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ABSTRACT 

In fluid-structure interaction problems, fluid flow and flexible deformations of structures are coupled; 
examples are obstacles in fluid flow or the dynamics of fluid-filled structures. In this paper, two 
methods are compared for modelling such problems.  

First, the Coupled Euler Lagrange approach (CEL) is considered [1], where solid bodies and 
structures are modelled by Lagrangian finite elements in which the material is fixed with the element. 
On the other hand, the fluid is modelled by Eulerian finite elements which are fixed in space, and the 
material moves through the elements. The coupling is established by contact interactions, 
implemented as a penalty contact method.  

In contrast, Smoothed Particle Hydrodynamics (SPH) [2] is a mesh-free Lagrangian method where 
the fluid is divided into discrete elements represented by particles. The interaction with solid 
structures, modelled by Lagrangian finite elements, is a crucial issue in today’s SPH approaches. In 
addition to a penalty-based formulation, a novel boundary representation by means of a consistent 
extension of the SPH domain is discussed. 

In the following computational study, a fluid-filled, flexible container colliding with an obstacle is 
considered. The resulting motion of the fluid, the deformation of the container, and the contact forces 
are investigated.  

Three solutions are compared: (i) The multibody code HOTINT is coupled with the particle simulator 
LIGGGHTS which includes an SPH implementation [3]. Both packages are available as open-source 
software. The results of this co-simulation are compared with two formulations implemented in the 
commercial software ABAQUS, i.e., the SPH formulation (ii) and the CEL approach (iii). A 
comparison of these solutions shows the various advantages and disadvantages of two simulation 
methods and the two software codes. 
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