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Nonlinear Galerkin Method for Dimension Reduction
Using Proper Orthogonal Decomposition

KANG Wei, ZHANG Jiazhong, LI Kailun

(School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; Nonlinear Galerkin method using POD modes is presented for low-dimensional model-
ing of the fluid dynamical system. The method splits the complete space spanned by the POD
modes satisfying the boundary condition of the flow field into two subspaces — a finite-dimen-
sional one spanned by low-order modes and its complement spanned by high-order modes. Then
the interaction nature between the low-order modes and high-order modes is considered via the in-
troduction of approximate inertial manifold. Furthermore, nonlinear Galerkin method using POD
modes is chosen to approximate the nonlinear partial differential equations for fluids and reduce
the system from infinite dimension to lower dimension. The flow past NACA0012 airfoil at Re=
200 and the attack angle of 20° is simulated for low-dimensional modeling analysis to verify the ef-
ficiency of the method. The results show that because the effect of high-order modes is taken into
account, the present method enables to give an accurate description of the system”’s dynamic be-
haviors and preserve the topological structure of the system with fewer modes, compared with
conventional POD method.
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