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This presentation provides on overview of the ongoing research activities carried out by 

the authors about the OpenFOAM development for internal combustion engine 

simulation. The research work is focused on three different areas: 

 

- mesh motion for in-cylinder simulations 

- combustion modeling 

- 1D-3D coupling  

 

1 Mesh Motion for In-Cylinder Simulations 

 

The engine library was customized to include mesh motion with topological changes. 

Different mesh motion strategies are available, called MUMMI and FAMA. The first 

one simulates the engine cycle with an arbitrary number of target meshes and requires the 

flow field interpolation from the current to the target mesh. The second approach requires 

only a single grid, which remains valid for the whole cycle since it is topologically 

modified during the simulation. Flow and combustion are computed by the 

engineDyMFoam solver which accounts for mesh motion and topological changes. 

Examples of computations of the gas exchange processes for real engine geometries will 

be provided. 

 

2 Combustion Modeling for Diesel Engines 

 

Diesel combustion represents a challenging task for CFD modeling and fundamental 

studies are still required to improve the existing models. Within this context, the authors 

have implemented in OpenFOAM two different combustion models. The first one is 

suited for industrial applications, it uses a simplified ignition treatment together with the 

Eddy-Dissipation Concept to model mixing-controlled combustion. The second model is 

called Perfectly Stirred Reactor (PSR) and employs complex chemistry together with the 

ISAT algoritm to reduce the computational time. This model can be used mainly for 

diagnostic purposes, to analyze the flame structure and the pollutant formation process. 

Both the models were validated both at constant-volume conditions with the experimental 

data of the SANDIA Engine Combustion Network Database and by simulating the 



combustion process in a real diesel engine. This work required to modify the 

chemistryModel library, to include the ISAT algorithm, and also a library of soot 

phenomenological models (sootModel) was implemented to predict pollutant 

emissions.  

 

3 1D-3D Coupling 

 

The in-house developed, 1-D GASDYN code was coupled with OpenFOAM, which 

makes possible to simulate the whole engine system as a series of 1D and 3D elements. 

This approach is rather useful to simulate complex geometry systems like intake 

plenums, complex multi-pipe junctions, cylinders and silencers, which cannot be 

successfully modeled by the 1D approach. The 1D-3D coupled approach provides a 

better estimation of the volumetric efficiency, the cylinder pressure and the transmission 

loss provided by the silencers. An application called gasdynFoam was developed and it 

incorporates the GASDYN code and a compressible inviscid solver developed in 

OpenFOAM. The coupling strategy solves of the Riemann problem at the 1D-3D 

interface and it allows flow non-uniformities. In this work gasdynFoam was applied to 

predict the noise attenuation of complex engine silencers and the combustion process in a 

diesel engine. 
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Figure 1: Evolution of the computed flow field (velocity magnitude) and the in-

cylinder swirl motion during the intake stroke in the engine cylinder of a 
turbocharged diesel engine for marine applications.

 
 

 



Figure 2: Computed spray and in-cylinder temperature (PSR model) evolution for 
a diesel engine at full-load conditions, 3100 rpm

Figure 3: Comparison between computed (PSR model) and experimental cylinder 
pressure for at full load conditions for three different engine speeds for a 

turbocharged diesel engine for marine applications
 

 

Figure 4: Coupled 1D-3D simulation of a muffler with extended inlet and outlet 

pipes: geometry detail (left), pressure field with non-planar wave effects (center) 
and comparison between computed and experimental transmission loss (right)

 
 

Figure 5: Coupled 1D-3D simulation of a reverse chamber: computational mesh 
(left), computed pressure field (center) and computed velocity field (right)
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