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1.0 SUMMARY

1.1 GENERAL

Previous NASA/industry advanced-turboprop-propeller and prop-fan studies and wind tun-
nel tests indicate that point design, installed propulsive efficiencies on the order of 80% at
Mach 0.8 are achievable; and that a net reduction of 18% in TSFC could be expected over a
comparable, by pass-ratio-six, turbofan-powered airplane. In the absence of any associated
penalties, this reduction in TSFC (18%) would result in a net fuel saving of approximately
25% for a twin-engine, 180-passenger, Mach 0.8, commercial transport designed for 3300-km
(1800-nmi) range. However, the weight and drag of the prop-fan-powered airplanes were
judged to be larger than those of the turbo-fan-powered airplanes. When these penalties
were assessed in one study (ref 1), the fuel savings of 25% for the 3300-km (1800-nmi) de-
sign range were reduced to 9.7% for the wing-mounted prop-fan and 5.8% for the aft-
mounted prop-fan airplanes. This earlier study recommended additional analysis and design
to add realism to these preliminary assessments.

This study, implemented in response to one of these recommendations, addresses an ap-
proach to the aerodynamic integration of turbo-props and airframes. Both the wing-mount-
ed and aft-mounted prop—fan’installations were considered, but emphasis was placed upon
the wing-mounted installation as it represented the most difficult task.

Potential flow techniques were employed to study the aerodynamic integration of the prop-
fan propulsion concept with the airframe of advanced subsonic commercial transports.
Three basic configurations were defined and analyzed:

® A wing-mounted prop-fan at a cruise Mach number of 0.8
® A wing-mounted prop-fan in a low-speed configuration
®  An aft-mounted prop-fan at cruise Mach number of 0.8

In each case, the propeller slipstream was modeled and its interaction with the configuration
calculated.

To minimize aerodynamic interference penalties, the cruise wing of the wing-mounted con-
figuration was redesigned to reproduce or approximate the clean-wing pressure distribution
after inclusion of nacelle and slipstream effects.

. 1.2 CONCLUSIONS

This study has demonstrated the feasibility of using potential flow analysis techniques to
calculate prop-fan airplane aerodynamics. The study objective of minimizing propeller slip-
stream effects upon a wing was accomplished (fig. 1. However, the resulting wing was
structurally unsatisfactory because of an arbitrary ground rule to hold the leading edge con-
stant, with the remaining wing geometry contoured to reduce or eliminate prop slipstream
effects. The resulting wing with sheared front and rear spars would be impractical due to
excessive weight penalties, particularly when other solutions would be available with addi-
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tional analysis and/or wind tunnel testing. Therefore, wind tunnel testing of the configur-
ation developed by this study is not recommended. Additional studies of alternate means
to achieve the same or better aerodynamic results for a practical wing design are needed,
and wind tunnel testing should then be done to validate the resulting wing design.

Additional conclusions resulting from this study are discussed in the following paragraphs.

1.2.1 WING-MOUNTED PROP-FAN-HIGHSPEED

Predicated on the assumption of isentropic flow over the inboard wing, the baseline
wing has the potential for recovering up to 50% of the thrust lost due to swirl by
de-rotating the slipstream. However, the upwash from the propeller results in high
pressure peaks on the upper surface of the inboard wing, a coudition that renders the
wing susceptible to shock waves, flow separation, high drag, and buffet. This condition
could more than offset the potential thrust recovery.

The wing, modified for minimum cruise drag, generally accomplishes the objective of
neutralizing the adverse effects of the slipstream, but in so doing fails to de-rotate the
slipstream. The profile drag penalties are mostly eliminatad; however, the potential
thrust recovery gains are also eliminated.

The approach taken results in a modified wing that has large variations in twist and
thickness and is considered struciirally undesirable due to potential manufacturing
cost and weight penalties. Alternate approaches for modifying the wing and/or nacelle
are recommended for further study.

1.2.2 WING-MOUNTED PROP-FAN-LOW SPEED

The chordwise velocity increase in the slipstream is the predominant effect at low
speed. and is more important than the effect of swirl.

Large increments in chordwise velocity result in overloading the wing both inboard and
outboard of the nacelle.

A high-lift system designed for achieving high power-off CLpax does de-rotate the
slipstream to some extent and results in partial thrust recovery.

When considering all-engine slipstream effects, the high-lift condition drag polar is
improved because of the large increase in C]. combined with thrust recovery.

Rolling moment caused by one engine being inoperative is much less than the estimates
for the Reference 1 study and does not appear to be a major concern.

1.2.3 AFT-MOUNTED PROP-FAN

The aft-mounted prop-fan configuration is aerodynamically similar to a comparable
turbofan configuration.



The prop slipstream effects extend beyond the strut to the body and vertical tail and
influence the longitudinal cross section area distribution.

Partial (= 10%) thrust recovery resulting from the straightening effect of the strut on
the slipstream appears as an increment in strut Cp, rather than a decrement in drag.
The opposing tendencies of the wing downwash and the propeller swirl influence the
flow about the leading edge of the strut and in turn, the thrust recovery vector.

Overall, the prop slipstream has little effect on the aerodynamics of the airplane for
aftmounted engines as compared to wing-mounted engines.

1.3 RECOMMENDATIONS

This study was directed at applying analytical techniques to minimize propeller slipstream/
airplane aerodynamic interference effects and to maximize overall aircraft aerodynamic
efficiency during cruise. Potential flow analysis techniques to calculate prop-fan airplane
aerodynamics were applied. Additional studies of alternate methods for achieving the same
or better results with a more practical wing design are required. Therefore, the following
efforts are recommended to ensure a balanced, logical development of prop-fan technology:
and ultimately, a convincing evaluation of the economic and energy saving potential for
prop-fan propulsion systems.

1.3.1 PROP-FAN/AIRFRAME AERODYNAMIC INTEGRATION

Develop a cruise wing design that incorporates changes to the planform and leading/
trailing edges, but that essentially maintains the structural wing box. This may include
changes in local wing sweep, leading- and trailing-edge camber, wing aspect ratio,
thickness ratio, and nacelle contouring.

Determine the influence of the wing on wing propeller environment and aft-mounted
propfan installations.

1.3.2 NOISE RADIATION AND ATTENUATION

These recommendations result from the Reference 1 study.

Develop a data base and theoretical methods for predicting noise radiation from
prop-fans,

Develop a light-weight structure to attenuate noise at the prop-fan blade passing
frequencies.

1.3.3 PROP-FAN MISSIONS AND APPLICATION

Determine the optimum range and Mach number for a prop-fan airplane.

Conduct a fully integrated study that includes all technical elements of airplane design.
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As indicated, the cruise wing design should incorporate changes to the planform. For
example, leading-edge extensions on both sides of the nacelle could effectively reduce the
local thickness ratio without reducing the physical wing thickness. This leadingedge ex-
tension permits incorporation of local leading-edge camber without distorting the wing
structural box. The large suction peaks caused by the swirling slipstream inboard of the
nacelle could be mitigated by merely drooping the extended leading-edge. Conversely,
the wing leading-edge could be upcambered on the outboard side to compensate for the
loss of load on that side. This concert is shown in Figure 2.

Upward cambered
LE extension

Wing box |-

Downward cambered
LE extension

Figure 2. Typical Modification Concept for Prop-Fan C “se Wing



2.0 INTRODUCTION

2.1 BACKGROUND

Elementary considerations of momentum and energy lead to the conclusion that, in the
absence of compensating losses, propulsive efficiency is improved by accelerating more
fluid by a smaller velocity increment. Introduction of the high-bypass-ratio turbofan engine
stimulated a new generation of transport aircraft by using this principle to reduce fuel con-
sumption without substantially sacrificing the simplicity, reliability, and low maintenance
costs that have come to be expected by the airlines since reciprocating engines were replaced
by turbojets.

The increase in the relative cost of fuel following the 1973 Arab oil embargo, along with
national concern over the need of fuel conservation, have prompt:d Covernment and in-
dustry to examine possibilities for further reducing aircraft fuel consumption.

A 1976 NASA-sponsored study (ref 1) concluded that modest gains in efficiency could be
achieved by pushing turbofan technology further through the application of geared fans,
higher overall pressure ratios, and higher turbine inlet temperatures. The same study also
noted that the propeller offered more dramatic gains than advanced turbofans if it could be
adapted to the Mach 0.75+ cruise speed favored by airframe technology and expected by
the traveling public.

The high propulsive efficiency of propellers is difficult to maintain at cruise speeds above
Mach 0.7 because:

® The helical-tip Mach number becomes supersonic, and the outer section of the blade
incurs increased drag, leading to increased noise and the associated penalties,

or,

o The rotational speed must be reduced to the point where excessive slipstream swirl
necessitates the added weight and complexity of dual rotation.

In 1975, the Hamilton Standard Division of United Technologies Corporation proposed the
prop-fan concept. This concept is one in which a slightly supersonic outer blade speed is
accepted, and alleviation of increased drag and noise is accomplished by the use of thin
and swept-back blade sections. Also,to keep the diameter reasonable while absorbing the
very high power required for high-speed transport designs, eight to ten broad blades are used.

Wind tunnel tests conducted by Hamilton Standard and the NASA Lewis Research Center
indicate a point-design installed propulsive efficiency of 80% at Mach 0.8 cruise is achiev-
able, and a net reduction of 18% in TSFC over a comparable technology bypass-ratio-six
turbofan may be expected.

Study results reported in Reference 1 indicate that this 18% advantage in cruise TSFC for
a twin-engine, Mach 0.8 commercial transport designed for 3300-km (1800-nmi) range with

<o



180 passengers could result in a net fuel savings of approximately 25% ir there were not
compensating penalties. However, both the installation weight and drag penalties of the
prop-fan-powered airplanes were judged to be larger than those of the turbo-fan.

When these penalties are assessed, the estimated fuel savings are reduced to 9.7% for the
wing-mcunted prop-fan airplane and 5.8% for the aft-mounted prop-fan.

Early analysis and design work are necessary to add realism to these assessments and to
help guide decisions regarding the development of prop-fan technology.

2.2 STUDY OBJECTIVE AND SCOPE

The objective of the current study is to apply analytical techniques to the problem of the
wing and aft-body installation, thus minimizing propeller slipstream/airplane interference,
to maximize overall aircraft aerodynamic efficiency in cruise, and to define appropriate
high-lift devices for takeoff and landings.

2.2.1 TASK I-WING-MOUNTED PROP-FAN-HIGH SPEED

A “clean” wing of appropriate geometry is defined and analyzed (using a 3-D potential-
flow computer program, Boeing A 230) to provide a baseline pressure distribution. The
nacelle and slipstream then are added, and the resulting distorted isobar pattern examined to
identify problem areas associated with pressure peaks, adverse pressure gradients, and local
loss of effective sweepback. Design changes are defined to alleviate these problems, and a
revised wing-nacelle geometry analyzed to provide new pressure distribution data for valid-
ation of the proposed changes. A wing model for high-speed wing tunnel testing is defined
and thrust recovery due to slipstream de-rotation estimated.

2.2.2 TASK II-WING-MOUNTED PROP-FAN—-LOW SPEED

Leading- and trailing-edge {lap geometry and the fan flow field is examined at takeoff and
landing approach flight conditions. Pressures and streamline patterns at the leading edge
(with and without slipstream) are computed, and leading-edge devices required to mitigate
pressure peaks and to provide reasonable protection from flow separation arc defined and
analyzed. Probable power-off behavior and requirements for automatic retraction or angle
adjustment in case of engine failure are estimated and thrust recovery due to slipstream de-
rotation is calculated.

2.2.3 TASK HI-AFT-MOUNTED PROP-FAN

Acerodynamic integration of aft-mounted engines noses a completely different set of pro-
blems. Most of the requirements constraining the wing do not apply to a strut having only
the function of supporting the propulsion pod (and possibly to develop some thrust by re-
moving slipstream swirl). On the other hand, the drag of the aft-body may be sensitive to
disturbances caused by the nacelle and propeller because of the thick boundary layer and
adverse pressure gradient to be expected there. Potential flow methods are used to compute
pressure distributions and streamline paths.
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3.0 ABBREVIATIONS AND SYMBOLS

Cross sectional area
Reference span

Chord

Drag coefficient

Induced drag coefficient
Profile drag coefficient
Krueger flap chord

Lift coefficient per unit span
Lift coefficient

Maximum lift coefficient
Rolling moment coefficient
Pressure coefficient
Minimum pressure coefficient
Reference chord

Propeller diameter

Geometry
Error-free initial geometry
Clean-wing initial geometry

Leading edge

Local Mach number
Mean aerodynamic chord
Freestream Mach number

Unit normal
Nautical mile

Static pressure at radius r
Static pressure .t infinity

Total pressure at radins r
Total pressure at infinity

Dynamic head

Radial distance
Propeller radius

Arc length
Arc length from leading edge/chord
Shaft horsepower



TE
t/c
TSFC

Uso

w/U

WBL
WL

XY.Z

Thrust

Trailing edge

Thickness ratio

Thrust specific fuel consumption

Freestream velocity

Local velocity

Normal velocity component
Slipstream perturbation velocity
Tangential velocity component
Axial velocity

Uniform cross-flow

Vertical component of velocity vector
Wing buttock line

Water line

Cartesian coordinates

Angle-of-attack

Swirl angle

Trailing-edge flap deflection
Krueger flap deflection
Incremental quantity
Fractional semispan

Wing twist

Ratio of specific heats for air



4.0 ANALYSIS AND DESIGN METHODS

Three-dimensional potential flow techniques have been in use for many years for analysis
and design of complex acrodynamic configurations. These techniques have been found to
be adequate even though local patches of supersonic flow and shock waves at high sub-
sonic Mach numbers are not simulated. Consistent with current design practices, this analy-
sis was conducted at Mach 0.7.

4.1 COMPUTER PROGRAM A 230 DESCRIPTION

The Boeing-developed computer program A 230 (ref 2) is a general boundary-value problem
solver that uses source and doublet panels distributed on the configuration boundary sur-
faces and internally. The flow field over the configmation is determined by a computa-
tional routine, which calculates the strengths of the sources and Jdoublets that produce a
flow field satisfying the boundary conditions. Each boundary condition statement consists
of the following specifications:

®  Spacial coordinates of the boundary point
®  Direction cosines of a unit vector
® The desired velocitv component along the unit vector

For a general impermeable surface, the boundary point is positioned at the panel centroid,
with the unit vector directed normal to the panel. The condition of zero velocity along the
normal vector produces a flow that is parallel to the surface. This type of boundary condi-
tion is provided automatically by the program and requires no input from the user. How-
ever, if a nonzero velocity component is specified along the unit normal vector, problems
such as controlling the inflow distribution into a simulated fan face may be formulated.
This option has been exercised in the present study to represent the interaction of the
slipstream with the configuration without actually generating the swirling flow behind the
propeller.

4.2 ANALYSIS USING SLIPSTREAM AND PRE- AND POST-PROCESSORS

The methodclogy for inclusion of the prop slipstream in the three-dimensional, potential-
flow analysis model is presented in this section. The swirling flow behind the propeller disc,
impinging on the surface of the configuration is simulated mathematically through a restate-
ment of the boundary conditions at those boundary points that are washed by the wake.
The obtained solution is corrected to ensure satisfaction of the tangency con-ition at all
points in the presence of the slipstream.

The boundary conditions underlying the potential flow problem are described schematically
in Figure 3. The slipstream perturbaticn velocity (VpRrop) is resolved into a normal (V)
and tangential (V) component to the local panel. The boundary condition at the panel
center is expressed as:

V.n=-Vq

10
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Pre-processor Post-processor

Boundary conditions for A 230 gFiN ALS ;im + ;?RO?
Cross flow = .V, Veinay COMPUTE C,

Slipstream perturbation
weipcity at panel
boundary plare

Figure 3. Technique for Modeling Prop Stipstream

The requirement that there be a normal flow through the surface of magnitude -V, is equiv-
alent to requiring the local singularity strength to oppose Vprop. had the latter been gener-
ated by an appropriate distribution of singularities in the flow field. Postwolution addition
of Vprop to the local velocity vector ensures satisfaction of the tangency condition and
vields the effect of the siipstream on the configuration.

A pre- and posteprocessor computer program has been developed to handle the boundary
value problem described above. - In the pre-processor section, the slipstream velocity vector
VPROP is generated from swarl angle and total pressure data aft of the propeller (see deriv-
ation i Section 5.0). - This vector (VPROP) is then resolved normal to the configuration
panels within reach of the wake. The normal velocity (V) is generated and entered {as the
boundary condition) into potential flow program A 130, A solution is obtained and the
post-processor then is called upon to!

1. Regenerate the siipstream velocity vector VPROP at all affected boundary points
2. Vectorially add VPROP to the velocity vector arising from the potential flow solution

Recompute pressure coefficient, Cp

Integrate the pressures for forces and moments on a column-by-column basis
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This technique described above can be used to superimpose any velocity field on a boundary
value problem. An example is given in Figure 4 for the flow over a stub wing at an angle of
attack, a = 5. The solution obtained superimposes a uniform cross-flow of magnitude
w/U = tan a to the configuration at a = 0°. The excellent agreement with the exact solution
at a = 5° supports applicability of the method.

M=0

|
a = 5° ' StubWing
— Potential flo.. solution .
A Simulated cross-flow solution Strip No.

Figure 4. Test Case—Flow Over Stub Wing: Strip 2

4.3 DESCRIPTION OF COMPUTER PROGRAM A 236

The Boeing A 236 computer program (ref 3) is a design-analysis-optimization program,
which has been used in the present study to redesign the baseline wing of the wing-mounted
prop-fan. In the design mode, A 236 calculates the wing geometry required to support a
specified pressure distribution. To achieve design capabilities, a number of limitations were

12



imposed upon A 236, as compared with the more general program, A 230. The variations
between these two programs are:

A 230 A 236
1. Analysis only Analysis, design, and optimi-
zation
2. Accepts general configurations of Accepts wing/body only
any shape
3. Exact boundary conditions Linearized wing boundary
(applied on surface) conditions (applied on wing

design plane, exact boundary
conditions on body

4. Lifting surfaces treated as a whole Wing split into camber and
thickness
5. Paneling external to program Automatic paneling provided

Features of A 236 include:

e It handles wing/body configurations only. The wing may be designed in the presence
of the body, but nacelle and slipstream are excluded.

e Linearized boundary conditions are applied on the wing design plane, eliminating the
need to estimate the initial geometry when designing the wing.

e Wing camber and thickness are treated separately and their effects are superimposed.
This is a necessary limitation of the linear theory.

e Since only wing/body configurations are admissible into A 236, automatic paneling is
provided. The wing is considered flat and is paneled over its planform.

4.4 DESIGN METHOD

The problem of redesigning the baseline wing of the wing-mounted prop-fan for favorable
interaction with the slipstream was as follows:

“Find the wing geometry which, in the presence of the nacelle and slipstream will support
the pressure distribution of the clean wing”. Because the nacelle and slipstream could not
be modeled on the design program A 236, a scheme employing both programs A 230 and
A 236 was devised (fig. 5). The clean wing-body configuration was analyzed on A 236,
resulting in the pressure distribution, Cp; (only one wing section is used for illustration in
the figure). The increment Cp of the nacellesslipstream over the clean wing, calculated by
A 230, was then subtracted from Cpy to produce Cpyy, thus:

Cpy1 = Cp1 - ACp

13
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-18 A 230 Analysis A 236 Analysis

-1.0

Clean wing

Cpl—cmn wing

C,_. —Design target

rGo—InitiaI geometry
lG,—Geometry designed from C
G“—Geometry designed from 8;“

Schematic

Final geometry GF = Go + G” “GI

Figure 5. Prop-Fan Wing Design Technique

In an attempt to eliminate errors inherent in the solution of the design problem, two design
runs were executed on A 236; one for Cp and another for Cpy. The resulting wing geome-
tries are symbolically denoted Gj and Gjj, respectively in the figure. The final wing geo-
metry was then calculated from:

GF=Go +G11-G1
where GQ is the initial geometry of the clean wing. Gj - GQ represents the error attribut-

able to the lack of reversibility in the analysis-design-analysis cycle on A 236. By subtract-
ing it from GiJ, an error-free final geometry (GF) is obtained.

14
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Figure 6 shows a comparison of baseline and redesigned wing sections on the two sides of
the nacelle. Large changes in twist, thickness, and airfoil shape are evident as a result of
the design exercise. Figure 7 defines the twist distribution of the baseline and modified
wings. A twist increment of approximately +6° outboard and -5° inboard of the nacelle
appears to be almost equal and opposite to the swirl angles at cruise stated in Section 5.0.
The wing thickness distribution of the baseline and modified wings is shown in Figure 8.
As a result of this design exercise, the maximum wing thickness ratio has been reduced by
18% inboard and by 10% outboard of the nacelle.

wBL 1

—— Baseline wing
=== Redesigned wing

Figure 6. Cruise Wing Geometry
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5.0 WING-MOUNTED PROP-FAN--CRUISE

5.1 CONFIGURATION AND FLIGHT CONDITIONS

Potential-flow analysis of the wing-mounted prop-fan in a cruise configuration is presented
in this section. The analysis was carried out on the Boeing A 230 general porential flow
computer system (Section 4.0) at values of a from -3° to +39, and at 0.7 freestream Mach
number. Several configurations comprising wing, body, nacelle and slipstream were modeled
and analy.ed in a systematic buildup toward achieving a broad understanding of the pheno-
mena involved. The baseline wing employed in the study was essentially that of a twin-
turbofan airplane meeting similar requirements and available from previous Boeing studi -».
This wing was subsequently redesigned, using the method described in Section 4.0, with the
objective of achieving the clean wing pressure distribution in the presence of the nacelle
and slipstream. Figures 9 and 10 show the paneling arrangement for the clean wing and the

Surface Source Panels

Vortex Panels

Figure 9. Baseline Wing Body “lode!
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Surface Source Panels

Vortex Panels

Jut represented
by line vortices

Figure 10.  Baseline Wing Body/Nacelle Model

wing plus nacelle, respectively. as defined for potential flow analysis. In each case, the wing
has been subdivided into 14 strips having 48 source panels each. The modified wing-nacelle-
body configuration is shown in Figures 11 and 12. Definition of the baseline and modified
wings is given in Appendix A. Sharp discontinuities in twist and thickness across the nacelle
make this wing structurally undesirable. For this reason, although wind tunnel testing to
validate the theory and to assess the extent to which the design objectives were achieved
could be conducted, they are not recommended for this wing geometry, Instead, further
research to define 2 more realistic wing geometry i recommended,
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Figure 12. Moditied Cruise Wing
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5.2 SLIPSTREAM CHARACTERISTICS

Figure 13 presents a comparison of the measured and calculated total pressure ratios and
swirl angles along the blade radius as stated by Hamilton Standard in reference 4. The
measured data, taken one blade chord behind the propeller, indicated that the root sections
were overloaded and the top portions were underloaded compared to the design objectives.
Because further refinements were contemplated by Hamilton Standard to achieve the design
objectives, the theoretical distribution was selected for inclusion in the potential flow model.

Total Pressure Ratio

1101
¢ M=08

.=mam Calculated
awe.Measured

Total pressure ratio,%ﬂ .1.05
o

1.00
L 1 1 i 1 1 A
0 0.2 04 06 08 1.0 5.2
r/R
1or Swirl Angle
T -
, /
Swirl angle(5 ), degree 5
i [y 1 i J
0 0.2 04 0.6 0.8 1.0 1.2

r/R

Figure 13. Radial Distribution of Swirl and Total Pressure in Prop Slipstream

The 1. agnitude of the velocity vector V(r) in the propeller slipstream is isentropically
relatec. to the total pressure ratio P(r)/Pg as follows:

-1

vo)_ 1 TP, Ty 2 2.2 |%
Uee Moo [(Po) Gt M=t 1-1]

with the assumption that the local static pressure is constant: p(r)=p

20



ORIGINAL PAGE 19
OF POOR QUALITY

The axial velocity component, Vy /U is determined from V(r) and the swirl angle §(r) thus,

Yx o YO o580
er oD

The pressure coefficient is calculated from:

N V()2
[1+:'-2—l MJ(!-%)]—L -1

RAFYIE q

Cp=

where q is the dynamic head and AP(r)/a is a cor.* tion term to account for the change in
total head across the propeller disc. 1t is given by:

AP(r) =( P(r)-l)[
q F,

The above formulation has been used ror all potential flow calculations in the present docu-
ment,

5.3 PRESSURE COEFFICIENT DATA

Pressure profiles for the bascline wing on the two sides of the nacelle are shown in Figures
14 through 17. On the inboard side (strips 3 and 4), the effect of the nacelle is to increase
the supervelocities on both upper and lower surfaces. This is equivalent to an increased-
thickness effect. The propeller slipstream induces a local upwash which further aggravates
the upper surface pressure peaks. Local Mach numbers of up to 1.5, corresponding to a
freestream Mach number of 0.7, have been calculated. It is thus postulated that severe
penalties in drag may be incurred as a result of shock formation on the inboard wing. On
the outboard side of the nacelle (strips 4 and 5), both the nacelle and the slipstream con-
tribute to unloading the local wing sections. The nacelle produces a diminished-thickness
effect, whereas the svirl reduces the effective local incidence.

Pressure profiles for the modified wing are compared with the baseline profiles in Figures
18 through 21. These figures indicate that, to a large extent, the design objective of achiev-
ing the clean wing pressure distribution has been attained. The design procedure (ontlined
in Section 4 0) necessitated changes in the wing twist, thickness, and airfoil shape and was
limited to a single design cycle.

21



-1.8

0.8
Figure 14. Effect of Slipstream on Chordwise Pressure Distribution: Strip 3

04

0.8
Figure 15. Effect of Slipstream on Chordwise Pressure Dist: bution: Strip 4

ORIGINAL PAGE I8
OF POOR QUALITY

M=0.7
a=0°
——— e (lean wing
senseosse w.ng 4 nace"e
Wing + nacelle + prop slipstream

Prop disc

M=0.7
a=0°
— e Clean wing
------- Wing + nacelle
Wing + nacelle + prop slipstream

©
-l

22



0.8

-1.6

0.4

0.8

ORIGINAL PAGE (8
OF POOR QUALITY

M=0.7
a=0°
| ~=~—— Clean wing
ee=== Wing + nacelle
== Wing + nacelle + prop slipstream

Figure 16. Effect of Slipstream on Chordwise Pressure Distribution: Strip 5

M=07M
— a= 00
e memmee Cle2n wing
-------- Wing + nacelle
- Wing + nacelle + prop slipstream

Figure 17. Effect of Slipstrearn on Chordwise Pressure Distribution: Strip 6
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Figure 18. Wing Pressure Profiles: Strip 3

M=0.7
a=0°
—=——~= (lean wing
Wing + naceile + slipstream
© Modified wing + nacelle +
slipstream

-1.6

Figure 19. Wing Pressure Profiles: Strip 4
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Figure 20. Wing Pressure Profiles: Strip 5

-20r
M=0.7
a=0°
sk T Cl:an wing

Wing + r.acelle + slipstream
@ Modified wing + nacelle + slipstream

Figure 21. Wing Pressure Profiles: Strip 6
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5.4 WING ISOBARS

Wing upper surface isobars for the baseline and modified wings are presented in Figures 22
through 25. The effect of the nacelle alone (fig. 23) is to disrupt the isobar pattern near the
wing leading edge. Increased suction peaks inboard of the nacelle, which die out near the
side of the body, appear as elongated puddles. The effect of the swirl (fig. 24) is to further

increase the suction peaks inboard of the nacelle and to cause puddling of the isobars on
the outboard side.

The modified wing (fig. 25) exhibits an outboard isobar pattern similar to that of the clean
wing. Inboard, the isobar pattern reveals the presence of suction peaks higher than those of
the clean wing that have not been fully mitigated through the design exercise.

0.3
0.2
-0.1

Figure 22. Upper Surface Wing Isobars—Clean Wing
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Figure 23,
Upper Surface Wing Isobars—Baseline Wing + Nacelle

M=0.7

Figure 24,
Upper Surface Wing Isobars—Baseline Wing + Nacelle + Slipstream
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Figure 25. Upper Surface Wing Isobars—Modified Wing + Nacelle + Slipst-eam

5.5 FORCE DATA

CL vs a curves for the cruise wing-body-nacelle configuration are shown in Figure 26. At
a = 0°, the effect of the slipstream is to increase the total lift by approximately 5%. The
" slope of the lift curve is slightly lower for the modified wing relative to the baseline in the

absence of slipstream effects. In all cases, a design C value of 0.5 is achieved at a close to
0°.

Wing spanwise load distributions are presented in Figures 27 and 28. Figure 27 shows the
incremental effects of the nacelle and slipstream on the loading of the baseline wing. The
asymmetry created by the prop slipstream is compatible with the pressure profiles of Fig-
ures 13 through 16. The wing, in this case, acts as a pair of stators tending to straighten the
swirling flow behind the propeller and thus contribute to thrust recovery. Figure 28 gives
the span load distribution for the modified wing which is in agreement with that of the
clean wing, as set forth in the design objective.

Spanwise distribution of Cp for the baseline and modified wing is presented in Figure

29 at a = 0°. Inboard of the nacelle, the baseline wing is highly critical because of upwash
from the swirling slipstream. At 0.8 cruise Mach number, strong shock waves and, possibly,
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Figure 27. Effect of Slipstrearn on Span Loading

29



ORIGINAL PAGE 19
OF POOR QUALITY

M=0.7
a=0°
e = Clean wing {baseline)

1.0 Baseline wing + nacelie + slipstream
© Modified wing + nacelle + slipstream
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Figure 28. Wing Spanwise Load Distribution

shock-induced separation are likely to occur on the inboard baseline wing. Correspording
penalties in profile drag are difficult to assess without a full-scale wind tunnel test. However,
these penalties are expected to outweigh gains accrued from propeller thrust recovery. The
modifed wing (fig. 29) exhibits substantially reduced pressure peaks, although still higher
than those of the clean wing.

5.6 PROPELLER THRUST RECOVERY

Swirl velocities in the prop slipstream represent lost thrust and hence lower efficiency. In
Reference 1. these losses were estimated at 85 during cruise and 13% at takeoff. The wing,
acting as a large chord stator, may be expected to recover some of the lost thrust by de-
rotating the slipstream. Physically, the slipstream induces a local angle-of-attack, which
causes the lift vector to tilt forward, producing thrust.

In the present context, the thrust increment due to the slipstream has been obtained by
integration of the surrace pressure. Figure 30 gives a drag buildup for the baseline and the
modified wing, each incremented from the clean wing. The iacrements in profile drag
(Cpp) were postulated on the basis of the spanwise distribution of Cppn of Figure 29.
Early shock formation could lead to an early break in the polar as suggested in Figure 30.
Uncertainty factors for the increments in CDP may be as high as 100%.

Vector ACDj in Figure 30 represents the increment in induced drag between the wing plus
nacelle and the clean wing. It was calculated by the induced drag program A 323 (ref. 5)
and is strictly a function of the span load distribution. This vector is negligible for the base-
line wing, but significant (4.5 drag counts) for the modified wing.

30



ORIGINAL PAGE IS
OF POOR QUALITY

M=07
-16 a= 00
mowmeee Clean wing
Wing + nacelle + slipstream
-1.4- e Modified wing + nacelle + slipstream
-1.21 — Nacelle
Comn -1.01
-0.8 r- ———
N
c6f N
-0.4 -
[ | 1 L 1 i i 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Fractional semi-span (1), percent

Figure 29. Spanwise Distribution of C
PMIN

The thrust recovery vector was calculated by potential flow program A 230 as the difference
in integrated surface pressures between the configuration with and without swirl. For the
modified wing this vector is composed of a ACy of 0.026 and a ACp of one drag count.
It is considered inconsequential.

The baseline wing shows a thrust recovery vector equivalent to 11 counts of thrust. At
Mach 0.8 and 10 700m (35 000 ft), this translates into 2.97 kN (668 Ib) of thrust. The
total thrust of the airplane may be estimated from the propeller power loading given by
Reference 4:

SHP 37.5 per engine

D

==

Where SHP is shaft horsepower and D = 5.97m (19.6 ft) is propeller diameter. At Mach 0.8
and 10 700m (35 000 ft), the total thrust, assuming a propeller efficiency of 0.8, is:

T=72427kN (16 283 1b)
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From the above, the recovered thrust for the baseline wing is 4.1% of the total, or approxi-
mately 50% of the estimated thrust lost due to swirl.

This estimate of thrust recovery is predicated on the ability of the baseline wing to sustain
the calculated pressure profiles in shock and separation-free flow.

5.7 ASSESSMENT

The influence of the nacelle (without slipstream) on the baseline wing is significant as is
indicated in Figures 14, 15, 24, and 27. The present study did not consider recontouring
the nacelle. However, future study efforts should include this consideration, perhaps in
combination with some thrust line toe-out to align it with the local flow.

The swirl produced by the wing-mounted prop-fan imparts a strong local upwash to the
wing inboard of the nacelle and a downwash on the outboard side. Large leading edge suc-
tion pressures appearing on the inboard wing were found to produce a thrust force, equiva-
lent to the momentum removed from the swirling slipstream through the straightening effect
of the wing. The analysis further indicated that at high cruise Mach number (M = 0.8),
isentropic flow could not be maintained on the inboard wing and that shock waves were
likely to occur. If this occurs, the readjustment of pressire on the inboard wing would
largely eliminate the calculated thrust increment and would further lead to sizeable penalties
in profile drag. To alleviate the adverse effects of the nacelle and <wirl on the wing, the
latter was redesigned to neutralize these effects. The resulting wing is characterized by
large variations in twist and thickness and shows little potential for thrust recovery., The
trade between profile drag and thrust recovery must ultimately be determined through wind
tunnel testing.
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6.0 WING-MOUNTED PROP-FAN-LOW SPEED

Lovspeed analysis of the takeoff configuration and flight condition was selected because
the slipstream effects are much greater than in the landing approach condition.

6.1 GEOMETRICAL DEFINITION

Leading- and trailing-edge flap geometries have been defined for the modified cruise wing
(described in sec. 5.0) to simulate the takeoff flight condition. Figure 31 depicts a stream-
wise section of the flapped wing as defined for potential flow analysis. A trailing-edge flap
of 22% chord, extending over the entire wing span was assumed. A flap deflection 8F of
10° was selected for the takeoff condition and was achieved by rotating the trailing-edge
about the 78% chord line.

LE Krueger flap
6p =100 TE flap setting

Figure 31. Leading- and Trailing-Edge Flaps for Low-Speed Configuration

The leading-edge Krueger flap geometry was defined as shown in Figure 32 and described
L 'S

e Point A—A point of tangency on the wing upper surface at 2% chord from the leading-
edge.

e Point B—Located at the intersection of the tangent from A and the wing chord line.

o The Krueger leading edge (point C) was determined by constructing from point B a
line at an angle 6 to the wing chord line and equal in length to the Krueger flap chord.
The latter was fixed at 15% of the basic wing chord. The Krueg:r angle 5k was initial-
ly selected equal to 63°. In a subsequent design cycle, it was varied between 50° and
559 spanwise, in an attempt to improve the flow pattern over the leading edge.
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e The Krueger upper surface profile was extracted from an existing Bozing design and
geometrically stretched to fit between points B and C while remaining tangent to
line AB.

e The Krueger lower surface profile was faired in arbitrarily to compliete the section defi-
nition. It does not significantly impact the performance of the wing,

Chord line

I

initial definition
—————— Second iteration

A = Point of tangency

B = Chord/tangent intersection
C = Krueger flap LE

8K = Krueger flap deflection

Figure 32, Krueger Flap Definition

The above procedure was fully automated for rapid generation of the entire winy, given a
set of Krueger flap angles and chord ratios (Cg/C).

Paneling of the low-speed configuration for potential flow analysis is shown in Figures 33
and 34. Particular attention was required in modeling the wing-fody intersection because
of the Krueger flap dipping below the body. Bound vortices within the wing lifting system,
located in the Kreuger flap region, could not be extended to the body centerplane as is nor-
mally done. Instead, they were routed to a point aft of the Krueger, deflected to the plane
of symmetry, then shed aft to infinity.
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6.2 DESIGN PROCEDURE

Initial definition of the low-speed configuration included a Krueger flap of constant deflec-
tion angle, §g = 63° and chord ratio CK/C = 0.15 (see fig. 32). This configuration was
analyzed, less slipstream effzcts on potential flow program A 230. The results indicated a
nonuniform stagnation patter: along the Krueger leading edge, partly because of the large
variations in the wing twist distribution. In a second design cycle, the Krueger flap was
redefined in accordance with the deflection schedule of Figure 35. A comparison of pres-
sure profiles along strips 3 and 6 for the two design cases is given in Figures 36 and 37. The
data are plotted versus arc length (S/C) from the Krueger flap leading edge. At a = 4°,
the stagnation point is located on the upper side of the lead’g edge in both design cases.
At higher angles-of-attack and/or increasing trailing-edge flap deflections (8F), the stag-
nation point is expected to move down past the leading edge toward a more favorable loc-
ation corresponding to CLypox- Because of a more uniform distribution of the stagnation
line along the wing leading edge, the second iteration design wasselected for further analysis.

651
Initial design

60
Krueger
deflection
angle (6} . —— Second iteration
degree 55 i ‘\'/k

Nacelle
sl

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

Fractional semi-span (n), percent

Figure 35. Krueger Flap Deflection Schedule
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Figure 36. Low-Speed Wing Pressure Profiles: Strip 3
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Figure 37. Low-Speed Wing Pressure Profiles: Strip 6
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6.3 SLIPSTREAM CHARACTERISTICS

Radial distribution of total pressure ratio and swirl angle &ft of the propeller for the cruise
and takeoff conditions are given in Figure 38. The takeoff data at Mach 0.2 were obtained
by Hamilton Stanaard through wind tunnel testing. Swirl angles of about 9 degrees are
predicted, compared to 6 degrees at cruise. The incremental axial velocity (AVy/Us)
corresponding to the above data (calculated by the method described in sec. 5.0) is present-
ed in Figure 39. These increments are very large during takeoff and have a significant im-
pact on the wing aerodynamic characteristics.

— Cruise: M = 0.8
- Lowspeed: M=0.2

1o Total Pressure Ratio

Total pressure
. Plr)
ratio, —
Po

Swirl angle (8},
degree

0 0.2 04 0.6 0.8 1.0 1.2
r/R

Figure 38. Radial Distribution of Swirl and Total Pressure in Prop Slipstream
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Figure 39. Radial Distribution of Axial Velocity Increment in Prop Slipstream

6.4 PRESSURE COEFFICIENT DATA

Pressure profiles for strips 3 through 6 at a = 4°, showing the effect of the propeller slip-
stream, are given in Figures 40 through 43. On the inboard side of the nacelle, the swirl
angles and the increinents in axial velocity have additive effects, resulting in high loading
of the local wing sections. On the outboard side, these effects are subtractive with the
axial velocity slightly more predominant. The net effect is an increase in load on the out-
board, as well as the inboard wing. The effect of the slipstream on the wing as a whole is
discussed further below.

6.5 FORCE DATA

The Lift curve for the low-speed configuration is shown in Figure 44. At a = 40, the effect
of the slipstream is to increase Cy from 1.328 to 1.610, a 21% increase. Preliminary design

estimates in Reference 1 give a climbout Cy_ value of 1.63 with 2 trailing-edge flap setting
of 10°,

Figure 45 shows the effect of the slipstream on the wing-span load distribution. Local in-

creases in the wing loading on both sides of the nacelle correspond to the pressure profiles
of Figures 40 through 43.
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------- Wing + nacelle
2 ————— Wing + nacelle + slipstream

Figure 40. Low-Speed Wing Pressure Profiles with Slipstream: Strip 3

Prop disc

===== Wing + nacelle
Wing + nacelle + slipstream

Figure 41. Low-Speed Wing Pressure Profiles with Slipstream: Strip 4
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Figure 42. Low-Speed Wing Pressure Profiles with Slipstream: Strip 5
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Figure 43. Low-Speed Wing Pressure Profiles with Slipstream: Strip 6
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Figure 45. Krueger Wing—Low-Speed Configuration Spanwise Load Distribution
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6.6 DRAG AND THRUST RECOVERY

Induced drag of the wing/body/nacelle configuration, calculated from the span load distri-
bution of Figure 45, is shown in Figure 46. The effect of the slipstream (shown in fig. 46)
was calculated as an increment in the integrated surface pressures over the configuration.
This vector is largely composed of a CL increment (ACL = 0.282) with 36 counts of drag
reduction, which contributes to thrust recovery. If, however, the effect of the slipstream is
to be considered at constant C|, the thrust recovery could be as high as 350 counts, depend-
ing on the general shape of the polar.

22 1
M=02 2
Sper = 260.78 m? (2807 ft?)
20 |-
1.8
Effect of prop .
. Cp, , no slipstream
cL 16 slipstream Di
14 |-
/
1.2 -
Potential thrust recovery
10L ] i |

0 500 1000 1500
Induced drag coefficient (CD.)' count
i

Figure 46. Krueger Wing—Low-Speed Configuration Induced Drag Due to Slipstream

6.7 EFFECT OF ONE-ENGINE FAILURE

In the case of a one-engine failure, the aerodynamic forces and moments attributed to the
slipstream will act only on one side of the airplane, creating a general aerodynamic imbal-
ance that must be trimmed.

Figure 47 depicts the rolling moment CMX as a function of Cy, for only one-half of the con-
figuration. The effect of the slipstream, calculated by integration of the surface pressures,
is shown on the figure as a vector composed of:

ACp =0.141
ACpx =0.018
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This represents the engine-out increment of the prop-fan over the turbofan. It is substan-
tially smaller than preliminary estimates for the Reference 1 study, as indicated in Figure
48,

0.25~ M=0.2 '
Sper = 260.78 m? (2807 1t?)
= 50, 166.
bREF 50.85m (186.83 fr Without slipstream
0.20}- ® With slipstream

0.15 a=4°

Effect of slipstream
Moment reference point
BS = 22.10 m {72.50 ft)
BL=0
WL = 6.33 m (17.50 ft)

0.10

0.0 L L i | i 1 I ]
05 06 07 08 09 10 1.1 1.2

Lift coefficient (C, ) per wing panel

Figure 47. Krueger Wing—Low-Speed Configuration Rolling Moment Coefficient

Estimates for Reference 1
0.081 adjusted to present study
configuration geometry

0.06

M=0.2
TE flap deflection, 6 = 100
SREF = 260.78 m2 (2807 12
bref = 50.55m (165.83 ft)
Moment reference point

BS =22.10m (72.50 f1)

0.04F BL =0
WL =5.33m (17 .50 ft)
Calculated by
0.02} d/— present method
’ Note: Propeller normal force and
thrust vector (= 6%, depending
on condition) not included
0 S 1 3 i 1 A Y
0 2 4 6 8 10 12 14

Angle of attack (a), degree

Figure 48. Rolling Moment Due to Engine-Out Comparison with Preliminary Estimates
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6.8 ASSESSMENT

Leading- and trailing-edge flaps were defined for the modified cruise wing, and are suitable
for both landing and takeoff. The flap definition was intended for potential flow analysis
only, and would normally undergo extensive tailoring prior to hardware application. The
analysis showed the nature and extent of the problems associated with the wing-slipstream
interaction during takeoff; landing approach problems would be similar but less severe.
Based upon the calculated data, the following observations were made:

e Leading-edge Krueger flaps had more than enough deflection (§K) to eliminate all
pressure peaks on the upper surface. The extra margin in §K ensures safe operation at

CLmax- For maximum L/D during climb, the Krueger flap should be partially re-
tracted.

e Unlike the high-speed condition, the axial velocity increment, rather than the swirl,
dominates the slipstream effect at the takeoff condition. As a consequence, the por-
tions of the wing scrubbed by the slipstream experience large, local increases in
loading.

e An engine failure at takeoff results in an asymmetric loading that appears to be well
within the trim capabilities of the lateral control system for this type of airplane.
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7.0 AFT-MOUNTED PROP-FAN

7.1 CONFIGURATION AND FLIGHT CONDITIONS

Paneling of the aft-mounted prop-fan configuration is shown in Figures 49 and 50. The
wing was moved aft for longitudinal stability and was represented by a single vortex panel
network placed over its mean surface. Accordingly, wing thickness effects were ignored in
calculating the flow over the aft-body assembly and the body was partially coke-bottled in
the vicinity of the empennage for improved area distribution. The vertical tail and the strut
have symmetrical profiles of 12 and 10.5% thick, respectively. The strut plane of symmetry
has 2.6° of pitch and 199 of dihedral and the horizontal tail has a cambered, 10,5 percent
thick section.

The longitudinal, cross sectional area distribution along the aft body stations has a direct
bearing on the local pressure. Figure 51 shows a buildup of the cross sectional area in that
region. Maximum area occurs at body station 1640 and generally corresponds to the loca-
tion of minimum body rressure in Figure 52. Smoothing the cross sectional area distribution
could greatly improve the flow field in the body-nacelle channel but is not readily feasible.
For example, additional necking of the body is limited by structural considerations. Moving
the strut-nacelle assembly forward could require large increases in body noise attenuation
provisions. It should be noted that the area profile of Figure 51 is typical of T-tail. aft-
mounted engine arrangements and is not necessarily objectionable or undesirable.

Figure 48, Paneling of Aft-Mounted Prop-Fan
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Figure 50, Aft-Mounted Prop-Fan lsometric Projection

Vertical tail

A

Area, m‘? {ft2§

5 -

, 10

n?m; iﬁi‘ﬁm {M'Wl itﬁ?m {1600} (17001 (180G} U1800) {2000

3

30 35 40 45 50
Body station (X}, m {in}

Figure 81, AftMounted Prop-Fan Cross Sectional &rea Distribution
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-04r With slipstream
M=0.7 Without slipstream
02k
Cp ok
L(BOO) (1000) {1200} (1400} {1800) .
0.2L 4 1 Il —r . 1 i ]
r ¥ T ] T
20 26 30 35 40
Body station (X), m {(in})
(400) /- Points at which data are shown
ooyl T
Waterlines, ® ® ® ®
{in)
(200) }-
—
(100) b=

Figure 52. Aft-Mounted Prop-Fan Side-of-Body Pressure Profile

The configuration was analyzed on potential flow program A 230 at Mach 0.7 and angles-
of-attack of -2 to 5°,

7.2 SLIPSTREAM CHARACTERISTICS

Radial distribution of swirl angle and total pressure ratio aft of the propeller corresponds
to the cruise condition defined in Figure 13 for the wing mounted prop-fan. Only the
strut, in the present case, is washed by the propeller slipstream. However, the effect of the
slipstream extends to the body and -the vertical tail because of its impact on the channe!
cross sectional area distribution.

7.3 PRESSURE DISTRIBUTION AND SPAN LOADING

The pressure distribution along the side of the body is shown in Figure 52. The pressure
is most critical at about 50% chord of the strut-body intersection on the upper side of the
strut. This condition is further aggravated by the propeller slipstream, in spite of the fact
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that the latter does not impinge on the body. From thc point of minimum pressure, the
pressure recovery occurs over a relatively short distance, increasing the danger of separation
over the tail end of the body and possibly increasing drag by one or two counts.

Strut pressure profiles showing the effect of the slipstream are presented in Figures 53
through 55. In the absence of the slipstream, the strut is influenced by the downwash from
the wing and suction peaks are in evidence on its lower surface. The chordwise load distri-
bution exhibits two loops of opposite signs that integrate to produce a strut CL close to
zero. The propeller slipstream produces a strong upwash counteracting the downwash from
the wing and it causes a collapse of the negative pressure loop on the strut leading edge,
generally increasing the total load on the strut. This effect is particularly pronounced on
strip 2 because, as shown in the figure inserts, strip 3 is close to the axis of the propeller
and strip 1 is out of its range. Vertical-tail pressure profiles are presented in Figures 56
through 59 and show that the influence of the propeiler slipstream clearly extends to the
vertical tail and that this effect is more pronounced on the lower parts of the vertical tail
and diminishes toward the tip.

-20

M=0.7
-1.8f a =0°
———— With prop slipstream

08

Figure 63. Aft-Mounted Prop-Fan Strut Prossure Profiles: Strip 1
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Strip No.

r:gg Prop disc

— With prop slipstream
-—enen Without prop slipstream

M=0.7

a=0°

With prop slipstream

- — = Without prop slipstream

Figure 55. Aft-Mounted Prop-Fan S'rut Pre-ure Profiles: Strip 3
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s =
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Strip No.
=== Without slipstream W

05l
° Figure 56. Aft-Mounted Prop-Fan Vertical Tail Pressure Profiles: Strip 1
!
M=07
- N
;r ;hO'_ E Strip No.
06Fr —— ith slipstream

-===Without slipstream W
-04

"
-
”~ -~ -
0.2 r- s
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Figure 57. Aft-Mounted Prop-Fan Vertical Tail Pressure Profiles: Strip 2
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M=0.7

a =0°
e With slipstream
=== =s Without slipstream

Figure 58. Aft-Mounted Prop-Fan Vertical Tail Pressure Profiles: Strip 3

_ e With slipstream
== = Without slipstream

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1.0
X/C

Figure §9. Aft-Mounted Prop-Fan Vertical Tail Pressure Profiles: Strip 4
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Figure 60, strut spanwise load distribution, shows that the propelier slipstream clearly in-
creases the upward load on the strut, which, to some extent, contributes to thrust recovery.
This force, however, is very small due to the limited strut area. Because loading the strut
serves no useful purpose, the strut could be twisted and pitched down to uniformly elimin-
ate the span load in the presence of the slipstream. The load increment of the slipstream
would probably remain unaffected as would the thrust recovery and the strut drag would
be reduced.

0.2

With slipstream

Body side Nacelle
CC/Cr ¢ |- N (

Without slipstream

0 1 1 1 1 1 1 | 1 [}
4] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Strut fractional semi-span (1), percent
Figure 60. Aft-Mounted Prop-Fan Effect of Slipstream on Strut Loading

7.4 DRAG AND THRUST RECOVERY

Figure 61 shows a plot of induced drag of the clean wing versus Cy . The lift and drag incre-
ments due to the slipstream were calculated by integration of the surface pressures and are
shown as a thrust recovery vector. Computed at a = 0°, this vector is

ACp =0.017
ACp = 0.8 drag counts.

Considered at constant C[, an equivalent three counts of drag reduction could be inter-
preted as thrust recovery. However, the uncertainties in the above calculations are sufficient
to offset any gain attributed to thrust recovery.
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07 ¢

M=08

a=0°

SReF = 260.78 m2 (2807 f2)
06 |-~ Without slipstream

] With slipstream
05
Vector effect of swirl
C
04
03 1 i []
0 50 100 150

Induced drag ‘CDi)' counts

Figure 51. Aft-Mounted Prop-Fan Effect of Slipstream on Induced Drag

7.5 ASSESSMENT

In the absence of the wing-slipstream interference problem, there is little aerodynamic
difference between the aft-mounted prop-fan and an equivalent turbofan configuration.
Therefore, only airplane size and power plant characteristics for a given mission determine
the difference in operating economics between the two airplanes.

The aft-mounted prop-fan requires relatively long struts for the propeller to clear the side
of the body, so a higher incentive exists to optimize these struts for minimum drag and
maximum thrust recovery. The present analysis shows the type and extent of strut loading
caused by the prop slipstream and the interference effects between the various components
involved. Proper loading of the strut and careful contouring of its leading edge should en-
hance thrust recovery without incurring drag penalties.
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APPENDIX A

BASELINE AND MODIFIED WING GEOMETRY

Definitions of the baseline and modified cruise wing are given in the following pages. Figure
A-1 gives the planform definition which is common to both wings. The wing has the follow-
ing reference quantities:

Area, m2 (ft2) 260.8 (2807)
Aspect ratio 10

Taper ratio 0.353

C/4 sweep, deg 30

MAC, m (in) 5.496 (216.37)
Span, m (in) 51.066 (2010.49)

Each of the two wings is defined at 16 wing buttock lines, including one on each side of the
nacelle.

0 9.2532
(364.30)

I — 09203

11.7043 (460.80)
I | < 12.2065 (480.57)

9.0034
10.7316
(368.01) (422 51

11.5183
(1005.25)

Dimensions in meters {in)

18.6264 —
{733.32)

Figure A-1. Wing Planform Dimensions
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2.7685 m ( 9.0833 FT)

WBL: N « 1084
(DIMENSIONS IN METERS)
BASELINE WING . MOOIFIED WING
X /4 X /4
25,719227 3,0571%3 25,719227 3, nd2820
25,409001 3,900314 25,870049 3,899559
25,0958A3 3,950513 29,090084 3,9709e%
26,701952 8,059 11 28,702150 4,0800087
24,113495 44177098 2ug,1150608 4,160015%
25,525058 $,293074 23,525%2%9 4,271840
22,%ye12 4400082 22,900711 4,3747353
22,3%5118 a,490513 22,35%92713 u, 408338
21,709728 4,580399 21,70982a 4,95292%
21,181200 4,000473 21,181388 4,029990
20,5908%6 0,754590 20,59v957 4, 095828
20,0008 a,791820 20,u08%17 a,751039
19,41590) a,830204 r9,u16080 4,794790
18,037939 d,806080 18,6837018 a,820557
18,239110 #,878393 1a,259200 ‘w,nlngdl
17,7600434 d 870072 17,70432 a,832200
17,264178) 4,83953e 17,2817%¢ 4,005365
1a,910540 4,809508 15,910%38 4,776215
16,61%023 a,772312 16,015%021 4y T44p09
16,359007 4,72838) 16,35900% 4o Tvicus
16,13994» a,07730e 1n,13998 4,054709
15,961002 4,598657 15,9%10600 4,579%u22
15,852200 6,896833 15,08d2208 u, 482093
15,759S50) 4,309234 15,7%9499 4,857342
18,7¢57237 - u,2073038 15,728099 u,2¢19086
15,75%S01 Yy,170402 19,789040 4 1Smu9
15,h322u8 4001628 15,830743 u,u68622
15,0106 $¢951200 15,9 1000 3,95%6 50
1o,135998A 3,8370/7a 16,1396G88 3,84uy0u
106,859 007 J.75%4727 10,3500 3.,706351v
’Q.leﬂes "°7°b¢9 16.015083 5.0590“2
1o,710540 3,009A8H8 16,910560 3, 021150
17,261 701 3,5485%) 17,2417%9 3,961313
17,0008 Jod023k0 §1,7u0a32 3,4902350
14,239110 J,uuSers 18,239207 3400270
18,437519 §,421878 18,A37018 3,430488
19,415981 3,433370 19,410080 3,427500
PO,0040)0 J,u2uloe 20,006517 3,437547
20,590458 $,4%0429 20,590957 J,ubM3L4
21,181289 $,917024 21,1061348 3, 5e720)
21,709725 3,0004%% 21,709624 Y,009172
22,358173 $e091908} 22.3%3213 3,099281
22,9%4ue12 3.7757¢1 22,94071) 5.7h15¢9
23,525058 Joruyde 23,52592%¢ §,404435
24,113495 34477739 24,1309 3,M80550
24,701032 3.845192 24,1v2130 J,no00b0
25,0958563 5.866794 25,9080 3,A05000
249, 469891 3.83184u7 29,470089 3, hEB3069
25,719227 3797417 29, 119227 3,792088
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WBL: 4.1786-m (13.7092 FT) N = 1637
(DIMENSIONS IN METERS)
BASELINE WING MODIFIED WING
X 4 X z
29,719227 409690y 25,719227 YT LY
25,49192¢ ugluufply 29,49 ¢1un ug,i1347v0
25,19%9978 Gy2fari? 29,191 14%0n uwydUhpVe
U, 791839 4,2872%0 24,792021 4,20uA11
24 ,2%%u09 43913529 24 ,¢5%49591 4,39009u
23,110079 4,49010 28,7191¢80 4,503843
23,180180 PN Y'Y L 23,18027¢ 4,999204
22,05 008 benl20Uy 22,6%u75% U, hS90d
22,1187%80 g lusosv 22.,11867¢ ugaTouTiv
21,582350 4,81204ue 21,5024y 4,ne747%
21,044101 U, MokuLD 21,v4utay u,002uBY
29,95094690 4v1dses 20,5u997y 4925798
19,9750%9 4,949%2Y 19,973349 4,9%9727
19,445721 U 9711574 19,445k 0 U727
18,900199 Ue97H28S 18,9002hK 490179/
1R, 409597 4,9 7814 14,04559% 4, 10169¢2
17,990095% 4y988255 17,990998 4,935097
17,08%u4éd G,9090u)8 17,590904e 49081}
17,4dv197 4e0l?5t0b 17,42919% T YL )T
17,180259 U nlushd 17,1t02%n Uym2naltt
16,940597 deToTsub 1h,930%9% G,7B22US
to, 820082 4,717298 1n,324030 dyliuey)
1h,T0001Y 4,0256598 1n,70001% Uy,n2MpHYS
16,039736 U,511%u0 1o,0389730 U,y9191vl
In,027189 Uy d23eSe te,ndr147 4uldtnvwy
1n,03373%en dydinelo Jme0 84734 weSheic®
1a,7u0017 4,2895mr 1n,20201% tyln% 104
1h,3¢49042 wolhoinl lo,0¢403( Well27115
lo,90086¢7 “, 1491 10,90050S g ulvee?
17,100259 3,9737u7 17,1b025n L,uvduey
17,u2u197 Sedunalu 17,420195 3,943974
17,0090448 J,c4n0d0 17,009046 §,002975
17,99u9485 $,796216 17,.,990943% 67342
14,4489597 4,7393¢2¢ 1R, 4u550% 3,70%597
1R3,900199 4,70 2099 TRYULRRK $,72702Y
19,445721 S,0bn0lc0 19,4L58190 J.u9960Y
19,9750%9 Ve 749397 19,974%149 3,085%u0V
PRI YR L)) 3,300 2,975 79 [ PTLESE-}]
21,0441t So7300e5 21,0384 14y §o70949n)
21,5n2350 3,775085 21,5r204) 3,75i197¢
22,11n740 $.048872 e ltAae?0 I,42an07
22,050 06 3,933p25 22,05uT48 3,91013)
23,1h0188 G,0160735 2h. 1802 Lednnya
23,712%79 e ldae i Pl, 719100 u,u%40 7o
2u,255409 4ytionie 24, 2554591 SPCALLER
24,7910 80 de12A750 2u,192021 yyttvye?
2M,15997% VS RERAY' 29,1%11%s 4,uvS174
P5,49192e deU/oBuo 29,492108 Uyb2u5¢e
eS, 119227 “,0uio8 29, 719227 4,281 80




WBL:  5.8169 m  (19.0842 FT) n .
{DIMENSIONS IN METERS)
BASELINE WING MODIFIED WING
X /4 X z
?9.714227 4 879922 25,719227 ETYIYL)
25,5117531 4,421977 25,917693 U 492897
2'5,214000 .Y LR 25,215149 4930718
24,89 8uLd uyh5e3¢7 24,89%08470 4,571997
24,129 8J0 ugnuS0le 24,820407 Gq0lonl9
25, 964104 4, 751125 23,944405 4yb84800
25,471529 4,0006001% 23,471609 We731471
22,990434 4, Al3670 22,9%0414 U Th07e3
22,52430n 4, 931514 22,52uuun 4 795827
22,04085% 4,982un4 22,04d444 4 n14739
21,974 74k 5.,0214092 21,9Tundd 0 A2aU%n
21990300 5.087129 21,090438 4en31500
20,020u354 9,0d1114 20,020087 un276L/
2n, 152428 S.094144 20,1925¢2 814053
19,204354 5,09435¢ 19,004433 G 7h7219
19,20u4906¢2 S,0d1584 19,204900 uy252081
1a,n0l5/0 9,uS2928 16,801%69 4,70uttd
1A,5948038 3,02n4é9 18,5943 U,novpl?
la, 899072 4,994074 14,45%070 . 4,825064
1A, 1eTu07 4957921 18,14748% dah8199%0
17.,97u317 d,91595%8 17,970318 44535209
17.,420004 4 h5%100 17,82000¢ 4,4256%4
17.72134a 44779%04 17,721441 4,401988
17,062529 4,08124%0 17,002%27 4y8a7207
11,09139¢ uen0s5264 17,851393 6e?70243
17,082529 4,58%272 17,002527 4,2251%
17,72134¢ duselad 17,72134 4, 184851
17,825004 4,5e5763 17.,420002 4gN92528
17,970517 4,2¢0942 17.,979315 4,030858
1A, 1u7ud? 4,229%237 18,147u88 3.,998072
18,85507¢2 U 179353 18,355070 3.905G83
18,995n 88 4,1287280 14,995030 3,93e433
18,4601570 4, 083941 18,A61509 3,914732
19,264902 4,037a70 19,2049h0 §, 090084
19,0043%4 Gl Q8ad 19,004433 3,494 824
20,1524¢28 3993004 29,15¢4%0¢ $,9u2n1S
20,029358 3,983S0u1 20,08204387 $,9195106
214990350 3,997794 21,0904384 $490R0uG
2149Tuldl 4,023204 21,9570028 3, 99454482
22,vu44%04u 447708718 22,0484u4 4o052280
22,524%00 U 1877489 22,924446 4141098
22,7903 54 T AT TEL] 22,99%u1u 44240010
23,471529 4,29990¢ 23,471809 4,805817
23,94¢4304 G,359935% 23,944yns Ue380008
214,429308 4y 4949920 2 d2un? doH8uqya
2u,yh9n3id deut 7ol 24,0890470 4 901484
295,2149n8 4, 890291 25,219149 uqauy73ne
25,517931 4,38102¢ 25.917693 Ua445A17
25,719¢227 u,52n178 29,713227 doulutel
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WBL:  7.4552 m (24.4592 FT) N = .292

(DIMENSIONS IN METERS)

BASELINE WING MODIFIED WING

Ab

X Z X JA
25,1192¢217 wauSutdl 29,71vee? u, 797042
29,5431 %7 wen99123 €Y 588277 W,odluns
25,279¢01 ue75%905¢ 29,279144 L IATY
29,000778 ug917397 29,0000 1a X TEYL)
24 o204 oL T YT 24 ,9%853uy 4,1h27%2
2d,lodedn 44900235 24,10v770 Se013019
23,75%0878 Q029109 ?3,75064} S,18] cu
23,3ud004 S,07S8u} 28,36¢073 S,0 89005
22,9299%2 H,1169u8 22,98uue1 SV dohLY
22,51437¢ S,15232% 22,514447 5,081043
22,09139% 9.179r 38 22,u9luod beli1h15Y
21,0P3230 9,199031 21,0R03299 UgH9PZ09
21,287e%8 §,21°2711 21,20172% u4,9n18%7
gn,8591 20 5,210739% P0,0%919% u,wReuly
2n,450508 Sell0ude f04430577 CTLIARE)L
2n,064827 S,194%54 20 ,URUL2S UybhlT8nUy
19,7321¢6 5,1¢7860S 19,7421uu 4, 152929
19,48n8227 S,14801¢ 19,u9n822% 7004?79
19,209947 Seltlutold 19,e0994% 4,051511)
19,10n0715% Seuitoe? 19,1 8713 Gat0E10S
1A,9540 47 S,0u3b0% 1H,954034 4eSuu3uL
14,825097 4G $0 89 1é,n2009%4 u,unPslo
14,7300817¢C G, 93yr4s 18,73006k MR LT Y-
14,0893 U4 AusQYl 1A,0t5320 ugdnbaLe
1a,07502 a,TRBET] 18,075%000 4y 559550
18,0833 2¢ UyTPhpro fr,obds20 Wy SUAGRT
14,7306 70 G5 8nbl 1#eT300mn Gyéulned
§14,ne0u97 T Y Y AL L {r,nénuiu 4ga19n7in
18,9540 387 u,52H47¢0 14,u5403¢ u,leleul
19,1un718 W, uk2127 19,100713 4,16
19,269947 U el 19,2%99u8 4,1242938
19,498227 G, d40usSLY 19,494225 u,luvrel
19,7321 e YR L 19,7314 dettum s
20,0bu4327 4,830419 ‘en.couses G,9BNTY
20,430509 e dlindu 120 ,430577 G uYSR19
20,8571 26 4, 500801 20,2359195 dglttite?
21,207656 4,29760VS 21,e07725 dgleayav
21,00323%0 6edu59aT AL LEYA L) 4, 153%4uy
22,uv7305 4y,3279u4 P2,097dpS Helbtytn
22,51437A u,8608077 224H1euu? U, 2ulpuv
22,9294952 4,u2e5u% f2,930021 4,3112n8
23,5s200u h,499K8ud PY,8ud0178 d,3venlt
23,75267% 4,567R90 23,750043 Gy uBUnRDY
24,187830 4,n32230 Pug 1e3770 Getnulv
2u,nh20u aanTepul 24,5R53du J,0dulbhd
Ph,0uurT8d U,094793 2YH,Ulu91R TR EELEL)
25,2790u1 4, 00672 25,2791061 14780uuC
25,9481 87 d4,040008 2h,bu3077 4, 7472uv0
25,71v227 4y0ludbe 2%9,714227 u tutbuly



WeL 8.3820 m (27.5000 FT) n o«
(DIMENSIONS IN METERS)
BASELINE WING MODIFIED WING
X 4 X 1
25,719227 Ue831735 28, 71ve27 4,553132
25,957822 4855934 29,9577%2 4912000
’5,.31%21% 4,913010 . 29,3153 4,9En4s7
25,ub9n79 Lo¥0T73% 29,000008 $,007257
24,078493 S.v368770 24,078622 Set158u?
2".29710“ $.,09%240 2‘.2'72’“ 50‘0’322
23,91530v4 S,14u7¢Y ?!.Qldlol_ 5,205%u33
23,53/%0) 5,189370 23,53/026 S4232059
23,159408 94221938 23,15%469 S.200L8bk0
22,170019 Heldbul2 22,770082 Ss2b86v0
22.,399337 $4207454 22, 39%u04 Sy29%1F09
22,015%244 S,280718 22,015308 §,202209
21,03588%8 542871957 ?1,0439149 S,224001
21,2908934 9280097 21258998 S,190873
20.,87108) 9.276000 20,8714y S4199840
2u,547871 5.,259205 20,%78n8 S.180650v0
20,22400] 9232480 2n,224659 S,002307
20, 0u998% 9,20497) 2: 40099563 5,02u887
19,414840 9,181793 19,819838 44973064
19,05¢%38 9,151079 19,65%2513 6,9 2uury
19,910%03 Selloned 19,55uSn3 4,871000
19,3594083 $,071039 19,394980 4 B8183u9
19,511u7e Hetlhuu} 19,311109 “weTalbuu
19,263965 4g9438191 19,26390% 4,000310
19,2590384 U HBh9RE 19,255031 d,0d81%2
19,203070 4en37389 19,208970 400158
19,311493 delouy 19,4111 ne TMLYTYN S
19,2924 94 4e7153523 19,3951 08 4,91065%
19,916402 Goornubu? 19,51y d,u0u723
19,0%2778 4,02595% 19,05¢77s 437751
19,019%0460 4,9920e1 19, 815040 R YYY)
20,010000 u,5%10022 20,010013 u,8920092
21,224001 4,593455u 20,224001 4,372319%
20,846187Y 4508317 20,547871 ‘ug35u583
204071081 a4,480ub1 20,871144 V,536110
21,852034 4,47s¢7l0 ?21,258998 8432¢031
103384 d,d7241% F1,033922 3,32u05%
P2, ulb2ud GyuB034u P2,915308 UolseoTv
22,49%347 4y5n0%018 ?2,39%a04 u,$91114
22,718019 4,540387 22,170082 d.360818
23,1594d08 4,569871 28,1%%7) U,du17359
€3,537563 dgoduhid 23,737626 4e911751
28,914304 u reas%ut 23,318307 UoH909%9
23,297104 Uy,736E91 24,977 84 4009244
Pu nTnu9l U 437514 29,687bn20 4,73%045
25,u59679 dgabupsS? 29,90u008 4707847
29,319218 4 kUlaTl 2%,3158uu UgHUSHIT
25,957622 4o BUT25S 25,557752 “oh1u3sl
28, 71v227 4y l711¢t T £%.119227 4,r1129

ORIGINAL PAGE 18
OF POOR QUALITY



ORIGIVAL PAGE 18
OF POOR QUALITY

WBL: 10.1600 m (33.3333 FT) N« .3979
(DIMENSIONS IN METERS)
BASELINE WING " MODIFIED WING
X Y4 X Z

2o0,0k0189 ,0u2913 i
29,904198 Hiwii Bev0ust2 4 ea0e
29,091214 5,13739%0 25,091325 “';2“00‘
25,406868 S.145809 ?s'uééobb' aeire
25,131771 5208764 25,131883 4 t95030n

. ° b,2953v2 4,79
26408847 5,853162 2l rasans A4
24,129319 5, 30226 240129378 :'¥e°32:
23,797002 5,5639u0 23,797118 N
?4,6401985 $,3999%9 23,4i62018 o Sena
P3u125732 9,409820 23.125788 TP
22,1917171 5. 41459 22.791824 :'i;":a
gg.:g;;;: 5,413880 22,4%0727 szsoi:u:

ole ] S,407172 2 7309
211150479 S0395355 R TN 3uioass
21.502497 5,375275 21,502497 5 640053
21,218517 5,3u9814 21,2185915 5'4 ouu
21,029897 5,328001 21,0298%4 s'u::°az
20,861950 9,303203 20,861947 s'u :
2ua715813 S, 275600 20,715613 o ongus
20,591009 1204399 20501087 M
Sg.:g;zt: :.eoas;s '20,489537 5,355021

N _ 1069350 20,415834
20,374412 5,100970 53:3)3:39 2‘51"“’3
P0,8m0570 9,05875¢ 20.305573 s'zogigu
Pu3Tua? $,0193507 20,874409 5' 59'24.
2415510 4,9%0005 2n uivRiu 5.4‘)9 e:g
20,4a89%37 4e911908 20.459537 s' 56797
20,591 0k9 4y b7570b 20,541089 ot ovassy
20,715R13 4 Bu5704 20,719813 a'q 59
20,301650 u,a19851 20,861947 q'q°23 H
21.029897 4el90888 21,029890 NI
21,218517 4y 1ToneS 21,211515% M P
21.502497 4. 754923 21.502u94 AT
21.780479 4, 759947 21.750532 Rt P
22,127256 i, 130850 22.127309 s 708562
&'2.“509’3 “.7299“0 ?2.“50727 ’0.570321'
22,79177% u, 737209 22,791826 a'euraes
25,125732 4. 75d6u0 23, 125780 4 036170
28,461965 4,745853 248,40402) «:DHISVf
24,797002 6, 852305 25,797119 4,006071
2u,129810 Uy n9096S 24,129375 Gy 706699
24,403847 4,998471 24,U68993 u‘75u00§
fd, 190074 5,019098 ?u:7vo7ao 0'795500
29,181773 5,00K509 25,1318K3 u:uuosoo
25 ,4cnbnfk S, 087622 25,4b04R0 4,78n143
25,691214 5,0757638 25,091325 4y 700725
25,904198 $,062219 ?5,904309 a:asaa!9
26, 060189 S,N00b607 T 26,040189 u,033227



waL

10.7317 m  (35.2088 FT)

ORIGINAL PAGE 18
OF POOR QUALITY

(DIMENSIONS IN METERS)

BASELINE WING

X

en,2é14 84
2o,undeay
29,0877k042
25,n6009)
25,530339
2%,ul 1088
24,0898 3
du len034
FPMITTTY }|
28, 720080
23,3%029
23,071%17
.22,141¢e28
22,475171
22,09n88p2
el ,428uup
21,5857
Z‘QSQQGO?
21,2v3442
21,401992
20,941267
en,sueer?
é9,771688
20,1315%8
en, 12399}
2V ,73}3%3h
An,77381%
2u,0uge)
2(‘.9“‘?.07
21,v01902
21,205002
21,300002
21,%40574
él.ﬂéiuub
22,u48322
22,420171

22,7418

23,uT1317
P3,3Vdoee
23,720080
Pu vuduely
2u,S0003d
Puorinlp
2h,viiveh
29,9389 58389
25,ubuevy
29,07 1nup
2m,ub 897
2r, 220y

4

5.15‘“76
Selus2ie
- TRALEIN
5241199
5,269739
S, 3485000
S.381109
SQ“V7QGV
5.“2'5“7
S.Uhjbﬁb
S,4u9814
5,u53114
545117}
S,4484557
54829195
Heutlohe
S.3é00ud
S.doubou
5.3408%¢7
9.314729
S.o8330Y
S,28712%
h.202%20
Y.140193
5.‘6“09’
S,uhuT8S
Heviidjod
4968 7171)
4a932uvu
4 yY039uu
U ufQ69}
4 A8a234
Uh39uel
uga019210
WBQSuve
4,790%n9
"o 195499y
den31he
N PLY T
webu9bde
".6“51‘5
4,952997
S uin) T}
5.0’ﬂ0£&
LR Y SRR
§,14d0200
S.,13u88e
S,10 88
S,voedny

n
MODIFIED WING
X Z
2n, 221433 eI
26,004i0p UyTh7219%
25,87794¢ d r2ulde?
25,000809 4 dd78%e
25, 4504us 4e970649
2h9,912097 Sevuateo
PU obIELS 0. 3102%2
2u Jobvag 9,1740L07
AU VHAULS 9,2290)7
23,720133 §,279%019
23,3940R2 5, 32u7%3
25,071430 S3049uy
227687078 §e400000
82,424274 $,4290%2
22,09847% §,4%¢2p0}
21 ,0¢3544p §,u40010%
21,568572 Y.u72328
f1, 000018 Yeu?71208
21,2u8440 Yeuouboh
21,0619%9 $4u83ude
2u,494120% He4deile
20,8a42970 Seulbobu
20,771n13 5,370%uu
20,74153e Y,27109e
A0, 7239409 Se2711497
20,731%%0 §,24n0n1
2n,171al$ Y,1nmpce
2h,Bu297n S,16n717
20,94120% Se1v2iee
21,208uu0 S,22m5V
21,3%0m0p01 4 V4dutd
21,9897 UgddbOdY
AL EITT Uyn972ul
FP,UN837% dy04949
2g,u822¢ dyailnle
2, 1alva Uy l70%a?
FA R ATE 1N delhling
28,30unne del3oklu
238,72v1383 4,730%08
PUUaURS Gya?h3B12
Pd,dboyuab UeTHuusY
Pu pLIRES 4,221+%)
PH nlduy? u,n%,744
e9,3s0u4p denhabe!
2% 800800 un2oud?
25,L77198%} 4, 765021}
Figued)0n u, 72547}
do,P214l}y 4ynovTVe



ooy e

Poor g g

WBL:  12.3784 m  (40.6050 FT) N = 4847 %7"
(DIMENSIONS IN METERS)

BASELINE WING MODIFIED WING
X 4 X Y4
28,93300% 942203 /0 20,9348uyn u,rn9270
IR FIY Ye2l0u034 2n B80S 547 4,95192%
2b,0)u09% S¢512000 26,01v998 4960352
s0,4001R2 Y.3%0202 #b,40028% $,037229
2r lv0aus S,410504 2n, 103510 Y, 102629
25,794233 Y.4530£2 e5,79%413%6 9157829
294490932 Seundeiv 25 ,4YU9R3 §,205742
25,18%7s 9,510137 25,1h89220 Y, 267198
2¢,882692 9e52795%¢6 2a,0825¢3 §,2421058
24570718 S,540053 24,%To766 5.,312365
24,2069997 Yeha7812 2u,209958 5,3837%30
23, 905109 Se%50use 248,9e%220 5,352447
23,049939% - §.948171 23,059%44S Se374nb)
25,3%08038 S.ha0n2? 23, 3554%5% $,3508 34
23,0ulBue S44920°37 23,uvu780p 5, 392284
22,0115 Sed003Y3 22,740713 5,5920u7
22,%095¢84 S,4F5509 22,5¢94432 5, 455003
22,%51ueS PYRTLE ST P2.3%7u07 8.,877240
22,204219 HeuugHle 22,206217 S, 3nu03?
22,9708170 Se317292 22,u7)ko8 9,3u%u0
21,957¢60 S. 580702 21,9570%m Y, 326254
21,30439% $,554787 Pl 804343 9,439
21,79712% SeS13u0u 21,79112% 9,200307
21799343 h,200uu9 P1,799341 Y2165
21,792191 5,2210359 21,1521F9 S.1h22s0
217599864 S ledusy 21, 75%9341 S,1n21u®
21,797112% Yel13105¢ c1,797123 L.1103r0
21,00438% Seu92237 21,77439% Seu?heLy?
21,95700: Seaegues 21,93/050 Sev4d90e
P2,0TuATy S5,u3u794 22,379608 S.ul2iey
22,2u4219 S.,u12321 22,4¢4217 d,982781
272.,351un9 4,992470 22,35%%un? 4,954550
2245794954 4e¥75133 €2,529%e2 8,927783
22,70071% ug¥50807 22,740713 G ova7L9
23,0ulfde S TEYAL 23.0u7e9p U nety e
23,354802 4,930203 23,356K%3 4,hu1870
25,05439% “e930133 23,65%uas A,h2565%
2%,%02109 4,% 5243 23,9¢5220 d,0123u%
26, 209907 4,959%4u01l P, 201958 a,dtvall
Pu,5Te7id u,%87714 2u,%/eTon a HIKN04
24,002692 S5.2803ud 24,0hdhu} e, malied
2S,1b% /e Se003099 295,175720 u,cfuul
29,4990932 Seluugnid 2% ,4%99&8 w,913277
25.74403} 5,292011 25,7947 8¢ 44,942495
P LY TILYAY ) S,24905y €a,10u%10 U yWT397S
FYNERTIYY, 9,267elo0 2n w0285 d4en%212
2n,01UENS 54257047 #n,21vaag de93UNKU]
2h,n0%2u4 h,E2026% 20805347 4,290230
2n,93 4609 Se1935k2 - Eng93engE 4,d55%10



OF POOR QUALITY
MBL 14.0211 = (46.0008 FT) L
(DIMENSIONS IN METERS)
) BASELINE WING MODIFIED WING
X )4 X )4
27.0un14C 5,550709 27,048139 9,05%58R05
27,520uun S, 380660 27V,.,9%205%42 §,0%4079
21,343904 S.431011 27,3¢4v001 Se189957
27,151627 5,471359 27,15172a S,1818%0
2o ,b0u42R $,521343 2n,30u52% S,258¢42
20,577230 5.%0357 28,51732¢ 5,27490})
20,2997k 5,59u02% 20,29202¢ 5,300%01
20,80%707 %,012290 Z0,965318 Se331%58
29,720%G2 5 ,028354 25,7208% §,349807
2%,43330) S.h3940 25,033351 $,3031%4
?5.1659131 5,085803 ?5,163179 5,37132¢2
2d,h5h%00 5,667709 26,85495a S.$7%027
24 5717vE §,045109 23,9%7171%5 9.574039
24239377 5,037692 2a,2n9u24 S,308037
23,.,M971310 S.024270 23.,9973%5 S, 459645
23,753922 S,00/728 23,753920 S, 34ua00
23,510%33 S.585127 234510542 S.316rte
23,3¢8a7S S,500037 23,380i73 S, 800302
23,20493S H,58uyvy 23,204643 $,2791Rv
28,ul9me? %,52085u #5.:7% 8% S5.25%5%%01
22,972/790 S.uvujob 22,972769 S,7208305
22 ,b09T5S S,a62441 22,80575) $,193907
22,0225 5,42394%0 22,722%09 Se157138
22, 70708% 5, 574896 P2, 187068 S, 120kee
22,70:13n07 4,5345003 22,780 5nn 9,077289
2P 4c1Chs 5,8042306 22,16Tun}y S, 4nG 82
27,¢22571) S.¢HY%) 20 224722569 Saunspus
22 ,8859755 §5,21569% 22,705753 d,909%0%
P2,97279¢0 5. 18979%% 22,97127p0 a,93%0877
23,u7%087 5,185 40 23,uT902Y 4,9079%n
?8,20493S Y,1449u2 25,204933 G, 8086070
23,3uBk75 S.1207)v 23,5u08A73 d4,30n6S10
25.513943 S,110&3% 23,5108382 4 Mav3at
23,795922 S,u939nY 25,75589¢2¢0 a,030758¢
28,99/731n §,082u8% 23,997358 t,b17002
fu,do9317 5,07%970 24 ,2b89428 4, n09830
24,5971 708 S,0T8207 24,5717%% d dun21d
24,08953908 Yy.01883%ve 24, h509%%a 4,n147u0
2S.1u5138) Y UIEASH 29,1491 79 w5264
25,433303 h,1255038 25,4353%1 4,052430
25,729502 S.10635%% 25, 7295%%0 a,09013¢
2n, tuh207 9,215495 29,v05314 4, 93TR2E
20,2Y91976 8,2728n8 2n 4292020 w9149
20,57171230 S.3271r7 2h 577320 S,743064
éng,oniugh 9.,87037% 26,%01452% LYY LX)
21,191,217 S,38902% 27,15172a Selutnls
2l,3u43904 5.37920u1 27,544001 HY,u9014S
27,57ndie §,550594 27.520%u42 S,000697
#7,040140 5,%2017e 27,0u%139 v.N2nael



OF POOR QUALITY
WBL: 15.6857 m {51.3967 FT) N « 6135
(DIMERSIONS IN METERS)
BASELINE WING MODIFIED WING
X Z X /4
2e,30147) SeelS101 28,3501470 94177951
28,207647 S,%0a3el 26,247738 S,2104le
23,9709} $5,549355 26,077003 §,251108
21,097672 5.5804%e 27,897143 5,28825%1)
?7,020409 S.032202 27,026540 _S.33a827
27,859827 S,00l88s 27,359917 §,370709
27,u9502% Se.09%a440 27,0935070 5,39829%
20,024A8%4 S.7t6u00 260,124902 5,819239
20,9%85%12 5. 72875%% 26,5%0%5 S,434%238
26,2689809 50738639 20,289933 §,845u30
20,92V358 Y, 743794 20,020800 9.,4%17137
25,75¢643 S.74%p9% 25,7526568 5,454173
25,48u021 5,74215%9 28 ,a840065 §,492479
25,21995} Se734757 @5,21999% S,440209
24,900775 5.72181% 24,940819 5,434650
24,719128 S.7ve06s 24,719127 S,.420061
Pd a9lasl 5,084685 24,u91a81 S,3998b4
2d,54u28H0 S.e06720 24,5802768 S,3827%0
/4,209a50 LYY T} 2n|£°5°‘.8 50505207
24,ub4503 SeneuuL? P4,060501 Se.341810
23,9h0521 5,59955%5 23,980519 S,310400
23,%07114 $.57u0% 23,907113 5,285009
23,8448017 5,534407 23,848016 S.250743
23,814627 Yy toE9u7 23,B1u82Y 5.212071
23,308%43 §,u54967 25,800542 5.,179207
23.814R28 5,325900 235,81uR28 S,151751
*EYLLLID N4 Sed7heue P3,hdnbte S,110602
24,907110 §,345159 23,907113 S,070700
25,988521 S, 81R5R2 23,9b68519 S,0338393
23,uk850% 5,2%0478 24,0b8501 S,02u031
24,205050_ S.2775%0> 24,2050 48 5,00ual?
2u,540280 5,200943 24,56402706 4,9687011
24 ,49%a83 5,246538 24 ,4914a81 U,971851
24,719129 h,251371 2u, 119127 u,955564
U, 94077 5,221170 2u,940R19 G,94425
25,219951 Y,215%6%0 2%,219995 4,9373608
25,484021 S,2louu 25,484005 U, 95581V
25,75¢603 5,223379 25,.752088 4,942203
PHh,02vi5%¢ 4Y.238247 26,020400 G,9%54u0n
26,289889 v,203412 260,2089933 4,9768802
26,559512 5,300 700 26,55855¢0 S,viuyp?
2hB24BSA S,847780 26,824902 54059092
27,095802% Souv U9 27,093070 54109703
27,859R827 He451703 27.359917 $,15991%7
er,6/nuu9 S, 492899 ?7.8208%40 5,196918
27,0897072 95.510u3$ 27,89710658 Se2lbubd
2R,070913 8,561 38%% 2R,u77003 9.20572¢
28,24 7047 HeuTuyul 2B, 2U773p S,178352
2hA, 30147} S,uu67T0 2a 501470 S,1u9377

ORIGINAL PAGE IS

Al1



BASELINE WING
X z
29,074801 949599554
28 ,%0b6Au9 He0l0pTh -
2n,809921 54657700
23,0082%17 §,701513
21 ,392470 Y2437 2}
2n, 182420 S.770%u8
27,894072 S,79885%
27,068449 S. 8100218
27,390521 S.82915%
21, 1u0674 S,837032
20,895580 S,641700
26,0480361 S.8e2al3
2o,3v%0338 Sen39153
28 ,1%052% S.831821
25,99%0240 50819354
25,0843 30 H,80a396
25.472u32 S, 784248
29,331685 Se707a0)
25,2003e5 Se7unndy
2Y,v%7319 S.l27%04
P9,00u251 S, 7940061}
24 ,920u%4 %.077750
P4 #7340 S,644979
24 ,%42508 S,00319
24,n30720 9,571931
20,662%70 9,.,5%u478%
21,07 3804 §,532079
2u,,VenuTe Se,ullele
29,uvuRYy] Seadluu
PYH4d97519 S.827319
29,200305 S.a1v187
25,331e66% $.395177
2% ,.,472632 S.3822u0
29,284336 $,568753
£S5,890240 5.359%800
€h,150%2% 5,35%34¢2
26,39983¢ S, %58%30
26,b4b30) b, 305u%2
26,3995980 94577840
Pr.,1u00uTi SetG01201
27,590%21 5,435977
27,044449 S,ul% 00
27,094072 5.5%205%e
Ph, 102424 S,570339
2R, 392470 S,014A2¢
M 00ds17 Se.0318u62
2R, Bu992y $,.623508
28,9 8849 9,59929¢
29,uTuAyy et 73308

17.3104 & (56.7925 FT)

ORIGINAL PAGE 19
OF POOR QUALITY

(OIMENSIONS IN METERS)

| .
MODIFIED WING
X 4
29,07%001 942 0%«
‘28,90893s 5.5 57199
£6,810000 9301022
28,082001 $,394753
28,39255¢ Y,430ub1
28,142508 SetbaTha
27,"“ 18 S.l")?tl
27, 048049) S.511601
27,3%0563 $,524701
27,180530 5.533830
26,895821 S,538¢c07
20,b60622 5,560073
26,396375 5.,55T0ve
28,154560 S.,531088
2S5, 8902481 $5.51%:97
25,084335 $,509333
25,472a43) §,45599%
2%,331008a 4,369000
25,200366 5,3512%1
29,99731n S,451110
2s,v04a2a9 S.4067273
2a,924a73 9.864593
28 ,475482 Ye3512%0
26 ,502%07 S.3092%7
26,830718 54279097
2a,0uld507 5.250093
?e nT3un2 S.212077
Pu Y¢BaT3 Selbe?nl
25,004249 S,15%9u36
25,09731 s 54159730
25,200308 S.119762
2%,3316ka 9,106419S
Ph,ul2a8381 9090701
:25.963115 5'070131
25,8%281 S,u0004l
26,1505%68 S5.,061008
26,396378 S,0n01220
26,0b0022 S.v67018
26,695021 S,080021
27,160510 5,14623¢0
27,590%03 S,13582)
27,04449] S.178985
27,494114 $.22579s
28,1u2508 94272003
28, 392558 5,3105¢e
280020018 9,527351
2R, 810000 5¢3108624
_28,9080934 $,294082
29,u74b0y 5,207%9%



WBL: 18.9550 m (62.1883 FT) N« 240
{(OIMENSIONS IN METERS)
SASELINE WING MODIFIED WING
X Z X /4
29,708132 §,725%u0 29,780132 N, 808400
29,090051 S.721789 29,09012¢ S,0355%4
29,%62930 5,780064 29,%a3008 5,40980%
29,3h7982 S.810%% 29v,388040 5.,5vul35¢
29,150491% Y.85358uy 29,150509 5¢537704
Ph,425020 S Bu21k4 28,92%09s S5,% 040}
2h,099119 5,903208 2R,095157 5.95879%
28  dodgad $.918782 PR uBU0TR S.003a%0
268,25453) $,929%4%5 28,2384%09 S,615138
2R,003000 $,93en24 28,003098 5.622710
27,770808 $,939777 27,770842 S.620822
27,549118 5939750 27.,564015%8 5,020971
27 ,3080u7 S.9301a7 27,30008% $,.,82400%
27,uB1099 5,9288b0 27,081137 H5,017394
26,86570% $e910092 26,04%743 S.50080SS
du,0ud%u} $,902782 26 ,989542 5.5%92500
Pe,a%is81 S,A83801 26,4%33A0 S.570297
2n,3¢3u9 Y.h0ACEL 26,3230809 9,.558950
26,20T081 S.850830 26,207079 9,54175%8
2o,1t0130 '5,n31522 26,100134 5,52302%
£h,v19981Y S.e193e? 26,019980 $,50095%e
29,9u9834 S,78%405 29,949833 S.ulu25%1
25,89%910 Se75%49¢0 29,092990% S,d40011
25,870310 Sel317645 25,.,87v30g S.u414233
25,d048%s S,0b%8%0 PS5,808b94 S.304099
295.07u311} S,5034b38 25,67¢3¢e L,358129
25,~%0910 S,0295%5%5 29,0%09y9 S.%2ull
25,v59034 5,596079 25,949¢33 S.299164
2n,019981 5.,957¢230 20,919980 Se274b604
20,1001 8¢ 5.5%5101 26,1001 3 4,256h0V
26,207081 5,542A09 26,2017079 Y,23v037
26,323C91 5,529413 0 26,3c3089 94,229%100
20,453381 5.5179u2 2o0,85%3380 S.2131%0
20,069%03 5.50013% 20,089%4Q S4%2v0ouY
26,845705 S 4498557 26,845743 S.192319%
27.,08198% 55,4950 21,0n1147 S.18709
27,5000647 . Y ,490070 27,3UB6AS 5,186624
27,540114 S.503520 ¢7,540150 5,19a471
27,77v8ue S.51703¢ 27,779842 S,2070k3
2n,005060 54539111 28,0U3098 Y,228145
PR ,23453) 5,573187 2R, 234569 5,299100
2R ,404040 Sebl]H74 e%,40407A Se29h541
23.095119 .0%0790 2“.0‘05157 5.5‘12'3!
2P ,92%020 S.700915S 28 ,925098 S,360u0b
29,15%069) $,730700 P9,150569 S.u22v00
29, 387902 5,7535750 29, 580040 S5,438024
29,542930 R ,745n02 29,5u5906 S,451060
29,69V09) §,725001 ~ 29,090129_ S,u080u3
29,7ho01 32 S,0v99%7 29,780132 §5,58u55%¢

A3
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T WBL: 20.5997 m (67.5842 FT)

BASELINE WING
X z
30,5t 1463 S,0u8339
J0,411253 S,8735u3
30,275939 5,906369
3o, 185407 S.941060
20,920512 S.90apyHb
29,707a17 Se89uhHYY
29,4%010% 0,0ul0b4
29.2R30131 b.020%9uu
29,u72540 b,029%9%
Zﬂ.as"oﬂs ﬁg“-‘bbl?
26 ,0U0029 6,03770b
28,433a5% 0,0870%0
28,220900 0,033141
ek,vllo?}d 6,U25%9%u
27,792170 b,01un 3}
27,814750 o,001067
27,4343 Qe 985359
2T.314u% 5,968769
21,2u1179s 5.992852
27,1149%2 S,9350?Y
PT,uldbT12 $5.915714
20,971194 9.0950b0
26,9397 S,000002
26,890052 S.b316%
2s,89%017¢2 9.80%Eau
Pe HInGNG S.Teded
£0,924557 Se763081
Phea?7119u 9,72u5820
27.,via11? S,7u%003
271,114952 §,009002
27,2807719s S.07%u 80
27,834u9e Setoseuld
27,43u35y $,65300u
21,0147506 5,0455117
27,795170 S5.,037247
28,ullaTls S5,03u734
2R, 279961 S.nsebud
2R, 433855 Y,.003597
s, 042029 S.05%642%
28 ,84%96845 S.e70900
29,072540 5,700398
29,283n31 S,743uont
29,4901n5 5,7348CS
29,7070y 7 Hen25d91°
29,9208]2 S,u5R67S$
J0,153407 St T4n59
36,273939 H,067815
In,ellenl 5,8479%0
Su,501un} 5,426%%1
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(DIMENSIONS IN METERS)

A4

N = .8068
MODIFIED WING
X 4
30,.,%01403 5.%220u¢
30,4i132% S,9878%
30,270011 S.578ar2
30,133479 S.0u8089
29,920%8a S,05880%
20,707689 5.,003972
29,4%020) 5,08254¢
29,263007 S,0%177
29,u72%7e 9, 70%5¢&0
28,859%680 S.7116v3
28,040084 §,716802
28,438490 5,718107
2R ,22V99% 5.,71075¢0
PR, 011708 Y. 7nugey
27,79%20% 5,693128
27,0147%4u9 95,0802
27,4343¢29 S.ho3151
P7,31449% S.b4n8%0
27,2C719% $.2330un
eT,114951 S.015708
27,03%710 5.5%%90200
20,971192 5,5729%¢
20,92435S 9550409
20,390050 5520791
2n,089307} S,abdqa7
2o 8919050 S.909208%
2n,92u3%% §.43027
26,97116? 54310u4ed
2T.,085T10 S,369709
27,11495¢ S,572700
27,20779% S.358810
27,31449% S, 54a058%
27,434329 S.3301%7
27.614749 S.325ua7
27,79%20% S,3186h¢
2R U1LT0E 5,3515311
28,22099% Y.310693
28, 433890 $.322719
28,0400h4 94334753
28 ,h5Y08¢C 5,354480
29,v7287¢6 S.385n04
29,283007 5,419377
29,46%0201 9900159
e, 707049 5,500ub8
29,9205484 $.533500e
30,133479 5,54979%
Jo,270011 Se56430ub
30,41132% 5,522900
30,5v16e3 S.501248
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WBL: 22.2 -3 m (72.9800 FT) N'= 812
, (DIMENSIONS IN METERS)
BASELINE WINe MODIFIED WING
X z X 1
51,214794 S,67273) 31,216790 9,0372e%
3t.132u58 S,995217 31,.132%21 $,059592
31 ,v08947 0eN227353 31,009n33 S,08002}
39,878852 6,060743 30, 874938 4,71.0948
3u,0B84833 0,N75%a77 30,064599 S, 739891
30,390214 5.090735 30,490279 §,Totuse
10,292212 8,1120%9 30,297244 Se777101
‘39,10322¢ 0,123305 30,12032%8 S.786a%4
29,914055%¢ 0,1303% 29,91u%82 5,790129
29,71623% o,134610 29,710203 5,800779
29,5212%3 6,135700 29,521288 5,0802324
29,327592 o.136360 29,327024 5,3013b9
29,134273 e,130135% 29,3353 $.,797%1!
23,942247 4.123015 28,942279 §479095%
28, 744035 6,111970 FI P LT TYY S.780aul
28,579958 6,099462 28,5799%s 5,764328
2b,415280 b, 052917 28,415279 S.7%2344
28, 505%901 6,009ube 28,305900 S.7591%0
23,2648 e,05u00? 26,204510 S.72471b
28,1238708 h,uldes? 28,125707 S5.70095%¢
28,051042 °e021100 PAL051464) S.0%191%
27,99¢%%4¢ 8,009714 27,992%%2 $,6719¢29
27,949603 5.976513 27,949p02 Sebl7843
271,92579¢ H9,98594)3 27,925792 S,0l7061
PT,921248 S.92282% 27,9212uY S,.59450e
27,925979e 5,902979 27,925792 5.57u859
27,9498y 8 Q872507 27 ,46950 5,534850
P1,99¢5%4 %.n509¢7 27,9%2552 5.9¢27122
2R uS1uu2 EPE X XYL 1Y e8,u5144y S¢505%ue
2A, 124708 S.n19844¢ 28,125707 5,491334
23208512 H.808092 28,208510 5,479238¢
2A,505901 Sel92877 28,30%900 S,408757
2A,819280 S,7853%40 2R, u1%279 5,459897
28,5719958 SeT60E9Y 26,5796S H5,45094%
2A, 74403y S«77595%¢6 2R, Jduoe? S,4aSave
?8,942247 S4778400 28,%42279 9,443318
29,1332/13 W,776949 29,13533¢5 S,ua5284
29,32759 5, 7183670 €9,327624 54451307
29,%212%3 Se799n10 29,52128% S, un2hSb
29,71023) Se81upu9 29,710203 S,un1154
?9,9105%%0 S,841009 29,91u552 5,507298
30,103222 S.0753a1 30,1032%% 5¢540401’
30,297212 Ss912909 30,297244 9977572
Ju,v90214a Se+990007 30,490279 Se014513
30,90849338 5,980597 J0,084599 954,0450487
3n,678852 Se390007 30.878918 5,660860
31,0009u7 5,989909 31,U09013 H0054929
31,132a%% $5,972339 31,132%21 S,0)71u9
31,2479 S.95514% 31,214794 S,017780
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Wt 23.8800 m (78.3758 FT) n -
) (DIMENSIONS IN METERS)
BASELINE WING MODIFIED WING -
X l X -1
31 ,.980128 YL 31,9268125 9791047
T §14455057 o, 1166510 3t,0%3747 5,771345
31,7019%8 s,141078 31,762015 54795395
$1,024297 b,161829 31,06240397 §,810204
31,4406554 a,180290 31,448613 5,840025
31,2742611 6,204010 31,272870 5,458919
31,0902%9 nellbHlw 31,098288 S.071727
30,922613 6,225207 30,922843 5,880797
304 TanSed 6,2307%7 30,7685%69 S,8086850
30,972816 b,233802 30,97284% 5,869411
30,39%04177 8,233751 30,390500 5.,5903118
30,221329 0231703 30,22135%8 5,88b617
30,0u49586 b,22212% 30,04%81% y,d84au%2
29,072822 5,220679 29,872850 S,677763
29,094100 4,209509 29,0941 24 SedbTosd
29,58510% 0.,197757 2%,545163 $.,056277
29,390229_ 6,182u75 29,396228 Se041449
29,297367 6,170145 29,89713%00 8 ,829365
S 29,2uv2e7 b,1%00602 29,209220 S,810219
29,132585 b,1u21%94 29,1342584 55,8019
2agusltre v,120ub7 29,00717) S.7607)0
29,014914 8, U8309 29,015912 S,768903
28,9759250 b,087025 . 28,975249 5,747604
R LYS85535 e,ucaxvem Pk, 953534 S,7210V}
2R, 94Yueh b,03979 28,949423 S.70057}%
28,993537 »,0227¢7 PR,953534 $.083312
2K 49123256 §,995084 2R 79248 S.050510
29,uls%14 S,9774ud 29,v18912 S8 7u%
29,ub172 S,902717 23,007171 Sen22821
26,132555 5,9590066 29,132584 9,810e92
29 . 2uvee? S,940074 29,209226 5,0600394¢
29,297307 5,932111 29,297306 §:;991500
29,39n229 5,9250ub 29,3906228. S,.5813202
29,5459155% Y.9182b1 29,5451s3 5,570989
29,094100 5,914628 29,0941 28 5,572418
29,072h22 4§,914000 f9,87285¢ S,57171n
§0,0495h0 5,917074 30,04%61% $.574173
30,221329 §.923742 30,2213%8 18- 1T )
30, 590477 5,985211 30,3905006 S.59120Y
10,97231s %,952058 10,57284% S,0080083
30,748%00 S,970b2V 30, 7T4nSH9 Y,031685
3I0,922R1 5 5,0072%% 30,922843 5,66159%
31,u96259 5,0601013 31,094288 S¢09504n
31272811 PR IYT TN ) 31,272870 §,728853
1) utn5Sy e, 1029} “3uubatl 5,756523
31,024297 o.l170670 31,6243%7 Se774p98
31,74819%0 m 112122 31,742015% Se7¢0773
31,8%50%97 6,4966b6° 31,658717 §,791370
31,92812% 8,0T9T38 31,92012% $,734323



WeL: 25.5332 m (83.770S FT) N« 1.0000
(DIMENSIONS IN METERS)
BASELINE WING MODIFIED WI¥G
X Z X 4
32,0413804 8, 221409 32,041301 S,800060
32,974703 0,2380108 . 32,574757 5,883182
32,474806 ©.259397 32,4748%9 ‘y,903850
32,5095%81¢ o.270872" 32,56%034 5.,921470
32,212410 6,297091 32,212ue} §,941972
32,959238 0,311263 "32,09529% S,950395°
31,099152 6,320900 31,899159 y,900321
31, 762227 o, 3e74b0 31,742254 $,973098
31,900188 0,331135 3t,980414 Yo977102
31,429216 6y332574 31,429242 %.978833
31,271512 0,331721 31,271538 §,978279
31,11487¢ 6,329004 " 31,114899 S,975h08
30,957702 6,3241u¢ 30,957728 $,9712%4
30,6805194 e, 317128 30,803220 Se904640
30,063359 6,307020 30,043385 5,95un82"
30,51v103 0,290051 30,%10162 YL TS T
30,470907 e,28201¢ 30,370006 §,930571
in,288498 ©,270797 30,288497 §,919874
30,2u9720 o,2%6670 30,20972% §,907730
304361183 6,245729 30,1601182 $,895047
30,082683 6,28185¢0 3In,ub2ebe S,0b150H4
30,0350%2 a,216000 30,035051 94560083
30,00047% 0,197512 30,000473 s, 007598
29,98105% 6,1 7date #9,981053 Y.824650
29.97’378 0.15’72“ eqo°7’377 5;6006?‘
29,951097 6,142449 29,951053 Y,792205
3n,u0u0a7S ne119443 30,000u73 S, 768937
3n,035082 o,103870 $0,u35051 Se792072
30,0beb03 £,09151% 30, 0820082 e7u0u2s
3n,141163 0 081499 3n, 141182 S.730292
35,209726 0,273208 30,209725 5,721733
3n,288498 T XIL) 30,280497 5,714479
3u, 370967 6,060721 . 30,3709606 5,708613
30,51uted ©,0550383 -30,510182 5,703060
30,063359 6,U53209 30,643385 5, 700221
30,803194 6,u537462 30,003220 5,700103
50,997702 b, USTITH I0,9%97728 9,703126
31,114870 b,UB378Y% 31,114899 5,709230
31,271512 6,074574 51,271538 Lel19872
31,429219 64090877 31,u29202 $,73%5001
31,5b038kK e,1120ve 31,580414 5,756007
31, 702227 6,159121 31,742254 Y, 182754
31,899132 6,169090 31,08991959 5.812492
32,u55238 0.,1v9162 32,095%29¢ S,8425%2
32,212410 0,22041% 32,212u03 8w, 568009
32,309581 0,23845%8 32,309634 S,bo2nTe
$2,u14800 6284249 32,474859 §,8786011
32,974703% 0,22101V 32,574797 5,805592
$2,041%01 0.,206305 12,041301 5,8509u0

ORIGINAL PAGE 1§
_DF POOR QUALITY



