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MULTI-SCALE MODELLING OF REACTING GAS FLOWS IN
MICRO-FLUIDIC SYSTEMS

PROJECT AIm

The goal of this project is to develop numerical simulation tools, based on
hybridizations of classical CFD and Direct Simulation Monte Carlo, for reacting
gas flows in microfluidic systems. The special focus of the project will be on the
study of micro thrusters and micro combustors.

PROGRESS

A computational study has been performed on the hydrodynamics of
MEMS fabricated convergent-divergent micro-nozzles with thrusts in the N
range. At these small dimensions, the gas flow in the divergent is rarefied.
Hybrid simulations have therefore been performed, in which continuum based
CFD is performed in the convergent part of the nozzle, and molecular DSMC
simulations are performed in the divergent part of the nozzle. So far, one way
coupling has been realized only, in which pressure and velocity at the throat as
obtained from CFD are used as inlet boundary conditions for DSMC. It has
been demonstrated that using CFD simulations in both the convergent and
divergent leads to inaccurate results, even if slip flow boundary conditions are
employed. Predicted thrusts were found to sensitively depend on the thermal
and momentum accommodation coefficients of the gas molecules on the nozzle
walls.
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Comparison of Mach number contours from the solution
obtained by full DSMC, and by DSMC in the divergent only
with inlet boundary conditions in the throat plane obtained
from CFD.
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