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An important element of the process of aircraft certification is the demonstration of the crashworthiness 

of the structure in the event of an emergency landing on water, also referred to as ditching. Novel 

numerical simulation methods that account for mechanical fluid-structure interaction (FSI) open up a 

promising way to model ditching on a high-fidelity level. High demands are placed on those simulation 

methods due to the strong added-mass effect during ditching [1,2,8]. 

This work presents a numerical simulation approach combining OpenFOAM-5.0 and the proprietary finite 

element structural solver ABAQUS. The coupling data is exchanged by using a socket-based 

communication method as part of the distributed environment ifls [4]. A Dirichlet-Neumann approach is 

applied along with a fixed-point coupling method adopting the simple but yet efficient and robust Aitken 

accelerator [5]. The socket-based communication between OpenFOAM and ifls is realized by using an 

OpenFOAM function object. The modular structure of the function object is shown in figure 1. The 

structure is based on the function object for conjugate heat transfer analysis described in [7].  

 

Figure 1: General code structure of OpenFOAM function object for mechanical FSI 
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The iflsCommunicatorFunctionObject class accomplishes the external communication by calling special  

methods of the communicator class at predefined points of the simulation. The 

iflsCommunicatorFunctionObject class is directly derived from the general OpenFOAM 

fvMeshFunctionObject class. The SocketCommunication class is used by the communicator class to realize 

the socket-based communication. The Interface class contains the fluid-structure interface. The calculation 

of the fluid forces at the fluid-structure interface as well as the application of the structural displacements 

to the fluid mesh are realized by the mechanicalFSI class. 

The developed method is applied to solve the two-dimensional water impact of rigid and deformable 

circular cylinders as described in [3] and [6]. The calculated results are compared with experimental data. 

Prospects of extending the presented method to account for both highly nonlinear structural behaviour 

as well as hydrodynamic effects, thus allowing the ditching simulation of full aircraft configurations, are 

discussed. 
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