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 Objectives of the 4.2   
 

Summarize: some guidelines for engine simulations 
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Introduction 

Spark ignition Spray 

Meshes 

Turbulence + 
Mixing  

Auto-ignition 
model / knock 

Liquid film  

Pollutants (Soot, 
NOx, HC, ...) 

Combustion  
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Contributions 
       

1. Meshing strategy   
Cecile Pera,  cecile.pera@ifpen.fr   AVBP, IFP-C3D 
Tommaso Lucchini,  tommaso.lucchini@polimi.it  Lib-ICE 
Andreas Kempf,  andreas.kempf@uni-due.de  OpenFOAM, PsiPhi 
Kelly Senecal, senecal@convergecfd.com  Converge 
  

2. Boundary conditions and methodology    
Cecile Pera,  cecile.pera@ifpen.fr   AVBP, IFP-C3D 
Tommaso Lucchini,  tommaso.lucchini@polimi.it  Lib-ICE 
Andreas Kempf,  andreas.kempf@uni-due.de  OpenFOAM, PsiPhi 
Stefano Fontanesi, stefano.fontanesi@unimore.it star-cd 

3. Modeling issues   
Cecile Pera, cecile.pera@ifpen.fr   AVBP, IFP-C3D  
Andreas Kempf,  andreas.kempf@uni-due.de  OpenFOAM, PsiPhi 
Kelly Senecal, senecal@convergecfd.com  Converge 
Satbir Singh, satbirs@andrew.cmu.edu  CMU 
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1.  Meshing strategy 
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Meshing Issues: Body Conformal 

Â  Mesh deformation due to valve 
& piston motion  

Â  To restrict grid deformation 
while maintaining enough spatial 
resolution, interpolation is used 

Â  An engine cycle is divided into 
multiple phases 

Deformation 
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Automatic Mesh Generation 

Automatic mesh generation for the full-cycle

Initial mesh at 

Crank angle q0
Move mesh for Dq

Mesh 
quality and 
duration 
satisfied?

qcurr= q0

qcurr= qcurr+ Dq

YES

NO

Move surface 
geometry to current 

crank angle qcurr

qcurr= 
qend?

End of mesh 
generation process

NO

YES

Generate a new 
mesh with 

snappyHexMesh

q0= qcurr

MESH 1

XXX CA YYY CA

MESH 2

YYY CA ZZZ CA

Â  CFD code: Lib-ICE, based on OpenFOAM 
technology 

Â  CFD solver: compressible, pressure based, 
RANS 

Â  Automatic mesh generation (based on 
snappyHexMesh) + automatic mesh motion 

(a) Coarse mesh (b) Fine mesh
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Automatic Mesh Generation 
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Â  Mesh points move to comply with piston and valve 
motion 

Â  Quality of the mesh reduces during grid movement 

Â  Local mesh-refinement reduces amount of cells 

Body Conformed moving grid (OpenFOAM) 

Mesh of Darmstadt Engine, intake valve plane. 0.5 mm, (P. Janas) 
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Â  Immersed particles into structured Cartesian background grid 

Â  Cell with particle = solid 

Â  No meshing required! 

Â  The motion of the moving objects is governed by the background 
mesh 

Â  No local grid refinement possible 

Â  Simplicity and efficiency for unstructured codes with less cells 

 

Immersed Boundary (PsiPhi, In-house) 

Fluid cells of the Darmstadt engine (0.3 mm) and intake valve (big voxels are shown for the valve!), (T. Nguyen) 
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No User Grid Generation 

Â  Automated meshing  

Â  No meshing time 

Â  Adaptive Mesh Refinement 
(AMR) 

Â No more guessing 

Â  Orthogonal cells 

Â  Easy to perform grid 
convergence studies 

Import 

Geometry 
Setup Case Solve 


