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span efficiency factor for vortex -induced drag

biplane e=1,36 joined tips €=1,05

X — wi C-wing e=1,45
X —wing e=1,33 1 :

winglets with

split tips e=1,32 endplates £=1,20

end plates =1,38 ! winglets e=1,41

large dihedrale=1,03
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WOLKOVITCH (1986)
Joined Wing Aircraft JWA

rir&

Advantages Claimed
 Reduce induced drag
* Improve Stability
« Strengthen Wing
* Prevent Flutter

Complex Aeroelastics

Highly Integrated Structures &
Aerodynamics
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®* AR =6.86 —( Very low !
* wing weight depends strongly
on applied loads
« JW structures carries loads
differently from conventional
A/C
* JW results compared to DC-9-
30
* Fully-stressed design to avoid
buckling instability increases
DOC by 4%
* maybe less for other
structure design
e Any design change to reduce
tail sweep improves
performance
e LowmaxliftinTO takeoff
field length

Weight = 100,000 Ib
Area = 12BB.0Df
by = 93.3HK

byDy =06

Wing Dihecrai = 5.0
Wing Sweep = 30
Wing Taper = 0.25
Tail Taper = 0.40
e = 0.12

SU’BU_IC = 0.50
Static Margin = 8.0 ft

C

Wing moved to
satisfy static margin
constraint
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Tilted Bending Axis & Components of lift

- Less Bending Moment !! -
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JW1 - SPANWISE LOADINGS WITH & WITHOUT MUTUAL INTERFERENCE.
Mach 0.35, AoA = -2 deg, CL =0.66
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JW- v: (Twin Aisle ) A321-100 (Single Aisle )
Groés AR 14 about 10

b/Swet” 1.53+ 1.15

L/D 21 18

Wings Fuel 600 837 fts

sfc 0.55 0.57

X 18370 13750 nm

Ci max 2.3 12 2.9
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Extensible Markup Language XML: Open W3C standard .
Text format using <tags> to build hierarchic structure.

CPACS is a XML schema definition containing
conventions of possible elements and their arrangement.

Actual CPACS files are built for the specific use case il
following the CPACS schema. —— description )
- reference )

—_fuselages )

——_ header ) [— . aircraft )——-( model 1 )—— wings )

_ vehicles '—— engine —_ model 2 —_ engines )

CPACS J—— . missions —_ profiles )} “—{_modeIN ) f—_ldg.gear )
_airports ) [ struct.elem ) —{_ systems )

—  fleets ) —_ materials ) —_ global )

_toolspecific } ' composites ) —{_analyses
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"There exists one triangulation/tetrahedrization of
(the convex hull of) a set of points such that the
circum-circle/-sphere of any simplex contains
no other points than its corners."

Chew: Surface mesh: 2D, use circumsphere.

 Careful on thin objects — wings, esp. near sharp TE
» High arithmetical precision required in geometric calculation

1. Initialization:

Surface: quad mesh in parameter space, - CheW, Guaranteed-Quality

Mesh Generation for Curved Surfaces,

Volume: bounding surface points Proc. 9th Annual Symp. Comp
2. Improvement: Geometry, San Diego, 1993
lterate:

add points, rearrange locally ("edge flips" in 2D)
until all criteria satisfied
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Two test conditions:

-M 0.35 CL = 0.3, Euler solution
-M 0.80
-Strong shock occurg) =0.35

at M 0.8 — high drag

H-Ma=035
- Ma = 0.80
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M=0.35

NP =22.41 m from nose

M =0.80

NP = 22.63 m from nose
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First the Main Wing then the second wing
Main Wing at Mach = 0.78, maintain CL ~

0.45 >
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CL=0.37 CL=0.5

19

M=0.78

1

o

-1.4

4t Symposium of Collaborative Aircraft Design, Toulouse, France, 25-27 Nov 2014




8

0.025 -
O

0045

0041

0.035

003

]

0oz

0015

0.01

0.008
-0.2

0.1

L
07 0.8

2
nC,AR/C,

k:

0.1

0.2

0.3

04

0.5

C,

0.6

0.7

08

0.9 1

Room for optimization!

20

&

of %,

4t Symposium of Collaborative Aircraft Design, Toulouse, France, 25-27 Nov 2014 kb

LS



. . )

e Designed point at Mach 0.78, CL ~ 0.45

0.7 T T T T

*
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1 | |
O 1 | | 1 |
0 0.1 0.2 03 0.4 0.5 0.6 07 08 0.9 1 0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

Semi-span station y/(b/2) Semi-span station y/(b/2)
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reduced WB
interference

3-D loadings achieved
on Main Wing
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Efficient low-weight design — needs material props, struct ure / applied loads.
Generic layout: continuous box: forward low wing to tip: optimum

Rear wing joined to the forward wing on a fuel tank and fairing , reducing
adverse aerodynamic interference. Load diffusion at join needs analysis.

For positive “G”, End loads & Buckling Modes on Rear Wing.

The inner rear wing needs further evaluation . Attachment to rear mounted
nacelles reduces the length of the rear wing; Attractive.

Large negative sweep of the rear wing allows a high t/c for a gi ven amount of
compressibility drag: Benefit wing stiffness.

Wing mounted moveable surfaces to be finalised - narrow and s lender. The
torsion loads fed into the wing box by the control surfaces ne eds evaluation.

Ailerons Possibly substituted by roll spoilers !
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Passive load alleviation desired - Washout through Aero-el astic
tailoring

Develop New structural tools / methods - scaled expts.

Wing Structure Weight Analysis
— Wing Junctions: Forward-Swept Rear Root

— Fuselage / Propulsion integration, additional forces, Mom ents &
Aero-elastics

— Off-Design Performance, Lateral & Directional Aero-elast  ics
— Experimental Work (Many Aspects)
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