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ABSTRACT 

 

This paper presents development of a reduced-order model (ROM) for fluid-structure 

interaction (FSI). Herein, the fluid analysis is coupled with a structure which undergoes rigid-

body motion. In order for efficient computation of the FSI analysis, the ROM for fluid 

analysis is developed via proper orthogonal decomposition. Moreover, the parameterization 

of the present ROM is accomplished by employing the artificial neural network. Finally, the 

efficiency and accuracy of the present ROM is verified by comparing with the relevant full-

order computation. 

 

INTRODUCTION 

 

Fluid-structure interaction (FSI), which is a dynamic interaction between a structure and 

a fluid, has been investigated intensively for the past few decades. However, the FSI analysis 

still requires significant computational resources such that it can be limited when considering 

many-query situation, i.e., design optimization or active control. In such a situation, the 

reduced-order model (ROM), which enables to retain the accuracy and handle parametric 

variation, can be adequate to enhance the computational cost [1]. In this paper, the fluid 

analysis based on the finite element method is extended to the FSI analysis by considering the 

arbitrary Lagrangian and Eulerian formulation [2]. In order to elevate the computational 

efficiency, the ROM for fluid analysis is developed. The resulting ROM is established by a 

set of an ordinary differential equation with the reduced degrees of freedom [3].  Moreover, 

the artificial neural network [4] will be employed in order for the parameterization of the 

present ROM. The present ROM will be applied to simulate a structure undergoing rigid-body 

motion, and the relevant efficiency and accuracy will be investigated by comparing with the 

full-order model computation.  

 

FORMULATIONS 

 

For incompressible fluid, the relevant ROM can be established by projection of the governing 

equation to a set of the orthogonal bases from the proper orthogonal decomposition. Inner 

product of the POD bases and the incompressible momentum equation yields the following 

ordinary differential equation:  
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where, ( )a t denotes the reduced-order degrees of freedom (NM), and each coefficient of the 

differential equation can be expressed as 
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Due to the intrinsic instability of the ROM [3], the coefficients (Eq. (1)) are calibrated by 

introducing the minimization problem. Herein, kA and kmB are calibrated by considering the 

full-order results.  
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(a) Full-order model (b) Reduced-order model 

Figure 1. Comparison of the vorticity contour between the full- and reconstructed reduced-

order model 

 

As shown in Fig. 1, such calibration of the coefficients elevate the accuracy of the ROM, 

but it constraints the ROM from the standpoint of considering the parametric variations. 

Hence, the artificial neural networks [4] will be employed, and the coefficients of the 

differential equation under arbitrary parameter space will be collected and imposed in order 

for the supervised learning of the neural networks.  
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