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Fig. 1 Computing model of double-side membrane

structure
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Fig.2 Wind pressure distribution at different times
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Fig.3 Wind velocity vedors at different times
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Application of No-matrix Iteration Methed in Coupling
of Wind-induced Vibration of Membrane Structure

SUN Fang-jin', YIN Zhi-xiang?, ZHANG Da-ming?®
(1. Institute of Civil Engineering & Architecture, Liaoning Technical University, Fuxin 123000, China)
2. Graduate Institute, Liaoning Technical University, Fuxin 123000, China;

3. Technical and Economic Institute, Liaoning Technical University, Fuxin 123000, China)

Abstract: The application of no-matrix iteration method is studied to analyze the fluid-structure interaction
in wind-induced vibration of membrane structure. Firstly, immersed object method (IOM) is employed to
establish the finite element formula of membrane structures and the air flow. The weak form of the fluid-
structure system is given using the IOM by introducing the fictitious domain. No-matrix Newton-Krylov
iteration solution with pre-condition is proposed to solve the IOM established equations, with fluid veloci-
ty, fluid pressure, and solid pressure as the main unknowns. In the method, a pre-conditioning matrix
rather than Jacobian matrix is needed for the calculation. Finite difference method is adopted to substitute
the allowable velocity variance, which is a key step in the method. The presented method is then applied to
analyze the fluid-structure interaction in wind-induced vibration of a double-sloped membrane structure.
Wind pressure distribution and velocity vectors are obtained. Comparison is made between no-matrix itera-
tion method with pre-condition and without pre-condition. And it is found that the one with pre-condition
can greatly simplify the calculation. No-matrix iteration method applies well in studying fluid-structure in-
teraction in wind-induced vibration of membrane structure, with accurate results, and with pre-condition,

calculation efficiency is enormously improved.

Key words: no-matrix Newton-Krylov iteration method ; immersed object method (IOM); membrane struc-

ture; wind-induced vibration; fluid-structure interaction



