
0° Var.
0° Var.
0° Max.
0° Max.
0° Max.
Q° Max.

Plot
Page(s)
L6118
49-51

52-5k

58-60
61-63
64-T0
T1-77
T78-84

85-91
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TABLE 7. - Continued.

Dependent Independent

Independent
Parameter*

Fig. Title Config. Varisble Variable
i1 Effects of nacelle position WBNLN1, AlPHA MFR-AV, X-INBD
on nacells and wing-body forces WBN2N2 PB1l/PI,PB2/PI
12 Effects of mass-flow ratio on WBN1N1, CD-WB, MFR-AV
nacelle and wing-body forees WBNZ2N2 CD-WBN

12 Hffects of mass-flow ratioc omn  WBNINl, CL-WB,CL-WBN, MFR--AV
nacelle and wing-body forces WBN2N2 CM-WB,CM-WBN

12 Effects of mass-flow ratic on  WBNIN1l, CAG,CAI MFR-AV
nacelle and wing-body forces WBN2N2

r 12 Effects of mass-flow ratio on  WBNIN1, CNO,CNI MFR-AV

nacelle and wing-body forces WBN2N2 CLMO,CLMT

12 Effects of mess-flow ratio on  WBNINL, MER-RO,MFR-RI MFR-AV
nacelle gnd wing-body forces WBN2NZ2 MFR-LO,MFR-LI

12 Bffects of mass~flow retio on  WBNLNL, ALPHA MFR-AV
nacelle and wing-body forces WBN2N2

13 Effects of angle-of-attack WBNiN1l, CD-WB CL-WB
on necelle and wing-body WBNZ2N2
forces

13 Bffects of angle-of-attack WBN1N1, CD-WBN CL-WBN
on nacelle and wing-body WBN2N2
forces

13 Hffects of angle-of-attack

on nacelle and wing-body

forces

WBN1N1, CL-WB,CL-WBN ALPHA
WBN2N2

# Mach number is an independent parameter in all cases

R R e A o 1 e L i D e race Ko s

e A it o = M L m - ek C b )

DX=0,4,8 and
config,

X-INBD=ko,L8,
56 and config.

X-INBD=k0,48,
56 and config.

X~INBD=40,48,
5¢ and config.

X-INBD=L40,48,
56 and config.

X-INBD=%40,L48,
56 and config.

X-INBD=40, 48,
56 and config.

X-INBD=40,48,
56 and config.

X-INBD=k0,L8,
56 and config.

X-INBD=b0,4&,
56 and config.

Nominal Plot

ALPHA MFR Page(s)
o° Var. 99-10%
o° Var. 106-112
0° Var. 113-119

{

" Qe Var. 120-126
0° Var. 127-133
0° Var. 134-1ko

Var. Max. 1h1-1hT

Var. Max. 1L4L6-154

Var, Max. 155-161

p T ——— = -
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TABLE 7. - Continued.

Dependent Independent Independent Nominal Plot
Fig. Title Config. Variable Varisble Parameter® ALPHA MFR Page(s)
13 Effects of angle-of-attack WBN1NY, L/D-WB, CL-WB, X-INBD=40,48 Ver. Max. 162-168
on nacelle end wing-body WBN2N2 L/D-WBN CL-WBN 56 and config.
: forces
| 13 Effects of angle-of- attack WBNIN1, CM-WB, CL-WB  X~INBD=40,48 Var. Max. 169-175
on nacelle and wing-body WBN2N2 CM-WBN CL~-WBN 56 and config.
forces
13 Effects of angle-of-attack WBN1N1, CAQ,CAI ALPHA  X~-INBD=L0,48 Var. Max. 176-182
on necelle and wing~body WBN2N2 56 and config.
forces
—13 Effects of angle-of-attack WBN1N1, CNO,CNI ATPHA  X-INBD=40,48 Var. Max. 183-189
® on nacelle and wing-bdoy WBN2N2 56 and config.
forces
13 Effects of angle-of-attack WBNIN1, CLMO,CIMI ALPHA  X-INBD=40,48 Var. Max. 190-196
on nacelle and wing-body WBN2N2 56 and config.
forces
13 Effects of angle-of-attack WBN1N1l, MFR-RO,MFR~RI ALPHA X-INBD=L0,48 Var. Max. 197*203
on nacelle and wing~body WBN2NZ2 MFR-LO,MFR-LI 56 and config.
forces
13 Effects of angle-of-attack WBN1Nl, PB1/PI,PB2/PI ALPHA X-INBD=4G, 48 Var. Max. 204-210
on nacelle and wing-body WBN2N2 56 and config.
forees
i
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* Mach number 1s an independent parsmeter in all cases
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Title

Effects of nacelle spanwise

location on nacelle and
wing-body forces

Effects of angle-of-attack
on iselated wing-body
forees

Effects of angle-of-attack
on iselated wing-body
forces

Effects of angle-of-attack
on isolated wing-body
forces

Effects of support system
position on isolated
wing-body forces

Effects of support system
position on isolated
wing-hody

TABLE 7. - Concluded

SRS L L3 e A s it Toatt e

2Y1/B
.23
.25
.55

e

2YC/B
.60
55
.50

% The corresponding values of 2Y0/B are:

Dependent Independent Independent Fominal Plot
Config. Variable Variable Parameter* ALPHA MFR Page{s)
WBN1N1  CD-WB, 2YI/B¥* X-INBD=L0,L8 0° Max. 211-216
CD-WBN 56 snd config.
WB CD-WR CL-WB  X-MA=L0,L8 Var. —~— 217-223
52
WB CL-WB, ALPHA, X-MA=4LQ,L48 Var. —— 224230
CM-WB Cl-WB 52
WB PBL/PI, ALPHA, X-MA=40,48 0° — 231-237
PB2/PI, CL-WB 52
L/D-WB
WB CD-WB,CL-WB, X-INBD X-MA=40,48 0° — 238-24Y4
CM-WB ,ALPHA 52
WB PB1/PI,PR2/PI X~INBD X~MA=40,48 0° ——— 2h5.251
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(a) Wing-body-nacelle combination.

Figure 1.

- Installation photographs.
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(b) Nacelle support system

Figure 1. - Concluded.
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62.2 in, -

(a) Wing-body combination,

Figure 2. - Wind tunnel model and instrumentation.
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~{b) Wing pressure instrumentation
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(c) Nacelle geowmetries.

Figure 2. - Continwed.
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(d) Nacelle pressure instrumentation.

Figure 2. - Continued.
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