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Research on the kinetics of rock motion for a missile model with strake wings

DA Xingya, ZHOU Weiqun, ZHAO Zhongliang, TAO Yang

(High Speed Aerodynamics Institute , China Aerodynamics Research and Development Center , Mianyang 622661, China)

Abstract: Numerical computations of coupled Navier-Stokes equations and flight mechanic equations are
conducted to research and analyse the kinetic characteristics and mechanism of rock motion for a missile mod-
el with strake wings. Control equations are unsteady RANS and one-DOF rigid-body roll equation. Roe
scheme, S-A turbulence model and dual time stepping techniques are selected to solve the URANS, and 3rd
Adams prediction-correction method is used to couple the aerodynamic and flight mechanic computations.
Calculation at Ma=0. 6 and « =35° resulted in a Limited Cycle Oscillation (LCO) with amplitude of 10. 14°
and frequency of 20Hz which agree with wind tunnel test. The hysteresis loop of rolling moment coefficient
is double 8 style and the total energy of aerodynamic force acting on the model is equal to zero during a peri-
od. Forces acting on different components show that the unstability is caused by the windward fins and can-
not be compensated by the leeward fins, resulting in the loss of roll damping and the limit cycle oscillation.
Computations validate that this LCO is stable, meaning that the model would enter into it by disturbances.
It is also shown that the moment of inertia has little effect on the rock amplitude while has a significant effect
on the frequency when the unsteady effect is strong.

Key words: strake wing missile; rock; limit cycle; dynamic stability; moment of inertia
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Fast optimization design with multi-requirements

based on the analysis of partial correlation

WANG Dan', BAI Jungiang', ZHU Jun', HUA Jun®, SUN Zhiwei'
(1. Northwest Polytechnical University, Xi'an 710072, China; 2. China Aeronautical Establishment , Beijing 100012, China)

Abstract: Aiming at aircraft aerodynamic optimization design problems with multi-requirements inclu-
ding multi-designing points, multi-objects and multi-constraints, a new method for optimization design is
proposed in this paper: fast optimization design with multi-requirements. The method is established on the
partial correlation and linear regression theories which originated from statistics. According to the analysis of
partial correlation between design variables and design requirements, some of the requirements are trans-
formed into the constraints of variables through the transformation model established by the linear regression
theory, and the optimization result shows that the simpler the optimization model is, the shorter time will be
costed in the optimization design. Two multi-requirements optimization design examples have been investiga-
ted in this paper, in which the RAE2822 and HSNLF(1)-0213 are as the initial foils respectively, and the op-
timization result by the method in this paper are compared with that of the Pareto multi-object method,
which verifies the validity and reliability of the method in this paper.

Key words: aerodynamic optimization design; multi-requirements optimization method; optimization de-

sign model; analysis of partial correlation; analysis of linear regression



