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Fig. 2 NASA X-57 wing
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Fig. 3 Geometric model of wing
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Fig. 4 Schematic diagram of wing layup
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Fig. 8 Flow field grid of high lift state
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Fig. 9 Aerodynamic coefficient of isolated wing-AoA curves
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Fig. 10 Aerodynamic coefficient of cruise state-AoA curves
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Fig. 11 Aerodynamic coefficient of isolated wing-AoA curves
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Fig. 12 Aerodynamic coefficient of wing with or without

distributed power-AoA curves
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Fig. 14 Lift coefficient and wing tip deformation-AoA curves
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Fig. 16 Lift coefficient and wing tip deformation-AoA curves
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Fig. 19  Flow chart of layup optimization
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Tab.3 Optimized ply angles at different angles of attack
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1%/ 0 Upper skin[-45/0/90/0] Upper skin[90/-45/45/0]]
! Lower skin[45/-45/-45/0] Lower skin[-45/0/-45/45]
0/ 2° Upper skin[45/90/45/907] Upper skin[45/-45/45/90]
Lower skin[45/0/45/90] Lower skin[45/0/-45/-45]
/e Upper skin[45/90/0/90] Ubpper skin[-45/90/0/90]
Lower skin[-45/0/0/45] Lower skin[45/-45/45/45]
90/ g Upper skin[45/90/45/45] Upper skin[0/45/-45/45]

Lower skin[-45/90/-45/90]

Lower skin[-45/45/-45/0]

-
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Fig. 20  Lift-drag ratio of pre-optimization, predicted
value and verified value-AoA curves
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Fig. 21 Maximum wing tip deformation before and after

optimization-AoA curves
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Aeroelastic analysis and tailoring method study on composite
wing of distributed electric propulsion aircraft

SUN Lu-bin, YANG You-xu", ZHANG Xing-cui, WU Yi-fei, WANG Bin
(School of Aircraft Engineering, Nanchang Hangkong University, Nanchang 330063 ,China)

Abstract; Distributed electric propulsion aircraft usually adopt high-aspect-ratio composite wings, but
with the increase of power,the aerodynamic interference of propeller slipstream effect on wings further
aggravates the deformation of the wings, and it is difficult to accurately evaluate the aerodynamic
performance of flexible wings using rigid wing models. In order to calculate the aerodynamic performance
parameters of a DEP aircraft wing with high fidelity, based on CFD/CSD bidirectional fluid-structure
interaction and propeller slipstream effect, the static aeroelastic calculation of X-57 isolated wing, wingtip
propeller/wing coupling(cruise state) and distributed propeller/wing couplingChigh lift state) is carried
out respectively. The influence of aeroelastic deformation of a flexible wing on aerodynamic performance
is analyzed at different angles of attack. At last,a BP neural network surrogate model based on nested
genetic algorithm is introduced to optimize the ply angle of the wing skin. The results show that the
propeller slipstream increases the pressure difference between the upper and lower surfaces of the wing,
which increases the lift coefficient of the wing,and the increase of lift coefficient is more obvious at low
Mach number and high angle of attack. The aerodynamic performance of the flexible wing is quite
different from that of rigid wing. The propeller slipstream maximally increases the life coefficient of a
rigid wing by 38.72%, and that of the flexible wing by 23.51% . The composite ply angle has a
significant effect on the lift-drag ratio of the wing,and the lift-drag ratio can be improved by optimizing
the ply angle to improve the longitudinal stiffness of the wing. A calculation method that takes into
account timeliness and accuracy is provided for the aerodynamic performance evaluation and aeroelastic

tailoring of the flexible wing of general propeller aircraft.

Key words: distributed electric propulsion; propeller slipstream; bidirectional fluid-structure interaction;

aeroelastic tailoring; genetic algorithm; BP neural network;surrogate model



