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Abstract 

To improve the prediction accuracy of the aerodynamic performance and safety 
margins of aircraft one strives for enhancing existing CFD analysis workflows 
towards multi-disciplinary analysis workflows, i.e. one aims at analyzing directly 
flow-structure coupled or even flow-structure-flight mechanics coupled problems. In 
such analysis, the CFD computation forms only one constituent of the whole process 
chain. Mostly, the codes that are used in the process chain and that are highly-
specialized in solving a particular discipline go back to independent developments. In 
many cases their development took not into account the option for coupling with other 
code. As a result, the necessary communication between involved codes often is only 
possible via file IO. But file IO is actually to be avoided or at least minimized in 
targeted massively-parallel high-performance computations. Moreover, most of 
conventionally designed process chains characterized by direct data exchange 
between process chain constituents are inflexible and lack expandability. 

In order to remedy the situation described before, the FlowSimulator framework 
was developed in a joint project of Airbus, Cassidian, ONERA, DLR, universities and 
others. FlowSimulator aims to form a unique interface and environment for the 
assembly and the massively-parallel execution of multi-disciplinary process chains. 
According to the concept of FlowSimulator the mono-disciplinary codes involved in 
the process chain do not exchange data with each other, but efficiently in-memory 
with the FlowSimulator data manager. By doing so, individual simulation codes of the 
process chain can easily be replaced by others, for instance a structured flow solver by 
an unstructured one or vice versa. The FlowSimulator data manager as C++ core 
component of the FlowSimulator framework provides data containers for the parallel 
storage of mesh objects and the ability to execute operations on these mesh objects in 
parallel, such as mesh import/export from/into various data format, mesh partitioning, 
mesh transformation, mesh deformation, mesh extractions, mesh-to-mesh 
interpolation, etc. In the same way, data containers exist with corresponding 
functionality for geometry objects which are relevant for mesh generation and shape 
optimization. 

Users can easily access the functionality provided by the FlowSimulator data 
manager as well as FlowSimulator-interfaced applications on a Python script level. 
This way the user can script complex parallely executable process chains that cover a 



complete multi-disciplinary analyis workflow comprising CFD and CSM mesh 
generation, the actual simulation in combination with in-situ visualization, and 
postprocessing actions.  

The talk shows the general concept of the FlowSimulator framework,  points out 
essential elements of the FlowSimulator from DLR's point of view which have 
particular relevance for multidisciplinary applications, e.g. for flow-structure 
coupling, and highlights features of the FlowSimulator in a number of sample cases 
and industrially relevant use cases. FlowSimulator developments the DLR is currently 
working on and plans to work on in the future are outlined. 

 


