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a b s t r a c t

This paper presents results from an investigation of soot formation in turbulent, non-premixed, C2H4/
air jet flames. Tests were conducted using a H2-piloted burner with fuel issuing from a 2.18 mm i.d.
tube into quiescent ambient air. A range of test conditions was studied using the initial jet velocity
(16.2–94.1 m/s) as a parameter. Fuel-jet Reynolds numbers ranged from 4000 to 23,200. Planar laser-
induced incandescence (LII) was employed to determine soot volume fractions, and laser-induced fluo-
rescence (LIF) was used to measure relative hydroxyl radical (OH) concentrations and polycyclic aro-
matic hydrocarbons (PAHs) concentrations. Extensive information on the structure of the soot and
OH fields was obtained from two-dimensional imaging experiments. Quantitative measurements were
obtained by employing the LII and LIF techniques independently. Imaging results for soot, OH, and PAH
show the existence of three soot formation/oxidation regions: a rapid soot growth region, in which OH
and soot particles lie in distinctly different radial locations; a mixing-dominated region controlled by
large-scale motion; and a soot-oxidation region in which the OH and soot fields overlap spatially,
resulting in the rapid oxidation of soot particles. Detailed quantitative analyzes of soot volume fractions
and OH and soot zone thicknesses were performed along with the temperature measurement using the
N2-CARS system. Measurements of OH and soot zone thicknesses show that the soot zone thickness
increases linearly with axial distance in the soot formation region, whereas the OH zone thickness is
nearly constant in this region. The OH zone thickness then rapidly increases with downstream distance
and approximately doubles in the soot-oxidation region. Probability density functions also were
obtained for soot volume fractions and OH concentrations. These probability density functions clearly
define the spatial relationships among the OH, PAH concentrations, the soot formation, and oxidation
processes.
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1. Introduction

The current interest in high-performance, low-emissions gas
turbine and diesel engines underscores the need for research on
soot formation processes. In these applications, soot formation is
frequently a limiting factor in performance and operability.
Although recent research has provided significant data concerning
the basic mechanisms for controlling soot formation and destruc-
tion, many questions remain. In particular, there is the need to
understand soot formation and destruction in turbulent, non-pre-
mixed combustion environments. Currently available data for tur-
bulent, non-premixed flames are quite limited. This state of affairs
results from the difficulty of making in situ measurements in an

environment dominated by large fluctuations in the velocity field
and the various scalars of interest, e.g., temperature and species
concentrations. Such measurements, however, are of great interest
for both combustion science and practical applications. Informa-
tion on soot is critically needed to better understand the elemen-
tary combustion process. This information in turn can be applied
to practical devices to reduce pollutant formation without compro-
mising combustion efficiency.

Prior studies associated with soot measurements in turbulent
diffusion flames sought to identify soot formation mechanisms un-
der various conditions [1–8]. Many of these experiments, however,
were conducted using line-of-sight extinction/absorption methods
that result in a path integrated measurement.

To improve spatial resolution, planar imaging of laser light scat-
tering has been used to obtain qualitative [9] and quantitative [10]
characterization of the fluctuations, intermittency, and integral
scales of the soot field within turbulent, non-premixed jet flames.
However, two-dimensional laser light scattering methods can not
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