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Flutter analysis of hypersonic airfoil skin by
differential quadrature method

NIU Yaobin, WANG Zhongwei, MAO Jia, ZHANG Lixue
(College of Aerospace and Materials Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract ; Flutter analysis plays a vital role in the design of hypersonic airfoil skin. This research introduces the differential quadrature method
into the aeroelastic problem of hypersonic skin. The aeroelastic model was presented based on the elasticity theory, and the hypersonic piston theory
was used for the modeling of supersonic aerodynamic loads. The validity of the differential quadrature method was confirmed by comparing the FEM
solutions for the natural frequencies and the flutter velocity of the airfoil skin, and the relative error is 0. 58% . A detailed parametric study was
carried out to study the influences of the thickness, area and aspect ratio on the hypersonic flutter behavior of airfoil skins. The result shows that,
the flutter velocity increases with the aspect ratio and thickness increased, and decreases with the area increased.
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Fig. 1 Calculating sketch of airfoil skin
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Tab.1 Baseline parameters of airfoil skin
24 Bl
WK a 0.4m
JERE R 0. 008m
PR A 1.0
B p 2700kg/ m’
WV E 6.76 x 10" N/ m’
HEL/N A% 0.3
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Fig.2 Finite element model of airfoil skin
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Fig.3  Flutter velocity of airfoil skin
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Tab.2 Results compare of DQM and MSC. NASTRAN

DQM  MSC. NASTRAN w2
—r 237.85 235.7 0.9%

E4G R —Hr 594.62 589. 63 0. 84%
(Hz) — =p 594.62 589. 63 0. 84%
PUBT 951.39 938. 04 1.4%
BR B (m/s) 6980 6940 0.58%
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Fig.4 The influence of area on flutter velocity
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Fig.5 The influence of aspect ratio on flutter velocity
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Fig.6 The influence of thickness on flutter velocity
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