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Multi-scalar Laser Diagnostics in Combustion of  
Fuel Containing Complex Hydrocarbons

Motivation

For fundamental understanding of turbulent react-
ing flows and the validation of numerical simula-
tions a detailed knowledge of the velocity field and 
the thermo kinetic state is indispensable. Generic 
flames represent effects or geometries of technical 
combustion devices. Gained insights could serve to 
design and optimize future combustors. To guar-
antee fuel flexibility in future energy conversion 
processes, the understanding of combustion with 
complex hydrocarbons is inevitable.

Methods

Spectroscopic techniques are very efficient, non in-
trusive methods 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 at once all major species 
concentrations and the temperature 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) spectroscopy 
is used to detect 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 
information about the chemical reaction state 
and the position of the flame front.

Field of Interest

More complex hydrocarbons emit more broadband 
spectra in spectroscopic diagnostic techniques 
and are more difficult to separate from the other 
species in the Raman spectra. To determine the 
thermo kinetic states experimentally also in these 
more challenging cases the existing Raman/
Rayleigh diagnostic systems need to be extended. 
As a fist step in the context of understanding tur-
bulence-chemistry interaction with more complex 
hydrocarbons a laminar stationary dimethyl ether, 
ethane, propane, and ethylene flame configuration 
will be examined.
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Raman line (6mm) spectra of a laminar jet (horizontal: 
spectral axis, vertical: spatial axis. Raman signals from O2, 
CO2, N2, Ethane, H2O, H2, and on the horizontal center line 
strong broadband interference from C2 fluorescence)

Redox reactions of methane, ethane, propane, butane, 
pentane and ethylene.

CH4 + 2O2 ↔ 2H2O + CO2

2C2H6 + 7O2 ↔ 6H2O + 4CO2

C3H8 + 5O2 ↔ 4H2O + 3CO2

2C4H10 + 13O2 ↔ 10H2O + 8CO2

C5H12 + 8O2 ↔ 6H2O + 5CO2

C2H4 + 3O2 ↔ 2H2O + 2CO2

 
Experimental Investigation of Ignition and Auto-ignition

Motivation

In many combustion applications, such as during 
the relight of an aviation gas turbine (GT) during 
flight, the phenomenon of ignition from a localised 
spark is important. Understanding the mechanisms 
involved can provide tools to alter the design of GT 
burners and combustion chambers for improved 
flight safety and fuel efficiency. Auto-ignition is 
also a phenomenon of great practical interest to 
combustion engineers in the design of diesel en-
gines, HCCI engines, supersonic combustion ram-
jets, and gas turbines. Both phenomena involve 
transient, finite-rate combustion processes, and 
are significantly affected by turbulence-chemistry 
interactions. As a result of this, accurate prediction 
of these phenomena remains a significant chal-
lenge. Specialised experiments need to be con-
ducted to develop fundamental understanding of 
the physics and chemistry of these processes. This 
understanding can then be used to develop more 
accurate models for the simulation and design of 
industrial burners.

Methods

The laser diagnostic techniques that will be applied 
to develop understanding of these phenomena in-
clude planar laser induced fluorescence (PLIF) of 
mixture fraction and combustion radicals, Rayleigh 
scattering imaging for determining temperature, 
and particle image velocitmetry (PIV) to deter-
mine flow field information (see images below for 
examples). High repetition rate experiments (kHz) 
are required to resolve the small time scales, all  
3 components of velocity will be measured, and 
simultaneous data from more than one plane may 
also be required. The techniques will be developed 
on well-characterised simple burners, and then ap-
plied to progressively more complex burners such 
as the TECFLAM burner.
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OH-PLIF / 3 Component PIV sequence highlighting the formation 
and merging of a flame island in a lifted jet flame.




