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Design and parameter optimization of a parallelogram
shear-based variable-sweep wing
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(1. School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China;
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Abstract; To explore the differences in structural and aerodynamic characteristics of the variable-sweep wings on
aircraft under various swept deformation methods, as well as the underlying physical mechanisms of these differences,
this paper proposes two shearing variable-sweep schemes based on parallelogram unit shear deformation topology,
and a comparative study was conducted with a conventional rotary variable-sweep wing. First, the structural
characteristics of the three deformation modes are investigated by four main parameters; wing area, chord ratio,
root-to-apex ratio and relative thickness of the wing. Then, numerical simulations of the winding flow field in a wide
range of speeds are carried out to analyze the aerodynamic characteristics and mechanisms under the three
deformation modes. Finally, for the diagonal shear variable-sweep wing with optimal aerodynamic performance, the
length-width ratio of the parallelogram unit is optimized with the optimization objective functions of wing area, chord
ratio and root chord length at supersonic cruise state. A deformable prototype is developed for wind tunnel testing.
The results demonstrate that, across a wide range of speed, diagonal shear variable-sweep can obtain a better lift-to-
drag ratio, the difference mainly arises from the fact that the airfoil of the wingtip section of the diagonal shear
variable-sweep is intact and the relative thickness of the wing is smaller. When the aspect ratio of the parallelogram
unit is 1.75, the comprehensive aerodynamic performance of the morphing wing is the best.
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Fig.1 Comparison of different variable-sweep
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Fig.3 Single wing area subsequently changes with sweep angle
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Fig.4  Effects of aspect ratio and sweep-angle on the area of
diagonal shear variable-sweep wing
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Fig.5 Aspect ratio subsequently changes with sweep angle
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Fig.7 Root shoot ratio subsequently changes with sweep angle
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Fig.8 Relative thickness of airfoil subsequently changes with
sweep angle
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Fig. 12 Aerodynamic characteristics of three variable-sweep modes in transonic flow
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Fig. 13 Aerodynamic characteristics of three variable-sweep modes in supersonic flow
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Pareto curve of deformability for the diagonal shear
variable-sweep wing
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Tab. 1  Feasible solutions to the variability optimization of

diagonal shear variable-sweep wing

s 0(°) Ly/Ly ZFBEE/m? RIEE BARZK/m

1 59.37201 0.94002  41.89136 1.28442 21.593 92
2 58.16465 0.95016  25.10586 1.73805 16.307 34
3 58.96549 0.97225 15.71425 2.048 10 13.642 37
4 59.241 89 1.000 18 10.288 47  2.306 74 12.052 24
5 58.57161 1.059 00 4.549 30 2.74233 10.261 03
6 57.83374 1.15769 -0.05327 3.22607 8.836 81
7 58.61292 1.23029 -2.01784 3.38130 8.31584
8 59.10010 1.34961 -4.14494 3.61385 7.71283
9 59.13123 1.43473 -5.20295 3.76539 7.398 26
10 59.06939 1.53130 -6.13039 3.91785 7.11833
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Composition diagram of morphing wing skin-skeleton
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Fig. 18  Pneumatic experiment diagram of variable-sweep wing

with different sweep angles
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Fig. 19 Lift and drag coefficient of morphing wing varying with
angle of attack at 0. 15 Ma
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