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In many fields of science and technology, the interaction of fluids and structures has an important 

influence on the behavior of the overall system. For the numerical investigation of these fluid-structure-

interactions (FSI), various numerical methods are available and their effectiveness depends on the 

specific area of application. These approaches provide the manufacturer with an opportunity to estimate 

the performance of new products already in an early stage of the design process. Thus, the design can 

be enhanced in order to reach project specific goals. In addition, expensive prototypes are only required 

to be built for the final testing as well as for validation purposes. 

Due to the importance of considering FSI in several applications, the overarching goal of this 

contribution is to develop a robust numerical method which features high rates of convergence. To 

achieve this objective the finite element method (FEM) is coupled with smoothed particle 

hydrodynamics (SPH), which is a particle-based, meshless Lagrange method and suitable for multiphase 

flows, moving interfaces and large changes in the fluid area. Such a coupling has already been 

successfully realized with linear FE ansatz functions [1-3] and is well-suited for the description of fluid 

structural interactions. In order to improve this approach a special focus is placed on using high-order 

FE shape functions, making this numerical method insensitive to locking effects as well as element 

distortion, and providing high convergence rates [4].  

For initial studies a co-simulation approach is deployed. At the interface between the SPH- and FEM-

regions the pressure distribution is transferred from the fluid to the solid as an external load. The pressure 

at the FEM nodes is calculated with the method of Fourey [3] and the penetration of the FE mesh is 

prevented by using dynamic boundary conditions. In the next step, the response of the structure is 

computed and both the surface position and velocity of the FEs in the interface region are transferred to 

the SPH particles. Note that the coupling nodes/particles do not need to be conformal, as the required 

values can be computed at any point on the interface using the FE ansatz functions. Bear in mind, that 

this procedure does not cause additional interpolation errors. 

After successful verification using an academic benchmark test, the proposed method is utilized to 

investigate the influence of a fluid on the vibrational behavior of a thinwalled structure such as an oil 

pan. By using the high order FEM, the thin-walled structures can be described effectively, since these 

elements are robust against distortion (large aspect ratios). It is observed that the fluid has a significant 

effect on the dynamic behavior of the structure [5]. This has also a notable effect on the noise emission 

and is therefore of utmost importance for the acoustic properties of the structure.  
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