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Numerical investigation of wing rock characteristics
influenced by leading edge and roll-axis

YANG Xiaoliang' , HUANG Shilin®> , YANG Qi' , CHAI Zhenxia', SUN Xiwan' , LIU Wei'
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. The PLA Unit 93108, Qigthar 161007, China)

Abstract; Numerical investigation of a 80° swept delta wing rock characteristics was presented by solving N-S ( Navier-Stokes) equations
coupled with Euler rigid-body dynamics equations, and the influences of leading edge configuration and roll-axis installation were discussed. For the
unsteady simulation of self-induced wing rock phenomenon, the Roe scheme and LU-SGS method with dual-time stepping approach were employed
for NS equations discretization, the second order differential scheme was employed for Euler rigid-body equation discretization, and the loose-
coupling approach for flow control equations and movement control equations was implemented. For the delta wing with a roll-axis located on the
upper surface, three leading edge configurations, including upper beveled, lower beveled and double beveled were used for evaluating the influence
on the amplitudes and bifurcation angles of delta wing rock. In view of the configuration equivalence of upper beveled delta wing and lower beveled
delta wing, the influence of roll-axis installation was evaluated also. The results show that under a certain attack angle, all of the three delta wings
with different leading edge configuration establish large and self-retained wing rock amplitudes, and the largest amplitude is observed with upper
beveled delta wing, the double beveled delta wing takes the second place and the amplitude of lower beveled delta wing reaches the least degree.
For the attack angle of 30°, the roll-over phenomena are observed at the delta wings with upper and double beveled leading edge configuration, and
when the roll angle reaches to 180°, the oscillation amplitude remains unchanged.

Keywords: delta wing; wing rock; leading edge configuration; roll-axis installation; numerical simulation
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Fig.2  Schema of four roll-axis installation of delta wing
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Tab.1 Roll static derivatives of delta wing

Yo/ (°) THIgR WUHTHI R HIgR
10.0 -1.0x107* -1.0x10™> -9.4x10"°
15.5 -2.3x107* -2.5x107> -2.7x107?
16.9 -2.6x107* -3.0x107> -3.4x107?
22.4 -4.2x107* -5.3x107" -6.4x107"
25.0 -5.4x107* -6.9x107° -8.2x107*
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Table 2 Roll damp derivatives of delta wing

e/ (°) THIZR BUHTHI R AR
10.0 -9.6x107° -8.8x107° -1.2x107"
15.5 -6.6x107° -2.8x107° 3.2x10°*
16.9 -5.1x107 1.9x10™* 6.1x107°
22.4 6.0x10™"  2.6x107* 3.2x107?
25.0 8.1x107° 2.9x107> 3.4x107’
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