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Experimental and Numerical Research  
of Micro Energy Converter

Motivation

–    New micro electro mechanical devises are  
asking for higher energy densities

–     Today various types of secondary-batteries are 
predominantly in use but their limits are almost 
achieved.

–     Hydrocarbon fuels have the potential to replace 
secondary-batteries due to their high energy 
densities

–     Realisation of a Micro Energy Converter  
without any moving parts

Strategy of Energy Conversion

–     Liquid methanol is evaporated in micro evapora-
tor, mixed with air and than supplied to the com-
bustion area, where the mixture is combusted.

–     The hot exhaust passes first a thermoelectric 
generator for electrical power generation and is 
than bypassed to the combustion chamber wall 
for energy recuperation and combustion stability.

–      For high thermoelectric power generation effi-
ciencies the thermoelectric generator is located 
between the hot exhaust area and the cold evap-
oration area to realize a large T. 

Main Constructive Objectives 
 
Numerical Approach
–     Thermodynamic optimisation of the system
–      Numerical investigation of homogenous and 

 heterogeneous combustion
–     For high thermoelectric power generation  

efficiencies the thermoelectric generator is 
located between the hot exhaust area and  
the cold evaporation area to realize a large T.

Experimental Approach
Realisation of a variable experimental rig to 
investigate the influence of a:
–     Variation of boundary conditions
–      Variation of constructive elements
–     Variation of converter size 

Global objectives

Describing and understanding of flow and combus-
tion near wall phenomena in micro devices.
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Setup of the experimental rig

Motivation

This project focuses on the development of mod-
els for the computation of premixed and partially 
premixed turbulent combustion in the context of 
large eddy simulations (LES). An example for par-
tially premixed flames are lifted diffusion flames. 
Since premixed flame fronts are very thin and 
cannot be resolved with typical numerical grids 
employed for LES different and more elaborate 
combustion models than for non-premixed flames 
have to be developed. Premixed flames are main-
ly stabilised by the equilibrium of the turbulent 
burning velocity with the flow velocity. Thus, ad-
equate combustion models to correctly capture the 
turbulent burning velocity are crucial to the exact 
prediction of premixed and partially premixed 
burner configurations.

Method and Theory

The applied numerical method in this project is 
the large eddy simulation. The transport equa-

tions for mass, momentum and additional scalars 
in their Favre-filtered form are solved using a low 
Mach number approach. Within this context the 
fluid is considered incompressible and hence den-
sity is only influenced by temperature and species 
variations due to the chemical reactions. In order 
to have sufficient information on the reacting fluid 
but to avoid the information loss inherent to re-
duced chemical mechanisms tabulated chemistry 
is used. The flamelet generated manifolds (FGM) 
method has been chosen for this tabulation. The 
chemical reaction system is calculated with a 
detailed mechanism in a pre-processing step for 
one-dimensional laminar premixed flamelets and 
mapped onto representative variables. These are 
the mixture fraction and a progress variable de-
scribing the reaction along the flamelet, for exam-
ple the mass fraction of a reaction product. During 
the LES additional transport equations for these 
representative variables are solved. To obtain the 
dependent variables such as density, viscosity, 
temperature and species concentrations the chem-
istry table is accessed. The transport equations 
and chemistry models are implemented in the CFD 
code Fastest-ECL. The code uses geometry-flex-
ible boundary-fitted block-structured grids and is 
therefore applicable to complex geometries.

Proceeding

For the extension of FGM from non-premixed to 
premixed flames additional modeling is required. 
The chemical source term has to be adapted in 
order to obtain the correct burning velocity and 
hence the correct representation of the flame. Ad-
ditionally, the chemistry modeling itself is to be 
considered in terms of the choice of the reaction 
progress variable.

Modeling of Premixed and Partially Premixed Combustion 
Using Large Eddy Simulation and Tabulated Chemistry
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Density and chemical source term depending on mixture 
fraction and progress variable




