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Large Eddy Simulation of the Flow and Mixing Field  
in an Internal Combustion Engine

Motivation

The call for environmentally compatible and eco-
nomical vehicles, still satisfying demands for high 
performance, necessitates immense efforts to de-
velop innovative engine concepts. Whereas direct 
injection gasoline engines promise considerable 
fuel savings, they are prone to large variations in 
the flow and mixing field which may lead to incom-
plete combustion. During this crucial process, the 
engine is very sensitive to cycle-to-cycle variations 
of the flow and mixing field. While numerous ex-
perimental and RANS-based numerical investiga-
tions concentrated on the way to gain insight into 
the behavior of the spray in internal combustion 
(IC) engines, LES may help in delivering detailed 
unsteady information needed to understand better 
the strongly transient phenomena ongoing in the 
combustor.

Configuration and computational method

The configuration represents the “BMBF” generic 
four-stroke direct spray injection engine with vari-
able charge motion system. The KIVA-3V code ex-
tended to LES based on the classical Smagorinsky 
model was used. In order to characterize the cycle-
to-cycle variations LES calculations coupled with a 
suitable parallelization strategy have been used to 
simulate for 50 full engine cycles.

Results, discussions and conclusions

Investigations of the cyclic fluctuations have 
shown that the cycle-to-cycle phenomena are di-
rectly linked to the turbulence and can not be con-
sidered separately from each other. LES has been 
performed for 50 full engine cycles. In the case of 
single-phase flow, the maximal intensity of cyclic 
velocity variations in the combustion chamber is 
reached during the intake and compression stroke. 
In the case of two-phase flow the flow field in the 
combustion chamber is defined by a superposi-
tion of in-cylinder charge motion and injected fuel 
spray jet. This interaction results in a considerable 
increase of the intensity of cyclic velocity fluctua-
tions. The analysis has shown a great impact of 
velocity cyclic variations on the air-fuel mixing 
processes, fuel jet penetration and forming of fuel 
vapor cloud near the spark plug.
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Experimental Research on Turbulent Spray Combustion  
under Gas Turbine like Conditions

Motivation

–    Investigation of spray combustion under gas 
turbine related boundary conditions

–    Characterisation of two phase flows and  
droplet-turbulence interaction

Method and Theory

Non-intrusive laser measurements techniques:
LDA/PDA, Tracer- and OH-PLIF, IPI, PIV,  
Mie-Scattering, CARS, thermographic phosphors

Test Facility

–     modular assembled gas turbine model chamber
–     pch≤ 10 bar, Tcomb. air ≤ 770 K
–     decoupling of thermal- and mechanical strain
–     optically accessible combustion chamber

Measurement

–    Airblast-Atomizer (MTU)
–    different spray media (water, n-heptane)
–     one- and two-phase-, reacting- and non- 

reacting-flows
–     Measurements inside the Airblast Atomizer

Investigation of

–    local velocity fields and corresponding  
fluctuations

–     spray droplet size distribution
–    spray mixing, spray vaporisation, spray  

penetration
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