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Characterization and Quantitative Soot Measurements
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CFD modelers are strongly interested in high-quality data sets for validation of their numerical tools. Pre-
ferred features for a sooting test case are simplicity (no pilot flame), well known boundary conditions and
sufficient soot production. Besides defining such a flame, setting up a comprehensive and accurate data
base is challenging and requires optimization of sophisticated diagnostics Including 2D-LH, CARS, PIV in
order to characterize this complex transient sooting flame. The novel experimental database of soot
properties, temperature and velocity maps can be used for the validation of kinetic soot models and nu-

marical flame simulations.

Introduction

To improve soot predictions for gas turbine en-
gines and industrial combustors, numerical simula-
tion and kinetic soot model schemes need to be
developed and validated that can accurately treat
turbulent mixing, combustion and particularly the
complex soot formation and oxidation chemistry.

Recently, comprehensive studies of turbulent
non-premixed flames have been performed by
several groups " to provide validation data. How-
ever, systematic measurements either have been
conducted in complex piloted burners, large scale
flames or provide very low soot concentrations.

The purpose of this work is to optimize existing
data sets from sooting jet flames based on CFD
needs a) by definition of a simple turbulent sooting
flame and b} the acquisition of high-quality data
sets from measurements of this new sooting “stan-
dard flame”. Additionally, diagnostic challenges,
limits, improvements and optimizations are dis-
cussed.

Experimental

Our goal is to provide a simple burner geometry
without the need for a pilot flame, making numeri-
cal simulations less complex. In addition, the flame
is short enough to have sufficiently well defined air
flow boundary conditions even high up in the flame
and reducing the number of measurement loca-
tions. Experiments were conducted in an atmos-
pheric pressure ethylene jet flame (inner tube di-
ameter of 2 mm). A co-annular air flow (inner di-
ameter of 140 mm) serves as oxidizer. In order to
guarantee well-established boundary conditions for
flame modelling, the burner was mounted inside an
optical housing to prevent disturbances from room-
air, Desirable flame conditions were obtained with
a fuel flow rate of 10.4 g/min and an air co-flow of
320 g/min, resulting in a lifted turbulent flame
{Re=10000) with considerable scot concentrations.
The visible flame height is approximately 40-
50 cm, while the lift-off height shall provide a very
sensitive criterion for CFD modelling.
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2D-L Il was obtained using the fundamental out-
put of a pulsed Nd:YAG (1064 nm, 40 mJ sheet
energy). The 2D-LII images were calibrated with
line-of-sight extinction measurements at 1084 nm,
suggested as a suitable wavelength for pure soot
absorption™. Additionally, simultaneous symmetry
tests were performed based on OH*,

To determine temperature statistics even in the
rich burning and sooting regions of the flame on a
single shot basis, we employed shifted-vibrational
CARS. The system consists of a Nd:YAG laser
pumping one narrowband (A=591 nm) and one
broadband {A=685 nm) dye laser for multiplex N,-
CARS. Furthermore, simultaneous PIV and 2D-LII
measurements have been realized with a Nd:YAG
lager (532 nm) in order to characterize the flow
field and investigate correlations with soot for-
mation processes on a shot fo shot basis.

Results

The 2D-LIl experiments show that the new de-
fined "standard flame" contains soot structures,
detectable on a shot-to-shot basis with average
soot concentrations of around 0.6 ppm,

The strong fluctuations affect the SV-CARS
temperature measurements as well, showing loca-
tion-dependent high dynamics in intensity. How-
ever, in combination with the measured velocity
field (data analysis ongoing) and a still o be per-
formed TiRe LIl study, a comprehensive data set
for model validation shall be available.
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