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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, bypass-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 condition 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 eliminated; 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 structurally 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 chord wise velocity result in overloading the wing both inboard and 
outboard of the nacelle. 

A high-lift system designed for achieving high power-off CLMAX 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 CL 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. 
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• 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 CL, 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 tum, 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 leading-edge 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 concept is shown in Figure 2. 

Figure 2. Typical Modification Concept for Prop-Fan Cruise Wing 
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2.0 INTRODUCTION 

2.1 BACKGROUND 

Elementary considerations or momentum and energy lead to the conclusion that, in the 
absl'nce or compensating losses, propulsive efficiency is improved by accelerating more 
fluid by a smaller velocity increment. Introduction of the high-bypass-ratio turbol'an engine 
stimulated a new generation of transport aircraft by using this principle to reduce l'uel con­
sumption without substantially sacrificing the simplicity, reliability, and low maintenance 
costs that have come to be expecte<l 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 prompted Government 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 
adapkd to the Mach 0.75+ cruise speed favored by airframe technology and expected by 
the trawling public. 

The high propulsive efficiency of propellers is <lifficult 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, 

• 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 I 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 
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180 passengers could result in a net fuel savings of approximately 25% if 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-mounted 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 flap 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 are 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 III-AFT-MOUNTED'PROP-FAN 

Aerodynamic integration of aft-mounted engines poses 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. 

7 



3.0 ABBREVIATIONS AND SYMBOLS 

A Cross sectional area 

bREF Reference span 

C Chord 
CD Drag coefficient 
CDi Induced drag coefficient 
CDp Profile drag coefficient 
Ck Krueger flap chord 
CQ Lift coefficient per unit span 
CL Lift coefficient 

CLMAX Maximum lift coefficient 
CMX Rolling moment coefficient 
Cp Pressure coefficient 

CPMIN Minimum pressure coefficient 
CREF Reference chord 

D Propeller diameter 

G Geometry 
Gp Error-free initial geometry 
Go Clean-wing initial geometry 

LE Leading edge 

M Local Mach number 
MAC Mean aerodynamic chord 
Moo Freestream Mach number 

11 Unit normal 
nmi Nautical mile 

p(r) Static pressure at radius r 
poo Static pressure at infinity 

P(r) Total pressure at radius r 
Po Total pressure at infinity 

q Dynamic head 

r Radial distance 
R Propeller radius 

s Arc length 
S/C Arc length from leading edge/chord 
SHP Shaft horsepower 
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T 
,TE 
t/c 
TSFC 

w/U 
w 
WBL 

WL 

X,Y,Z 

a 
0 
op 

oK 
Li 

1/ 
0 

'Y 

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 
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4.0 ANALYSIS AND DESIGN METHODS 

Three-dimensional potential flow techniques have been in use for many years for analysis 
and design of complex aerodynamic 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 configuration is determined by a computa­
tional routine, which calculates the strengths of the sources and doublets 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 velocity 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 methodology 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 condition 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 perturbation velocity (VPROP) is resolved into a normal (V 11) 

and tangential (Vt) component to the local panel. The boundary condition at the panel 
center is expressed as: 

V.n=-Vn 
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Pre-processor 

Boundary conditions for A 230 

Cross flow "' -V n 

Post-processor 

VFINAL = V230 + VPROP 

VFINAL COMPUTE CP 

Panel 

Slipstream perturbation 
velocity at panel 
boundary plane 

Figure 3. Technique for Modeling Prop Slipstream 

The requirement that there be a normal flow through the surface of magnitude -V n 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 . Post-solution addition 
of VpRQP to the local velocity vector ensures satisfaction of the tangency condition and 
yields the effect of the slipstream on the configuration. 

A pre- and post-processor 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 swirl angle and total pressure data aft of the propeller (see deriv­
ation in Section 5.0). This vector (VPROP) is then resolved normal to the configuration 
panels within reach of the wake. The normal velocity (-V n) is generated and entered (as the 
boundary condition) into potential flow program A 230. A solution is obtained and the 
post-processor then is called upon to: 

I. Regenerate the slipstream velocity vector VPROP at all affected boundary points 

2. Vectorially add VPROP to the velocity vector arising from the potential flow solution 

3. Recompute pressure coefficient, Cp 

4. Integrate the pressures for forces and moments on a column-by-column basis 
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This tech nique described above can be used to superin.1pose any velocity field on a ooundary 
value probfom. An exa mple 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 configurat io n at a = o0 . The excellt:nt agreement with the exact solution 
at a = 5° supports applicability of the method. 

- 1.6 

- 1.2 

-0.8 

0.4 

0.8 

M = O 
a= s0 

-- Potential flow solut ion 
A Simulated cross-flow solution 

0.4 

xrc 

Stub Wing 

1 2 3 4 5 

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

4.3 DESCRIYfION OF COMPUTER PROGRAM A 236 

The Boeing A 236 computer program (ref 3) is a design-analysis-optimizat ion 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 
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imposed upon A 236, as compared with the more general program, A 230. The variations 
between these two programs arc: 

A 230 

1. Analysis only 

,.., Accepts general configurations of 
any shape 

3. Exact boundary conditions 
(applied on surface) 

4. Lifting surfaces treated as a whole 

5. Paneling external to program 

Features of A 236 include: 

A 236 

Analysis, design, and optimi­
zation 
Accepts wing/body only 

Linearized wing boundary 
conditions (applied on wing 
design plane, exact boundary 
conditions on body 
Wing split into camber and 
thickness 
Automatic paneling provided 

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

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

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

• 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, Cp1 (only one wing section is used for illustration in 
the figure). The increment Cp of the nacelle-slipstream over the clean wing, calculated by 
A 230, was then subtracted from Cp1 to produce Cp11 , thus: 
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In an attempt to eliminate errors inherent in the solution of the design problem, two design 
runs were executed on A 236; one for Cp1 and another for Cpn • The resulting wing geome­
tries are symbolically denoted GJ and Gn, respectively in the figure. The final wing geo­
metry was then calculated from: 

Gp = Go+ Gu -GJ 

where Go is the initial geometry of the clean wing. GJ - Go represents the error attribut­
able to the lack of reversibility in the analysis-design-analysis cycle on A 236. By subtract­
ing it from Gn, an error-free final geometry (GF) is obtained. 
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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 mod ified 
wings. A twist increment o f 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 wi ng thickness distribution of the baseline and modified wings is shown in Figure 8. 
As a result o f this design exercise, the maximum wing thickness ratio has been reduced by 
18% inboard and by w ry,, outboard of the nacelle. 

WBL 1 

~----------------~------'><:=________________ -------," ______ WBL 
\ --- 2 
------------- -------- w

1
BL~ /w:C 

--Baseline wing 1 

- - - Redesigned wing 

WBL2 

WBL3 

-------- ----,,,,-- ----' ----------
\ --
c

, __ -:.: ~~ -- ----~ --- -----------==-==-=------

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 potential flow 
computer system (Section 4.0) at values of a from -3° to +3°, and at 0.7 freestream Mach 
number. Several configurations comprising wing, body, nacelle and slipstream were modeled 
and analyzed 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 studies. 
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 

1'.;,i)ii/~} 

/l!lt1ill 
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Ill/JI/II/I/II. 
ll/llllllllll/1 

1///I/IIIIIIIII 
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Surface Source Panels 

C:I I I IH I t • JlD 
Vortex Panels 

Figure 9. Baseline Wing Body Model 
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Surface Source Panels 

Vortex Panels 

Jet 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 a more realistic wing geometry is recommended. 
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Figure 11. Paneling of Modified Cruise Wing 

Figure 12. Modified Cruise Wing 
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.5.2 SLIPSTREAM CHARACTERJSTICS 

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 
mea,sured 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 fur ther refinements were cohtemplated by Hamilton Standard to achieve the design 
objectives, the theoretical distribution was selected for inclusion in the potential flow model. 
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Figure 13. Radial Distribution of Swirl and Total Pressure in Prop Slipstream 

The magnitude of the velocity vector V(r) in the • propeller slipstream is isentropically 
related to the total pressure ratio P(r)/P0 as follows: 

• -y-1 

V(r) = _l - rl(r) ) T (~ + Moch - _2_] ½ 
U00 Moo l PO 'Y • 1 'Y • l 

with the assumption that the local static pressure is constant: p(r) = p 
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The axial velocity component, V x/U00 is determined from V(r) and the swirl angle o(r) thus, 

V x = V(r) COS o(r) 
Uoo Uoo 

The pressure coefficient is calculated from: 

~P(r) 
+ - ­

q 

where q is the dynamic head and .!lP(r)/a is a correction term to account for the change in 
total head across the propeller disc. It is given by : 

The above formulation has been used for all potential flow calculations in the present docu­
ment. 

5.3 PRESSURE COEFFICIENT DATA 

Pressure profiles for the baseline 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 swirl 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 (outlined 
in Section 4.0) necessitated changes in the wing twist, thickness, and airfoil shape and was 
limited to a single design cycle. • 
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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. 
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Figure 22. Upper Surface Wing Isobars-Clean Wing 
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Figure 23. 
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Figure 25. Upper Surface Wing Isobars-Modified Wing+ Nacelle+ Slipstream 

5.5 FORCE DATA 

CL vs a curves for the cruise wing-body-nacelle configuration are shown in Figure 26. At 
a = o0 , 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 CL value of 0.5 is achieved at a close to 
oo. 

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 CPMIN 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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shock-induced separation are likely to occur on the inboard baseline wing. Corresponding 
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 I , these losses were estimated at 8% 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 surface pressure. Figure 30 gives a drag buildup for the baseline and the 
modified wing, each incremented from the clean wing. The increments in profile drag 
(Cop) were postulated on the basis of the spanwise distribution of CPMIN 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 Cop may be as high as 100%. 

Vector ~CDi 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. 
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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 ACL of 0.026 and a ACo 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 lb) 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 
o2 . 

Where SHP is shaft horsepower and D = 5 .97m (19 .6 ft) is propeller diameter. At Mach 0.8 
and IO 700m (35 000 ft), the total thrust, assuming a propeller efficiency of 0.8, is: 

T = 72.427 kN (1 6 283 lb) 
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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 pressure 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 swirl 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 

Low-speed 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 8p of 
1 o0 was selected for the takeoff condition and was achieved by rotating the. trai)jng-edge 
about the 78% chord line. 

LE Krueger flap 
o F = 10° 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 
below: 

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

• Point B- Located at the intersection of the tangent from A and the wing chord line. 

• The Krueger leading edge (point C) was detennined by constructing from point B a 
line at an angle 8K 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 Krueger angle 8K was initial­
ly selected equal to 63°. In a subsequent design cycle, it was varied between 509 and 
55° spanwise, in an attempt to improve the flow pattern over the leading edge. • • 
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• The Krueger upper surface profile was extracted from an existing Boeing design and 
geometrically stretched to fit between points B and C while remaining tangent to 
line AB. 

• The Krueger lower surface profile was faired in arbitrarily to complete the section defi­
nition. It does not significantly impact the performance of the wing. 

I 
I 

I 
I 
I 

/ 
/ 

,, / 
.,. ,, 

Chord line 

--- Initial definition 
- - - - - · Second iteration 
A = Point of tangency 
B = Chord/ tangent intersect ion 
C = Krueger flap LE 
6 K = Krueger fl ap deflection 

Figure 32. Krueger Flap Definition 

The above procedure was fully automated for rapid generation of the entire wing, given a 
set of Krueger flap angles and chord ratios (CK/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-body 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. 

35 



Cl I I JIWI 11 llJ£i1> 
Figure 33. Paneling Scheme- Low-Speed Configuration 

Figure 34. Krueger Wing- Low-Speed Configuration 
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6.2 DESIGN PROCEDURE 

Initial definition of the low-speed configu ra tion included a Krueger flap of constant deflec­
t ion angle, 5K = 63° and chord ratio CK/C = 0.1 5 (see fig. 32). This configuration was 
analyzed, less slipstream effects on potential flow program A 230. The results indicated a 
nonuniform stagnation pattern 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 plot ted 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 leading edge in both design cases. 
At higher angles-of-attack and/or increasing trailing-edge flap deflections (o p ) , the stag­
nation point is expected to move down past the leading edge toward a more favorable loc­
ation corresponding to CLMAX· Because of a more uniform distribution of the stagnation 
line along the wing leading edge , the second iteration design was selected for further analysis. 

Krueger 
deflection 
angle (6 K ) , 
degree 

65 

60 

55 

50 

0 0.1 

··•:--•:• 

Init ial design ::::·::: 
•.•.•.•. 
•·•·•·•· 

iiiiii~i:.,.. ___ .....i:;...._s_e_co_n_d_i_te-....ra~ti-on _ _.... 

Nacelle 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Fractional semi-span (71), percent 
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6.3 SLIPSTREAM CHARACTERISTICS 

Radial distribution of total pressure ratio and swirl angle aft 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 Standard through wind tunnel testing. Swirl angles of about 9 degrees are 
predicted, compared to 6 degrees at cruise. The incremental axial velocity (ll V x/Ucx,) 
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. 
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Figure 38. Radial Distribution of Swirl and Total Pressure in Prop Slipstream 
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• 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 increments 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= 4°, the effect 
of the slipstream is to increase CL from 1.3 28 to 1.610, a 21 % increase. Preliminary design 
estimates in Reference 1 give a climbout CL value of 1.63 with a 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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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 (.6.CL = 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 CL, the thrust recovery could be as high as 350 counts, depend­
ing on the general shape of the polar. 
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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 CL 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: 

.1.CL = 0.141 

.6.CMX = 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 l study, as indicated in Figure 
48. 
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6.8 ASSESSMENT 

Leading- and trailing-edge flaps were defined for the modified cruise wing, and arc 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: 

• Leading-edge Krueger flaps had more than enough deflection U>K) to eliminate all 
pressure peaks on the upper surface. The extra margin in OK ensures safe operation at 
CLMAX· For maximum L/D during climb, the Krueger flap should be partially re­
tracted. 

• 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. 

• 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 19° 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 pressure 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 49. Paneling of Aft-Mounted Prop-Fan 
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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 channel 
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 

49 



that the latter does not impinge on the body. From the 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. lh 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 chord wise 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· propeller 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. 
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Figure 60, strut spanwise load distribution, shows that the propeller 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 tlie strut 
serves no useful purpose , the strut 9~:mld 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 th.e thrust recovery and the strut drag would 
be reduced. 
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(I( = 00 

Body side· 
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0 0.1 0.2 0.3 0.4 . 0.5 0.6 0.7 .0,8 0.9 
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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 CL, 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= o0 , this vector is 

.:lCL = 0.017 

.:lCo = 0 .8 drag counts. 

Considered at constant CL, 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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Figure 61. 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) 
Aspect ratio 
Taper ratio 
C/4 sweep, deg 
MAC, m (in) 

Span, m (in) 

260.8 (2807) 
10 
0.353 
30 
5.496 (216.37) 
5 l.066 (2010.49) 

Each of the two wings is defined at 16 wing buttock lines, including one on each side of the 
nacelle. 
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I 0.9203 
(36.23) 

r---~--'--------~-11.7043 (460.80) 
,-12.2065 (4B0.57) 

9•0934 10.7316 
(358.01) (422.51) 

Dimensions in meters (in) 

. Figure A-1. Wing Planform Dimensions 
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WBL: 2.7686 m ( 9.0833 FT) 
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3.~;;51112 
5,ijt,t,7Q1.1 
5.tt :s'1e111 
J,7Q71.117 

A2 

X 
25, 71'1227 
l':>,t.1700MQ 
?'J,oQtiO.l:lu 
,?tJ,702150 
;,1.1,11.Sttlij 
21,52'>2':>Q 
22,quu11 t 
22,.3'>~273 
21, 7o'l8j:!U 
21, lbl lot! 
20, ':,~v<i':, 1 
20 .-ouii~ 1 7 
rq 1 1.1tooao 
u,,rl3701t.1 
t8~2H20Q 
t7,7t.fJ(IJ2 
17,21117':,t: 
11),Ql0':,36 
10,ol';t-21 
11-,,j':,<iOu':, 
1,:,,13'-IQt,5 
1':,,l.lolt,c,O 
15,t1}i:!20b 
l':> 0 f':>Q1JQQ 
1 'i • 7ir:'tlt>l.l'I 
! ', I 7'3~Q14t, 
tS,~3b71.13 
1c,,qoleh◊ 

1 t, • 1 3'1<H•~ 
l o • 3 ':," C l ! ':, 

lb.olSol.3 
11.>,~l\J':,I.IO 
17,2ut7':,Q 
If• 71.101.137. 
113,cH207 
1i, 0 ,H7oltl 
IQ.1Jl1>08u 
.?n,uQu517 
zu,51.1oqc;7 
21,ltllldtl 
21, 7b4f.<21J 
?.?,3'>1?73 
22. <.j/J ,)7 1 I 
j> .> , 'l C ', ,> ', Q 

?.i,11.~oQt, 
;>~,7 02130 
?S • uQ-,ut11.1 
.?'>.~ ·,ousq 
1':>,7l"i>27 

z 
3 1 h'J2i.!tl 
3, tl_qq5':, j 
.S, ~70Qo':I 
4 0 0 llc,t,t, 7 
1.1,lb0t!:,l4 
1.1·, 27184b 
ll,H.HH 
11 0 1Jb83.31:i 
". ~!:,1.Q2s° 
u,02qqQI' 
1.1, n95A2tl 
11 ·~1s-101q-
1.1, 7q1171/b 
u 0 t1,?115'>7 

-4,~3ot':>l 
u,t,l22tt" 
u,1:10':>iijS 
u,77b21S 
1.1, 74~Cuq 
,.., ,vJoo.s 
1.1,o<;u7bQ 
"• 57'11.122 
11, 1.1t1t1.1Q3 
4..S':>13112 
1.1,211JQt,c, 
ii,t51<u~4 
1.1 1 \Jtd b /2 
3, '15',t.iit: 
J.e1.1utbv 
3, 7o5<;1v 
5,nl:l9t,l.lc 
3,o2lt5b 
3,5blS13 
3,<.1Qo,?3ti 
3,4tt0i'71.i 
J ~45t,Utl> 
5,l.li!7':,0b 
J,ll375H 
3, wo-~3"" 
5,i;c7,2ol 
3,i,O<.tJ72 
3, r,q •~cd 1 
.),7M!':,C'.'Q 
S • ><ll;J(lj', 

\ 1 ~tll•':,':,o 
.S, l'jOt,(11:)0 

l,At,5t,(1b 

.S,Mc!,Jt,Q 
l, 7qt(1t<l 



WBL: 4.1786 m (13.7092 FT) 

(DIMENSIONS IN METERS) 

n = .1637 

BASELINE WING MODIFIED WING 

X z X z 
25,71'"'227 IJ I \I 4 t, Q f' C 2'i, 11 ~l.t!.1 u:ol"n':,';, 
?':i I ijtq Qcb u. I U-1~.H 2':,,<.1Q~1,,t- U 1 1 l ) 7 \l 0 

2', 1 1',ll475 1.1,,nu1.H ?':, 1 1'.>l\',1:, 4 • i:!Ul:ll1'-II:•. 
c:0 1 7QlR3Q ll I c'_I;? 2',b 2£J,7Qt!.Oc1 IJ 1 2bLl871 
?u,2i,suoq u,3Q3'5c'Q 21.J • t!_'.,':,541 £1 • .S4ol:>4" 
i.>3,!1o97Q u,IJ9o01b ?.S,71<1\bO u,')J38U5 
2S,lbb\l:lb u, 1,r--,0911 2~.18oi'71:i lj • ':, Q 4? 0 ii 
22 1 o',~c-t,U U 1 bl2o£1u 2?,o':iv75';, (j I or,','.,t-U 
2?,1187~0 U 1 fUbO.SU 2c,llbb70 u 1 7ov7.SO 
21 ,!:iH,nso u,o12t,t.t!. ?t 1 5b2Uil\l u,r.c7!,7':, 
r. I • o ii u 1 (I 1 U, ~t,!:\£1t'b 21 ,uuu1q1 IJ • Ob2£1b 1 
20 1 ':,U9UQO U 1 9lll,S2b 20 I St14':, 74 <J,'-12b7'H-' 
IQ,•n.sosq L;. Q!Jq'.,2':, 14,97514<1 u,4':,9721 
\Q,L;iJ'.,721 0 1 471«;71.1 1Q,<JIJ':,,-,1Q <J 1 47h/7':i 
l~ 1 _40 1J\4Q o,Q762f', tP,401.li?bH ;,,4C>!7'::l/ 
I11,UIJ':,':,•H .. ,9c:,7814 I ':l 1 ,, tJ ">5 9':, u,'H,7r-4t!. 
} ] I 44 I) 995 4,4.S~2.S5 17,4'1ll49.S u,'d':,0"17 
1 7 ' () 8 g (1 /J fl IJ t q (1 <J t, lJ ~ 17,'>t>'-l()I.Je, u , 9 o tJ i, I l 
11,<.1cvt97 Ll,ti7",\t,', 17,1Jr 1JIQ5 IJ!!'jt,td~':,c 

17,1boc59 lJ,i:131J',",':, 17, 1c-o"c'">t:- u,1"2.-n11 
1o,'-ldo';,97 U 1 7 e, 7:, \; h I;.,• 9>1o',9':, i.,7~?2li5 
lc, 1 t12U032 U,717?'13 lo,12<-1030 u 1 11ur':>J 
lh,7li1:1Ul7 u,ot'ti59.5 1 1, , 7 O o <J l '.:> U, n2':\l)'I':> 
lb,o397J6 1J,':il\SU0 lo,o.5 ➔ 731J u , c;·1 qt 1./ l 
ln,oc/\tl9 o,tJ2.H:5b l6,1'1,U1'17 i.. 1-1371.1<.;0 
,.,,03~7.5r- u,.~.5,.,?7t> ! n O O .) "1 ' 3 lj ,, •. S ', r- ,- t· 4 
I n, l L' 0 'I 1 l U,2391'"1- ln,10'.J<•l:, t. 0 c.n'J11JU 
1,-,.::;;:..ios? 1-1 1 142~rJI lt-,bc'.'4115(1 ..i, I 7c 77':, 
l0 1 '-lc,o",47 i., :_, u 5 I', n lr,,91<0<:,<.5 LJ,ul'-12i!T 
17 0 lt-02'j4 3,1.1737,,.J 17,1bn25i, i.,vuncH,,. 
! 7, u 2 •J l 9 1 .S 1 '-IU>jC,24 l . 7 , •• 2 •I 1 9 t; 3,9~397LJ 
17,ob'104t\ _71,cUt-,O)O 17,t>e'IOuh -~It< I" 2 '5 7 ':) 
17,'l'IU945 .S, 7 '1b2 I Li !7,'-140<:.1<.3 3,";n3~2 
I", U4',',l./7 'i,73'1322 !fi,IJ4 1.)',4S 3, ]b",'.)'17 
1 ;. , 4 0 i) 1 q q .5,7o7u94 l'-,'-IUU,?/<~ L 727~r:." 
\O,ulJ5721 3,bbn32o !9,4w'J810 3, o4 11 b l'l 'I 
19,97.50':,9 .~.o79l,'-17 19,q7s1ut1 3,nl:<':,!JOU 
?.'"1,:>L• ➔ IJ90 !, , ot9t,ll() r' ,) , 'J u '-/ ':, 7 q S • "'I'.' 11 I ') I 
.?l,•JLl«\r.t .5,71tlti2':> ?l,'.lt.<-1\til .S , 7 (1 '<t 9 r- 1 
ct, '5nc:35o 3,77.SnoS 2l,':-lr2iJUO ""!:,,]':JiU7r!-
2 2 , I 1 ·"' I >1 (l .S,t'Ui:,C.72 ?2,l!,ic-70 .°S,"~"obl 
2,) 1 05,.JonL: 3.•n3t-c'5 2,',o':,v7'15 ,,910!33 
2L1Mu\~t, (j,01uo7.S 2~,lt'bc7"' -~ 1 '-Io,; 44 ,j 
23,ll'..-97Q ,1,,17c,4)~ ?3,71'1\t,(j u.·.J':l'-l07o 
?u,2s·.,:.10Q i.J!!l,:,1412 24,r.~'J',9! ,,v9oti11 
2 1J, 7 9 1 I'- }Q "•!~>17':>LI r' 1-1 , T q 2 o 2 I 1.J,l10lb7 
2 'i , 1 5 ,J 9 7 ':, <J, ! l I 71 U 2'i,l':>11~b i., 1..: '"''-' 1 7 u 
2':i,<JQ}Q2b u,vfofluo 2<,,!J9c10~ w 1 .Jb2iJ':>2 
?5,71'-1227 u 1 (1<J\QCIU 2">,714227 IJ,,J2f\1.SU 

A3 



WBL: 5.8169 m (19.0842 FT) 

(DIMENSIONS IN METERS) 

l') = .2278 

BASELINE WING MODIFIED WING 

X z X z 
?', 0 7t·it'.t!.7 u • r/',':,22 25,71'-'227 4 • '.lhCJ 1 U'I 
2,,'>115.H IJ.•~21977 2':i,51 71J93 1.1,1.1q2'197 
?.'j, c' l t.1'Hitl u, 48c:,il9 .s 2s,21~11.1g 1.1,':,!,i,7fb 
,!.1.1.dQ,_l5(;i- Ll 0 ':35,!.3r.7 ?. 1.i,13qi:,470 1.1,sn;gQ/ 
2 u • IJ? q S v o 1.1,i,1.1',()lb 24,1.120407 4,oSoo19 
23,JU--l.~OI.I tJ,7.Sttl.'; 2'S,944:Jh5 1.1,b~rj;,Ue 
2.S,47l5?Q 1.1.000001 23,1.1/l/)()9 1.1,731471 
22 • -i'fo S31.1 4 0 '17.3h70 22,9'-H,4(1.1 1.1,7':Jo7~3 
22 1 ',21.1301, 1.1,93151'' 2?., '521.11.11.ji-, 1.1,l95Rt!.1 
2 2 1 1) I.Id .SolJ 4,91i21Jl:14 22, OI.IOLIIIU u,d11.17jQ 
2t,';71j]U/-< 5, (\ 2 •JO h2 2t,57u~2~ u,~2o9U', 
21,lJQt:,fo() ~.fl~7129 21 ,1JQ01.13Q 1.J,1'131500 
2•>, o,!.u 35~ ':i,Odltld 2() 1 o2iJU_H u,-,27o1/ 
c•1,1s2u2; 5,0'l,Jt44 20,152502 I.I,,_, l 1.1053 
19,>,0'1,51.1 ',, \)9!1351.1 19,ot>HIJ3'S 4,7872lQ 
19, 2o<-Q6,!. s,011ue~ lQ 0 2t,4QoO 1.1, 7':l2oe1 
1-:!.liolS/fl ', a 05,!.920 l8,8ti15~Q /~, 70IJ 113 
1M.50fo3ti 5. u2o:.i<:'9 18,59.So3b IJ 0 hO':ib77 
tn 0 .S';',:l7?. 4,qg,_.i:,74 18,.>5'>070 a, o2501J'J 
1H,l474f'.17 IJ,9'>79t!.1 lH,11.171.185 l.l 0 '>0199U 
17.97&J317 1.1,91')5:,o 17,97U~15 ", c; 3',21>'/ 
1 7 • d 2 o 1) c, U ",1-\5':,toh l 7 ·• i;- c? o o o c 1.1, 1-HSt.194 
17,7cl.3t11J iJ 1 77•Hoi'.I 17,721Stil u,1.101ql;t;1 
1 7 • t,,,2529 IJ,n812Sll 17,ob2C:,27 ",~272()7 
11,or;1·~qc 4 e l>O'j,2t,LI 17.t,<;13g5 4,2702~~ 
\ 7 1 l'lh25?CJ 1.1,'>.s,n2 1 7 • o6,?.":,27 <l, ;.,25 I !i2 
17,7213,.10 •I 1 4 4 Cl 7 h 'S 17,Ul341 4,1',i.g:,l 
!7,l;ih0oiJ u, St,':,Jdj 17,i:!20062 1.1, oc:i;.s22 
17,91tJ5t7 ·", ce'.)942 17.'110315 q, o .Sod.So 
l8,lt.171HH 4,22.,237 Hl, IIJ/465 3,9g8o72 
18,.S5507c 4, l 7':135.S t~ • .3",5()70 3, •io'-JGtU 
1~.-;q;i,55 1.1,t.?0720 1ii,'J9.Si.,31, 3,93e~u 
IB,-ibt'",7(; 4,0i:<.SQdl 18 0 !'lblSog 3,'H473c 
t q, 2o·:J<Jo2 u,o.s7~71J \ q, 2ol.lgt,O .! • :19Q~ti4 
19. l)t,d354 u,u!Oi304 19 • oo·ilJ 33 3 • ,;<.11J.ScO 
20,1521.12.s ~ 1 1)93oVIJ 20,1":,.:!",02 .i 1 9V21-i\5 
?O .ll~•J.35/l 3 • "ld850 l 20,hcOIJ.57 S0 91Q5lo 
2 \ 0 I) 4 I) _3 0 0 .3,9'17]94 21,09oLI.S9 .S,9Ui,(ll.l'-I 
2t,'l7<J71J!-I u,02.s2i:i· 1~ 21,'S7\l8e.~ 3 1 49/JU.52 
22,1.Jud,1:il.l •J , ,)7 lj 5 7 l 22, llildl.l4/J ll O <l522till 
22,52<-i3oo 1.1 1 ts7!59 ~2, ')21.1/.IIH, ". u 1 Q5o 
22 1 -l9o.35U 1J.?.l 1~d.5" 2c!,9'1oat4 u,2..!001U 
2, .... 11s2q I~ t 2 9 ,j qt-'~ 23,47100'1 u.,;oiql 7 
2.3,~4 ♦ 301J I.I, 3":i':>.3.S'J 2 3. '-l(Ji,IJt,5 U 1 .S8t)(Jbd 
2 1J , ..a 2 ;) 3 ,_1 o u • .s'-lilQ21:l 2 I.I , 4 2 <) LI i, 7 t.1,1.13 ... 99'-1 
24 1 ij9n30d i.J," I I l 'J 1 2<l,d9ol.170 4 1 ·,ot<Jil.l 
25,21<-41'18 4 • .5'4n2'1 l 25,21'J11JQ a, •~'j 7 ,S~d 
25.517':,5\ 1-1,.Sot',i:" 25,'Jl /693 14,'-1~5.l\17 
e1s,1Iqa1 4,52!'117~ 2':l.71~2,U ..a,41 1Jtcl 

A4 



WBL: 7 .4552 m (24.4592 FT) 

(DIMENSIONS IN METERS) 

Tl = .2920 

BASELINE WING MODIFIED WING 

X z X z 
2S,7! ➔ 2c.7 u,o5tJ121 2.S, 71 '7227 u,7C/7u.~2 
2':,,':,IJ.$\,7 '• • ~ 'i '-11 2 ..S 2',,':i•d?..77 u, ~ lJ 1 t: l'.'5 
2 S, c!. 7 9 C ,1 1 /J, 759il5U 25,279141 u, c:,4oO '1" 
2':,,o(,0778 IJ,~17397 25,LIL•l)C/\;,. " •• , .) ~ .3 '• q 
21J 1 ':,o':l?.JJ1J 1J 1 0<./t,', (U~ 21J, Sc-53UIJ u.1h,!7':,2 
2LJ,lo9630 .:J ,96023'::, 21J,lo"770 ':,,01-5414 
?3,7':,oo73 ',,02'.l!09 t'3 1 l5oc,"'_s S , c, j I 1 c:" 
?3,)4200/J 5 1 0 7 5.) II 1 2.s,.~1.1207.3 S,PS<./f't>:> 
??,'129952 ':i,11o'14ti 22 1 9 ..S ,, u 21 ', 1 iJ .) ti ', l, 't 
22,':il:.!Hrl 5,1':>2.325 22,'ll/JUIJ7 ':,,t•S!OU3 
22. 1 09 / HS ', 1 179t--$b 22,V9lLJo', ':,, li I'., 1 '., "I 
2l,ot'.3230 ':::i,199931 2I,otl)c'qq LI , '• 'J i? 2 b C/ 
21,r'blt,':,b S,21?711 21.20772', u,CJ11\S'.,7 
20,ci'::,9\2c, '-i,21o7l':> ?O.!i':i'i\Q':, u,'1?..i' 1J7 ➔ 
20,4.SoSUC/ S,r'IOt.121.1 ,'o, u3r.i'::l7 ·, u,., 7 l 1 'l '1 
20,tl64527 5, I 91J'i':il.l 20,ue4.S25 u,r-17tin0 
lC/ 1 732ltH, S,lc:71:,0S 19,7.~214/J 4,1'.,2Qi.'::, 
1 '-< 1 IJC/1j?2 7 "i,I1.1~011.1 19,eJ'-lb22', lj I 7 (/ 0 <J., <./ 
19,,:?hYCl/J7 5,114\c,3 \q,,2t,qciq<, !J.oSl':,i1 
1q,lll1'7l'-, '-i,u812b7 10,11il:\713 4 I/, (_i 21 I') ~ 

! P., qi., 4 l' .S 7 · r..,,u .. 300':l 1 K , 'I ', ._. (I 3 LI /J • ':, u £J 3 IJ ti 

l'-i,1'2½CH1 u,<.19HdQ 18,n2t-U9/J IJ,<.h?3lt> 
1,,,,50070 4 1

4 3011.1, l '-i, 7 3ot'oi. 4 • 41 'H,o 4 
I >I, o8':>3c'2 a,;.;1n-«113 1 i-l, ot•',320 <J, > o:, ,H,?. 

·lrl,of'::io02 'l • 7 !' M /< 7 1 1'1,ol',t,(lO u, ..S 5QS ':i o 
lfl,c,f':,-~22 4.7c'>,,'r-,t, \,; 1 b/:''.,_~2ti iJ, ) !. 1 ,-!, r,,.... 7 
1i-<,73otll• £J,,_,':,~nbl l.'J,75i:,oi-,i- 4 , 2 ,; l ;,,, 2 2 
1,;, ri 2 ~ u 9 7 u,'::,t,K",99 1",i.~2au'!u •J,14~71" 
li:',-.:,•ld7 u,':,2>\]i:'b !-4,<l':,!.IQ.3U 4,ltc't,Ul 
JQ.1Utl71S ,_. ,4i<?.727 l9,1lits71.3 u,1uJ7-i2 
)Q 0 2!H9<J7 u. 1iu1 nn 1Y,2'"'99UC-, 'J • .1 2 ~ 2 ':, .S 
]l.l,C.91j?27 4 • 4 0 Y ', (, ', JQ,4CJ>\?,1C:, 1; • l U 'Ji- 2 l 
1 9., 7 5 2 1 il o 1.1,.H17i.4 IY,752lil/J "•'"'.J7).) 
20,Ub4321 £J,~3o1Jl9 ,?O,t:tJu~25 ..J,,,'Jo079 
20,<.13oSu9 ,, , 5 I /J ti 3 v '.2n,.J3o':,77 u,u'1Grl9 
20,o':>'1126 u,500601 20,,:s':,9J9C., 'J 1 1I1tc7 
21.2t17656 4,247ou5 21,207725 4,126120 
21 , r, b > 2 :s 0 1J,~Ll59n7 11 1 ori.$2GI.I 4, l 'i 3 IJ •• Y 
2? 1 u1.1rv,5 ,.j. 327941.1 ?c, 0Y 7 •Jt,5 'l. I(' t; ·J l' tj 
22,',143"/~ I.J • _\t:,c\(177. 2 2 • ·~ 1 ,J 4 u 7 u, 2 <J l t,w<J 
?c',Y2Y'-1':i2 £J,lJ2b5U5 ?2,·-.3'.l(Jj)! ,; , 3 l l 2 'l > 
2 3 1 .) I.IC (1 {I /J t.i • '-I 9 ', I:\ !.I I.I ?7i,.54cl)7S .; • 3 '! c· ", l" 
n. 7':iaein l;,5o7P'IU 2.5,7Soo1J5 .... ,. t< u r, ', ', 
2<.J,lblt-i.30 IJ.t>.522~0 ;:,,.1,lb"1770 <. , ''it::•" iJ l l, 
Cu • ·, h ':, ~ J /,J ,J , ') 7 9 u 1.1 1 e"J, ':,i:'':, 3<.JU '..J,c,,;..;t,'::,5 
;>t,,()11l1l76 'J • l' 0 :; 7 ', 3 2':1,Ullv'"llF ·, 1 ?•;31--SI' 
25.,279ou1 <J 1 o!:Of.t72 2';,1.74\1~1 •J 1 7 .5 C lJ '·' l' 
2s,·.,u~1.57 'J, o 1lb,'Oj 2,, '::,4 3277 u,?,~7?vb 
2':i,71"1227 'J,bl05':ib 2 ':,, 11·-122 7 u 1 74c.;c.,1u 

AS 



WBL: 8. 3820 m (27. 5000 FT) 

{DIMENSIONS IN METERS} 

Tl = .3283 

BASELINE WING MODIFIED WING 

X z X z 
.?':,,719227 1.i,e1173!:i ?5.71-1227 u,8!:i.3132 
2,;;,.-:,57022 4ed':,':,qlU 2~,S':>17':>r. u,Q120~li" 
?',,:H'S21S i..41301b . 2C:,,31!:134tl c,9tt,U':,7 
2':,, u':,<./~ 74 4,'1073':,b 2':,,0oUOOt! 5,0U7257 
2t.1,07bU<./3 5,031:l77o 24,o7i;-t>22 s,f1s~u7 
r.!J,2'17104 S, 0992 1Jb 24,297234 5 1 lb7bc2 
2"\,916304 ':>,1'1ti7i:.'!:> 23,<11~3o7 ':,, 20':,ld3 
23,':dl5o3 !:i,189370 23,!:13/b2h- i;,2:s20':,5 
?.3,1':,9LI01:l '=>,~21qH 23,1594b9 5,24t>Ht'-b 
.?2,17rl01q 'l 1 c>4b£ilr. 22, T7d082 5,2':>.Se<./o 
2?,H'l.337 i; ,267n':i:S 22 1 :S9':,40U S,2!:i1F.t-<./ 
2r.,0l':>,?.4tl 5,2ti0718 22,01!:1308 ':,, 2Ll220<./ 
2{,b3:S8'jc, 5,2871!:17 ?1,o.B914 !:i,22.JUbl 
21. 2!:io<nu !:i,?.!\t,0':,7 21,?.':,i,995 S,1%E73 
20,1171()81 ':,, 2760tlti 20,87111.14 5, l !:198:SO 
20,5U1871 s; 2':,9i1iS i?O,':lu78n8 5,11b5UU 
i>0,22~oot '::, t 23241:ib e.0, 22<Jt,'jq s,uo-2307 
20.00~98<; ', 1 2Gd971 2o,OO">qb3 S,i.l2vSb7 
1c, 0 n101,uo ':,,ltl17<./3 19,!:!l~l:131-1 (j, 1H30'1U 
1<..l,o5~':>lb !:.,,151079 !q,o',2515 iJ.92u41:<o 
1q,'J11)',c,3 ':,,11004':, JQ,511J5n3 u,1;7101.Jb 
ici • 594Q8 J S,071059 19,j949h(l Ll,t\113411 
1q • .s11u76 ':, 1 1l 1 ':, LI I.I 3 19,.311!0Q 4 0 71.13':,UIJ 
19.2b:SQt,5 u 9il5141 - . 1Q 1 2td9e:,5 1.1,otl43lb 
1 'l • i',':11) .SU /J, H88<;Hl:l lQ,2';':,031 iJ.01.1t-1r,2 
19,2n3q70 IJ,,,37:LW 1q 1 2td470 u,t>O'-tl':>tl 

H.311193 1.1.70Q1uu 1(1 •. SJllMt, 4, ':,!lthC'3 
1Q 0 .)9'j\9U ti,715323 1q,345lt,P u, ','JOt;'.,':, 

10 1 ':,10802 '-',t:-t,<J',1.17 I o • '::, I V ~- (: 2 1J, uo1J723 
to,o'i277b 1.1, ti2';,9':,5 19.o5~77t< <J,4577.>l 
19,111'1()1.b 4 1 5420o1 19 1 1'19\li.lh u,~l3oU.S 
?.O • J 1 <J006 u.5blb22 20,0liJ013 u,.S9i?09i 
2•l. 22 1~00 I /J • 531.1':,50 2_(),224001 1.1,.372315 
?i1,':iLl7b7i t.i.50,317 20,51J7871 u, 3',u5t!3 
2/\,o1lC\81 1.1, 'J a o o 61 20 0 1Hll44 u,.s3o11tl 
21, 2',~<131.1 u 1 1.J7'471o ;,1~2',t\995 u,32ne31 
e' I I n338':lb u,u7~u/':, ? I, td.3922 4, 32 1•Q5':, 
i'2,u1521Hi 4' 1.11:1031.11.1 ?2,u1S306 1.1,Bi:'t.17U 
2.:>.59',B7 u,!:iuo·~o1 ?2,JQ':,/Jl)U u, S'lt 11« 
?2, 77chll9 c:J 1 ':do3b7 ?2 1 f7tH)fi2_ IJ,3/::lbc'll 
i>3,15'11J08 u,569811 23.159471 u,,Hl\739 
n . .:,3 7':io3 1J I l>'lt.ihi-'2. 23, 'd 7b2b u,'.:i117',l 
i>3.'-n>:l304 IJ. '2 (j ':, i.j' ?5,9ld3o7 !J, :,9'J0',9 
2·1.d~7)()ll u,7Boe9t 21J 1 d97?54 u,01:19?44 
?u.i,7i,uq3 u,837';14 ?.u,o7bnc0 u.73'1i:,43 
2s,u':,i/r,7c, 14,0'.}Ue57 2S,:Jr,vOOl:l 1J. 11n '5'- 7 
,'5,31~215 

.. 
4, 1! 4 1 b 7 (1 25,31':>Sutl u.~o'::>~.H 

2<;, ':,':, T t,22 1J,807?':l':, 2':J,'.}':,17':,2 1.1,,qu:HI 
r''),71':/127 4,/11ldb 25,71'-1227 1.1,t-11291 

A6 



WBL: 10.1600 m (33.3333 FT) 1'l • . 3979 

(DIMENSIONS IN METERS) 

BASELINE WING MODIFIED WING 

X z X z 
2o,U4o18Q ', 1 01Jc:'Q13 21:.,,u.:101,;q !1 1 boQqlib 
2':,,904'19t\ 5 1 lJtl4<./':,8 2':,,9{JL(312 a,72£180b 
2<,,c'lt214 ':l,1373% 2'; 1 bq 1325 I.I, 7963!11:1 
?5, .Jb-,8bfl 5, 1 d5I-IOQ -2 'l , 4 b o q 8 0 4 1 t!b!l70 
25,t:H771 ':,, 24o7fil.l 2'l,!3lt-83 !I I Q':,03cH, 
24,7Qbt,74 :,,2953'f2 21.1 1 79b78b ':,,0<'8143 
21.1,i.0~8!17 S,.B31b2 24 1 

1• o .)Q IJ 3 ':, 1 O"lt,Jc4 
2u,1,?Q31Q ':> 1 3t:>224t' ?4,12.,,375 ':,,lb151Q 
.?3,797002 ':, 1 .H• 39Llb 23, 797118 5,2171.l'--/3 
?5,!lolQt,':, ':,,3Q9Q':,Q 23,t.ib2018 ':,, 2bi\lJ43 
?3,12':1732 ':,,1JOQE2Ll 23,12':l788 S,31311.12 
22,191771 5 ,-IJ 1 IJ ':,QQ 22,791821.l ':,,j':,tQ':,t! 
22,450073 .,, .. 136t10 ?2.4':>o727 ':, 1 38U8•HI 
?2,lc725h s,uo1112 22 1 12730Q ':,,UlUQ72 
21,7tiOIJJQ 5,39B55 2t,7bo532 5,tJ3oe-.su 
21,5UclJQ7 ':,,37':,?_75 21,';02497 ',,!IIJ0053 
?.t,c:'18517 5,31.1981<1 .?!,218':,!5 ':,,<HIUt,44 
r.1,02'-1897 ',, j28 0 0·1 21, 02'Hl94 5,u.S':,3h£! 
i?O,dOl950 <.,,3032td 2<J,8blQ4'7 s,u21I500 
21.1,71~813 S,275000 20,71':1813 ':, 1 LlU~l:,05 
20,'.,91Ub9 5,24/J!J<,19 2n 1 ':>Ql067 5,jl:lt,1Jl5 
,>cl), 1.189':,.)7 S,c:'06':>75 20,1.189<;;37 5,355021 
20,u1ss1e 5,loo,Su 20, 1Jl5814 5,.stui,5':, 
20,.Ht.11Jl2 5,101)Q70 2(),3f,LIIJ09 ',,23blb'-il 
?O, 5no':,7t., ':, I OSb"f':>LI 2'l,3t:>o':,7.3 <:,,2rn211.1 
? t) , 3 7 4 IJ 1 2 5,0l5.So7 ?n,.S7il£1(19 S,15921Jb 
2 ,J, u l ':, e Io il, Q';)ot,o5 2fl,41~P.1LI ':,,IJ'ld773 
20 t ild'~':,.37 ll,'111901; 2o,.,h9537 '; 1 U':,2!Y7 
,> (), ':,9 1 lJ/;Q 4,h757~b 2o,5410ti<:l ':,, () U U':,':,9 
20,71':,f\l:3 4 1 /:;Ll':,7t,IJ r.0,71'::>813 4,9623'-'5 
20,0019':,0 .. ,nl98'::il 2tJ,ljb!QIJ7 4, 9220111 
2!,029897 IJ,/9ti858 2\,029t\9U LI ,.H82294' 
21,2111517 !I, 7 It;, hl.l ':J 2l.2li:1515 .J,81.12807 
?t,5021.197 ... 754f./2.3 21, ')IJ2lJ'llJ iJ ,,7 9 11.; 7 9 
21 1 71:lo1J79 4,7.SC/QtJ.7 21, 7bo':,32 a,7471:S.3 
22,1212':ib 1.1,1.306.Sb 2?.1273(1C/ IJ,70.3Si.i2 
22 I 4500 73 IJ,7299!10 22,u':,0727 lj r O 10h21 
2?,791771 4,737209 22. 7<l182t, £1,0!17123 d,i"l':>732°. u, 7541,l.l-t, 23,12':>7/-lt, u,o3bl7b 
25,c.ibl'lt:5 II 1 7 /:15 '5 5 .3 ?.s,,i"b~ci21 14 IO (I 1591 
25,7'-70n2 u,1:di?3o', ?3,7<.i7J!5 u,oobt,71 
2 'J , 1 ? '-1 5 I " u, l'l</0<)£1':, 21J 1 12Y375 <It 70t,c</\# 
2£1,iJt)":,F,-,7 IJ , 9 ', o -~ 7 l 21.1, llt:d'-lo 3 £1 1 7',LJ/Jl.'5-
t'IJ, 790071.1 ',,Ol'H19.3 ?!.l,7'10756 u,7958C>O 
c'':i,151771 ':,, l)b/:ISU 9 25,13181j3 4 1 ~u96bo 
2'-,, LlbO/<.t,f\ <,,L1 /:,/IJ22 i25 1 !lbb'-lf\0 IJ t 7 e i, 1 '1 5 
2':,,o912lll 5,07':,H,.S ?',.o913c5 LJ 1 7UIJJ25 
?5,9Uc.198 ',.◊-1.12215 ?':i,90C.30Q 1.1,061.1819 
2t,,i)Ub11:lC/ s,ouoou7 ?o,04ol89 u,oB2c7 

A7 



WBL: 10. 731.7 m (35.2088 FT) n "' .4203 

(DIMENSIONS IN METERS) 
BASELINE WING MODIFIED WING 

X z X z 
2n • 2 C'." 1 i. 3 IJ ,.11,147,, 2r,,c!clllB i.,7U'.,hlb 
2o, t1~!>qq7 ':,, 1 u .!i? 1 c 2b 1 lleUJOb q,7!>7?.15 
2', 1 07/1'42 S.l'•IJ3l1.1 25,H779':,1 u,~2<'3o7 
2S,nti0bQl ', 1 e:'1Jl1</9 ?5, Ob\l!H)O 4 1 1;~7t,7b 
25, _,3,,_S3~ .,,cc;973c, ?5, BOLIIJ8 LI 9 '170bU9 
2,,illl<IHI:! '::>,3£:':,f\)0 i:-' 'i , •J 1 2 u 'H '., 1 ~) IJ /j 5 IJ 0 

c<.J 1 no<1H3o ':,,38111:'9 i?!.J, ot,<./bi:<Q ':i,1112~2 
?!.l 0 .)!'~L•.31.1 5 1 40 7</ti'-1 2Ll,3ObtHlt, ', 1 174Lv7 
2,...,J<J•Ju.31 5 1 1J275Ll7 ,'4 1 tJI.ILIIJb5 ':,,229()37 
i-'S 0 72U080 5,4lJJt,'.,', 2:S,f2Ul33 5,279014 
?. , , 39'-lt,29 5,!JIJ9•<11J C 3 1 .>94b1'?. ., •. \21J 753 
23,ll71H7 ', 1 ll'.,3JlH .?~,1J7J1,13() 5 1 JoJ<./1JU 

.22.7£17Qe:'5 ':i,il',1171 c?, 71J707t'< ':, 1 1JOOOt-U 
22,<Jc'bt71 ':, 1 1JLIJ',57 2?. 1 1.J2d2?1J ~,4290':l2 
22. 1)90 sr>2 <,,tJ2919..S 2c,u9tiH5 5.·•'J~t,111 
21,-1c'~IJ1Jl< ',,iJll0'.:>2 21 ,11t'3i.l(Jt, ':, 1 <JOO 1 (,', 
21 ,',i.ts:,74 ':, 1 3~b(IU:, ?! ,'Jt.1,'j':,72 ':,,IJ/232~ 
21, St:>".>L10? ':,. 3o46tilJ r l , ~bb O (I l ',,<J7!21'3 
c'\,cll..)IJIJ2 :, • 31.10<;'.,,' 21 1 cUJ/.JLIQ ':, 1 «ti•H•cH 
cl ,.io14Q2 ',,31.S7c!9 21.oel9Qo '::, • u5Ju.3o 
20,•1Ul2b7 5,i-'t\~5n9 ltl 0 '~412o5 ', 1 u31JJlo 
20,04297? 5,c1.11I2r, 20,01.1zq10 '::,. IJ (J ti(, t' IJ 
c' •i • 7 7 l 61 5 ';, • cl'292o C•J 1 771h13 ':i,.370'::,UI.I 
20,l.31',1" 5.14oJQj 211 1 7.H53t> ,,2710'-lo 
2n 1 /?.39'.,J ',,10'-'0t,7 ?o,72.)<:i4Q c.,,,:'711"' 
?.n,73153/-1 ', • llh'~ 7 -~':, i'P,73!',h, ':-, 2 :.i., '-1 ,, l 
?.o,77lbl':> ', e I) (J tJ \ ,:,b 211,771013 ½. 1 ,, ~ t- ,_. e 
c'.<1,tie1c.'lf2 :.i , •J b ':J T I I cll 0 MIJC.Q]II '-J,1Uo717 
2fJ • ·~1.11 ?.t.>7 IJ 1 C/.~2V"il.J 2i.1 • ..;u 1 ?oS s,102u2 
2!,Jt>l9<.i2 4 1 9()_39/JLI ?1,'Ji:,l'/C/C' S, 1J,.,11 ,.13 
?1 1 cl.d442 u,l'.TQt,91 2\,2!•5U4(J ', 1 ' 1C2h50 
C\ • 5tH)l)02 IJ I R5tlr' 31.1 21,.St,titJUl u,<.J,..,HJ!:b 
2\,½Ub':,]LI 1J ,1-13q£1l'.3 .21,', 1H1:,7? '~. '/!Jr,1:,09 

2l,jc~1J1.18 1.1 1 1;!Qclb 21 ,t-2.!>lllJh 11,,-,C/7t'1Jl 
22. 1)9~ .322 u, M05(19c:, ?? , 1;1./,:13 7'., 1J. ,_,., _sq.:;q 
t'?,:Jcbllt IJ 1 79b5tjCJ i',! • 426?24 u,nlOf)2CI 
22. /4 7\12';; u • 79'.,CJI./U ?2,fUlCT/3 u • /7r,~n7 
i'3,o7l377 I.! o C> I) 3 1 ', 2 i-' 3 , () f l u 3 tl IJ,/'>13'-2 
?3,.S<-14029 IJ , n c '.) 0 t, U ? ~ • .391.it,1'2 u,n,o/3]U 
23, 7?tJOIH1 u, b 4 '1 I• ',o 2~ 1 72utB 'l I I 3b5el:\ 
? !J. '·' u I.I 4., 1 'JI 1' Q ', 1 C, '., ? lJ. '.) f.J .. <J,; 5 •..J , 7 ', 3 t- l t'.'. 
?.~ 0 ..SbotJ31J IJ I lJ'J2tJ'i7 ? :J, ~1, o u Mb '-l,7~'..IIJ~~ 
?u,uh'N<'l,e <:; , l 1 1 c> ! 7 1 ?. q 

O 
O t ·/ k ~ Q u, ;.21 ,:..':,'., 

?'.,, u I l 9t-!i ':l,vlf.i.l2~ ,'',, t• l c!t.•Y 7 !.L. '.'5 'J '7£J(I r~. ~-s~-~.sc, '-,,127119 <'.'':, 1 ..SSolJ,.;I:' -1,c<S:',ol 
2C-.,,r.,t,l)t:,l./1 5,1<Jo200 2':, • b~ ,l 8 tJ 0 "•"2'11J':,7 
i'5,~77f<IJ2 ':l, l 3 1,8Mb i:'5,e7705! 1~, 76Sc21 
2t,, Ub .S'141 ';,,10li-'6b ?,-,,J,-..JlOi, !J,72~471 
2~,22143!J ':,, uoo<l~V 2o,?cl1J33 u 1 t>o'l7(Jo 

AS 



WBL: 12.3784 m (40.6050 FT) 1") = .4847 

(DIMENSIONS IN METERS) 

BASELINE WING MODIFIED WING 

X z X z 
26, 4 !,:.i I-' oG ',,22o3/o 2t>,'-f'3...i8uH u, l'!~q210 
2t-,HL1':>,'IJIJ 5, 2oUQ!,U z..,,illl:,_$47 4,'131'-129 
2t,,o1vo9', 5,S!2bt•O 2o,o1V9'-18 LI, 9f.o35c! 
rb,'<0o1F.2 '.:>. Y,o2b2 i-'b,400285 5,0H?i:'9 
2n,1l101JOb 5 0 L11i.l5tiU 2n,l(ii.l510 5, l 02t-2'i 
25, 79iJ.e-B 5,1.1530f.2 25,7"1'</36 5,1':>782'"-i 
2',,44UC'l32 ',,i.11')'.:,t,IV 25,<l'-IU983 5,20S7U2 
2'->, lb',o7b 5,',l01.S7 2'i, ll-J',72o 5,2u7\C/ti 
21J, 8f:.2t.92 r.,,',2795'4 211 0 t18d5tJ3 5,2-"210.> 
21J,:i7o718 S,SllOt,5.3 2tJ ,57o7b8 5,312.HiS 
2t.J,2b9907 5,51.17£-12 24, r'O"IQ'jb 5,B753o 
23, 1./c,'J 1 t,Q 5,550LJ'-0 25 1 '-lc':-l22U ':,,3Sellv7 
2-~ I c,'JC'l 39'., - S,51JH171 23,o59tJl.lS 5 1 371.18bl 
?.3 1 ~',l'jhlJ.S ,,51JOt,27 2 3, Y::ioH53 5,.3t-o!31J 
23,iJUTbllt- 5,',?r:,U,1 23,lJU'/l;IC'Jt, 5,.SC/2.?31J 
2?,7!--n715 "i 1 '.,UQ_3l/3 22,71<o713 5,.SC/i'OL17 
i'2, •~r'"l'.,HI.I 5, 1Jf.','i1;>9 2?, 'J,''-15A2 S, ~/":,t,l--3 
?2,-~5l4t:,q ':,, '• O ":i 3 ½ U ?2,Y~71.1b7 5,5772:..0 
?2,2fl·.J219 5, !Jue'::, Ju 22,~01J217 S,3o4Q~7 
2?, iJ 7 l; b 10 ':,,!Jl 7242 22,u7 1Jf-.08 5 1 3Ll9r;.uo 
2 1 , q 5 7 (rt, 0 5,.S8{17c'2 21,957i15k ':>, .32/:125" 
?1,aou395 5,.3S!J7e7 ?1 ,bti4V-13 ', ,29i:\.Sl''P 
2!,79712~ 5,Jl .31,1uu 21,79/]2:5 5,200 3 t, 7 
21, 7'>'-13<"3 ':,,2o(JU49 ?1,75-134! ':,,211G51.1 
21,7':,2\Q! 5,221059 r'!,1521f'Q S.I~2?51.1 
21.t':,</_~(,4 ":-, 1 t:' I. u q () 2 1 , I 5 '13'11 '-,t,,21uC/ 
21,797125 ':>,IS!o5U 21,7~7]23 ':>,1 lo3r-o 
i:-'1 ,<.HH_3<;':, ':,,1_:9,?('57 2 l , ,"\ r:> '< .5'-13 'i • ,_d':,1..97 
? I , 9 5 T <1 o 0 5,0t-iJC.2'-1 21,'-i:>/051' 5 I \I•~ :J q I'.) r' 
?2,07v87v ':, 0 \))47</IJ -2 2 t •) 7 \) 0 b t! s,u121uu 
2i',2042!C, 5,0ld321 22,2l'4217 :J,'1~27e1 
2;>,5':Jlu-,q a,9421J7o 2c,i57ur:,7 /J I c; '::, il C:, '::, ti 

2?, 5?9'i"'IJ i.1 1 '17':,!33 c 2, ':.J2Y':,b2 u,Q277h.3 
??,fod71':i 4 ,<.i5ocv7 22,7Ko7!3 4 I ('I <.Iii 7 4 Q 

2~,0t.ilf.Ut, i.1,</1.J_~7</':, r.3.iJ!J]~Qt, !J,~0717.: 
23,35~803 1.1,93021'.l:3 2 3 I ,3',c:if',')_3 u,i<t.11570 
2.S,b~:dV/5 4,''l.3o13.) 2;. bS"14U5 ", Ii 2 !:,r, .~ !, 
2;. 9c ·, I o9 u,<J;..5253 23,'-165220 •J, c, 1 c? 3 u q 
21J, 2o'--'H>7 w,4':,91Jh1 ? 1! 1 r~ t, ·J 9 5 I', "' , :' (• '18 1 1 
?1J,:,7o7lh u,967711-l 2rJ,'-:Jlo7t,1' I; 1 is 1 I;,~ b 1-l 

2!J,ot2492 5 0 ,)~03!.&U 2cJ,cMc',!J3 u,,-,,qc;~j 
25,lb':iolt> ., • (I (.l j<J'1 q 2•_,, 1 i·':J72o w,ci7<.,?Ul 
25, q<,1)<132 '5 1 ]1J42rlj 2 'i • -• '- 0 q c _; 1.i,c.1.,211 
?':,,7'1•o33 5 , 2 <Jc t'l l l ?.5,74-.i7!,t:, iJ. CJ -J -,(19':, 
,::,., , l (, •1 4 ,H: ':i,2;.9u':iv i o , l t, ,; ', 1 0 1., •n ,JC/75 
2;.,, "IJ;, l 1:- ,J <:i,2ti7o1o 2 ,, • ,, 1) ,, 2 ti. 5 -J , '~ ,, ', 2 I 2 
2n,oluf•(,5 "i,2'::>7047 ?,-,,.,},_1QQl3 i.1,qy~;;u1 
CM. rl O':,c!J (j ':,, 220?<..':, 2n,ov':l3!.l7 !J, ':lo 6 2 _\() 
2,-,,93,t:iC/ 'i,1°35;.2 ;?1,,93 ◄ 808 IJ,d55:,lc 

A9 



WBL: 14.0211 m (46.0008 FT) 

(DIMENSIONS IN METERS) 

n .. .5491 

BASELINE WING MODIFIED WING 
X 

27 0 0<.IMliJC 

'i!7 a 52bLl4h 
? , • .s1uqou 
27.1':>1627 
i:!o,bbl.!4?8 
?o.~772.SO 
2r,,29197h 
2o. i!O':lr.o.7 
2':>. 7?.0':>02 
25, .. _s.s303 
?':,. 14':>131 
2£J ,b'.,o90o 
?.u.:,'1708 
20,2r19:s11_ 
2 3 • '19 13 I 0 
23, 75H.22 
23,':))l)C.,33 
23,3t..tl/:\!5 
?3,20U935 
2.s,079,-,07 
2 2 0 q 7 C. T 9 ll 
22,bH':>755 
2?,022c.,71 
2?, 7o7of<.<, 
2?,Tcll3n7 
??,7t:70F.t, 
2?,eUS71 
??,~b',7',':, 
?c,q121qo 
23,U79o87 
I.S,c.0'-43S 
c3 1 .3Ll/;ll'\75 
2.3,':ii J':d3 
23,7',5921. 
?.~,49/310 
rtJ,2iY~3l1 
2,~ 1 <,117ne 
2<J • M':,d90b 
25,1/J:,1.31 
2c;,,uB03 
?,,,2.;r:-,02 
2..,,u11',2o7 
26,c.4197b 
?t:i,':>77?.50 
?n O 00 141J28 
21,1':>lh27 
2 f , _5 U j 9 t_l (j 

27 1 'l2h/J4t, 

?7,01J<1140 

z 
r;, .350 71,q 
':, 1 .Sf'.lt,f,-lit, 

':':i,u3t011 
':,.1J71359 
5,52131',3 
':>,':>oo3',7 

5,59\J0i:?5 
':,,o122"1b 
'.,,0283511 
5 1 hJ9t,tJb 

S,oLl':,8D.3 
', 1 bi.J77o'i 
51 nLl51t:>5 
5, o37o9c 
5,o2U?To 
r,,o(il728 
':,~',b5J27 
5,5ot:i03f 
.':, 1 5LllJ','HI 
':,,52085ll 
':,,ll4ll1b~ 
':,,l.lt,~11!11 

.~,U2.39'>b 
', 1 .S 71Jt,4b 
r,,.Bnoo3 
':i,j111J;?jb 

5~i:'.',':>)2n 
5,2Jiji:,9', 
5 0 le97',', 
5. l o'}b .~c 
':,, 1 <H9/J2 
5 o 1? 0 71 \I 
5,1101;<3', 
',,U93989 
"i, 1J-';21Jb5 
s,01sq10 
':t,il7t,2o7 
c,,no.33Uo 
':,, 1.19c:RSIJ 
,,12',Std 
S, l t:>">5':i';, 
:i,215i;9.S 
',,c'lt',Shij 

5,~i>71i:'7 
',,!J7tB7':, 
S,.3c.;I02'::i 
<, • .H9?o I 
5, .S':i05QtJ 
5,.i2017o 

A10 

X 
27,01.11)l5q 
27,'lt'o',u2 
27,.H'-I00t 
27,151721J 
2,, I ':jt)~52':, 
2il,:,773?o 
2o,2Q202b 
ro,v~:<:,311.1 
25, 71,or,',,) 
2'.,,ll.B3':il 
?',,JIJ':,J7Q 
r.ll, oSr.!GISt.1 
2!.i,':111755 
21J,2~91J241 
23.9975',6 
2 5, 7':,H20 
23 1 ':l1U',i2 
c3,.31Jb;;-,3 
23,20<.1QS3 
r .s, L: 79oe:, 
21., 'fl e7bq 
?2, t;!:l'J753 
22, i:-2t!.5o9 
?;>,787005 
22,71lv;n<:, 
2?, 7i:i7ili,3 
22, r>22',~4 
?.2,r:-o~l53 
22,•Ht!.7bQ 
23,u7'1b~':, 
2.s,2o~q_n 
? 3, 3 1id~ 7 3 
23,',10532 
25, 75He0 
2 3, '1'17 35ti 
?.ll, c!b9ll21.1 
2 ;' , ', 7 1 7 ':> ', 
?u,b',d9',IJ 
r1,,11.1<;11q 
r.5 • 1.13B'; I 
2':i,/2(l':,':i0 
2e,cl(_l':,_311.i 

2n,t!.q?. 1.1?0 

2n,',7132b 
2o, !1o"':i2':i 
27,151721l 
27, ~~"OC1 I 
27, ':i26',IJ2 
27,01.11113g 

z 
',, 0':>b~n5 
',, c.,Q1.1<H9 
':>,IH9H 

·s,1s11.1':iv 
':>,2.3.H•IJ2 
!, , 211.1go l 
':>, 30cC.o l 
5,.B\':,',/; 
s,5,.qi;u1 
':>,3b3l/;,i1 
':i,3713.?c? 
5 • ..s 7'.,027 
"J,.Huo39 
r,, 3ol;v37 
5, .~S':,c:,.IJ5 
':>,3UOIJ00 
':l,31bfll.l 
5,ill030c 
S,e'Htf,u 
S,r.':,':Jqol 
S,?2t:!3oS 
s,t'H9v7 
5,!',7!38 
"',,121l~ia 
r.,,011209 
,:; • •.I LI n q -~ C. 
5 1 i_l t) _$ C'- i) ~ 

<J,9o4Jo:, 
il,'i!,':,[l/1 
4 0 9Ufq~!'l 
4 1 t:\H',071, 
IJ • ::i h h 5 1 \I 

·4,"iL1'~3..,1 
u,,::,307.>c:? 
4,b17otJ2 
4.xoqa30 
<.1 1 d01:1213 
4, >11.S74h 
4 ,ti2 7t,IJ':, 
u.n5241/j 
u,090\.31:­
iJ,'1371{21:­
'•, qq 1 iJ <J 2 
,, ,-i<.13uuu 
"J. ()/< 48-~3 
':,, I IJ l (I 7 i 
',, V q o· l .SS 
S,iJo00:,7 
', 1 02':!/Jel 



WBL: 15'.6657 m (51.3967 FT) I') • .6135 

(DIMENSIONS IN METERS) 
BASELINE WING MODIFIED WING 

X z X z 
""'•501,111 ,, ... 75101 2b,5011470 ':>,177':,':>1 
28, 21.17t,IJ7 ',,',Ot'31'>2 2h,d4773c! s,21ou11.1 
?R,•J7o91.3 '). '.,lJ Q .S'::>5 28,077003 5,2':>1101:l 
27,1'97072 ':,, 'idoldo 27.li</71O3 5,21:11:!2':>1 
?7 1 hcl'.lUIJQ 'i,052202 27 1 021:151.10 5 1 BtJ'::127 
21, _S':,4Bn '::et>blb.55 27I35991 7 5,.570709 
i:'7 0 u4.SOc5 ', • oQll U'IO ?1,oq.so10 ',, 59H29':> 
2b, l"c4R':,R ~,71/JIJbU 2n,1121.1qo? s.111q2:s<1 
?0 0 ':,':;d':,12 5, 72!17'.,', 26, ',';,b':,'jt, 5,431.1',25 
2c,2H'-ll:lt,Q '.,, 731:1639 21:>. 2899 n 5,UIJ'::>IJ5b 
2o,U2U.3St, "• 11.1nc.iu 2o,0201JOO ':,,451757 
25,7526'11 'i,71.1':>o</1 2',,752bob 5,1.154175 
?,.4/11.1021 ':J,7421':>Ci 2<; 1 4b40b':, 5-,lJ':>2U79 
2S 0 2l'Vi51 t,,751.17',7 25,c'l',1991;, I;,, u1Jb2oq 
i:'1J,Q1Jo775 ',,72181':> 211,</4b819 5,1.134t,50 
,)U,71'-1129 5,7Ut>06.5 2tJ,71</127 s,1.12001:\1 
?4,IJ'll1Jtl5 5,bt,Ut,b':, 2tJ 1 U9lll81 5, 3',191:\tilJ 
? 'J , 5 t.i u 2 H ll 5 1 t::n0720 2 IJ o .) /; V 2 7 f. 5, 51:li'7':Jo 
,'•J,2()':,t:,"i(I ~ 0 0 U t, I, lJ '., 2!1,2(.,:,0£18 ':>,.3b.S21:l7 
21J 1 ub>,':JO.S , ':,, n 2 I~ LI u 1 ?LJ,_LJ/:ib501 5,31Jlf.lt> 
?3.'HioS21 S • 591/'.,',5 23,'./bi:151q 5,~1b40b 
23,qU7111J 5,':>711()90 23 0 9071D ':>w2t;50U9 
25,tl4d017 ', 0 ',.S1J1Jb7 23,81J801b ',,2':>07H 
23,d1<.!1127 5 • '•6694 7 23,1:,14HL'':, 5.212ti71 
?~,;JOH<"ilJJ ':, 1 [.j'::)<J9h7 ? .3, tHtbS42 5,11q201 
23.,\\~l'.28 5, 'J2 .S9ot, 25,dl4~2':, ':>,1517',1 
?3,-'.1:Jt:lo17 ':i, S7f.hLi! ?S,h4MOlti ':>,11,J':i(•I. 
2~, ... 07111J ':i,~4':,\5.S 23,9(17113 5,07o7r:-t> 
c 5 1 'HHl'i21 ':,,~JF.',1:12 23,9bo':,19 5,l.llJi'I.S93 
2:.J,uf.t;',1)5 S,2901J'/8 2u.ot111su1 ~.o240H 
r<J I 20:,t:,':,Q_ 5,r.7750':> 24, 20':lt,U8 5,0CJ41Jl2 
21J, 540280 S,2oOQtJ3 24 • .SIJ027b IJ,9b7011 
24,<J911J53 5,2£10538 24,'1'11LJ81 Uw9716bl 
24,7l'-1129 ~, 2-3 I 3 7 1 20,11911.7 u,"5'lSoi:I 
?4.q<.1077':J s,221110 ·21J 0 91.101qq u,94/J?.':>" 
2'i,21'I9S1 5,21';,i,';,o 2':1,219995. 1J 0 937.Sht.i 
c'S, 1le402 l S,21oLIU2 2S,4t\lJ0h5 u.9.Sl.>t-lU 
25, TS2bll3 5,U.331q 25,7521:>88 4, 94i2td 
?1, 0 1l2u~5t, ':i,238?u7 ?.h,020400 4 1 9':,540~ 
?c,209889 5,2o3U12 rb, 2t19Q:n LI, 4 7 F,i B ll;. 
21i, :,':,i:s'., 12 ':>,~(\llft'>O 26 I ':)55'.,5t, 5,vllJlt.17 
2n,ti241:-51-1 5. '.,1Jl7bb 26,8?. .. q(J2 5, 0':>90'.,2 
~7,oc..so2r.., S, IJ U ,) U92 27,0'L.3070 '.,,109703 
n. 5<,-1P.?1 ~.:i':>17t>3 27.3'.,9Q17 ':>,l':l9!57 
17.o,'rlur.:.0 ':-, <JC/2HC/4 ,'7 ,t:>21:1':,40 5,191'C.1H 
i7,ci470!2 ':J,':i10U3j 27 0 H971td 5,21'.,4b0 
2H 0 rJ]oq13 <:>,,r,1_~'.,'., 2R,v77003 ':,,205724 
211,c<.17001 ':),U71J9U3 28,2ll775A '::l ~ 171< .S':>2 
2R,3o1LJ71 5,,..00770 2 .. ,.so11110 5.1!.14377 

Al 1 



WBL: 17 .3104 m (56.7925 Ft) n - .6780 

(DIMENSIONS IN METERS) 
BASELINE WING MODIFIED WING 

X 
-

i''-l,u7Uo01 
28 0 Qoo11uq 
2 Ii ;, H _\l ~ '12 1 
28. 01Jt!', 17 
.?.~.3921J70 
2M • l lJ2U21J 
27.bCM072 
27,t>LIUIJIJ9 
27 1 390521 
27.11Jt>IJ71J 
2o • 114:>':>8 0 
2t:, • o1Jb3o 1 
2o,Y-lo331J 
2e, 1•.,1is2s 
2'5. 1_1Qo21J o 
2':J.,Otj«33b 
2s,u12u32 
2',.531 t-8~1 
2S,c'( 1 b3t-5 
2'.,,·1!'173!9 
r ', 0 ll (J" i?. ', 1 
2u 0 ➔ 2e471J 
c'IJ. ;-!7 ~lJ,:,tJ 

?tJ,'iUC5b8 
2 tj • ti ~ h 7 2 li 
21.J • "42'::i7U 
2 ·J , c- 7 ) iJ ,, 4 

2o,4c'll.l7U 
2',,1.JlHl2':>l 
.?',,,)<1/519 
i'5,2ilo.3oS 
2,,:Blb6':, 
r':J,U721J3?_ 
2',, ob'4336 
r'"i,d9b2ll0 
Ct!, 1 ':,IJ':,2':, 
26, .;•-11:,33u 
?o,ot..103b1 
26,d9':,5/i0 
?7,1Ubl.l]IJ 
27 1 S9b':,21 
27,oll"IJUQ 
27,lj9Li072 
rH,1U21J21J 
2~.~921.170 
2~,042517 
cl'\,809921 
?'3, 9biit;IJ9 
?<l 1

1.'7U8U1 

z 
. 

',, ':>995',IJ 
':,,o30u7':> 
':,,ob7700 
'3,7t)1513 
':>,IIJ30c1 
':>.77uQuo 
5, 79ij8':,', 
':, 1 tt 1-t> 021 
S 1 t129!',5 
., , b3'7t,,St' 
5,b1Jl76o 
s.1:1u2u1.s 
':>,i:<391'::,j 
':,,1'.i.31H21 
'5.6193':,IJ 
':>,!:!Ut.13116 
5,7i'-U21J3 
5, fr;,7/Jllj 
':,, 7U'lt,C::U 

5.Trl~t,u 
':, 1 7UU91J1 
'J,0777':>u 
':,, t,1.14979 
':> 1 01J3J9b 
'.,,'::,7]931 

5,'iu~7~':, 
<; , 5·tl 2 u 7 9 
':>,o7J6lc:' 
5,i.iU71.1u'I 
5,427311.1 
5,utvtH7 
':,,39'::>!77 
5,31:12200 
'::,,~687':>3 
5,5591:\ob 
5, 3':>531J2 
5 • ~5o5.Sb 
':, I .)t:l _5U")2 

5 • .$ 7 7_bll 0 
', 1 1J012bl 
5,IJ35Q77 
',•II 7 C?t,<! U 
5,':,2i,59b 
5,':!/o339 
s,01uR24 
'::,,b31842 
'i,o235Utl 
':,, ':,q92''1l 
<;,':,733blJ 

A12 

X Z 
2q,011.1001 

·2H,'-lb8q34 
2ije/31000b 
28 0 b42b01 
2 ~ • 392551.1· 
28,142508 
i?7,lj91J11U 
27~bll1Juq1 
i.1 • HbSt,3 
.?7,l4t>51b 
2o,/j95b21 

• 2t> 1 bUolJ22 

2b, 31ib3 7':, 
26,l5v5ob 
25,lj9b28t 
?.'5,bl<IJ3S5 
?5~47"'1.131 
25,Blb81J 
25,20hlb4 
25,097Hl:I 
2'5,uuu2uq 
2:,. qzc14 n 
2/J, o7.S1Jb2 
21.1,01.251:,7 
21.1,831:>7!~ 

2u,oiic567 
?0 1 "-7.Sllh2 

i'U 0 l/i,'~IJ73 
2s,vr""c1.1q 
25,097311:1 
25 0 200301.1 
i'C:., 0 ~.Hbh/J 
?':, 1 <.1lc1J.St 
25 1 oF.iU}3'::i 
25,dQb281 
b,, 1 SO'ibb 
2o,39o375 
2f,., 0 b1Jb4~2 
21' ,tlljl5ei? 1 
27,1Uo5Jb 
i7,.59o5b3 
27,t:>IJIJ4_Q1 
27 1 09411/J 
2R,1u2soc1 
211, _;92,su 
e'i~ olJ2bO 1 
2R 1 dl000b 
213,Qt,893'1 

2Q 0 07"'1:1U1 

5;29.St:,'::," 
S,3237'-lq 
5,·3bl0t!2 
S,391J75l 
':,,IJ3c,Ub1 
s,uoo7t-4 
5 1 4'1324C 
':>,',l lbl•l 
':>,524701 
5, S.BH.SO 
5,5.S8td7 
s,r;uoo73 
5,5.S7t,l.ib 
5,',3t08ij 
':>,519u97 
5 I '::,(.J':,333 
5,41;'::,9',]5 
',, .'.J69r,IJU 

':>,~51?':,1 
s,us1110 
':, 0 uo7?73 
':>,5hl':,'1:S 
':>,.3':>12':,t> 
5,3092':>7 
':, • 2 79b'17 
':,,251J0'-13 
':>,t'!2077 
5,1Hb7t>l 
5,1591J31J 
5,15117315 
5,1197b2 
~.1011145 
5 1 1,qo-,1.11 
':>,071),33 
5 I l_lt,1:,b/J 1 
5, (I b 1 Ob l 
S,on1220 
':, , !J b 7 1l l ij 
':>,ot1oc1r1 
',,lfJ23t'b 
5, I 3'51:,!B 
5 • I Tl:31Jb5 
5,225791' 
5,27cc,u3 
':>,31D5t:!o 
c;,~273'::11 
':,,3!dH2t1 
'=>,291J0~2 
'=>,co1~;qo 



WBL: 18.9550 m (62.1883 FT) 11 = . 7424 

.(DIMENSIONS IN METERS) 
BASELINE WING MODIFIED WING 

X z X z 
?9, 7bd132 ':l,72.$940 29 1 7clb132 ', 1 1.i01i4bb 
2q,c,400'::,1 ':,,7'J17b9 24,o4u12q 5,455g0L1 
e'q • 'ji.2Q3{) 5, 7130(1wl.i 24 1 5Li.5QOtl ':, • 4.b98o5 
zg,:Sfl7Qb2 5,Blo':,Qu 24 1 31:!l:ll)t..0 5,5uo35i 
29,l'Sb441 5 ,ti5.384V 29, 15o5o9 ':,,':,377t,4 
?H,925020 S,6b2t/:14 28,4c:':,(l9b 5, ':>00tl•d 
,'!;,o~511g 5 1 9032bq 2R,bq:>1':,7 S,587951i 
?~, 4t:> 1~01i0 'J,4187oc .., ii.t.164117 8 5,()05890 
28, 2 .$4',31 ':>,42gi,55 ~8,2.Si.i':,t,q 'S,b1515b 
?.H 1 0050b0 5,<130024 2o,003U9~ 5,bi:?i'71b 
27,771J804 c:,,q39717 27,77084?. 5,o201Ji.'2 
27,SU0118 5,4347.$0 27,:,4.)1':,1:, 5,ti2o971 
? 7 , 5 Ii t, b 4 7 ':,,43oJ47 27,30!:lc,8', 5,b21iOllS 
27 1 \Jf!luqq_ s,q288l:IO 2 7, tHl_l I 3 7_ 5,t>1?391i 
21,,oi..s1o'J 5r91oe92 21>,oi.15743 ',,i:,Uo0C.5 
2o, 0'-9':,4 3 ':, 1 Cll)i:'7.S2 2o,-,U9542 ':,, ':,92So0 
?o, :.':! He 1_ _S,883801 20, 4~.BRO 5,574297 
2n,32.H191 ':,,no8G8o 2b, 3.?3 (I bq 5, SSBQso· 
,? I). 2 {J 7l1 /'I 1 s.~',01,3O 2 I) 1 t:! {I f O 7 Q ':, 1 ',417'.>b 
?.0 0 1(,n1.3t:i 5,1:i'H522 ch,10a13si s,s2.rn25 
26,v1"1<:;81 s.eto:;t:!7 26,Ul9Q8u S,50UQ5o 
2~,9441-\34 ',• 785/Jl)':, 2C:,,949P53 S 1 1Jf4251 
2',,ljf./~910 5 1 75:,490 2s.oq~oog S, tJ 1J 0 o 1 l 
25 1 o7U~10 'l,7174L1', 25,1;7•J308 ':,.1.11'J233 
2':.i, t:lo"<89t:, 5 1 t>b8Hlib ?5,MbtJf:\"IIJ 5,.31:'s!CQ'i 
2S,t-1v5l1 5,t>o31.J~.S 2 ', I M 7 i.l 3 {\ ~ ':,, .S':,8 I 29 
2r;,,-,9cg10 5, o2',',',', ?, 0 0<1oquy "· ~,:'i.271 25,"1:.1'-l!-'34 ',.Sqt-070 2'i,944t'33 5, 29'1 H-,; 
2 i:) I,) 1498 1 5 0 S7tic3b 2o,Ul9Q/'IO 5,274t,t>4 
2o,lUbl5b S.S',t,101 2i,,iool31J ',, 25t180U 
2n,t:!070H1 5,542RU9 26,20/079 ',,2;9037 
2n,323091 5, 529/J l U 26, 3idOBQ ':,., 2 2 5 1 O o 
2o, .J',3381 ':,.':,1791J2 2o,IJ',3380 S,2llt'::lo 
2o,o4951J3 ':,,',061.$';, 2b I c,IJ9':,42 5',2U0t:,09 
2o 1 d1J',70S 5 • 4965', 7 2o,il457(.,j3 5.14?315 
21,ootocig S, 4Q':,Odb i"'7,0lil1H ',,1871:\94 
27, .SOtH,4 7 ':,,490070 27, jU!Hlt\5 r; • l tl/3621J 
27,51,j0)I1'3 ',, ',() 352LI i'7 1 '::ILl015o 5,191J'-i71 
27,77U!HJIJ ',,':,1703i:: 27, 77 ,JR42 ':,,20701'3 
213,00306(1 ':l,53'1111 ;.>B,ou3oqa !:>.228J.$':> 
i?R 0 231JS.31 ':,,':i711i:l7 21< • i'.3<.1':,t,q ':i 1 c'59!o0 
28 • s1b<.I/J4U '., • i, 1 I ':, 7 t.. 211.,~t,IJ()7Pi S,29/:15<.11 
2-~.o4'Jllq ':,,o!::>t,7<J(I 2k,ot/':,J:,7 :, , .3<JiP31 
c'P, 92':,020 '.,,lOOt/15 2~.q2':,(198 ':, I 3tiowt,'J 
2'~,1':,ol.i91 ':,,73b74b ?4,l~t>',oq !::>, 422voo 
29, ~b 79o2 5,753?5v 2<l, .se Mo .:i o ':,. J3oatil 
2q. ':>tJccuo 

-- 5 1 745ho2 29,':i4S'J08 ':l 1 1J3101JO 
29,b9LIO!::,I r;,72.$041 ;:>q. o'1 (J l 2t/ 5 1 i.!08t,U5 
20_. 71'>01 ~2 s.o'-'94'JT 2<1,700132- 5, .$bU550 

A13 



• WBL: 20.5997 m (67 .5842 FT) Tl • .8068 

(DIMENSIONS IN METERS) 

BASELINE WING MODIFIED WING 

X z X z 
:SO,'.>fili.t,3 5,01.18339 30 1 :>UlUt.>:S ':,,'l22<.tUc 
30 1 '-II 1253 5,b735v3 30,41 U25 5,Su7~5U 
30,27':>'1.S9 5,901.13bq 30,270011 5,5781.11'2 
3(l,15~1.1()7 ',,'1.Slt:,bb 30 1 l3jtj 79 ':, 1 oU':,b8q 
i'Q, 9 2P512 5, 'Hll.lt,',b 2 q I Q 2 !J ':, 8 LI 5,o.58805 
29,707r-17 5 0 9891.1',c; 2Q,107bBq s,oo:S972 
29,l.l(?oto':> o,Oli7on4 r.9, 1.1402() 1 5,062541.1 
2Q,2k3oH b t (i,:Q<;ul.l 29,2b:Sob7 S,o9t>l77 
2Q 1 U72540 b 1 U2995b ?9,U72.',7b ':, 1 70':>5bb 
2P., 854c,LIS b 1 0.S5o17 28,8511680 5,711n<.t3 
2B I oLlo·(l2Q b 1 U377t.>b 28,oUOObl.l S 1 711.4502 
2~,'-1338':,5 o,O.Hu5b 21:1 1 1.1 J~Aqo !, 1 71U101 
28,220Qt,() o,03.Hul 2H,_22U995 S,7107.50 
2&,Ul 1o73 b,02':,Q',U ?R,0117()6 ':, 1 70uQ211 
27,79~170 b 1 1Jll.lld1 27,795205 S,bll.3121:l 
27,o1U750 0,001007 27,ol'-171.49 5, be02'H> 
?7,t.3u.nt ':>,91;,B','I 27 0 <.1,;u3;,q ':,,ho31H 
27.31 1•uQb 5 1 t.:/6076g ?7,.H~495 !, • t, '-1/:1890 
2 7 0 c u ·17 9 t> ':>,952t,~2 27,2077<:i;, ':, 1 t>330Ub 
11 • 1 1 11 ~., 2 S,'d5v7'1 ?.7,t14QS\ S,e-1',71.>o 
i'7,v3::>7l2 5,91':>714 27,0~::>710 5,59b21.lb 
.?o,'-011qu ':, 0 09.SOblJ 20,1171192 ':>,5729'.,4 
2o,9i:'i.i~57 5, t:'>ht>Ol.i2 2~ • Q,'4355 !:) I 5',0~()9 
2t:i ,t:itibUS?. S,b . .H&9u 2o I d'-lb(150 '5,520791 
26,bq.S012 ':),t3u':,f.i,U 2n,i,<d0'/1 5 1 i.lbeQ47 
? t, 1 H '-I" o •,u "·· 76~231 h~.~9H050 ':l,!.lt>J?/.'15 
i:o, 92,.j.s':,7 ~,7u90S1 2t,, 92f..13':,':, 5,<J~0271 
?il,'-17llQ1.4 ':,, 7 2u52ti ?o,•n11c.? ':l,'-'l0UC:':> 
27,v.b712 ':l 1 7i!50o3 ,?'1.0.5=>71fl 5 0 .H:197011 
27,11:.!QSi:' c,,"b90U2 27,114t.:/51 5~3/2700 
'r'.7,c.lJ779b 5 1 0151.dfJ ?7,2077'-15 S 1 ..S586lti 
27,,H41J4/:, 5 o t.b36•.d ?.1,31UIJ9'., '3 1 ..SUn5b', 
27. 4.3 1• 3 .H '.:i, o53bUU 27,:134329 ':>,Botlt7 
2f 1 t:il 1•750 5,o1J.S517 2 7 ,_b 11-17 I.I 9 5,.~25UU7 
27,70':>171i ,:_,,rj372_u7 21.1q«:,2us 5, .H 85bl! 
28,vlln7.S 5,b3471'- 2~ 8 Ul17(18 ',,515311 
28, 2rlJC/bO S,n:Soe,u'., 28,22099'; !:i,:Slobll3 
21:! 0 i.3jti':l5 .., ,o·u.3~c,1 28,Ll33f.90 !:i,322719 
i'.;>.,04o02Q 5, b',b1J2!:i 28 ~bl.lc:>(li,U 5, .BIJ 753 
?t;, H'l'-ibt.1S 5,b7t>9bU 213 0 b5'-lo8C• ':, • .P54LdjU 
29,U7c5<JC' 5,70o39b 2'-1 1 u72S7b 5 1 3-'l.S/JdLI 
21./, cd3n.H S,7u34ob ?9,dH3oo7 ':,,..119371 
2Q,<J91:llnS 5,7du8C5 ?.q,440201 5 1

1.;oOl'>t.:/ 
?.Cl, 70 lo! 7 5; n2<;iJc; i 29, 7U7t,lj9 5,SOOu'::,ti 
?Q 1 qiilS!? s,e15807.S 2Q, 9t'•J51:)u S,53.sSbO 
3 fl, 1334 l1 7 5 1 ri71J1,59 3() 1 13.5UT'1 S~Su117Q'::, 
3<,, 2 7 ::,q 3g -~. 1,1, 7,, fs 30,270011 S,5u30ld:l 
30~Ull.?'>3 S,i;47'~40 3_0,'-111325_ 5, ':l22Clo0 _ 
.StJ,'::,lllU6:S 5,H2o551 30,5U14o3 s,5012.:.e 
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WBL: 22.2443 m (72.9800 FT) n • = .an2 

(DIMENSIONS IN METERS) 

BASELINE WING MODIFIED WING 

X z X z 
.31,21<47<1£1 5,972731 31,211.17q4 5 1 0H205 
31,13c!1JS':, ':,,995217 31,132':,21 _5 I i,59592 
.H, UOi:l91.17 0, 1>?27.B 31,0(19013 5,o8oCl21 
3 ') 1 8 7 cl H 5 2 o,ouo71J3 30,tH8<i1H 5 1 11.oquc 
30,08.i<,33 o,07':>IJ77 :.SO ,obiJS99 5,7398qt 
30,IJ9Ci211.i o,04o7J':) 30, IJ902H 5,io11.1Ji; 
30,24721? o,1120<./4 30,~9721.11.1 5,77711>1 

·30. 1 o.s222 o,12310', _.30 1 l 0 .S,?.55 5 1 7~bLIQH 
2'-1 1 9105',U n,l3C~':>o 2Cl,9lU':,82 5,790129 
?.9, Tlo231 o,!3<1bl0 29,71t>2h3 5,c!00779 
2q,s2121;,3 b,13':>7b0 2Q,521285 s,002321.1 
19,327592 o,131J3~U 2Cl,327o2LI 5 1 8013b9 
?'-1,131273 -b,D0135 2q 013.Bor; 5,H7t>l1 
28,942247 -o,123015 28,91.12274 S,790955 
28, TLll.lt,35_ b 1 1,11 q_ Ill ?.R, 71.14007 5,7i:l01it4tl 
2H,',7-i958 6 1 U99£Hi2 ?.8 1 5799':>b 5.7&8328 
21;,1.11~2ec, "'•(182917 28,1.11':>271? 5, 7':>2341.1 
28, .S0'::190 I c;i, Ub91.1':>e 28,305900 '::i,7Htc.io 
?~ 1 2Ul'l~12 o,050oo7 ?tl 1 20d510 5,7c'471b 
28,l.?HoB n,v313o57 28, 12Hb7 5,70,;q':,t 
.?8,0'l11J~2 o,0211uu ~~,u':,141.Jl 5,o4icn 1 
2 7 • 99~':,':,4 b,Uu\.l711J 27, 992':>':12 $ 1 071Qc9 
27,9498(13 ',,'17i,l:)13 27 t 91.191,(lc ':,, b4 78U3 
27, 92':, 791.l 1:,,<11.JS943 ?.7,925792 ':,,017061 
?7,9212.J8 5,'l2U2', 27,'-121247 5,':,91J5utl 
27,92':>791' l:l,'-102974 27 • '-ll':,742 '::i,57u5':,4 
?1 1 <H1-nio:s ~,b7?5u7 27,YIJlt~O.? 5 1 St.1<.1J':,u 
? '. '1'-12':,'itJ ', 1 M':,()'-IC7 27 I </l./255e' ':,,':,i:2722 
2~.051111.12 ,,i:13.H\C/U 28,U':>ltJ/Jt ',, ',Q')',()0 
?8,lic'..5/t>8 5,b1Q81.Jl.l 21:l,1c'.S7o7 :i,w91331J 
2~ 1 i:U1 tl',12 ':,, clUd0':>t! 28,208510 5,479231.J 
28,:SU:,901 S, 197871 28,30':1900 5 1 /Jbd"!':>7 
c?tl,41':,2!HI 5.!789,L4t> 2A,41'::1279 5,tJ59897 
bl,S19c;58 ',, 78Ut,'-1'-I 2i1,5H95b ':,,4':,091.5 
2il,71.14o3<; 5, 775<Hb 2A-, 7tJtJoo7 5 0 tJ451J7b 
?~,94221.J7 S,7'T!ltJOU ?8,'-IIJ227q ', 1 1.JIJ331h 
29~1332'3 ~, 77 6'/ -~-9 29, 1353{)5 5,445281.4 
?Q,.32759? 5! 183670 29,3c1t>?.4 s,(.j513o7 
2'-1, ':,21 ,?',3 5,i'l',tqci 29,521285 5,4t>2R~b 
2'-1,710231 ':,,tl\46_0_'1 2g, 71b2t>3 5,i.h1!51.1 
?9,9105',0 ':,,bl.J1o09 29,91US82 ",,507248 
30,10~222 ',,o753n1 1o, l V~2',', :, 1 51.401.101 
30,2'-17,?12 5. g 1290-9 30,2Y/2LILI ':>,577572 
30 1 490?.11.J <;,, 9':JOoo7 30,i.!90279 S,011.1513 
30 1 08'-l',,B r,.q80':,91 .5<1,t:it.UJS9q ',~oLl'::,Otl7 
30,117!;8':,2 S,99oOo7 30,87b918 ~,ob08ob 
31,00d<-ltJ7 5 • 9t,4Qc,.9 31,UlJ901~ <:, 1 o':>4925 
31,1321.1':,S 5,97?.3.S9 31,132521 ', 1 t>H1119 
31,214794 ':, • 9':, .S 1 4'::, 31,c?1:..i7q4 5 1 01771:!JU 
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WBL: 23.8890 m (78.3758 FT) 11 = . 9356 

(DIMENSIONS IN METERS) 

BASELINE WING MODIFIED WING 

X z X z 
31,~21:ilc?S c, 1 04/tr!.LI 31,42812t:> !:l,751047 

• .S! 0 r.15~b57 o,11bQ.Sl 31,ti':>3717 5. 771345 ·31, 71.q q5ti" b,11.11076 31 ,J4_20J 5 _ 5 • Jq':,3q5 
31,b2Ll297 b,161820 31,b2Ll357 s,Rl020u 
.Sl ,UIJ/3554 b 0 leo24o 31,ll4'3b13 5,841)Q,?5 
31.iu1f1i i:,, II.ii.I oJ·o 31,2}28]0 5 • l:!':>8q l 9 
31. uqo2!:iq n 1 21b':>l'- 3t,uq6288 ~. ~7"1727 
30,922613 1:,.22':>207 3o,q2c8Ll3 5,ti!:10797 
30 1 71.1t!S00 0 1 2H7,;7 30 1 71.18':,Bq S,b86o30 
3o,':>726lb 6 0 t:33t,C;2 30,'.:>7284':, 5,869811 
30,3qbll77 n,c:.337':>1 30 • Hti50b s.~90:s11 
3o·, 22 C£2q ·e.231703 _3(!.~?J35~. 5,88~n17 
30, Ull':>S8b o,227!24 30,0li5bt':> ':, 1 tl8LIU':,2 
29,d72B22 13,220079 20,872850 5,il77783 
?q ,ocfiifoo- b 1 2°09':,09 7.q,09U12B S, tlb 7t,ULI 
?9,':>U'::>lb':> b,1977.H 2q. ~,iF, i o3 5.656277 
?9 0 34b?29 _b, t _132l:I_ 7:~. 2q • .3<ib22B ':>,6411!/.lq 
?.9. 2,q"7 307- b,l7i.l1j5 29 1 2~730b_ 5 1 82q3o5 
29,2U9227 b 1 1'::>t,t,bc 29.20'1226 '5,o1o21" 
2g.1.S2S85 6,11J2194 zq 1 132S84 5,801Qoo 
?9 1 Vb7!7? b 0 12b4b7 2~ 1 0c!t71 S!71fo71~ 
29 1 ulj914 o,Joi:,3oq r.9 1 01H12 5,7b891'3 
2H • q 7:i,:''::,O b,01no2':> ?8, q7524q :i,7Ll7bb4 
28,'15.S'::,3':, b I OoO 1 <./2-- ,?8, 953531! ';),7210<./1 
2H • 9Ll'/42', b,O.Hfr,9 21-l, g1.1qoi?:S 5,700'::,'Tl 
28,9'::,35.37 ;.;,O?..t!.7e.7 ?e. '1':l.3',3u 5,t,83312 
2!1,9/-:,?'::,r, 5,'Vi'::,QEI.I ,?11 • ~7'J?.tJ9 ';,,o:,t>SlU 
29,u1.S914 s,-u11.1u'::, 2q,1_11~q1? ') 1 63/7U9 
2q 0 i1b7! 72 S,%2717 ;>'l,Ot>7171 5 1 0?2821 
29.-il~SbS ':,, 95c)obb 29,\3258U 'j I 01 ,)692 
29 0 2ll9?27 5 1 91i0b7/J 29,20'-1220 '::,,0003qq 
2q,~'H3U7 ',,932111 ?.Q,29730b S;591Sot> 
29; j'lo22q- ·5,9250Ll/j j>q I 3'-#0228. 5,:,b:.&202 
29,'::,4:ilt>5 ':>,i9lo261 29,':14:ilt.>3 s:s7b9u'i 
?9,o94l00 :, 0 9lt..lb28 29,o9qJ2fl 5,5721:418 
?9 0 bU/:122 1;,,·qf4o~c. ?9,!:172650 s.s11111:1 
.30 0 0.:iSSfio s,<n101u 30,0t!'::,615 :,,571.1173 
30,221329 5,92.371.12 30 0 Ul3':>'3 5, 5oii291 
3u 1 !!9bl.l77 S,9.S':>211 30,39o50t> 5,5912V'::, 
30,SUolb ':i,952oStl :\o,572btJ5 ':,, oObOtS3 
30 • 7Lld',t,O 5,~7b62U .30 0 71JH58q ':,,0311,t>':, 
3o; 1iu8·1 .s 0.0012'::>S 30,9?-26tJ3 ':,,ohl:,95 
31,U91:12SQ 6,0U1013 l l, U"l-l:'288 ~, c,9':,oui, 
31,2721:\11 o,o71Jb1.d 31 .c:72870 5, 721:15'::>3 
.3! 

0
1J1J/j'j')U 6,lv2S~l ·31 1 1JIJ/jb13 5, 75b':,t<3 

.31,oi' .. 247 o.llf47o - 3t,bci.3')7 5~771b9.S 
31,7Ul9~,c:, o,112122 31.11.12015 '=>. 7co773 
31 0 d':>fo':i7 

.. 

o,096666- 31 0 1-l':15717 S,7S1.37o 
31.'12!:112:i t:..o7973e 31 ,q28125 ':,,734323 
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WBL: 25.5332 m (83.7705 FT) 11 • 1.0000 

(DIMENSIONS IN METERS) 
BASELINE WING MODIFIED WING 

x- z X z 
32 0 1Jlil.3v1 h,221Uh9 32.0u1301 S,Bot,OUO 
32,':>7~7U3 b, c38t)l 8 ~2,5747',7 5,81Ht..S2 
32,4741'0t, t,.2'J'H97 32-. i~748S-i:f 5,trn38bb 
32,.Sb9',81 o,27b872• 32, .H,qo31J ':l,q21U1b 
i2,·21c1.110·- o,2<notfl 3?,212Uo3 s,qu1cn2 
32,JS':>238 b 1 3lt,?b3 • 32, O',:i2ql s,q563'ls· 
_31, d991 52 o,32v-9Uo 31,d<i'-1159 5,9ot:,32l 
H, 1u2221 b,-lnauti 31,71J22':,tl 5,973098 
31, ',tioJ88 b,331135 3i,'.J8t>IJ11.1 i;,,n1102 
31,429210 o,33257U 31,42'-121J2 ~.'i78!:d3 
3-1, "2 7i~t"2 -ti~H1flC 31,271538 5,Q7 ➔ 27q 
31,lll.1871.1 b 1 32QQOU 3t.ifii8qq 5~ 97511b6 
30, "7';;7_702 o,3c41Hc 30.957728 s,q112qu 
30,Bo.s1qa b, 3 C7 i r.2 Jo,1.;0~22.0 5, 901JoliO 
3U,o433',q b,30702b 30 .i':i-tJ3385 S 1 <fS-1.HHi°~( 
3 0 , 5 1 UJ b_3 o_., 2%0_?_1_ 30,',l\J1b2 s. 94iJ245 
.30 0 ..S7o9o7 o,2s2012 30, 37n9b_b _ 5,'H0':,71_ 
.Sn 0 28b498 b,27U797 30 0 2Bt;uq7 5,919':,7tl 
30,20972b h, 2'J6t, 7t:, 30,2097~5 S.907738 
30,1Ull83 6,2tJ5U9 30,11.11182 S,dq'JO.H 
30 1 Ub2b83 o,2.318',0 3n,Ob21Jb2 5 1 obl',b/o:I 
30, 03':lu',2_ o,21oOOU 30,035051 5,bbo08l 
.5tJ 1 0ClV1.17':, o,197512 lO.Oll0tJ73 5.t-11.17':,f./l; 
2q,'Hi10',5 o,171.ll.11b j?q • 9fl 1053 ', 1 1:S24b5b 
2c,.,n131a t>, 15oUb 2_q,'H7377 5 • d0t,8?.1 
2'-l,'1610',7 0,11.1241.19 2Q 1 ·9;.. 1 O', 3 ', I 792,?~5 
!, Ci 0 110 ll LI 75 i,, 119 IJ .B 30,oovu73 ':i. 768'~37 
31l 1 1J3':lO'>i? t>,lo3o7o 5 0 I IJ _5 5 () ', 1 5,7',2<:i72 
3o,ot<2ol:i3 o,09l'i1', 3u,OB2bij2_ 5 1 7LI0425 
3n,1'111!:i3 o,01:it1.144 J<l.14.11182 5~730292 
3o,~o972o b 1 •J 7Jj?o8 30.2()9725 '::>,721733 
!,11 I 28hl.l<l8 n,Oo631'l 30,28HUQ7 s.nu47q 
3u, "57o9t,7 6,060721 36 t 37091;,t, ':> • 7 0 86-i 3 
3o,5ltJ1t>3 b 1 055td3 -30.i_,10102 ',,7030/JQ 
30 .04,33',q b 1 0':>3?11'1 30 0 0433!:15 ':> 1 7U02cl 
30 1 H0319LI b,U',37tJ2 30.003220 s,1on1ii:s" 
.so,-1sno2 6 1 05717H J0.<1!:>7728 ':1,703128 
3t,ll1.1871.1 b~utij7t;'., 31.114899 '::,,709230 
3t ,n1s12 f> 1 0/IJ57tJ 31 1 271 1H8 ',~7"19572 
31 ,IJ2921i, b,O<lOU77 31, IJ2q2/J2 5,735001 
31, ~oo3eH o,il20L'2 31,Si:,o/JIIJ ',,7':>o007 
31, llJ2227 o,l.H121 31, 742251.1 ':,, 11:J27.34 
.3 I, d'-1<1 I 32 b,lb9090 3t,1:1991Sq 5,!:1121J'42 :31., vS::,2 38 i,,l<-19JC:.2 3?, 05~291 5,tilJ2552 
32,212tJ!0 b,221JtJ1<:./ 32,212403 '>,6b1:1ouq 
32 • .3b'-1581 o,238~':lo 32 • 3t>9b31J 5,6~21:170 
->2,Llf!J80o 6,2.31Jit19 32,Ll74H5q s.e-1so11 
32,~71.1703 0,22101v 3?,571i757 c;,"0S542 
..S2,oU1"\01 t>,20630~ 32,olJlJO\ 5,1:15091.10 
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