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Modeling of Noise Sources Via Large-Eddy Simulation

Motivation

This project focuses on the modelling of turbulent 
reacting flows in order to evaluate noise sources by 
means of large eddy simulation (LES). In turbulent 
flames, the fluctuating heat release acts as major 
noise source and can be captured by LES. There-
fore a number of configurations from within this 
research initiative have to be simulated to describe 
these effects. Non-premixed, as well as premixed 
flames in open, as well as enclosed configurations 
are considered. Furthermore, the development of 
the interface between the instationary simulation 
technique LES from the field of computational 
fluid dynamics (CFD) and the different acoustic 
methods to compute the noise distribution close 
to the flame and into the far field in the field of 
computational aero acoustics (CAA) is of great im-
portance in this project.

Method and Theory

The numerical method applied is the so called 
large eddy simulation (LES). Here the favre filtered 
transport equations for mass, momentum and sca-
lars are solved with an incompressible numerical 
scheme. To capture the non premixed or premixed 
combustion process, different combustion mod-
els need to be applied. Transport equation for the 
mixture fraction was applied, which corresponds 
to a common approach for diffusion flames. For 
premixed flames, a G-equation and an artificially 
thickened flame approach is used in this project. 
An incompressible approach is sufficient to de-
scribe turbulent combustion processes, since the 
major influence on the density is the temperature 
variation due to the combustion itself. Therefore 
the density is a function of the temperature. For 

non premixed combustion the density as well as 
the temperature can be mapped onto the mixture 
fraction, whereas in premixed combustion the 
density jumps across the flame front from the un-
burnt to the burnt side. This is used in order to 
compute the chemical properties in a pre-process-
ing step and tabulate them for the LES.

Proceeding

Configuration GCN2: This highly complex config-
uration consists of a non premixed, enclosed swirl 
burner and an exit nozzle of Laval shape. The goal 
is to capture entropy waves and aquire input for the 
acoustical simulations of the indirect combustion 
noise, when these waves are accelerated through 
the exit nozzle or interact with the wall. Due to the 
complexity of the setup, the LES requires a flexible 
computational grid, which is implemented in a col-
located, block structured manner.
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Laser Diagnostics in Lean Premixed Stratified Flames

Motivation

For fundamental understanding of flames and in 
the scope of model validation for numerical simu-
lations a detailed knowledge of the velocity field 
and the thermo kinetic state of generic flows is 
necessary. Generic flames such as stratified flames 
represent effects or geometries of technical com-
bustion devices. Insights can contribute to opti-
mize combustion processes and to improve techni-
cal applications.

Methods

Spectroscopic techniques are a very efficient, non 
intrusive method to provide various data about re-
acting and non-reacting flows. Laser spectroscopy 
is a sensitive state-of-the-art technique featuring 
the possibility of high spatial and temporal resolu-
tion measurements.

–    Spontaneous Raman / Rayleigh line scattering 
(1D) is used to obtain all major species concen-
trations and the temperature at once on single 
shot basis. For this a high power laser pulse is 
focused into the probe volume. The scattered 
light is collected using low f number imaging 
optics, dispersed by a transmission spectrom-
eter, and detected by sensitive CCD cameras.

–    Laser induced fluorescence (LIF) serves to de-
tect resonantly minor species such as OH, CH, 
or CO. Combined with simultaneous Raman/ 
Rayleigh scattering it can be extended to a 
quantitative technique. The presence of these 
radicals and intermediate species gives infor-
mation about the chemical reaction state and 
the position of the flame front.

–   Tracer planar laser induced fluorescence  
(Tacer PLIF) can be used to study isothermal  
or pre-igniting mixing processes.

–   Laser Doppler velocimetry (LDV) is applied  
to measure up to three velocity components in  
a 0D-probe volume.

–    Particle imaging velocimetry (PIV) is a planar 
technique to determine up to three velocity 
components.

Flames of Interest

Beside turbulent swirling methane flames espe-
cially lean premixed stratified flames with Re 
numbers over 10,000 and thermal powers up to 
100 kW are examined. A stratified burner provides 
the possibility to investigate the various effects of 
Re number, equivalence ratio, shear, stratification, 
and fuel type in the context of turbulence-chemis-
try interaction. 
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