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Large Eddy Simulation of Multiphase Flows  
towards Application in Internal Combustion Engines

Motivation

Due to the increasing computational capacity in 
the last decade CFD, performed by Large Eddy 
Simulation (LES), becomes more interesting for 
real engineering applications. Common examples 
are aircraft and internal combustion engines (ICE). 
The LES has already demonstrated its potential to 
predict highly unsteady single-phase flows. Never-
theless, there is still a lack of detailed estimation 
of the quality of results for multiphase and reacting 
flows in LES context.

Method and Theory

Although multiphase flows appear in a broad spec-
trum of applications, there is no general approach 
covering this topic. In the present work, Large 
Eddy Simulation (LES) is used to describe the car-
rier fluid in combination with Lagrangian Particle 
Tracking for the dispersed phase motion. 
LES alone provides a detailed insight into the tran-
sient turbulent flow phenomena, which turns it 
into a desirable simulation tool. However one im-
portant consequence, referring to the LES concept, 
is that only the energy containing part of the flow 
structures are resolved and the remaining part has 
to be modelled. This aspect becomes very impor-
tant if a secondary phase has to be considered.
The presence of an additional phase can induce 
modification of the flow behaviour. For example, 
injection of heavy particles in a free jet flow leads 
to significant turbulence attenuation of the carrier 
fluid (see plot). Because the phase interaction oc-
curs at different time and length scales, the domi-
nant interaction mechanism (physical force) is 
strongly case dependent. From LES point of view, 

a known difficulty is that a certain part of the 
phase-interaction is not directly resolved. Some 
recent scientific works are dedicated on modelling 
the unresolved interaction. The main difficulty 
still remains to point out the relevance of a model 
for a certain application. Up to now, there is no 
universally valid classification on multiphase flow 
regarding the phase interaction mechanisms and 
respectively the modelling necessity.
The current work is dedicated to a detailed inves-
tigation of particle/gas and droplet/gas flows in 
respect of IC or aircraft engines. The focus is sum-
marized as follows: 
1.)	� Detection of the relevant properties, forces and 

scales for the phase interaction. 
2) 	� Which part of the inter-phase interaction, 

without additional models, is covered by the 
simulation? 

3.)	�� Estimation of the potential benefit of addition-
al models for the simulation reliability.

Finally, based on these investigations, a long-term 
goal is to provide quality assessment guidelines for 
multiphase-LES for the above-discussed Eulerian-
Lagrangian method.
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Influence of dispersed particles on the fluctuating part  
of the air velocity in a jet flow at Re = 5700. X – distance 
from the nozzle.

Investigation of Chemiluminescence in Technical  
Combustion Systems Using LES and Ray Tracing

Motivation

In the recent years, the numerical simulation of 
turbulent flows have become popular in optimiza-
tion of technical systems. Especially, Large Eddy 
Simulation (LES), which is accepted as a promis-
ing tool, has made a considerable progress. The re-
stricted ability of Reynolds Averaged Navier Stokes 
(RANS) approaches to predict unsteady flows and 
the immense computer resource requirement of 
Direct Numerical Simulation (DNS) encouraged 
this tendency of development. In LES, the larger 
three-dimensional unsteady turbulent motions are 
directly represented, whereas the effects of the 
small scale motions are modelled. Therefore, it is a 
compromise between DNS and RANS in complex-
ity and computational effort. The main motivation 
of this working group is to develop models for the 
prediction of Excited-State Species in Technical 
Combustion Systems using LES. Several models 
are described in literature for the prediction of the 
major species in premixed and diffusion flames 
whereas a model for the prediction of Excited-State 
Species are not introduced in both types of flames 
yet. Additionally, possible relations between the 
local concentrations of the above mentioned spe-
cies and heat release are investigated.
Another important motivation of the working group 
is to simulate an experiment by post-processing 
using the LES data. Laser and signal beam paths 
transit different zones of a turbulent flame, during 
which extinction and beam steering happens. Sta-
tistical information of ray deviation and extinction 
derived through this study will be used to shift the 
validation interface between LES and experimen-
tal results.

Method

To predict the excited-state species of the diffu-
sion flames the well-known steady flamelet ap-
proach based on the look-up tables including the 
one dimensional laminar flamelets at different 
strain rates are used. To make use of the previously 
gained experience in EKT the unconfined hydro-
gen jet flame configuration H3 is used for this in-
vestigation.   
For the modelling of the premixed flames a flame-
let model combined with a classical G-equation 
approach is used. The excited state species concen-
tration distributions of the one dimensional lami-
nar flamelets are pre-integrated and tabulated for 
different equivalence ratios and strain rates. These 
pre-integrated values can easily be picked up for 
each computational LES cell from the look up ta-
bles since the corresponding values for strain rate 
and equivalence ratio are available through the 
simulation. To validate the model, an unconfined 
swirl burner (Tecflam) is simulated.
Finally, the predicted LES data is used to simulate 
a ray from the emitting position up to the detec-
tor. The results can be presented in a probability 
density functions which show the ray deviation in 
different directions.
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The G=0 illustrates the fla-
me front where the colour 
represents the equivalence 
ratio having its maximum 
value at inflow ( =0.833)




