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NOMENCLATURE

thrust removed drag coefficient, drag/qS

thrust removed 1ift coefficient, 1lift/qS

slipstream interference drag coefficient

thrust removed pitching moment coefficient, pitching-moment/qS¢c
normal force coefficient, normal-force/qS

pressure coefficient, (p - p\)/q

propeller power coefficient, power‘/oN3D5

propeller net thrust coefficient, net-thrust/qS

propeller thrust coefficient, thrust/pNzDu

axial force coefficient, axial-force/qS

hub-forebody axial force coefficient, forebody-axial-force/qS
hub-base axial force coefficient, hub-base-axial-force/qS
mean aerodynamic chord, 0.702 m

propeller diameter, 0.622 m

exhaust pressure ratio, pte/pse

advance ratio, 60V/ND

horsepower, W

Mach number

propeller rotational speed, rpm

local statie pressure, kPa

average nozzle exit static pressure, kPa

average nozzle exit total pressure, kPa

free-stream static pressure, kPa
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Q torque, N-m

q dynamic pressure, kPa

RN Reynolds number based on ¢

S reference area, 1.434 m?

v free-stream velocity, m/s

x/c local chord station, fraction of chord measured from the baseline wing
leading edge

XNAC nacelle station, m

a angle of attack, deg

Bp propeller blade pitch angle, deg

Acp total installation drag coefficient

ACy nacelle buoyancy axial force coefficient

8p droop of propeller axis, deg

By toe-in of propeller axis, deg

n,ETA  span station, fraction of semispan

NNET propeller net efficiency

0 density, kg/m3

] nacelle azimuth station, positive clockwise (see fig. 2), deg

Subscripts

BAL balance

JET jet

TR thrust removed

Configuration codes

B

F3

body

fillet

iv



wing leading-edge extension (LEX)
nacelle

propeller

strake

wing






SUMMARY

A semispan wing/body model with a powered propeller has been tested to provide
data on the total power plant installation drag penalty of advanced propfan-powered
aircraft. The test conducted in the Ames Research Center's 11-Foot Transonic Wind
Tunnel, is a part of a National Aeronautics and Space Administration (NASA) program
to develop the technology for fuel efficient, high-speed, propeller-driven air-
craft. The test objectives were: (1) to determine the total powerplant installa-
tion drag penalty on a representative propfan aircraft; (2) to study the effect of
configuration modifications on the installed powerplant drag; and (3) to determine
performance characteristics of an advanced-design propeller which was mounted on a
representative nacelle in the presence of a wing.

The semispan wing/body model consisted of a swept, supercritical wing mounted
low on the body. The nacelle was mated to the wing in an under-the-wing configura-
tion. The model had instruments for measuring propeller forces, total configuration
forces and moments, and pressure distributions over the wing and nacelle. Other
measurements included unsteady propeller blade stresses and acoustic pressures on
the body. Only the force data and pressure distributions are presented in this
report. The test was conducted at angles of attack from -3° to 4° over the Mach
number range 0.6 to 0.8. Tunnel total pressure was held constant at one atmosphere,
resulting in Reynolds numbers between 7.8 million and 9.5 million. The test program
was designed to assess jet-off and jet-on nacelle installation drag, propeller
slipstream interference drag, and total powerplant installation drag.

Test results indicated that the total powerplant installation drag penalty can
be as high as 77 drag counts (0.0077). However, the penalty was reduced to 18 drag
counts by the addition of a wing leading edge extension, between the nacelle and
body, in combination with a fillet and strake at the wing-nacelle intersections.

INTRODUCTION

Jet fuel cost has become a dominant component of the direct operating cost of
transport aircraft. As a result, there is growing interest in alternate propulsion
system concepts having improved fuel efficiency. One of the primary condidates is
the highly loaded, high-speed propeller, typically referred to as the propfan.
Several system studies (refs. 1-6) have indicated that a propfan-powered aircraft
operating at M = 0.8 could achieve a 10% to 30% saving in fuel relative to a
comparable turbofan-powered aircraft. (Near M = 0.8 flight speeds are being
considered to ensure compatibility with existing airline operations.) At these
speeds, recently developed propeller designs can provide efficient performance.



However, the fuel saving suggested by the system studies can be realized only if the
propulsion system is properly integrated with the airframe.

In addition to generating the technology base from which airframe manufacturers
can realiably design propfan aircraft, several technical issues must be resolved.
Among these is the aerodynamic integration of the powerplant with the wing. One of
the concerns about the propfan installation is the interference drag that may result
from integration of the nacelle and propeller on a supercritical wing. The resul-
tant interference effects are dependent upon the nacelle/wing interactions along
with the Mach number and swirl increment generated in the slipstream. A slipstream
simulator test was conducted in 1978 to experimentally evaluate these interference
effects (ref. 7). A flow-through, ejector-powered nacelle located ahead of the wing
was used to simulate the propeller slipstream flow. This approach permitted simula-
tion of various propeller parameters to obtain a basic understanding of power
effects on the wing. Although useful results were obtained from this investigation,
a more accurate representation of the flow was required to adequately define the
installed performance of these advanced propulsion systems,

Accordingly, to assess the installation drag penalties of advanced propfan-
powered aircraft, tests on a semispan wing/body model of a supercritical swept-wing
transport have been conducted as a part of the NASA Advanced Turboprop Program
(ref. 8). Wind tunnel tests were conducted to investigate the installation losses
for a wing-mounted powerplant involving interactions between the nacelle, propeller
slipstream, and a swept supercritical wing. The tests reported herein were focused
on the assessment of (1) the interference drag penalties of the nacelle and the
propeller slipstream; (2) an understanding of the flows that cause the interference;
and (3) the determination of what configuration modifications would be required to
reduce the interference drag.

The test was conducted in the Ames Research Center's 11-Foot Transonic Wind
Tunnel at M = 0.6 to M = 0.8. Propeller performance characteristics, pressure
distributions over the wing and nacelle, powerplant installation losses, and fluo-
rescent oil flow visualizlation studies were made. Only selected portions of these
data are presented for discussion herein. More extensive test results are provided
in graphical form on microfiche affixed to the inside back cover of this report.

MODEL DESCRIPTION AND INSTRUMENTATION

The model configuration was derived from a supercritical wing which incorpor-
ated 1975 advanced design technology for medium-range transports and which demon-
strated good drag-rise characteristics near M = 0.8. The turboprop nacelle was
mated to the wing with little attempt to blend or shape the design for optimum
aerodynamic integration, such as described in reference 9.

Photographs of the semispan wing/body wing-tunnel models mounted in the Ames
11-Foot Transonic Wind Tunnel are shown in figure 1. Figures 1(a) and 1(b) show
front and rear views, respectively, of the under-the-wing nacelle mated to the



supercritical wing. This configuration is hereinafter denoted as the baseline (with
. or without the propeller). The propeller axis was aligned downward 3.75° (droop)
and inboard 2° (toe-in) to minimize the cyclic blade loads caused by wing sweep and
angle of attack. The procedure used to achieve this is reported in reference 10.

Results of a previous powered test of the baseline model in the Ames 14-Foot
Transonic Wind Tunnel indicated that the installation of the nacelle significantly
affected the wing flow. The flow on the wing upper surface was separated near the
leading edge during powered conditions. As a result of this finding, a modification
to the existing wing was developed in an attempt to reduce the upper surface pres-
sure coefficients at powered conditions. The wing modification was performed by the
Douglas Aircraft Company under an Ames contract (ref. 11) and was accomplished by
adding a leading edge extension (LEX) to the baseline wing. Photographs of the LEX
configuration are shown in figures 1(c) through 1(e). Other modifications included
the addition of a fillet and strake at the wing-nacelle junctures. These were
tested as a consequence of findings from an earlier unpowered test (refs. 12
and 13). The fillet was added to the inboard wing-nacelle intersections, and the
strake to the outboard, with the LEX on. A photograph of this configuration is
shown in figure 1(f).

LEX Design Philosophy

A brief discussion of the design philosophy of the LEX is presented below. A
more comprehensive description, and the airfoil coordinate definition of the LEX,
can be found in reference 11.

The baseline wing was designed based on supercritical airfoil technology.
Supercritical airfoils have a characteristic known as controlled supersonic flow.
This implies that as the region of local supersonic flow develops and grows in
extent over the airfoil, the shock wave terminating such a region remains weak.
Integrating the nacelle with the wing caused the wing upper surface flow to separate
inboard of the nacelle (ref. 12). To rectify the problem, the inboard section of
the wing was redesigned with the objective of recovering the clean wing pressure
distribution. The actual criteria used were that the final design, including the
effects of power, should have upper surface pressure coefficients, chordwise pres-
sure gradients, and spanwise upper surface isobar patterns similar to those exhib-
ited by the clean wing (because the clean wing did not exhibit any flow separations
and performed well).

The airfoil sections between the nacelle and the body were modified to conform
to these criteria to the fullest extent permitted by the existing hardware. Because
no undersirable flow phenomena were identified outboard of the nacelle, no modifica-
tions were made there. Inboard, the design constraint used to preserve wing struc-
tural integrity was that the airfoil remain unchanged except for the forward or aft
20% to 25% of the chord. Modified airfoils that fit within the existing planform
which conformed to these constraints could not be found. Therefore, the use of a
leading or trailing edge extension was analytically investigated. A trailing edge



extension was ruled out because it caused an undesirable unsweeping of the wing
isobar pattern. Therefore, a 15% chord leading edge extension was selected.

The wing airfoil sections between the body and the nacelle for the modified
planform were developed to have upper surface pressure coefficients and gradients
similar to the clean wing at the transonic cruise condition (M = 0.8, C, = 0.5), and
to fair smoothly into the existing airfoil shape at the 25% chord. The airfoil
shapes were developed using a two-dimensional Garabedian transonic analysis
method. Then a three-dimensional analysis was used to ensure that the pressure
distribution over the entire airfoil conformed to accepted design practice. The
Jameson computer code, as modified by Douglas Aircraft Co. (ref. 11), restricted to
wing alone, was used for the three-dimensional analysis.

The most promising design developed is denoted as MOD 3 in reference 11. MOD 3
had calculated pressure peaks near the leading edge which were about half those of
the baseline wing. The transonic flow over the entire upper surface was free of
shock waves even at the flow condition which corresponded to cruise power. With
power, the pressure levels were less than for the clean baseline wing. Moreover,
the gradients were less, and constant levels of pressure coefficient occurred at
corresponding chordwise stations (constant x/c). These results indicated properly
swept isobar patterns.

Model Details

The model scale was 12% based on a 180 passenger transport. The powerplant was
designed for testing at 1.5 atm. Baseline model planform details are shown in
figure 2(a). Fine grit was applied near the wing leading edge to produce an all
turbulent boundary layer. On the wing upper surface, the grit was applied 11.7 cm
(4.6 in.) from the leading edge, or at the 15% chord line, whichever was less. On
the wing lower surface, it was applied 15.9 cm (6.25 in.) from the leading edge.

The nacelle was scaled based on a M = 0.8 transport powered by two 30,000-hp
engines (ref. 4). The LEX was added between the inboard side of the nacelle and the
body. A fillet was added inboard of the nacelle, and a strake outboard, in an
attempt to alleviate the sharp corners at the nacelle intersection with the wing.
Nacelle details are shown in figure 2(b) and airfoil sections of the fillet at
n=0.396 and n = 0.424 are shown in figures 2(c) and 2(d), respectively. The
coordinates of the fillet are presented in Table 1. Wing airfoil and nacelle coor-
dinates are provided in reference 13 and the LEX coordinates are given in refer-
ence 11. Details of the strake geometry are not available at the present time.

A sectioned profile of the model powerplant is shown in figure 3. The hub
contained a six-component strain gauge balance for measuring propeller forces and
moments. The propeller used the Hamilton Standard SR-2 (unswept) eight-blade prop-
fan geometry. Blades for this model were fabricated from molded carbon-epoxy com-
posite and were designated SR-2C. The propeller diameter was 0.622 m (2.04 ft).
Each of the eight blades was fitted with a gear sector at the end of the shank which
meshed with a synchronizing ring gear in the hub. Thus, the pitch angles of all



blades were the same and could be manually changed by relocating a pin which locked
the ring gear to the hub.

The six-stage axial flow turbine motor was driven by compressed air. Thrust
loads from the propeller and turbine were carried by an oil-cooled, deep-race front
ball bearing. A 24-channel slip ring was located at the rear of the turbine.
Instrumentation signals from the hub balance were passed through a hole in the motor
shaft and out through the slip rings to the nonrotating system. In addition to the
propeller balance signals, the slip ring carried signals from up to four propeller-
blade strain gauges for measuring blade structural response. Turbine exhaust air
was ducted beneath the wing and exited the exhaust pipe at the wing midchord. Pitot
probes (thrust rake) and static wall pressure taps were used to measure the exhaust
thrust. A section of stainless steel honeycomb located upstream of this instrumen-
tation removed any residual swirl from the motor exhaust. This permitted accurate
calibration of the thrust rake and exhaust nozzle. Calibration of the powerplant
and instrumentation was done at Fluidyne, Minneapolis, MN, using a standard ASME
nozzle and thrust stand.

There was a gap of about 3.8 cm (1.5 in.) between the bottom of the body and
the tunnel floor. This permitted some of the tunnel floor boundary-layer flow to
pass beneath the body. A shroud was placed around the wing floor-mount to prevent
this flow from impinging on the balance. A seal was placed at the wing/body junc-
ture to prevent airflow beneath the body from passing over the wing. Throughout the
test the wind-tunnel floor slots were sealed. The effect of flow passing beneath
the body on the unpowered test results were described in reference 14,

Balance and Pressure Instrumentation

Total 1ift, drag, and pitching moment were obtained from a five-component
force-moment floor balance. The balance capacity in the normal-force and axial-
force directions was 53,400 N (12,000 1b) and 4,500 N (1,000 1lb), respectively.
Propeller forces and moments were obtained from a six-component rotating propeller
balance. The balance capacity was 2,225 N (500 1lb) in the normal- and side-force
directions, 2,000 N (450 1lb) in the axial-force direction, and 745 N-m (550 ft-1b)
in rolling moment.

The coordinates of all model pressure instrumentation are given in refer-
ence 13, and consisted of the following: (1) 239 wing static orifices distributed
over eight spanwise stations (fig. 2(a)); (2) 103 nacelle static orifices distrib-
uted over 12 longitudinal stations; (3) 25 hub-cavity static orifices; (4) 6 inter-
nal duct static orifices; (5) 6 nacelle-base static orifices; and (6) 21 internal
duct total probes. These pressures were recorded using two 6-module Scanivalve
assemblies located within a cavity in the wing. Other model instrumentation con-
sisted of a temperature rake in the motor duct containing 10 total temperature
probes, strain gauges for measuring unsteady blade stresses, 17 pressure transducers
(Kulites) for measuring acoustic pressures on the wing and body, and probes to
measure the motor plenum temperature and pressure. Additional instrumentation, such



as accelerometers and motor bearing temperétures, were provided to monitor the
health of the turbine system for wind tunnel safety.

TEST PROCEDURE

The test variables were Mach number, angle of attack, propeller blade pitch
angle, and nozzle exhaust pressure ratio (EPR). Tunnel total pressure was held
constant at one atmosphere throughout the test. The Reynolds number based on mean
aerodynamic chord then varied from 7.8x10° at M = 0.6 to 9.5x10” at M = 0.8. For
the jet effects configurations (blades off) at each test Mach number, EPR was varied
at a fixed angle of attack. EPR was varied from 1.0 to approximately 1.9 in
10 increments. Note that EPR = 1.0 represents a jet-off point; that is, no air
was flowing through the exhaust nozzle. For the blades-on configurations, propeller
speed was varied from windmill (jet-off) to 9,000 rpm in approximately 250 rpm
increments, or to the maximum speed possible within power limitations, whichever
occured first. Note that propeller speed and EPR could not be varied independently.

Model angle of attack was varied from -3° to 4° throughout most of the test.
Towards the end of the test, time constraints necessitated reducing the test angle
of attack range to 0° to 3°. Most of the blades-on data were obtained at Mach
numbers of 0.75, 0.78, and 0.8; some results were obtained at Mach numbers of 0.6
and 0.7. The measured propeller blade pitch angle was 57.2° at the 75% radius
station; the design value was 57°. Limited data were also obtained at measured
blade pitch angles of 55.2° and 59.2°.

DATA REDUCTION

The procedure used to obtain the total powerplant installation drag has been
described in detail in reference 14. A brief description of that procedure is
repeated here.

The interference drag of the various components is conceptually illustrated by
the thrust removed drag polars in figure 4(a). The jet-off nacelle interference
drag is the increase in drag between the nacelle-off configuration (WING-BODY), and
nacelle-on configuration (W'NJET-OFF)‘ A jet-off drag increment is not representa-
tive of the power-on case because there is a large region of separated flow at the
base of the nacelle. This separation, with resulting lift-loss, gives the appear-
ance of an unusually large nacelle-interference drag. With the jet on, much of this
lift-loss is restored, and the drag polar moves left (W-Nopyrsg gppr): The drag
reduction so generated is called CDJET'

Some of the jet-on drag reduction is lost when the propeller is installed
because of the interference drag caused by the propeller slipstream interaction,
CDSS' This results in the drag polar w-N-PCRUISE EPR* The total powerplant



installation drag penalty is, therefore, the increase in drag between the WING-BODY
and the blades-on configurations (W-N-PCRUISE EPR) evaluated at constant lift. The
procedures used to obtain propeller net thrust and to adjust the floor balance
measurements for both propeller and jet thrust are described in the following para-
graphs.

The derivation of the net thrust obtained from balance readings and pressure
measurements is illustrated in figure U(b). The hub-base-axial-force, CXHB’ is
determined by integrating the pressure measurements in the hub-base cavity. The
hub-forebody-axial-force, CXH, is determined from hub-balance and pressure measure-
ments obtained with the blades removed. When a representative nacelle is placed
behind the propeller a buoyancy force, ACXN, is induced on the propeller due to the
disturbance of the flow field by the nacelle. The apparent thrust force on the
blades in the presence of the nacelle is then equal to the net thrust, CTNET’ plus
the buoyancy force, ACXN. According to inviscid theory, an equal and opposite force

resulting from the buoyancy effect is felt on the nacelle. The buoyancy force is
determined by integrating the measured surface pressures over the nacelle for the
blades-on and blades-off configurations and calculating the difference. The equa-
tion for net thrust (fig. U4(b)) has four terms representing six independent measure-
ments, each subject to experimental uncertainty.

The derivation of the slipstream interference drag, CDSS' is illustrated in

figure 4(c). The drag of the various components is shown for the clean wing,
blades-off, and blades-on configurations. Also shown is the resultant drag indi-
cated by the floor balance, CDBAL. The difference between the blades-on and blades-

off expression is the slipstream interference drag, Cp_ . This difference was

obtained for blades-on/blades-off results at the same EPR. Where possible, the
total enthalpy of the flow was matched as well as the EPR. Similarly, the equation
for the slipstream interference lift is

C = (F -C sin a sin 8, - C sin o sin 98, sin © )
LSS LBAL TJET T TNET T D

- C! - C! sin a sin ¢
BAL JET T

where the prime indicates the blades-off value.

The equation for the slipstream interference drag requires 10 independent
measurements, each subject to experimental uncertainty. The uncertainty in Cp

has been estimated to be #0.0013. The maximum uncertainties in the floor balance
readings, based on repeatability, have been estimated to be *0.0020 in 1lift coeffi-
cient and *0.0002 in drag coefficient.



The equations used to obtain the net thrust, thrust removed lift, drag and
pitching moment, propeller performance parameters, and propulsion interference drags
are detailed below.

Propeller-nacelle buoyancy: ACX = CX - Cy (M
Net thrust: C = C -aC, +C, +C (2)

Thrust removed lift, drag, and pitching moment:

C = C - C + C sin 6, cos 9

Nig NoaL Njer TNET D T
C = C + C + C cos 8. cos 6
g ¥sar foer Ther D T
C, =C cos a - C sin a (3)
L Npg XrR
C,=C cos a + C, sin a (4)
D Kog Nog
C =¢C - (0.02261 o + 0.20053 C -~ 0.10625 C )/// c (5)
mo Mpag XiET mET Njer
Net efficiency: n = 9.5493 C gSV/QN (6)
NET T
NET
Propeller thrust coefficient: C; = 3600 Co qS/p(ND2)2 (7N
prop NET
Propeller power coefficient: C. z 0.216x106 HP/pN3D5 (8)
prop

The equations for the interference drags are obtained by differencing the drags of
two different configurations at constant values of lift coefficient and EPR.

Jet effect: CD = CD - CD (9)
JET JET-ON JET-OFF

Slipstream drag: CD = CD - CD (10)
SS blades-on blades-off

Total installation drag: CD = CD - CD (1
blades-on WB



RESULTS AND DISCUSSION

Measured results, flow visualization studies, and pressure contours are pre-
sented in figures 5 through 28. The variations of slipstream interference drag and
total propulsion installation drag are shown in figures 29 through 31. A limited
sample of the data are presented for discussion herein. More extensive test results
are provided in graphical form on microfiche which are affixed to the inside back
cover of this report. A listing of the data shown on the microfiche can be found in
the appendix.

Pressure Distributions

Wing pressure distributions for three configurations are compared in figures 5
through 10. Nacelle pressures are presented as a function of azimuth in figures 11
through 15. The discussion of the pressure results is limited to the nominal cruise
condition of M = 0.8 at an angle of attack of 2°. At this condition, the varia-
tions shown in EPR (figs. 5, 6, 10, 11 and 12) are not significant. Results at
other Mach numbers and angles of attack are included on the microfiche. Note that
along the nacelle centerline (n = 0.481) the nacelle pressures at ¢ = 0° (upper
surface) and ¢ = 180° (lower surface) have been referenced to the baseline wing
leading edge. At this semispan station, the pressures between
-0.194 < x/c < 0.390 are on the nacelle centerline. A negative value for x/c
represents a point ahead of the baseline wing leading edge.

Blades off- Blades-off pressure distributions at cruise EPR are compared with
the wing-body in figure 5. Note that both upper and lower surface pressures are
shown with the same symbol. The addition of the nacelle produced significant
changes in the pressure distributions in the viecinity of the nacelle. Just inboard
of the nacelle, the wing shock wave was strengthened by the nacelle as indicated by
a change in the peak upper surface C,. from about -1.0 to -1.6. In addition, a
shock wave was formed on the lower surface due to the addition of the nacelle.
Integration of the pressures showed that the net effect was a substantial loss in
section 1ift. The pressure distributions further inboard (n < 0.418) indicate small
separations may occur due to the nacelle installation. The upper surface pressure
peaks at n < 0.418 were increased, but not to the level that would cause large
flow separation. Just outboard of the nacelle (n = 0.5U44), both the upper and lower
surface pressures were reduced slightly from the leading edge to approximately T70%
of the wing chord. The effect of the nacelle on the wing pressures diminished
towards the tip.

The addition of the LEX (fig. 5) reduced the upper surface pressure peak from
-1.6 to about -1.2 at n = 0.418. The lower surface pressure peak has also been
reduced and hence, the strength of the shock wave has diminished. The pressures
outboard of the nacelle were unaffected by the LEX, as would be expected.



Blades on- A comparison of wing pressure distributions at cruise power are
shown in figure 6 for the three test configurations. The direction of propeller
rotation was up-inboard, which increased the local angie of attack of the inboard
airfoil sections and decreased the local angle outboard. At n = 0.418, the addi-
tion of the LEX did not affect the magnitude of upper surface suction peak. The
location of the pressure peak on the LEX was approximately the same distance behind
the LEX leading edge as the wing peak was behind the wing leading edge. The addi-
tion of the LEX has not affected the upper surface pressure peak because the flow is
separated. However, the lower surface suction peak has been eliminated. Addition
of the fillet and strake reduced the upper surface suction peak from about -1.6 to
about -1.1 at n = 0.418. This indicates that adding the fillet eliminated the flow
separation as indicated by the steep pressure gradient. Further inboard, the fillet
increased the suction peak and moved the peak pressure location slightly behind that
for the LEX configuration. The fillet and strake had a small effect on the lower
surface pressures. Outboard of the nacelle (n > 0.481) there were only small dif-
ferences among the configurations. The fillet and strake significantly reduced the
installation drag penalty, which will be discussed later. Because of this drag
reduction, it is suggested that the LEX and fillet may work as a more efficient
stator for recovering some of the energy lost in the form of slipstream angular
momentum. The removal of a portion of the slipstream swirl indicates it may be
desirable to allow the wing to depart from an elliptic span load distribution.

Power effects- The effect of power on the wing pressures of the baseline con-
figuration (WBNP) is shown in figure 7. An EPR = 1.0 represents the propeller at
windmill speed (jet-off); an EPR = 1.257 represents an intermediate power setting;
and an EPR = 1.774 1is near cruise power. Inboard of the nacelle, within the
propeller slipstream, increased power tends to increase regions of separated flow
because of propeller swirl. Because the wing cannot support the large pressure
gradients, the flow separates. On the lower surface, there was generally an
increase in C with increasing power. The net effect of the increase in power was
a small increase in section lift inboard from the nacelle. Just outboard of the
nacelle, the effect of power was to decrease the upper and lower surface pressures
forward of the 60% chord station. The effects shown are consistent with the changes
in local section angle of attack due to propeller rotation. Outboard of the propel-
ler slipstream (n > 0.597) the effects of power were not significant.

The effect of power on the WBNLP and WBNLF3SP configurations are shown in
figures 8 and 9, respectively. The trends resulting from power are similar to those
described for the baseline configuration. Inboard, additional power decreases the
upper surface pressure coefficients and increases them on the lower surface. Out-
board, additional power increases the upper surface C, and decreases the lower

surface Cp. These results are consistent with an up-inboard propeller rotation.

Figure 10 compares blades on/off pressure distributions at cruise power for the
LEX configuration. Inboard of the nacelle, the upper surface pressures decrease
with blades on, caused by the increase in local section angle of attack due to the
propeller slipstream swirl. The slipstream changes the nature of the flow at
n = 0.418 as follows: (1) on the upper surface the blades-off shock wave has been
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replaced by a region of separated flow (0 < x/c < 0.3); and (2) on the lower surface
the weak shock wave has been eliminated. Outboard of the nacelle (n > 0.U481), the
effect of the slipstream is generally consistent with a decreased angle of attack.

Nacelle pressures- The variation of nacelle surface pressures with an azimuth
at each of the 12 nacelle stations is shown in figures 11 through 15. The values of
XNAC indicated on the figures is the nacelle station in meters. The zero-degree-
azimuth position is at the top of the nacelle, increasing clockwise when viewed from
the front. The first nacelle station (XNAC = 0.254 m) is 1.27 em (0.5 in.) behind
the hub. The inboard wing, leading-edge/nacelle intersection is located at approxi-
mately XNAC = 0.597 m for the baseline configuration and at approximately
XNAC = 0.521 m for the LEX configuration. With blades-off (fig. 11), there were
only small differences in C_ between the baseline and LEX configurations, except
near the wing/nacelle intersection (XNAC = O.444 to 0.597 m). At these stations,
there was an increase in the negative pressure peak with the LEX caused by the wing
upwash field. Behind the leading-edge intersection there were again only minor
changes caused by the LEX. The effects of the LEX with blades on are similar to
those with blades off. Near the wing/nacelle juncture, the variation in C_, was
greatest with LEX on. Further downstream, the differences between blades on and
blades off were about the same for the LEX configuration as for the baseline.
Although slight, the effect of the slipstream extends over the entire length of the

nacelle.

The effect of the fillet and strake on the nacelle pressures is presented in
figure 12. The nacelle pressures were affected more by the fillet (v = 270°) than
by the strake (¢ = 90°), probably as a consequence of the greater spanwise extent of
the fillet. It was shown in reference 13 that with blades off the drag improvement
from the strake was about equal to the increment provided by the inboard fillet.

The reason for this is not apparent from either the nacelle or wing pressure
distributions.

The effect of power on the nacelle pressures for the WBNP, WBNLP, and WBNLF3SP
configurations is shown in figures 13 through 15, respectively. Applying cruise
power slightly increased the surface pressures over the nacelle when compared with
the windmilling propeller. The pressures generally decreased downstream from the
wing/nacelle juncture. The effect of power on the WBNLF3SP configuration was less
than for the other two configurations.

Flow Visualization Studies

Several configurations were studied using fluorescent oil to visualize the flow
in the boundary layer. Photographs taken under ultraviolet light are presented in
figure 16.

Figure 16(a) shows the wing (alone) upper surface. The effect of adding the
nacelle with propeller off and jet off is shown in figure 16(b). This photograph
shows the strong inward sidewash behind the nacelle and the strong normal shock
adjacent to the inboard side of the nacelle. The shock location agrees with that
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indicated on the pressure distributions (fig. 5). A small separation bubble can be
seen just downstream of this shock. Figure 16(c) shows the effect of the LEX on the
upper surface boundary layer flow. The normal shock wave on the inboard side of the
nacelle has been almost completely eliminated. A reduction in shock strength would
be expected because the increased chord has effectively thinned the wing section,
increasing the drag rise Mach number. The LEX had little effect on the strong
inward sidewash or the small region of trailing edge separation behind the

nacelle. Figure 16(d) is a photograph of the underside of the WBNLP with jet off
(propeller at windmill). It shows the separation behind the nacelle exhaust pipe
which is primarily responsible for the jet-off lift loss described in refer-

ence 12. The effect of the jet (propeller off) is shown in figure 16(e). It is
evident that the large separated flow region behind the exhaust pipe has been
greatly reduced. With the jet on, much of the wing lower surface lift is restored,
the major contribution to the "jet effect" benefit.

The effect of a windmilling propeller (power off) on the wing upper surface
boundary layer flow is shown in figure 16(f). Comparison of this photograph with
the propeller- and jet-off case (fig. 16(b)) shows little or not effect of the wind-
milling propeller. The upper surface flow with the propeller at cruise thrust is
shown in figure 16(g). The inboard upper surface flow curves sharply forward in a
highly irregular separated flow region. Across the top of the nacelle, the sidewash
in the boundary layer has been greatly increased from the windmill condition
(fig. 16(f)), indicating the presence of strong spanwise pressure gradients. This
is supported by the pressure distributions (fig. 8) and the pressure contours
described in the next section. The lower surface boundary layer flow, with the
propeller at cruise thrust, is shown in figure 16(h). Comparison of this photograph
with the propeller-off, jet-on case (fig. 16(e)), shows little or no effect of the
propeller on the lower surface flow. For this under-the-wing nacelle configuration,
the lower surface flow appears to be dominated by nacelle geometry rather than by
the propeller., Based on these findings, it would be expected that for an over-the-
wing nacelle configuration, the wing lower surface boundary layer flow would be
affected more by the propeller rather than by the nacelle.

Pressure Contours

Pressure contours (isobars) for the upper and lower wing surfaces are presented
in figures 17 through 19. The outline enclosing the contours on the figures extends
from n = 0.250 to n = 0.849, the range for the rows of pressure taps. For those
configurations that include the nacelle, the pressures on the nacelle at ¢ = 0°
are used for the upper surface and Vv = 180° for the lower surface. Only those
nacelle pressures which lie at or behind the wing leading edge were used to obtain
the isobars.

Isobar patterns serve as a useful guide to study configuration modifications
and slipstream effects on the wing. Figures 17(a) and 17(b) show the isobars for
the wing-body upper and lower surfaces, respectively. Note that the benefits of
sweep are maintained over most of the wing planform. No undesirable features are
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evident, such as unnecessarily high suction peaks or steep adverse pressure gra-
dients. Adding the nacelle (figs. 17(c) and 17(d)) causes a concentration of the
isobars inboard of the nacelle and toward the wing leading edge. Upper surface
suction peaks are increased and the effectiveness of wing sweep is lost in this
region. This indicates the presence of strong pressure gradients caused by a shock
wave as shown by the oil flow visualization studies. The isobar patterns for the
WBNL are shown in figures 17(e) and 17(f). They show an improvement due to adding
the LEX. The suction peaks have been reduced, the pressure gradients are less
severe, and effectiveness of wing sweep has been restored to some extent.

For the WBNP configuration, in the presence of the slipstream (figs. 18(a)
and 18(b)), there is an unsweeping of the isobars. Also, the beneficial effects of
wing sweep are lost when compared to the blades-off configuration (fig. 17(c)).
Inboard, the wing local angle of attack is increased and the pressure peak moved
forward. Toward the center of the propeller, the low-pressure isobars increase
slightly (less negative C_ ) compared to the blades-off configuration
(fig. 17(c)). This causes the isobar pattern to be less severely unswept. Further
outboard, within the propeller slipstream, the wing local angle of attack is
decreased. Outside the slipstream, the isobars tend to assume a pattern similar to
the wing alone. When the LEX was installed (figs. 18(c) and 18(d)), there was a
significant improvement in the isobars inboard from the nacelle compared to the
baseline configuration.

The addition of the fillet and strake (figs. 19(a) and 19(b)) increases the
suction pressure peak and gradients on the LEX. The strake causes the outboard
isobars to be less densely spaced (reduced gradients) and thereby restores sweep
effectiveness. Unfortunately, a motor bearing failure preevented obtaining boundary
layer flow visualization photographs for the fillet-strake configuration. However,
oil flow studies of an unpowered wing-nacelle-fillet configuration were made during
a previous test (ref. 13). The boundary layer flow visualization studies from that
test showed the inboard shock wave had moved inward and was not normal to the flow
as was the shock on the baseline configuration. Behind the shock, the flow had the

appearance of being similar to the flow around a flat plate with stationary vortices
rolled up at the edges. Because of the vortices, the flow behind the shock appeared

to be quickly returned to the uniform streamwise flow. It is felt that the flow
with the propeller on would be similar to that with the propeller off in those
regions outboard of the slipstream.

Longitudinal Aerodynamic Characteristies

The effects of Reynolds number and power on the thrust-removed longitudinal
aerodynamic parameters are presented in figures 20 through 22. The longitudinal
force and moment coefficients for all configurations are referenced to the trapezoi-
dal wing area of the baseline configuration.

Wing-body characteristics- Reynolds number effects on the longitudinal aerody-
namic parameters of the wing/body configuration are shown in figure 20. At all test
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Mach numbers, both 1lift and pitching moment are affected only slightly by variations
in Reynolds number. The variation in drag is caused by the effect of Reynolds
number on skin friction. The differences shown are generally less than the differ-
ences in calculated skin friction drag, assuming an all turbulent boundary layer.
Note that for semispan configurations the absolute drag levels are not representa-
tive of a full span configuration. Additional contributions to the drag are caused
by the tunnel-floor boundary layer acting on the underside of the body and possibly
altering the reflection plane by the crossflow boundary layer with changes in angle
of attack. However, it should be emphasized that reliable increments can be
obtained from semispan testing.

Baseline characteristics- The effects of jet exhaust on the thrust-removed
aerodynamic parameters of the baseline configuration are compared with the wing-body
parameters in figure 21. An EPR = 1.0 represents jet-off; an EPR = 1.75 is near
cruise. With jet-off, the lift coefficient at all angles of attack was reduced
without significant effect on the lift curve slope, the stability was reduced, and
the drag coefficient increased significantly at all 1lift coefficients. The 1lift
loss with jet-off was caused by flow separation at the base of the nacelle, evi-
denced by the flow visualization photograph (fig. 16(d)). Turning on the jet
restored much of the lift loss caused by this flow separation; the stability was
slightly increased and the drag was reduced. For instance, at ¢C; = 0.5, the jet-
off nacelle drag penalty, indicated by the difference between the circles and
squares, is about 71 counts (0.0071). Turning on the jet reduced the installed
nacelle drag penalty to about 38 counts. The difference between the two (33 counts)
is the jet effect, ACDJET’ discussed previously.

When the nacelle was installed, the angle of attack had to be increased approx-
imately 0.5° to maintain a C; = 0.5. With jet on, the angle of attack had to be
increased only 0.15° to maintain this C;. This confirms the results described in
reference 13 that the high jet-off nacelle drag and 1ift loss was caused primarily
by separated flow at the base of the nacelle. Therefore, the jet-off nacelle drag
increments do not represent the nacelle installed drag.

LEX characteristics- The effect of the LEX on the thrust-removed longitudinal
parameters at M = 0.8 is shown in figure 22. Adding the LEX had a negligible
effect on the 1lift when compared with the baseline (WBN). However, adding the LEX
had a significant destabilizing effect due to an increase in area forward of the
moment reference. The pressure distributions with LEX on (fig. 5) confirm the
forward movement of the wing chordwise loading. The LEX reduced the drag at all
1lift coefficients when compared with the baseline wing-body-nacelle configuration.
At C; = 0.5, the drag with LEX on was about 10 counts less than the baseline. The
net jet-on nacelle installation drag penalty was about 23 counts at C; = 0.5 for
the LEX configuration (circles vs. diamonds). The primary benefit of adding the LEX
was to restore the inboard wing sections drag divergence characteristics to more
nearly resemble the wing alone. The 23-count installed drag includes a friction
drag increment for the LEX. Adding the LEX has reduced the nacelle installation
drag penalty close to that of the isolated nacelle (20 counts), as reported in
reference 12.
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Propeller performance- The variation in propeller power coefficient, and net
efficiency as a function of advance ratio is shown in figure 23. Results are shown
for two propeller blade pitch angles at angles of attack from 0° to 4°. Propeller
power and thrust coefficient increase with increased blade pitch angle because of
the expected decrease in windmill speed with increased blade pitch. These charac-
teristics were affected only slightly by changes in angle of attack. The maximum
value of net efficiency increased slightly with increased blade pitch angle; the
maximum occurred at a higher advance ratio (lower propeller speed). Note that the
highest value of advance ratio represents the propeller at windmill. The lowest
value represents a point beyond the estimated cruise condition.

The effects of configuration modifications on propeller performance at the
cruise condition are shown in figure 24. The power and thrust for a constant
advance ratio are lower with LEX on than for the baseline. At a constant value of
propeller thrust coefficient, configuration modifications cause a decrease in the
advance ratio. The largest incremental decrease in advance ratio (J) occurred when
the LEX was added. The difference in J due to configuration modifications is
equivalent to an increase of 0.25° in blade pitch angle (for a fixed configura-
tion). The net efficiency is less for the LEX configuration than for the baseline,
with a further reduction when the fillet and strake are added. The net efficiency

varies according to the relation nypr = JCp /Cp . For a given thrust coeffi-
rop
cient, the decrease in J resulting from configuration modifications results in a

reduced net efficiency. From these data it appears that configuration geometry has
a significant effect on propeller efficiency. It is not clear why the addition of
the LEX, fillet, and strake have such an effect on propeller performance.

The effect of Reynolds number on propeller performance for the baseline config-
uration is shown in figure 25. At the lower Reynolds number, less power was
required for the same propeller speed and less thrust was generated. At low advance
ratios (J < 3.2) the net efficiency shows no significant Reynolds number effect.
There appears to be a greater effect of Reynolds number at the lower rpm. However,
at high advance ratio and low Reynolds number the data is more uncertain because the
balance was so lightly loaded. A small Reynolds number effect would be expected as
a consequence of a slight change in the flow characteristics over the propeller.

The 87% efficiency point (J = 3.43) at the low Reynolds number was due to the power
being somewhat low, and the point is suspect. It was not known whether this was due
to an error in the torque measurement or in the propeller speed.

Thurst-removed characteristics- The thrust-removed longitudinal aerodynamic
parameters are shown as a function of net thrust in figures 26 through 28.
Figure 26 shows the variation for several angles of attack and blade pitch angles
for the baseline configuration; figure 27 presents similar data for the LEX config-
uration; and figure 28 compares results for different configurations. Note that a
negative net thrust coefficient occurs when the propeller is windmilling. At this
condition the propeller actually produces drag.

In general, the data show a significant inecrease in 1ift with net thrust at low
thrust levels. Only a small thrust (EPR about 1.05) was required to restore the
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lift-loss due to separation at the nacelle base. This was obtained at a low propel-
ler speed, close to windmill. Approximately 80% of the increase in C,, from the
jet-off value was achieved at an EPR = 1.05 or CTNET = 0.0080 (EPR = 1.75 is

required for cruise), and further increases in thrust produced little improvement in
l1lift. The drag generally increased with increasing thrust and at a faster rate at
higher angles of attack. Even as the lift remained relatively constant with
increasing thrust, the slipstream interference drag continued to increase. Ini-
tially, nose-down pitching moment increases at low thrust levels because of the
restoration of the lift near the wing trailing edge. Further increases in thrust
generally had only small effects on the moment.

A comparison of the three configurations at an angle of attack of 2° is shown
in figure 28. At moderate and high thrust levels the LEX-fillet-strake configura-
tion had the highest 1ift, and at all thrust levels had the lowest drag. The low
drag levels with the fillet and strake are believed to be caused by a combination of
configuration features. First, the strake may have reduced the strong inward cross
flow around the nacelle, although this was not apparent from the pressure distribu-~
tions. Because o0il flow photographs were not available, this effect could not be
confirmed. Second, the addition of the fillet eliminated the sharp corner at the
wing-nacelle intersection and effectively reduced the local thickness-to-chord ratio
as well. The effectively thinner wing reduces the compressibility drag, supported
by the pressure distributions previously described. This reduction in compressibil-
ity drag was apparently much greater than the slight drag increase caused by an
increase in surface area. It is expected that the LEX-fillet-strake configuration
would have the least slipstream interference drag because the reduced thickness
perturbation permits higher lifting pressures without separation. However, jet
effects data on this configuration were not obtained, and therefore the slipstream
interference drag could not be determined.

Installation Drag Increments

The variation of slipstream interference drag with propeller power coefficient
is presented in figure 29 for a constant angle of attack of 2°. Each point repre-
sents the difference between blades-on and blades-off drag polars evaluated at the
EPR and C; for the blades-on configuration. When presented in this manner, there-
fore, a portion of the slipstream drag includes a small drag increment caused by an
increase in lift with power. The lift coefficients caused by power at constant
angle of attack may differ by up to 0.03 in the range of net thrust coefficients of
interest. The slipstream interference drag coefficient increases linearly with
increasing power. The addition of the LEX (fig. 29(b)) substantially reduced the
slipstream drag (note change in scale). In general, the slipstream drag for the LEX
configuration was approximately half the value for the baseline.

The variation of slipstream interference drag with Mach number at C; = 0.5
and cruise thrust is shown in figure 30(a) for LEX off, and figure 30(b) for LEX
on. At M = 0.80, adding the LEX reduced the slipstream drag to approximately 25%
of the value for the baseline configuration. The addition of the LEX has
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effectively thinned the inboard wing sections thereby increasing the drag divergence
Mach number.

The variation of total powerplant installation drag as a function of Mach
number is presented in figure 31. For the baseline configuration (fig. 31(a)), the
installation drag generally increased with increasing Mach number; increased with
increasing Cp; and had a greater variation with Mach number at the high C;'s.

At M = 0.8 and C;, = 0.5, the total installation drag of 77 counts is approxi-
mately 24% of a typical airplane cruise drag coefficient (estimated from €L = 0.5
and a lift-drag ratio of about 16).

The effect of adding the LEX on the total installation drag is shown in
figure 31(b). The total installation drag again increased with increasing Mach
number, but in contrast to the LEX-off results, generally decreased with increas-
ing CL’ The LEX was designed to provide best performance, in the presence of the
slipstream, at the cruise condition. These results clearly indicate that the design
approach used (ref. 11) was quite successful. At the cruise condition, the instal-
lation drag was reduced from 77 counts for the baseline configuration to 36 counts
with the LEX. Thus, adding the LEX (WBNLP) reduced the installation drag from 24%
(WBNP) to about 11% of a typical airplane cruise drag.

The effect of adding the fillet and strake on the total powerplant installation
drag is shown in figure 31(c). Eliminating the sharp corners at the wing-nacelle
intersections reduced the installation drag to 18 counts at the cruise condition.
This represents less than 6% of a typical airplane cruise drag and compares favora-
bly with current turbofan installations. At the lowest test Mach number and C(,
the data indicate that there is favorable interference. However, the result is
within the experimental uncertainty of the measurements, and further testing is
required to substantiate these values.

CONCLUSIONS

Tests were conducted on a semispan wing/body model with a powered propeller in
the Ames 11-Foot Transonic Wind Tunnel. The swept supercritical wing was tested
with an under-the-wing nacelle at Mach numbers from 0.6 to 0.8 and angles of attack
from -3° to 4°. The test was conducted at a constant total pressure of one atmo-
sphere. The test results indicated the following conclusions:

1. The addition of the nacelle caused a strong acceleration of the flow,
resulting in stronger shock waves on both the upper and lower wing surface. Addi-
tion of a LEX between the nacelle and body reduced the strength of the shock waves.

2. The propeller increased the suction pressure peaks inboard from the nacelle
because the up-inboard propeller rotation increased the local angle of attack of the
wing. Adding the LEX had a negligible effect on the upper surface suction peaks,
but eliminated the lower surface suction peak. The addition of a fillet and strake
significantly reduced the upper surface suction peak at the wing-nacelle juncture.

17



3. Low values of exhaust pressure ratio (about 1.05) restored much of the
lift-loss that was caused by flow separation at the base of the nacelle when the jet

was off.

4. The LEX-fillet-strake configuration had the highest 1ift at moderate thrust
levels; it had the lowest drag at all thrust levels.

5. The total powerplant installation drag penalty (M = 0.8, C = 0.5) for the
baseline configuration was about 77 drag counts (24% of a typical airplane cruise
drag). Adding the LEX reduced the drag penalty to about 36 drag counts (11% of the
cruise drag). The LEX-fillet-strake configuration had the lowest installation drag
penalty of 18 drag counts (less than 6% of the cruise drag).
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APPENDIX
MICROFICHE DATA ORGANIZATION

On the microfiche affixed to the inside back cover of this report, the data are
presented in graphical format. The data cover the test Mach number range 0.6 to
0.8, and angles of attack from -3° to 4°. The pressure data are on microfiche
pages 1 through 11, and force data are on pages 12 and 13.

A page of microfiche contains a frame matrix of 7 rows, and up to 9 columns.
On each page, the first frame (upper left corner) is intentionally left blank. The
figures are arranged sequentially by column. Letting "I" denote the ith row and
"J" the jth column, then the figure order an any page is given by:

Ayps Brps vee Bogy Rppy o Aony ey Rygy Aygy i Bog

The following list of figures shows the microfiche location of each figure by
page, row, and column. For example, 7,3,6 indicates that the figure is located on
microfiche page 7, row 3, column 6.
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TF1G.

BRIEF TITLE

MACH NUMBER

- NO. 0.60 0.70 0.75 0.78 0.80
T Wing Pressure Data i
|
| 5 Blades-off, Cruise Power 1.3,1 1,2,4 1,1,7 1,7,9 2,7,3
[ 6 Blades-on, Cruise Power 2,6,6 2,1,9 3,4,2
L7 Power Effects - WBNP 3,6,4 | 3,5,7 | 4,5,1
8 Power Effects - WBNLP Loy, 4 4,6,6 4,1,9
9 Power Effects - WBNLF3SP 5.,4,2 5,2,4
10 Blades-off vs Blades-on 5.7,5 5.,6,8 6,6,2
Nacelle Pressure Data
11 WBN,WBNL,WBNP,WBNLP 6,1,5 6,4,8 | 7,1,3
12 Effect of Fillet and Strake 7.4,6 7,1.,9
13 Power Effects - WBNP 8,6,2 8,1, 7 g9,4,2
14 Power Effects - WBNLP 9,6,6 10,3,1 |10,6,4
15 Power Effects - WBNLF3SP 10,2,8 11,7, 1
Thrust Removed Characteristics
20 Reynolds Number Effects 12,3,1 12,5,1 12,7, 1
21 Nacelle and Jet Effects 12,2,2 12,4,2 12,6,2 (12,1,3 112,3,3
22 Lex-on vs Lex-off 12,5,3 12,7,3 12,2,4 [ 12,4,4 N12,6,4
Propeller Performance
23(R) Oﬂ:oo 12,1,5 12,3,5 12,5,5 (12,7,5 12,2,6
23(B) o =1° 12,4,6 | 12,6,6 | 12,1,7 {12,3,7 |12,5,7
23(C) e A =2° 12,7,7 12,2,8 12,4,8 12,6,8 12,1,9
23(D) ok =3° 12,3,9 | 12,5,9 {12,7,9 |13,3,1 [13,5,1
23(E) ol =4° 13,7,1 | 13,2,2 13,4,2
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DRIGINAL PAGE TS

DE- POOR QUALITY
FIG. BRIEF TITLE ] MACH NUMBER
NO. . g ;
,0.60 | 0.70 | 0.75 0.78 0.80
24 Configuration Effects ; 13,6,2 13,1,3113,3,3
25 Effect of Reynolds Number 13,5,3
Varlation with Net Thrust
26 WBNP, PITCH=55° 13,7,3
WBNP, PITCH=57° 13,1,4 | 13,2,4 [13,3,4
WBNP, PITCH=59° 13,4,4
27 WBNLP, PITCH=55° 13,5,4 | 13,6,4
WBNLP, PITCH=57° 13,7,4} 13,1,5{ 13,2,5 | 13,3,5|13,4,5
WBNLP, PITCH=5¢° 13,5,5
28 Configuration Effects 13,6,5 13,7,5 1 13,1,5
Slipstream Drag
29(A) Power Effect, o =0°, WBNP 13,2,6 € £p=570 13,3,6 & ﬂp=55°
Power Effect, o£=1°, WBNP [13,4,6 13,5,6
Power Effect, o =2°, WBNP [13,6,6 13,7,6
Power Effect, of=3°, WBNP [13,1,7 13,2,7
29(B)| Power Effect, of=0°, WBNLP [13,3,7 13,4,7
Power Effect, o =1°, WBNLP [13,5,7
Power Effect, <« =2°, WBNLP [13,6,7 13,7.7 !
Power Effect, af=3°, WBNLP [13,1,8 1§
30(4) Mach Variation, CL=0'5' WBNP - 13,2,8 ——»
30(B) Mach Variation, CL=0.5. WBNLP| ~—+—13,3,8 —
Total Installation Drag
31(A) Mach Variation, WBNP —_——— 13, 4,8 —
31(B) Mach Variation, WBNLP — 13,5,8 -~
31(C) Mach Variation, WBNLF3SP - 13,6,8 —»
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TABLE 1.~ FILLET COORDINATES

y = 88.80 em (n = 0.396) | y = 95.07 cm (n = 0.424)

z, cm |z, cm x, cm |2 Cm | 2, cm

X, cm
upper | lower upper | lower

284.25 | -12.09 | -12.09 279.83 | -13.64 | -13.64
284.48 | -11.63 | -12.40 279.81 | -13.46 | -13.72
285.12 | -11.30 | -12.57 280.04 | -13.31} -13.89
285.75 | -11.07 { -12.65 280.67 | -12.95 | -13.84
286.39 | -10.95 | -12.73 281.31 | -12.83| -13.71
287.02 | -10.80 | -12.80 281.94 | -12.57| -13.69
287.66 | -10.67 | -12.90 283.21 | -12.24 | -13.64
288.29 | -10.52 | -12.98 284,48 | -11.86 | -13.56
288.93 | -10.31 | -13.06 285.75 | -11.58 | -13.49
289.56 { -10.13 | -13. 11 287.02 | -11.33| -13.41
290.20 | -9.98 | -13.16 288.29 | -11.05 | -13.36
290.83 | -9.83 | -13.20 289.56 | -10.75 | -13.34
291.47 | -9.73 | -13.26 290.83 | -10.46 | -13.34
292.10 | -9.58 | -13.34 292.10 | -10.21 | -13.36
292.74 | -9.45 ] -13.39 293.37 | -9.96 | -13.39
293.37 | -9.32 | -13.46 294.64 | -9.80 | -13.41
294.01 | -9.19 | -13.51 295.91 | -9.58 | -13.46
294.64 | -9.09 | -13.56 297.18 | -9.37 | -13.49
295.28 | -9.02 | -13.59 298.45 | -9.19 | -13.51
295.91 | -8.89 | -13.64 299.72 | -9.04 | -13.56
296.55 | -8.81|-13.72 300.35 | -8.92 | -13.59
300.99 | -8.86 | -13.61
301.63 | -8.69 | -13.64

Fairs tangent to LEX Fairs tangent to LEX

X 1s in the wing reference plane
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CRIGUIAL PAGE 1S
OF POOR QUALITY

(a) Baseline, front view.

Figure 1.- Model installed in the 11-ft wind tunnel.
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(b) Baseline, rear view.

Figure 1.- Continued.
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(c) LEX configuration, upper surface

Figure 1.- Continued.
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(d) LEX configuration, lower surface.

Figure 1.~ Continued.
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(e) Close-up of LEX, upper surface.

Figure 1.- Continued.
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ORIGINAL PAGE I3
OF POOR QUALITY

(f) LEX, fillet, strake configuration.

Figure 1.- Concluded.
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(c) Fillet geometry at n = 0.396.
Figure 2.- Continued.
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(d) Fillet geometry at n = 0.424,

Figure 2.- Concluded.

33



‘gT1e39p juerdasmod -°¢ 3an3i g

IHVH
3Nvd JYNLVHIdWIL

3ONVIVE
ganH ONILV10d

137INI HIV
JAIHA HOLOW ONIY dI1S

34



Cp
NAC ET.ON

Co
fe— " NAC)ET.OFF

N T _./me-Boov

W-NcRUISE EPR
W-N-PcRUISE EPR

W-NJET.OFF

Cp —
(a) Interference drag increments.

Figure 4.- Illustration of drag and thrust determination.
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(b) Derivation of net thrust.

Figure 4.- Continued.
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2

t v 3

E 1 = 3

o (3 : k p

t — E

o ] 3

- N e

- x .

1 = N 3

- N, N -

E o8 p

P '} - G -4

zzZZ 3

DO DD C 3
ITIXIITXX

el il Aiaad iz d1gyg 140430144 Liiidpa1i2eadl Ll d4i101141 il id e hysia8aadidsell 111l I

o0o0aee T u o ® ts) s u o of] T
I

37

ETA



0°1

8"

g

/% 1en’ .

‘panuTquo]) -G aandtg

vi3

He e’ 0 e’ -

Tﬂdqﬂ TEV Y LAAS v RAAAS RAAAARARLAERARALRAREERARE] LAAL LAARA BRAARREAL :~

<

E 3

s 3

- 3

4 3

- -

- -4 m.

- -

3 3

- -

- -4

- e

- -

E

< p 0

- 4

= -4

- -

- 3

- p

- 1

o 3

- 32

E >

- 3

o 3

E 3

o \\ 3
p

E

- u L *

- \ 4N

- -4

= .

- 3

o 3

- 39"
b ©

o 3

- -4

o 3

-

3 Jop! ]

-

: g -

-

< 3

E

T

E .

F 3

- -

- 30" 1

-3 -

4 3

- .

- 3

E 3

- 121

e =

o 3

< 3

- 4

- -+

E 3

L 3

- . —

F Th
-y

o 3

o 3

- -y

o 3

E 1A,

‘ht i il i s iR abedRatsdnaddiniddd Add U FRERTU RN FURRE RN N 144 m ﬁll

©
U
~

9

/X% Blh -

vi3

hT20 0 a2

N
N
N

NO! 1183530 NOIIvHN9! 4NOD

2]
aM
M
8M
8M

Yy TrY TTTYTTITTITYrIYY Yrtr \B RS RARAI Trrry AEAS RAAR TYTTYYTYTYT -
o 1h
- —
- B
3 15
o [ 3
: J 1,
. ]
q ]
t ,\ .
F i_.
12 -
F 3
o -
. n - 3
- . | .
- +hH" -
s o\ // .
. -
o U
: : > . ]
F g-
v nﬁ \ 3
4 o 1
Tt -
: g ]
r o 18" -
: B REE
. .
” , m
~ .
- +0° 1
p
m 10N
F i 21
g w : ]
b g ~ E
- __.w uJ 1
F p
Aol iddiadbiieiling 114 NS NS E NN TE NN TR Y SRS SUN T ——»l.@. —
INGM

oosace

08WAS

38



*panurjuo) -°G sJandtg
/X% 16S" = vi3 I/x e - vi3
0°1 8- 9 Ul c’ 0 e - 01 8" g- he 2’ 0 2 -

Fl

1A AASANARARS RAARE ARARE AARAS RAASA AASAA S0ARS LAAAS RAAAE ARARAE ARRAE A2 R :- LA AR AN AR AR RRARE RREAR SRR ARARE AASAEARRAR ARREE LERRAARARE RARY T_.
- - - -4
- - 3 -
p- e - -
- - - -4
3 - - -
- -4 - -
9 15- - -4 m.
- 4C - B
9 -4 - -4
- - - -
- - - .
- - - -4
- - - -4
- - o 4
- - - -4

vTry
JAld
LARAS
illd

TI7Yy
-
L4l
u
.
|
LARA
Nafiug
IFEW
4]

o
L
1
rd
)¢
L
AN

C i,. . J,.
Th - o +h' -
F 3 F - 3
- p r 3
- - - -~
- - - . -
- B - o -
- 10 - Ot 5 .
o - o - lwl
5 a 3
3 C Q ]

ARBAS RAARI
LAidl
.
TYrryrrry
A\
©.
~
111l

8" - 8°
- Y 1o .
- - - -4
- - -
- 4 -4
E 3 s | 3
- -5 - -
. 30° 1 - 30
- 3 F 10" 1
- 9 o -
- I - -
- - - -
- -5 - -
- - r -
. 321 F 3o
F 3 a 121
s - -
F : o ]
- -4 ol -

.

E 3 [ ]
o - - -4
- -y :- — - -
- . - Th' 1
- E F ]
- 3 o -
- - -~
- - o 4
F d9°1 ; ja-
JERUIIERVE NI FUUPISUURISREBEFRENI FRETIFUUNE FRNT S UTUNI SURFE SOV Al IEVS I UEE FEN I TEETE TN E USRS AN TS FN RS PO RO SUN ST SUT Rl SUUSY SR U Y 1l1 rlu ~

T96°
£96°
LN

! INEM <&

{ INGM O

c8g’ | NEM )]
! 0

Q

[x¥}
o}
€L

ghk NaM

186 000" am

186 000 aM (@)
VHdJ IV Hed } NOL{dIHIS 30 NOTIVHNDT INOD 08WAS

39



ALPHA

PR

CONF [GURATION DESCRIPTION

SYMBOL

W8
WB
WBN
WBN
WBNL
WBNL

oooaoeo

IRERARRAREARARAGRARRARSARARALLRALE RRRAS ARREE ARAAI \EARRARRSAASAREASASA RARAR ALALS LAl LA R AR ARARE ARARS
o R 3
E 3
C 3
.
o E
o -
o p
o p
C 3
o ”“ 3
o 3
C 1®
C I -
C 3
o p
C P
C p
o p
o 10
C I .
o 3
C 3
C p
- r
o 3
o 3
- 3 -
o 3
o p
o p
= P
C 3
o P
o 10U
C I .
- p
o p
o p
C 3
o 3
C p
o P
o -
o 3
C 3
C e
C p
E 3
- iU
.
= i1
C 3
C P
USSR NIEENNTE FUSNE RNV SOV [USVEICESEIUTNS FRETEFUE NN EOV U AN T VRENI PSR ORI NN U EUEEEEY
. . . . . . . . . .
— — — — ) | ]
IREAAREEEAREERAREEERARAE ARAR! IAARSRAEEERLAARE RAARE R I BEAEERARES RREAERAARELARAL LAREL AR ARARSE AAAN/
- -
C P
o ] —
o p
- -
- —’gﬂ 3
E p
- ]
£ 3
F p
o 10
F I .
o p
o b
o 1T
- S -3 .
o 3
- -
o - P
o p
o o
>
- = 3
o 3
o 3
C p
r "‘-ﬁl 1o
- E
o p
£ 3]
o 3
- .
F ]
o {10
o 3
o 3
- 41
o -
(BUREUNENE N NNV NS EE] yaaa kg basan b i lidilil A4l [WEEENUSSESESUESUNSE SRS FNENE NN FNEVE N ST
. . . . . . . . . .
— — — — ] { |

40

x/c¢

N- 1

ETA

x/¢

ETA

Figure 5.- Concluded.



"608°0 = W fudMod SSTNJUO 3B SUOTINQTJASTP aJdnssaud uo-sspeig -°9 aJandtg

I/X [~ - vi3 /X% 0s2- - v13

01 8- g- Ul 2’ 0 e - 01 8" g- h e’ 0 2 -
LARRR ARARE ARREACEARE AREER] LALAR ARARE RARERE LARSARREAI LARASL RAARS AARR q#dlm- l--d LA BB AARERASEES RAREGEAREA] LAASA AEARE AARALARARE ASREE ARRA] LA -<~lm-
- \e 1g° s 19°
B * B :c 1 Jo
- Vu e’ % -m.

T TT
e
~,

i 13

o
T T T
L1

Q

G

Trrrvy
-4

N\

N
LA L)
J
—8
i1t 1
gy

-
1

Aol 4
Trrr

L -
S 1)

Trrry

T
V.
L1
|
T T
Oy
1
|

TY 1Y
Ll a4

®

.

|
TT v r
b4 i

@

.

|

4 ] O : —I ™ ] O ) ~l
- vm ) g ¢ ] C ]
o} ] S 1- - 1 2 1-
- y A\ ] N ]
th1- g hl-
L ALl Al ad iR s o Ao i addaaatiitaadadastarastaaaadaast Aid i Al el adiddl w' ﬁ' [, INENFEVETNENE SUENE FRNU TS FUTEY IR ISR T NU N YU ENUN 1idiihilll h-—l wt ~I|
2°LS ShE ' | 98+H8 GaL 1 dSg 3INEBM o
2'LS GhE " 1 3868 SeL' 1 dSE INSM (o)
2°'LS £96° 1 h6h8 oLL 1 dINEM 0
2'LS £96° | hEh8 oLLt o INGM O
2°LS 8g6° | 1Lh8 LYNR dINGM O
2'Ls 8g6" | 1Lh8 hLC aNeM O
HOLIld YHd Y WdY Hd3 NOI1d1d3S3Q NOILveN9} INOD 0BHeS

I



*panuTauUo) -°9 2J4n3dTg

/X% 18n° - v13 /X 8ik° - v13
0'1 8° g he e’ 0 e - 0°1 8° g h' 2’ 0 e -

ARARARERAAAASRALAARE RAALRL RRALI \RRASRRARS RRARASLAARSE RAAL) LABARGARAS —dﬂdlm. A SSERNSRERAAERALARENALRES AARAR RARLS IRSBERASAS BAAGE RAREA LALAL RALAA RERA m-
= - - -4
s 9° - 19°
. h - Th°
[ 1 - | ]
‘mi = ‘mﬁ
10 - +0
ol - - -
- y p - - B
Lo - o -
. / o‘\mw/ \. ] i 1
/ p / - ho- dAJ . : T 1/ 1 ho-
[ Ol . - /n - ol -
: Pa \ | /] ) ] ; as g S H
o - \ mtl - O wll'
- v of  ; C . M N ]
- Q -4 - -4
18- C / ﬂ 18" -
10" 1- - R ﬂ 10 1-
1S 1= - R 12 1-
= - - - -
1ho1- : 1no1-
Th-b saaabaaaalsasadaasadsdsd g aaabaaaadsaasdaiddidiidd JUUBUEUNEE T N w. ~' VeSS TN BTN NN NS UNE SN WIS E U NN NN P NN NS N —Pblw- #'
LS GhE ' | 98he [=v-7 A Jd5% 3INBM O
LS Gho' | 98h8 GeL't dSg 3INSM <&
2'Ls £96° 1 H6h8 oLL 1 o INGM 0
2°LS £9€° 1 hE6h8 oLL ! odINOM (m]
2'LS 886" 1 1LWB LYNR dNEM O
2'LS 816" | {Ln8 LYN R dNEM (@]

HILld YHdY Wdd Hd3 NO11d182S3G NO11vdN9l NGO T08WAS

42



‘panuTquo) -°9 8Jnd1jg

/X 1§ . vi3 I/ X e = vi3
0°1 8° g he e’ 0 e - 01 8-’ g he 2’ 0 2 -
A DA RASAS RERAE RAAAE AR REAL AR AL AR AL RELLERAARE RALRLA AR R AR m- AR AN AARS AR ARE BB YYTRYTIT <J<0<i44 1A0AARSSASARES SRESEARRALRARS m-
L 4 L 1.
g 19
he . he
2 '
0 - 10
[ . L ]
- i . - N -
ta - - 12 -
o 1L - [ 1, -
th' - St . h-
n % LA ] @ - r D n B @ T -
[ i ] [ / ]
-/ o m.l Q 0 m. _
[ ¢ ] N ]
10" 1- . 0 1-
8 4 o i
- b - B
- -1 o -
o S
8 121 o 1S 1
tho1- - hol-
‘b-b sl aa i A aaadaaaidaaasdaaaadiaaadaii e gl s iiiadd »tl wo ﬁ' I—»h TN ISR TN S NU S SE TR ST BTN ORI ST EUE RN IYOUEEERETUE] @. ~|
2°LS GhE " 1 9B8h8 saL' ! dSE 4INEM )
2°LS GhE " | 98h8 gaL' 1 dSE 4TINEM o
2'LS £96° 1 H6hB oLL 1 dINGM 0
2'LS £96° 1 hEh8 OLL" 1 dINEM 0O
2'LS 886" | 1Lh8 LYW JNEM @)
2°LS 8£6° 1 1Lh8 CYNRS dNBM @)
HOLld VHd W Wdd ¥d3 NOI 14182530 NOILVHNO T INOD T08WAS

43



‘papniouo) -°g aand1j

I/x 6n8" = vi3 I/x 0s9° - vi3
o't 8 9 he 2’ 0 = 01 8" A Ul 2’ 0 2’ -

T

R ARARARAARAAASAEAARASARRAAARAAASAARARAAANAARALAARA] LAAAS RAARS MAA m. ESASASSRRRANASE RERASARSELARAAS ARAAS ARASS RAARS RAASA RAARE SAARE RARES RARAS m.

1144

Trr

T

Aol ) i
T
L L)

Tr v 7t

T
I

oA A
T
i

TVr Yy

4
T
It

i
T

T

Try

A A.)

T T T
i

LIRS

A d_)
T
1

T

T

T

T

Aol )
T
1

Trvy

A4 i )
T
1

T vy

Al A )
T
4

rvryry

il Al

T ryy

e i-

(g8}

Ad A )
T
4

Frory

T
I
T

Aok A )
T
i

((s]
I
0D

I T TI TS VI PUTVI FUETI PO FTURI FPUTI FRTTI SRS VS FURTVI VUNTN VURRE 3N YUY TET STUTI VST INUETITUNUSUTEE FUNDUFNUEU SUUEE FUU DU swe ot

LS Ghh 9B8hH QIL’
L L 98nY QoL

I dSE 3INGM
l
LS £96° 1 hbhE 0L
I
{
!

!

| dS% 4INGM

| JdINGM
hHhB oLl JINBM

|

|

i

[ACR VI VIRY)

s 296,

9

LS HZh Iing hi L’ GNBM
AT 8el’ (WAL he o JINGM

MLl YHA Y W Hd1l NO1 14182530 NOTLAVENDT INOD FFRWAS

X
000w

4y



"€08°0 = KW
‘uoT3eJN3TJUOD BUTTSSBQ--Saunssaad ButM uo asmod Jo 308333 -, 2anS1j

/X% [~ - vi3 /X os2- - vi3
01 8° 9- h' e’ 0 e’ - 01 8" g- h' e’ 0 2 -

AL AAAAS LASAS AAAA RAALZ LA RASE 2RSS RARRS ARRARAAAAS LAARE AR RAS) m. T:.. LAAAS AAAMA RASAS AEAAS AARESRARRE AARAL ARRAE ARRERARSES LARAS ARERARRAS m.
- - -4
S 4 - 4
b e - B
———a ¥ ch . 13-
-
b e - E
- e - E
- e - 4
- e 5 E
. .
h h
- B - =
o - - .
3 - - .
L H 4 s 4
po I .
c =
- e - .
b P - r
- - |- B
- - o B

S
-
g

LERLER LS
Aod L )
u
1
LB
i1}
.
|

V|
L4 1

TrrrT

LELBLAN

LI BRI
T
LI B S |
ol d L

LA A ]
I
LA
VWY

> 4

'
LI I e 1
bodooh 4

T Ty
A

. .
ISR VROV INTU N FNUNE S UUTS N NI CUNSS FUERY FNSS FUURE FRUVI FYUTE FAVY m mll SV IFEUN FCUSE AU NN ST AT NN FUNCI FUUTI FNUVE ST INUTY FUTTY m —'

2°LS 8t6°
e'Ls 86"
2'LS 9¢6°
a°Ls 9€6°
2°LS hG6
2'Ls he6 - 18£9 000’

HOLId YHd Y Wdd 8d3 NOILdI¥IS30 NOI LVENO ] 3NOD

G444
goocmoo

Trry Truvy
» T N
\r\ N
.. \u\
o (47} o
1
3
4¥] o
|

45



-panuijuo) -°L 2and1J

/X 9% - v13 /X% CILY - vi3
01 8° 9 Ul e’ 0 e - 01 8’ g’ he e’ 0 e -

A A A J

222200828 3A0R0RARRSRRRRARARASAAAASAAASS RAAAS AAARS MAAA 12080 LAAAL LAALI m- 2B RARARSARAASGARASARARS ARARSRRAARRARAL AARAS RARAS AARAS LARAS LR RAR RAAS

I
T v

A

L1141
@©
.

TV

LA A )
Trrr
I

Ti107

LELELSR

LIRS
Y

L~

[ L
0

T V1 ¥

1 1 1.1

LA

LIRBLER
I W Y

™y

i 41

T

LERL LR

TrvVv?Y

At L.
(o)
T Vvt
L
LA i1

I I
T™rry

I |

TV

L il

T |
Trrt

Ty

Ty 17T
TN W

N |

s 4 [ B
.x._n - -:.ﬁa

sapthasaalasnsdotddiiing paaadasadlasaalaidnsnling saaallaasidaaaalnl N m. ﬁll JSENI PSRN ENESU NN FE NNV EETE! [USSSUNUNEINERE SWEN] —-.—» jUEE FUNEE BW . w

2°'LS 8c6° | 1Lh8 wLL 1 aNeM O

2°LS 8£6° | 1Lh8 YRR anaM O

2°LS 956" | 66GL g2 1 oNEM 0

2°LS 9£6° | 66GL Ls2° 1 aNnaM O

2'LS HGE " | 1889 000" 1! dNEM 0O

2°LS hGE " | 18£9 000" 1 dNBM O

HJLld YHJY Wdd ¥d3 NO11d182530 NOI1vdNo13NOJ T0BHAS

46



* panuI3uUo)

*) 2Jan81g

/X L6s’ - v13 /% WS - w3
0o°1 8- g LD 2’ 0 2 - 01 8- g ho 2’ 0 2 -

AABAE ARALE RAI LAAL RAARE RRAAER Al A8 RAAAS A LS LA RA RAAS LA AR AARI . LAAE ARAS LA RAAE TTT TYY TTT LA ARA ARARI TTTERIvTT TT¥ YYTirgvyy .
& L) LA bl v LeJ LA L] LARS ARAJ Ty <<<<l m [ T LR ABJ T Trr T B m
o - - .
- D - h D'
8 i~ L 4=
[ ] C ]
o - - -4 .
h’ h
ﬂ - - ~
- -4 - e
5 e . o 1 o
- -4 m - O 4
C ] L ]
3 -4 - -4 D
- p 0 - 4
s - - §
g ] r 4 ;
i y r . ¢ 1 o -
[
" 4 L 4
i 1. _ O L 7 s -
- Th v [ S ]
s 1. - X f Rk 1q-
B M..u - i / " 5 D B @ -
[ ] [ - 7 . ]
[ ] C o b
18" - - 8 -
0" 1- - 01
. e l- r ] 21
h'l- hol
- : + g
i ] L ]
‘bbb JUSPEFEENS SN NN EN SN PRI NN NN TNV NSNS FUEEE SHESN TUN N -.—l ma ﬁ' Y——-» IS NS TN S NGO SRS U TSI IR ST TTE NS fuun Y SR NN U Ut -———l @a M
2'LS 8267 | 1Lh8 LY dNBM (o)
2°LS 886" [ 1Lh8 CYARN aNEM O
LS 986 | 665L Lsa’ 1 JNSM ]
2°LS 9¢6 " 1 66GL LS ! aNGM O
2'LS hG6 " | 18¢£9 ono° 1 JNGM Q
2'LS hG6 ' | 1889 000" 1 dNBM O
HOLId VYHd TV Wdd Hd3 NOIL1did™dS30 NOLLIVHNDT INOD 08KAS

b7



- pepnIouo) -°) 24n3dtg

/X 648" - v13 I/ X 0s9° - v13
0°1 8" g h' c’ 0 e - 01 8- g’ he 2’ 9] 2 -

I RERARSA ARG RRASA RARAL ARASE AAAL)  ARSSAAAARRAAAS RASAS LARAS AARAI Ty mu 002 ARARA AASASR ASAAL ARASA RARRS ARAS ARG ERGALA AALES ARRES RRRES AARAS -]l m-
- - - B
- - b .
L 4 L 4
- m r b @-
he he
c’ 2’
0 0
- - o B
[ ] [ : ]
- 1 . - T .
12 - 12 -
- - - p
- b . _ oL ] .
o B h © | ] H-
o -3 o B
\ 1o : ] o
18- " il 18
10°1- : 0 1-
X ] C ]
1e-1- s 2 1-
- -1 o -
” E . - ] .
hol- hel-
C ) L ]
I-bb saaafasashasaafanssadassilingslinil fSSoI FEBRU FUERY YUPRE ST UV hbhl wo ~' SV VYR FEVNI FEUNE SUVSE SEEEE FEUTU ST FUURE SUUNTITURY INHES SOSWY PPP‘ m- ~
2°LS g6 | 1Lh8 LY A dNBM O
LS 86" | [Lh8 hel | dNBM Q
2'LS 986" | 66GL L9211 JINBM )]
2°LS 9e6 " | 66GL [A=T-21 dNBM O
2'LS heb | 1829 000°1 JdNBM Q
2°LS hGb | 1819 000°1 dNBM Q

HJlld YHd Y Wdd Hd3 NO11d4183530 NOT1vHNO! INOD 8RS

48



0

1

8

{yoTeJINSTJUOD XJ] + SUTTISEQ--saanssauad Sutm uo aamod Jo 308333 -

g

I/X
e

2

gof” -
0 e

vi3

LS
LS
LS
LS
LS
LS
HJl1d

[AVELVRAVE L VEL V4 V)

£96°
£96°
296"
296"
L96"
L96°

YHdV

h6h8
hEh8
£8hL
£8hL
hBh3
hEh3

Wdd

‘008°0 = KW

228 ARARAREAALRAARE RAAL] IRAREAAARE AARAR RARAL ARAL] AR A0S RARARRAAAS AAALS m.
K g
L J
L 4
L J
a-
J
L J
5 .
L {,.
h
5 4
L J
R J
L 4 J
2°
5 L\ J
L - m J
[ B
L J
- o
L J
[ J
L ]
L 4
ho- (@]
= . ©
[ 4
- - -
: ﬂ ol 1.
G =]
[ J
L J
L 4
5 J
- a-
=]
L - i
L - -
- ) ] -
: Lol 12 |
.
3 0'1-
L J
<
[ B
L J
5 J
e I -
21
L i
[ )
L A
8 ]
hel-
L R
. -
J
da-
BV FRRUEENNEU FU RN 2ataliasstiaaalstdl [YSEUSURBEEUNNE RN FUENY ALl w ~|

Yo}
=}

£00°
H¥d3

‘g 8un3d1J

2/% 0s2" = w13
0°1 8" 9 he =N 0 2 -
\S % ARARELRARE RARAR BALES \BRAS ARARELARAEARAAI 1ABAE RAAAR] TYVrgrryrgrrey m.
o B
- -
g
1 ]
C ]
- <
h
C ]
- -
C ]
X 12
r ]
- 10
C \\v\\ 1° -
r ]
C ]
- I -
C 19 -
. ]
C 18 -
L ]
L ]
C 10" 1-
C tc -
+ 4
r -4
- -
- hol-
r -
]
NNl TN SN ST SURE NS SN SR ITS NN BTN IV IUENE FFETESEEEN >——l ' ﬁl

o INGM
dINGM
dINBM
dINBM
dINGM
dINEM

NOT1dI¥IS30Q NOIivdNO! ANOD

T0BWAS

49



0

{

8

9

I/
he

2

* panuTquUo)

. vi3

e -

AARAL RARLRA RRARE AR AL ALAARRARAR AR AALRI LA LALS LA A AR ml
o -
- h J-
- B p=-
8 .
L p
- 9 L
- N\ In
C 4 Tc°
10
L ]
- L -
lm -
- -
[ Th - °
[ 1o
o -
[ {q.
J 9
o -
10° 1~
- -
12 -
h'l-
o -y
thh AdddAlAiadadsalaassdiaaaliaig SO EYTUT PN NIITINS PR RV RO -PA w. ~I
2'Ls £96° | wEnE oLL 1
ER £96° | wEnE oLl
2°Ls 296" | £8hL 961 |
2'Ls 296" | £8hL 961" |
2 LS L96° | W6 hg £00° 1
2Ls L96° | w6hg £00°1
HllId YHd 1Y Wdd ¥d3

0°1

*g 2an3d1j

g

g-

/X CI0Y =
He = 0 e’

vi3

NO[id142S30 NOILVENOI NGO

LA DA AAAAE RARAI LABEI TFPTTETIYTTyorrTY 1T L0808 A0 0 AAEEE REAAI TTITT¢87 TV m'
[ 19
o -
L h L
h
o ]
- -
- -4
. o \! 5} Th-
L 19" -
- -
- U .
r 1 18 -
L ]
" o i
C +0
o J m
L ]
r ]
- <
H
o 4
L ]
IO SN TSI TECTE RO SN EN I SUNSY UV EE SRR E U YU ED FUWWI lii —FPA w.
dINEM e
Jwan O
dwnem 0
amnem 0
o INGM (@)
o INBM O

J0BWAS

50



‘panurjuo) -°g aJandijg

/X LBS’ = vi3 /% WG’ = v13
0°1 8- g he c’ 0 e - 0°1 8" g- h’ 2’ 0 2 -

AR RAARS AARRRAAASE AASAA AR RAARARARAS RARAS AARAE AARAN LAALE ARALS RARS m. IAARS AASRE AR AASAR AR RARAL ARASE RRS A ARARAR ARRRNARRAN ARRAS ARAAR ARRA] m.
3 - o -
o - - -
3 -4 o .
o « - 4
lo Nd w.
-
- -4 I~ -4
o E - -
b - b l
b -4 - -
. .
h h
b -4 3 -4
- -4 o -
3 - 3 p
- - - -

LA BRLARJ

i A ) Al 4 )
LONLINR B § TTr v
PO | Lol d

3 b e oL 7] .
- } 1" L) N . H -
- . M - - -
[ 1a._ - A : 1.
- - m —
L L - . .
R 4 o o i E
[ ] - b
Q- .
L i° - I 4 8-
' ] g ]
- - . r b
10°1- 0" 1-
. - -
r ] L ]
- ] U-ﬁ r ] .
s Ic r 121
- E o E
o b - -
K 1. . - R
Th'1- - hol
[ 1a- ! 1a-
s asaddaaaadaaa s aaaad i ad i aiadadiiiasdiiiddiidd ALl PSR EWETN w ~| N NN SN SU NI NN AN NS TS TN NN O F TN U O SN TR ENESY FNENE AU -—l m ﬁ
2'LS £96° | ] oLL' 1 dmeM O
e'LS £96° 1 hEh8 oLL 1 dINEM O
) 296" | £8hL 961" | dmeM 0
2'LS 296" | £8hL 961" | dNeM 0O
2°LS L96" | hEhg £00° 1 dmaM O
2'Ls L96° | wEh £00° 1 dWNaM QO
HJLId YHd Y Wdd dd3 NO11d1H3S30 NOILVHNO] INOD T08WAS

51



0°1

8

g

/%
i

2

848"

e -

*papnTouo) -°g 9Jndtg

vi3

SRR RREAAAGARS AAARIARAAS AARALARALS 12223 AASARAAARE SRS LAAAS ARAAI LA AR mo

L

L .

5 4
Q°
b

5 4

- o

L 4

5 L
n

L 4

- 4

- .

L J
b I
(o

5 p

- -

- g

R J

- 4

L .

[ bo I
[

L J

L J

L J
he - O
17 ©

L

L 4

| p

R <
Q"
J

L J

L 4

L 4
o
A=

|- 4

5 R

L 4

. 10° 1

5 E

L 4

5 4

s 2°1
[+ -

= -4

5 .

L 4

- p
R |
n

L o

L -

5 -

' 19 1-

IYSSSEESPINNENSTUNEY FENNEFUUNE FNETI IYESAEPENY FESEE NN SN NS FUNRU AW

(LI TR VL TR Y
~
in

HJlid

3V}
LLLL

YHdTY

0°1

8-

g

2/X
h

2

0

2 -

vi3

hEhB8
hEh8
£8hL
£8hL
h6h3
h6h9

Wdd

&

NOI1d182530 NOI1vdNO| INGD

TETT LAA R} LARRI Trsv LASLAI LARARARARE RARA iy LA R Ty 1Ty TVYITETIVT m-
- -
a ]
i ]
a-
-
N ]
i ]
e
[ B
i ]
L J
A B
- h .
C t1h
! ]
X ]
@ o 9 -
N ]
L ]
e g8 -
i ]
0" 1-
C ]
[ A
S -
C .
[ ]
- -
Hol-
L A
- -
3
Jaaa by s haaaa bty gl czaadaiiidsndd YN IUNES AN RS SUNEE NN Y] ——leo ﬁ'
d INBM o]
dINBM <o
o TINEM |]
]
O
0]

T08RAS

52



"808°0 = W ‘{uoT3ednldiJuod axed3s
pue ‘3a8TTtJ ‘Xd7 + aurToseq-- saanssaad 8utM uo aamMod Jo 108333 -'6 24nd14

/X% [~ - vi3 I/x 0s2° - vi3
01 8° g’ he c’ 0 e - 0°1 8- g- he e’ 0 2 -

\ARA] RAARL RAASS AAAAS A REARE LA LARRALARAALRGALRAARS LARRRARRRAARAE maﬁ LARBE RARAE AAAAL RARAE RAAAE AERAR AR REREAAS LA AR ARSI ARRERAARAL AAS mtﬁ

[ 4 [ 4

C ] s 3

C ] [ ]

C 101 [ ]

" 10 - 10° 1

- - = -

- - - -

L p L )
Q- o

- - 0 - - 0

C ] 8 ]

[ ] 8 3

- - - -
a-’ .
S g

C 3 C ]

C ] [ ]

C ] C ]

[ p C :
e * -
h h

Ty
u
LA I A J
.
u

- ] - ]

- 9 O o D

- -4 L -] o e

- “ 12 - F 7Z: e -

s 5{d ] F \ m 3

. o~ . jtl - R I"

- 9 Q° - B “ .

s 19 - $3° -

- 9 B 1

- h - X o 1a-

- 18 C y 18-

- ] C ]

s +0°1- - 10

C i.. C ]

. 12" 1- - 2 1-

v 1203114 LALAAAAAARAAA AR s s add i aadddds o aadinsaRisaaldinig ——-—l :. ﬁ' '»—- IV TI TN SRR TR UUYUE ST SV ISUENITENE SYNEY IO SR U —~rPA :.
2’'LS Gh6 " | 9848 QoL | dSE 3INGM
2L LI 98h8 @2l 1 awmujs.. W
2'Ls 996" | £B8hL 881! dSE 4INGM g
2'Ls 996" 1 £8hL 881" | odSE JINSM 0
2'LS aL6" 1 9hh9 000°1 dSE S NEM (@)
2'Ls 2L6° | Shhg 000°1 dSE ATINSM QO

HJ11d YHdY Wdd Hd3 NO11d1HIS30 NOTLYHNO1 INOD TOBKWAS

53



RPM

CONF IGURAT ION DESCRIPTION

LR BLE

LB

TV vy

TVTry

N\

&N

\BASRAARASRAAASRALAS RARALRARLS RARAS LARAS MAAR

1.0

I bl

’,,/’

LA i i

Al i

T P FYTYY TUYTR UVSUNIUSTE SUSTUT SNUVVNUNNU FUUNNSNOUSN T 2o Al

N

- \2RRAARAN RAARZ LAAAL LALAS
1.4F

-1.0

Al A
¥

LI

Tivro

LELELER

LELELI

T1 TF

TV 11

4

1.0

e

T TR VTV CUETI CURRE TRV AUANC SUNNS FURES SUNTUNUNNT s

LA 1 i

__l l+  RRANESSARSRAA ARAARAANASAAARELANSRSARRESRARE ARRAS ARARD RARAI TTTYITTY
. -

54

x/c

481

ETA

x/c

.418

ETA

Figure 9.- Continued.
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PITCH
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Figure 14.- Effect of power on nacelle pressures--baseline + LEX configuration
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(d) Wing-body-nacelle, lower surface; M = 0.80, a = 1.95°, EPR = 1.68.

Figure 17.- Continued.
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Figure 21.- Effect of nacelle and jet on the aerodynamic characteristics
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(a) a = 0°, M = 0.80.

Figure 23.- Propeller performance.
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{a) Concluded.

Figure 23.- Continued.
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(b) Concluded.

Figure 23.- Continued.
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Figure 23.- Continued.
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M = 0.80.

(d) a = 3°,

Figure 23. - Continued.
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(e) Concluded.

Figure 23.- Concluded.
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Figure 24.- Effect of LEX, fillet and strake on propeller performance
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Figure 24.- Concluded.
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Figure 25.- Reynolds number effect on propeller performance
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