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CO Concentration at Near Wall Conditions Using  
Two Photon Laser Induced Spectroscopy

Motivation

The aim of the project is to measure the concen-
trations of carbon monoxide (CO) in a flame and 
detect the variation in the concentration in the 
presence of a wall like structure in the flame. The 
quantitative measurement of combustion interme-
diates present at minute concentrations is of para-
mount importance, as the correct prediction of the 
concentrations of radical intermediate species in a 
flame is a stringent test of combustion models. CO 
is an important molecule in combustion industry 
as it serves as an indicator of combustion efficiency 
and also because of its greenhouse properties.
Temperature is a crucial parameter in the quan-
titative laser-induced fluorescence experiments. 
The concentrations of various species in the flame 
are temperature-dependent as the quenching coef-
ficients of different species vary as a function of 
temperature.

Method and Theory

Laser-induced fluorescence (LIF) is uniquely suited 
to probing chemical intermediates in combustion 
environments as the technique is non-intrusive, 
extremely sensitive, highly selective and offers ex-
cellent temporal and spatial resolution. For many 
of the combustion species, like CO, the excitation 

energies lie in VUV region (<180 nm). Atmospher-
ic gases being opaque to radiation below 180 nm, 
a vacuum condition becomes a necessity for a one-
photon LIF measurement, therefore two-photon 
LIF is an important technique in the determination 
of these flame species.
Quenching refers to any process which decreases 
the fluorescence intensity of a given substance. 
Collisional quenching involves collisions with other 
molecules resulting in the loss of excitation energy 
as heat instead of as emitted light. The quenching 
coefficients of CO by various species have to be 
considered during the quantitative estimation of 
its concentration.

Proceeding

For the standardization of the procedure, a 
premixed flat flame burner was used as a source 
of CO. The advantage of using the burner is that 
the concentrations of flame species can be accu-
rately calculated. The measurements were carried 
initially using a spectrometer and a camera. The 
wavelength dispersed spectrum obtained confirms 
that the CO two-photon LIF signal is indeed being 
measured. A water cooled-wall would be intro-
duced in the flame and CO concentration would be 
measured close to the wall in order to determine 
the effect of wall on the CO concentrations.
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Large Eddy Simulation of Premixed  
and Partially Premixed Flames

Motivation

The majority of technical relevant flames in com-
bustion systems as gas turbine engines and furnac-
es are non-premixed flames. However, the grow-
ing demands in reduction of pollutants as CO2 and 
NOX lead to the usage of lean premixed flames in 
these applications due to the efficient and cleaner 
combustion of such flames. Since the development 
of premixed combustion concepts require signifi-
cant costs and effort, numerical methods are used 
in order to reduce them. Therefore, the develop-
ment of reliable numerical methods and tools for 
the prediction of pollutants formation in premixed 
combustion plays an important role in the devel-
opment of clean combustion systems. Due to the 
nature of premixed flames, the interaction turbu-
lent coherent structures and the inner combustion 
layer play a major role in the evolution of premixed 
flames. Thus, for an accurate prediction a detailed 
and robust modelling of the turbulence chemistry 
interaction processes is important.

Method and Theory

The Large Eddy Simulation (LES) methodology is 
known to be a superior method in the simulation 
of turbulent flows. Due to the accurate simula-
tion of the energy carrying turbulent scales, Large 

Eddy Simulation techniques give a rather detailed 
insight into complex transient phenomena in tur-
bulent flows. Thus, LES lends itself to the model-
ling of premixed flames where the interaction of 
turbulent scales with the inner combustion layer 
of the flame is of great importance. 
LES is based on a separation technique where the 
complete spectrum of turbulence is separated into 
turbulent length scales simulated in detail and 
those which are modelled by appropriate subgrid  
closures. This separation is achieved by applying a 
low pass filter to the complete set of Navier-Stokes 
Equations. This filtering procedure reduces the 
total amount of information but maintains the 
relevant information for accurate prediction of 
turbulent flows. 
In reacting flows, especially in premixed combus-
tion where the flame-fronts are usually thin, the 
chemical reaction itself is usually not resolved by 
the computational grid. Therefore, models are re-
quired which simulate the chemistry as well as the 
chemistry interaction processes in such flames.
Here, the concept of a Premixed Flamelet Gener-
ated Manifold Methodology is used in conjunction 
with a suitable Flame Surface Density modelling 
approach to account for the resolved and non-re-
solved turbulence chemistry interaction. Flamelet 
Generated Manifolds or FGMs are chemistry tables 
generated from one-dimensional premixed flame 
calculations parameterised by e.g. the normalised 
fuel mass fraction and a reaction progress param-
eter. Thus, the chemical state of the flow is de-
fined by only two parameters. The applied Flame 
Surface Density model accounts for the effect of 
resolved and non-resolved strain imposed on the 
flame surface by the main turbulent flow.  
The work is naturally focused on premixed flames 
like the ORACLES burner but promising results 
could be achieved using this methodology in lean 
partially premixed flames like the EKT-GT com-
bustor.
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