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Study of Primary Jet Breakup in Complex Geometries Using 
Large Eddy Simulation Coupled With a Volume of Fluid Method

Motivation

In the aviation gas turbines have prevailed because 
of their large power density and high efficiency. 
A further improvement of efficiency is based upon 
the increase of the turbine inlet temperature and 
the pressure in the combustion chamber which is 
afforded due to new materials and cooling con-
cepts. On the other hand the enhancement of these 
parameters has negative effects on the emissions 
whose reduction is a prime concern. Therefore in-
novative combustion concepts were developed in 
order to overcome higher emissions. These com-
bustion concepts make high demands on the fuel 
mixture preparation. Research in atomization of 
liquid jets is essential to improve spray formation 
and become able to realize innovative combustion 
concepts.

Theoretical Background

The Volume of Fluid method (VOF) is a CFD tool 
(Computational Fluid Dynamics) for computing 
multiphase flows. A multiphase flow can be sub-
divided in areas where only a single phase exists. 
The idea of VOF is to treat the multiphase flow as 
a single fluid flow with discontinuous fluid proper-
ties. The locations in the flow field where the fluid 
properties change are determined by the location 
of the phase interface. Therefor it is necessary to 
capture the interface, what can be done by solv-
ing an equation for the volume fraction field a. 
The volume fraction field is defined by the volume 
fraction occupied by one of the two phases in each 
computational cell. Cells with a volume fraction 
0 < a < 1 are identified as locations where the 
interface exists. Many variations of VOF-schemes 
were developed and one possible classification are 

VOF-schemes with or without explicit interface re-
construction. The method used by us operates with 
high resolution schemes so there is no interface 
reconstruction. This VOF method is coupled with 
the Large Eddy Simulation technique to account 
for the turbulent flow field and the influence of 
turbulence on the breakup process.

Proceeding

The simulations are performed with the unstruc-
tured open source CFD code OpenFOAM. Several 
testcases concerning the LES and the VOF method 
are and will be simulated. The aim is to simulate 
the breakup process in complex injector nozzle ge-
ometries and investigate the effects of the turbu-
lent inner nozzle flow on the desintegration of a 
liquid jet.
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The figures below show some results from a coarse LES of 
a flow in a squareduct.

Planar Imaging of Flame / Wall Interaction

Motivation

This project focuses on the enhancement of planar 
imaging techniques (e.g. PLIF and PIV) for reactive 
flows close to walls. In former work, these experi-
mental methods have been used for unconfined 
reactive setups, whereas the near wall region has 
not been investigated in detail yet. New insights 
are expected in applications like internal combus-
tion engines where flame-wall interaction plays a 
significant role. 

Method and Theory

Planar laser-induced flourescence (PLIF) has been 
used successfully in the investigation of reactive 
flows in the past. For concentration measurements 
in gaseous flows tracers have been applied to pro-
vide a way to study fluid mixing in flowing sys-
tems. In this context, acetone is a key tracer mol-
ecule, whose luminescence characteristics have 
been well studied. A broad absorption spectrum 
eases the excitation with solid-state lasers.
Particle Image Velocimetry (PIV) uses statistically 
correlating images of tracer particles in the flow 
to gather information from an instantaneous fluid 
flow field. The µ-PIV technique has to overcome a 

very small field of view because of the high mag-
nification factor which implicates new problems 
like the need for a larger tracer-particle concentra-
tion. The usage of optical design software allows 
to model the imaging system in order to find pos-
sibilities for the optimization regarding spatially 
highly resolved measurements close to the wall. 
One option could be the employment of optics that 
provide a higher magnification. The investigation 
of the reactive flows restrict the minimum work-
ing distance due to the setup and the heat release. 
Long distance microscopes offer a way to achieve 
both conditions.
  

Proceeding

The first step will be PLIF imaging of the evapo-
ration of an aceton drop positioned on a heatable 
wall. Several boundary conditions like surface 
temperature and structure have to be considered. 
A number of basic questions like the range of the 
influence of the wall has to be answered. A con-
tinuation of the investigations could be done with 
the observation of impinging drops in an isotherm 
and a reacting case. Additionally, information 
from the flow field can be captured with µ-PIV 
measurements.
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