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Summary

An exploratory investigation has been conducted
at the Langley Research Center to determine the
mstalled performance of a wing-tip-tnounted pusher
turboprop.  Tests were conducted on a semispan
mwodel with an unswept, untapered wing and an
air-driven motor that powered an SR-2 high-speed
propeller located on the tip of the wing. All tests
were conducted at a Mach number of 0.70 over an
angle-of-attack range from approximately —2° to 4°
at a Reynolds number of 3.82 x 109 based on the wing
reference chord of 13 in.

The data show that it is possible to improve pro-
peller performance and simultancously reduce the
lift-induced drag of the wing. This improved per-
formance is a result of locating the propelier behind
the wing trailing edge at the wing tip in the crossflow
of the wing-tip vortex.

Introduction

High-speed propeller designs have recently been
developed that may be capable of obtaining the
same thrust performance as present-day fan-jet en-
gines while achieving a 15- to 20-percent. fuel sav-
mgs. These new propeller designs have gencrated
considerable interest because of today’s fuel econ-
omy consciousness.  As a result, many research ef-
forts are under way, in NASA and in industry, to
optimize the propeller designs, to develop new tur-
bine engines to drive the propellers, and to determine
the installation effects of the turboprop on airplane
performance. Both wind-tunnel and flight tests are
being conducted.

As aresult of these efforts, a number of turboprop/
airframe integration concepts have been proposed.
(See fig. 1.)  The conventional tractor turboprop
installation has several unfavorable characteristics.
The propeller swirl and the increased velocities over
the wing may have detrimental effects on the wing
acrodynamics.  This installation arrangement may
also produce unfavorable noise effects on the fuse-
lage and on the passengers. The other installation
arrangements shown are attempts to overcome vari-
ous problems associated with the conventional trac-
tor installation (refs. 1 and 2). Research is being
conducted on each of these concepts.

A turboprop installation location which has not
been cousidered in any study to date is that of locat-
ing the turboprop on the wing tip. By locating the
turboprop in a pusher fashion on the wing tip, such
that the propeller is immersed in the lift-induced vor-
tex flow behind the wing, it may be possible to take
advantage of energy in the swirling vortex flow to
enhance propeller performance as well as to disrupt

the trailing vortex system by mass injection of the
propeller wake into the vortex core. The exploratory
research on this concept was conducted to quantify
the potential benefits of mounting a pusher turbo-
prop at the wing tip. However, the engine-out effect
on the stability and control of the aircraft is a factor
to be considered, but it is not addressed in this pro-
gram. The directional control power of the double
and triple slotted rudders now used on some trans-
port type aircraft mayv be sufficient to control this
cffect.

This investigation was conducted in the Langley
7- by 10-Foot High-Speed Tunnel using a semispan
mode] that had an unswept, untapered wing with
a symmetrical airfoil section. (See fig. 2.) An air-
driven turbine motor was used to drive a propeller
mounted on the wing tip in a pusher position. The
SR-2 propeller blade design discussed in reference 3
was used. All tests were conducted at a Mach number
of 0.70, at angles of attack of approximately —2° to
4°, and at a Reynolds number of 3.82 x 109 based
on the model wing chord of 13 in

Symbols
Acav cavity cross-sectional area between hub
.9
and nacelle. in“

Cp drag coefficient, %C—lé

ACp  engine installation drag coefficient,
Cpw/n —Cow

Cy lift coeflicient, ]‘m\‘
g Uoe
Cin pitching-moment coefficient, referenced
. 2t eha 11t
to wing quarter-chord, Pitching moment
qo(\h{
¢ mean geometric chord, in.
Diyain drag measured by main balance, Ibf
Fn propeller normal force
L lift produced by propeller, Ibf
N, nacelle incidence angle, de
2
Peav cavity pressure between hub and nacelle,
Y
Ibf/in<
. .9
P free-stream static pressure, 1bf/in®
. 2
Jre free-stream dynamic pressure, 1b/ft
. . . 9
S exposed semispan wing area, 2.88 ft-
Sext exposed semispan wing area including
wing extension, 3.89 ft?
T thrust of propeller and hub, Ibf



AT thrust increase due to vortex How field
on propeller. Ihf

Thal thrust measured by propeller balance, 1bf
Vi resultant velocity, ft /sec

Ve free-stream velocity. ft/sce

3% wing

W/N  wing/nacelle

a angle of attack, deg
3 geometric pitch angle of propeller hlade
{referenced to propeller rotational plane),
deg
Dron angle of relative velocity due to propeller
proy 3 !

rotation. deg

Ovortex angle of relative veloceity due to wing-tip
vortex, deg

Design Philosophy

Propeller Performance Enhancement

The local velocity relative to a propeller blade is

normally a combination of the rotational velocity of

the propeller and that of the free stream.  This is
shown by a simple schematic in figure 3. The lift
produced by cach propeller blade is perpendicular to
this local flow and is therefore not directed totally in
a streamwise direction. A component of this lift in
the flight-path direction is then the thrust produced
by the propeller. A turboprop configuration installed
in a pusher fashion at the wing tip experiences a
change in the magnitude and direction of this relative
velocity as a result of the addition of the lift-induced
vortex flow that exists at the wing tip as shown in
figure 3.

The inercase in the angle between the relative
velocity and the free stream should result in a more
streamwise rotation of the propeller blade lift vector.
Consequently, there is an increase in the propeller
blade thrust component (fig. 3(b)). Therefore, a
small reduction in blade pitch will be needed in
the case of the full-scale aireraft to obtain a given
thrust with the result that less engine power will be
required,

Induced Drag Reduction

There are a number of other favorable effects that
may result from the wing-tip pusher turboprop which
tend to reduce the induced drag of the wing., The
vortex flow shied from a lifting wing increases the
wing downwash velocity normally produced by the
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wing in the process of developing 1ift. This downwash
veloeity inerease. just behind the wing trailing edge.
occurs without an additional increase in lift of the
wing. In effect. this inercase downwash velocity
lowers the effective angle of attack of the wing and
thus requires a physical increase in wing angle of
attack to maintain the required lift. This change in
angle of attack will result in induced drag (vortex
drag). Tt was concluded in a study conducted on a
semispan model with a turbofan nacelle located at
the wing tip (refs. 4 and 5) that directing the high-
cnergy mass witke of a jet engine into the vortex,
which interrupts the core axial How. dissipates the
vortex. This interruption of the vortex flow resulted
in a decrease in the downwash angle and, therefore.
a sighificant decrease in the drag due to lift of the
confignration.  The propeller wake of the wing-tip-
mounted pusher turboprop was expected to have a
similar effeet and produce a significant reduction in
drag due to It

Apparatus and Experimental Methods
Test Facility

This nvestigation was conducted in the Lang-
ley 7- by 10-Foot High-speed Wind Tunnel. which
15 a continuous-flow snbsonic-transonic atmospheric
witid tunnel. In the closed-test-section configuration.
the speed range is from very low to approximately
Mach 0.91. ending on model size. The test section
s 6.984 Tt high by 9.574 ft wide. The uscable length
of the test seetion is 10.833 ft with a mean cross-
sectional avea of 63.052 ft2. The tunnel operates at
ambicnt temperature and pressure and continuously
exchanges air with the surrounding atmosphere for
cooling, {Sce ref. 6.)

Model Configuration

Drawings of the semispan model used in this
investigation are shown in figure 4. Figure 2 is a
photograph ol the model wall mounted in the wind
tunnel with the wing-tip-mounted pusher turboprop
installed.

The unswept. untapered wing shown in figure 4
has a chord of 13 in., an NACA 64,A012 airfoil
section. and un aspect ratio of 6.10 based on the full
wing span of 79.26 in. The basic wing, wing plus
wing-tip-mounted turboprop nacelle. and the wing
turboprop nacelle plus wing extension configurations
are shown in fignre 4. The exposed basic wing area
for the configuration under study was nsed as the
reference arvea for the data obtained for the particular
confignration {Le.. 2.88 ft2 for the basic wing and
3.89 12 for the wing with the tip extension).



High-pressure drive air powered the turboprop
through a four-stage air turbine motor connected to
the propeller through a shaft system (fig. 4(h)). The
air turbine motor was mounted on the wing inside the
fuselage, so not to affect the main balance forces or
the aerodynamic forces. The power output shaft ex-
tended along and inside of the wing leading edge from
the engine location to the wing tip. Power was then
transferred to the propeller shaft through a set of 90°
helical bevel gears. The drive air was exhausted into
the inner seetion of a dual annular exhaust system al-
ter passing throngh the air turbine motor. This inner
annular seetion carried the expanded cold exhaust air
of the turbine motor, which then was exhausted into
the tunnel plenum chamber. Because of the proxim-
ity of the exhanst to the model's main force balance,
the outer annular section carried a low flow rate of
warm air from the heated drive air supply to insulate
the model balance from the cold exhaust, as shown in
figure 4(b). The exhaust flow was aligned with the
center of the model main balance in the side-force
direction. Since the balance does not measure side
force, the foree term caused by the exhaust flow was
eliminated from the balance measurements.

Force Balances

Measurements of forces and moments were ob-
tained by an internally mounted, wall-supported,
five-component. electrical strain-gage balance. The
model was designed so that the wing attached di-
rectly to the balance and protruded through a clear-
ance opening in the nonmetrice fuselage. The fuselage
(actually a balance fairing), attached to the wind-
tunnel wall but not to the balance, was designed to
traverse the angle-of-attack range without the fuse-
lage forces being measured by the balance.

The main model balance measures the drag of the
complete model minus the thrust from the turbo-
prop. To determine the actual drag of the complete
model. the thrust of the turboprop must be added
1o the main balance drag measurements.  To ob-
tain these data, a three-component internal electrical
straim-gage thrust balance capable of measuring pro-
peller thrust, propeller lift, and pitching moment was
installed in the aft end of the turboprop nacelle. (See
fig. 4(bh).) The propeller was attached directly to the
balance shaft while the other end of this balance was
driven, through a flex coupling, by the turbine air
motor. The balance housing was fixed to the nacelle,
but the balance shaft and bearings held by the bal-
ance heams were free to move under the influence of
the forces produced by the propeller. The propeller
halance allows a direct measurement of the propeller
performance and thrust to be used in combination
with the main balance. A detailed description of the

measured forces and bookkeeping system is given in
the appendix.

The thrust component in the lift direction was
small, even at the highest angle of attack tested, com-
pared with the lift of the wing. Therefore, the lift-
coeficient values presented have not been corrected
for the effect of propeller thrust.

Drive Air System

The drive air system consists of a high-pressure
air supply, an air turbine motor, and an exhaust
system. The high-pressure drive air was controlled
by two valves upstream of the motor. One valve
was used to set the maximum pressure in the system,
and the other valve controlled the air turbine drive
pressure. By changing the air turbine drive pressure,
it was possible 1o vary the thrust output of the
propeller. A pop-off valve was located between the
control valve and the turbine motor to prevent a
possible overpressure. Upstream of the control valves
was a steam heater to control drive alr temperature
to the air turbine motor.

Turboprop Turbine Horsepower

Measurements of the airflow were made to facil-
itate caleulation of power output of the air turbine
motor. A critical venturi installed between the two
control valves measured mass flow rate through the
alr turbine motor. Both pressure and temperature
were measured upstream and downstream of the air
turbine motor to determine the pressure drop and
change in temperature. A magnetic pickup measured
the revolutions per minute of the air turbine motor.
The horsepower output of the air turbine motor was
calibrated dependent on mass flow, inlet pressure,
and rpm. These calibration curves were then used
to determine the power output of the turbine for the
different test conditions.

Tests

All tests were conducted at a Mach number of
0.70 over an angle-of-attack range from —2° to 4°
at a tunnel total pressure of 2120 1h/ft? and a total
temperature of 120°F. These conditions resulted in a
Reynolds number of 3.82 x 10° based on the mean
wing chord.

Boundary-layer transition strips, 0.125 in. wide,
consisting of No. 120 carborundum grains, were in-
stalled on the upper and lower surfaces of the wing
0.7 in. behind the wing leading edge. The location of
fully turbulent flow was thus established.

The wing fusclage was tested as a baseline con-
figuration with a symmetrical fairing on the wing tip
(wing-tip cap). The wing-tip-mounted pusher tur-
boprop was tested at a constant-thrust output level
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from the propeller throughout the angle-of-attack
range at two nacelle incidence angles ol 0° and —3°.
This was followed by tests conducted with a 9-in.
wing extension attached to the outer surface of the
wing-tip-mounted nacelle. (See Hg. 4(a).)

Results

Propeller Performance

The interaction of the lift-induced vortex with
the wing-tip-mounted pusher turboprop resulted in
a thrust enhancement that may be seen in figure 5.
The power required for cruise conditions at (', = 0,
where no vortex exists, has been nondimensionalized
and is presented against lift coefficient.  As the lift
coefficient of the wing was mecreased. a vortex flow
was created which changed the incoming flow angle
to the propeller. As a result. at a lift coefficient
of 0.3. the power required to maintain the same
zero-lift thrust value was reduced by approximately
13 pereent. This result is probably caused by an
increase in propeller effective piteh angle caused by
the vortex cross flow. In the case of the full-scale
alreraft, the propeller-blade pitch angle is variable,
which allows the pitch to be reduced: therefore, the
rpm may be held constant, which results in a lower
fuel rate to the engines.

To simulate the pusher turboprop located other
than at the wing tip, tests were conducted with a 9-
in. wing extension attached to the outboard surface
of the nacelle. There was approximately a L0-percent
increase in power required at €y = 0 compared with
that of the wing-tip-mounted, turboprop configura-
tion. This may be the result of the propeller being
located totally behind the wing where the wing wake
effeets, including the interference associated with two
wing nacelle junctures, reduce the propeller perfor-
mance. There was a negligible reduction in power
required for constant thrust with incrcasing lift co-
efficient. This would indicate a lack of vortex thrust
enhancement such as that obtaimed by the pusher
turboprop located at the wing tip. With the tip
extension installed, the wing-tip vortex was trans-
ferred from the propeller location to the new wing
tip. and the favorable thrust effect resulting from the
vortex/propeller interaction no longer existed.

Drag-Coeflicient Characteristics

The acrodyunamic effect on drag resulting from
mounting a high-performance pusher turboprop/
nacelle on the wing tip of the basic wing is presented
in figure 6. Adding the unpowered nacelle to the wing
results in the expected drag increase at zevo lift. This
increment is primarily the result of the added skin-
friction drag of the nacelle (estimated to he about
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0.0016). As the lilt coeflicient increases, the drag in-
crement. caused by the nacelle also increases. This
added drag s probably caused by the interference
in the juncture between the nacelle and wing under
lifting conditions and by the increase in nacelle form
drag.

Adding power at either blade rotation angle re-
sults in a significant decrease in drag due to lift in
the normal operating range. At a lift coefficient of
approximately (.40, the power effect causes a reduc-
tion in drag cqual to the addition of the nacelle. This
cffect is discussed in more detail in the section “In-
duced Drag Characteristics.”

A nacelle incidence angle of —3° was employed
in an attempt to increase the effectiveness of the
turboprop/vortex interaction by placing the pro-
peller above the wing chord plane where it could be
more aligned with the vortex flow. The vortex tends
to form just above the wing trailing edge hefore mov-
ing downward under the influence of the downwash
of the wing. The resulting drag-cocfficient character-
istics for this configuration are presented in figure 7.
Adding power to the nacelle at either blade angle
significantly reduces the drag due to lift; at lift coef-
ficients above about 0.1, drag values lower than the
value for the wing alone are obtained. Evidently, this
more favorable location of the propeller wake system
has a more pronounced effect on the vortex and the
wing downwash system than does the propeller wake
for the nacelle at zero incidence, which reduces the
driag approximately 10 percent. (See figs. 6 and 7.)

To determine the effect on drag of a pusher tur-
boprop located other than at the wing tip, a 9-in.
wing section was added outhoard of the nacelle as
stated previously (see fig. 4), and the results are pre-
sented in figure X0 The installed drag associated with
the unpowered nacelle 1s more than twice that of the
wing-tip-mounted nacelle (figs. 6 and 8); this result
should be expected with a wing-nacelle juncture on
both sides of the nacelle. There is a favorable effect
of propeller thrust on this large interference drag; the
lower propeller pitch angle (3 = 55.1°) is more effec-
tive. There 1z probably an entrainment of flow in the
region of the wing/nacelle juncture that is caused by
the turboprop high-speed wake. This wake reduces
or elimmates some of the adverse flow effects, which
results in a reduction in the drag. The configuration
with the nacelle at. —3° has a lower drag due to hft
than the configuration with the 9-in. wing-tip exten-
sion. (Compare fig. 8 with the wing configuration of
fig. 7.) The data indicate that disrupting the wing-
tip vortex by the wake from the turboprop may be
a more effective way of reducing the drag due to lift
than extending the wing tip.



Lift-Coeflicient Characteristics

The variations in lift coeflicient with angle of
attack for the wing, wing/nacelle, and wing/nacelle/
propeller configurations are presented in figure 9. An
merease in lift at a fixed angle of attack is indicative
of a reduction in the lift-induced drag. This increase
in lift would result from a reduction in the effect of
the lift-induced vortex on the wing downwash field,
which increases the effective angle of attack of the
wing. The addition of the unpowered nacelle to the
wing tip results in an increase in the lift-curve slope
of the configuration. This increase is probably the
result of the “end plate” effect resulting from the
physical presence of the nacelle at the wing tip, the
wing now being nonplanar. The data also indicate
that there is a further increase in lift-curve slope as
a result of the addition of power. This increase is
probably due to the vortex attennation effect derived
from the propeller wake/vortex interaction, which
results in a further increase in effective angle of attack
of the wing.

Changing the nacelle incidence angle by —3° re-
sults in a shift in the angle of attack for zero lift with
essentially no change in the lift-curve slope. (See
fig. 10.) This result was expected hecause of the
size the nacelle that was deflected —3°. The results
with power are essentially the same as those noted for
the undeflected nacelle. (See fig. 9.) Therefore, the
mechanism for the drag reduction and lift changes
noted should be the same,

The results of the addition of the wing-tip exten-
sion on the basic data of the wing/nacelle/propeller
configuration with a 0° angle of incidence are pre-
sented in figure 11, With the nacelle installed. other
than at the wing tip, there is a minimal increase in
slope of the lift curve. The effect of installing the
nacelle/propelier inboard of the wing tip, out of the
vortex flow, greatly reduced its favorable effect on
the wing,

Pitching-Moment-Coeflicient Characteristics

The pitching-moment  coefficient is presented
against lift coeficient in figure 12. The installation
of the unpowered nacelle at the wing tip at 0° nacelle
incidence (fig. 12(a)) did not change the static margin
of the wing alone but did shift the zero-lift pitching-
moment coefficient in a positive direction. Adding
power to the confignration with either nacelle inci-
dence (0° or —3°) resulted in a stable shift in the
static stability level. This stable effect is maintained
thronghout the lift range and is probably a result of
the changes in loading on the wing, which is caused
by the propeller wake effects on the wing downwash.

Pitching-moment results for 0° nacelle incidence
with wing-tip extension are presented in figure 12(c).
The nacelle-alone installation causes a slight reduc-
tion in the static stability level, which is offset by
the propeller effects and is equal to the wing-alone
results.

Induced Drag Characteristics

A comparison of the change in drag between
the basic wing and ecach wing-tip-mounted pusher
turboprop configuration is presented in figure 13 at
a hift coefhicient of 0.3.

The installed drag of the nacelle mounted on the
wing tip of the basic wing. without propeller. is ap-
proximately eight counts greater than the calculated
flat-plate skin-friction drag based on the wetted area
of the nacelle {dashed line in fig. 13). This differ-
ence includes form drag and possibly some interfer-
ence drag of the wing/nacelle combination. The in-
stalled drag increment of the nacelle-turboprop con-
figuration with a blade pitch angle of 57° is approx-
imately one-fifth of that of the wing-nacelle configu-
ration. This drag reduction is probably due mainly
to an induced drag reduction of the wing associated
with the turboprop/vortex interaction (refs. 7 and 8).
The vortex flow may be altered by the interruption
of the vortex core axial flow by the propeller wake.
This interruption causes the vortex to dissipate and
thereby reduce its effect on the wing downwash field
resulting in a reduction in induced drag.

Although the lower pitched blades have higher
drag at C;, = 0 (fig. 6), possibly because of the
greater propeller frontal area, they are more effective
in reducing induced drag over the lift range above
C;, = 0.2. At the highest test lift coefficient, the
drag due to lift of the wing for the lower pitched
blades is greater than that for the high pitched blades
due possibly to the degree of propeller/vortex-flow
interaction.

In an attempt to further reduce the drag of the
wing/nacelle combination, the nacelle was set at —3°
incidence relative to the wing as stated previously.
(See fig. 13(a).) When the wing is set near the cruise
angle of attack of 3°, the nacelle is near 0° angle
of attack relative to the flight path. which should
contribute to the overall reduction in drag due to the
reduced nacelle frontal area. The turboprop wake
is nearer the center of the vortex at this incidence
angle, and its effect on induced drag is shown by
the bar graph in figure 13(a). The negative nacelle
incidence resulted in an additional reduction in drag
at lift coefficients of 0.3, such that the drag is less
than that of the basic wing. The basic wing results
do not include any nacelle drag. Again, the lower
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propeller pitch angle is more etficient. as in the case
of the zero incidence.

Direction of Propeller Rotation

The elfect of rotating the turboprop in the same
direction as the wing-tip vortex (prorotation, C'py in
the negative () range shown in figs. 5 and 6) instead
of in a counterrotational direction is presented in
fienre 13(h).  There 1s a drag increase associated
with the prorotation case, as would be expected.
This increase is due to a reduction in the relative
propeller blade piteh angle, which requires a higher
rpm (ref. 9) and a higher power iuput to the turbine
in the negative Nift range (fig. 3) to maintain the
constant thrust level used in this investigation,

There was no induced drag reduction with the tip
extension installed (0° incidence) as can be seen in
the bar chart in figure 13(¢). When the tip vortex was
moved away from the propeller plane, the induced
drag reduction was lost.

Increased Lift Coefficient

A comparison of the change in drag between the
bhasic wing and wing-tip-mounted pusher turboprop
is presented at a lift coeflicient of 0.4 in figure 14.
Trends at ;= 0.4 are similar to those at (7, = 0.3,
and the favorable effect of the interaction of the
wing-tip-mounted pusher turboprop and the vortex
at the higher lift coefficient is probably due to the
increased strength of the wing-tip vortex associated
with the higher lift coetlicient {(fig. 14{a)). An in-
creased installed drag for the extended wing/nacelle
at (7 = 0.4 is presented in figure 14(h) compared

with that at €, = 0.3 in figure 13(c¢). This increase
is probably the result of the increase in wing/nacelle
interference at this greater lift coefficient.

Conclusions

An exploratory investigation has been conducted
at the Langley Research Center to determine the
mstalled performance of a wing-tip-mounted pusher
turboprop. The study utilized a semispan model that
had an unswept, nutapered wing with a svmmetrical
airfoil section amd an air-driven motor to power an
SR-2 high-specd pusher propeller located on the tip
of the wing, The results of this study indicated the
following:

1. The performance of a propeller located just
behind the wing tip is increased as a result of the
influence of the wing-tip vortex flow.

2. The eftect of the propeller wake on the wing-
tip vortex resulted in a reduction in the drag due to
lift of the wing at cach nacelle incidence tested.

3. The propeller performance enhancement and
the reduction i drag due to lift associated with
the wing-tip pusher turboprop is forfeited when the
turboprop is located inboard of the wing tip (wing
tip extended).

4. A =37 turboprop nacelle incidence resulted
in an additional drag reduction of approximately
10 percent at a lift coefficient of 0.3.

NASA Langley Rescarch Center
Hampton, VA 23665-5225
June 29, 1987



Appendix

Measured-Forces Bookkeeping

Forces

The force measurements of the balance have been
reduced to coefficient form using the exposed semi-
span wing area.

Thrust

The thrust of the propeller and hub was obtained
from the thrust balance minus the pressure force
between the hub and nacelle as follows:

T =Tha — Acav (Peay — Poc)

Drag

The drag of the model was obtained from the mea-
surements of the main balance, located inside the

fuselage, plus the thrust balance measurements, lo-
cated in the nacelle. The sum of these measurements
are the total drag of the wing/nacelle configuration
as follows:

Drag = Dmain +T
The model coefficients were then determined by

dividing the forces by the dynamic pressure and
exposed wing arca as follows:

Drag
Cp=—2
Goe®
Lift
Cp=—5
400

Pitching moment

Cm =

45 S¢
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Wing-tip-mounted pusher turboprop model in Langley 7- by 10-Foot Speed Tunnel.
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(a) Normal velocity components on propeller blade.

Figure 3. Vortex enhancement of propeller efficiency.
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(b) Change in velocity components due to vortex flow.

Figure 3. Concluded.
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—— — Wing-tip extension
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Figure 5. Propeller power requirements for constant thrust at 0° incidence.
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Figure 6. Vortex/propeller interaction on drag coeflicient versus lift cocfficient for 0° incidence.
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Figure 9. Effect of nacelle and propeller installation on lift coefficient versus angle of attack at 0° incidence.
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Figure 10. Effect of propeller installation on lift coefficient versus angle of attack at —3° incidence.
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(¢) 0° nacelle incidence with wing-tip extension.

Figure 12. Effect of nacelle and propeller installation on pitching-moment coefficient.
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