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Abstract

Soot formation characteristics of a lab-scale pulverized coal flame were investigated by performing care-
fully controlled laser diagnostics. The spatial distributions of soot volume fraction and the pulverized coal
particles were measured simultaneously by laser induced incandescence (LII) and Mie scattering imaging,
respectively. In addition, the radial distributions of the soot volume fraction were compared with the OH
radical fluorescence, gas temperature and oxygen concentration obtained in our previous studies [1,2]. The
results indicated that the laser pulse fluence used for LII measurement should be carefully controlled to
measure the soot volume fraction in pulverized coal flames. To precisely measure the soot volume fraction
in pulverized coal flames using LII, it is necessary to adjust the laser pulse fluence so that it is sufficiently
high to heat up all the soot particles to the sublimation temperature but also sufficiently low to avoid
including a too large of a change in the morphology of the soot particles and the superposition of the
LII signal from the pulverized coal particles on that from the soot particles. It was also found that the
radial position of the peak LII signal intensity was located between the positions of the peak Mie scattering
signal intensity and peak OH radical signal intensity. The region, in which LII signal, OH radical fluores-
cence and Mie scattering coexisted, expanded with increasing height above the burner port. It was also
found that the soot formation in pulverized coal flames was enhanced at locations where the conditions
of high temperature, low oxygen concentration and the existence of pulverized coal particles were satisfied
simultaneously.
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1. Introduction

Coal is recognized as an important resource for
electricity production from the viewpoint of
energy security since coal quarries and mines exist
in various regions in the world. Most coal-fired
power plants use pulverized coal combustion in
which coal is pulverized into fine particles with a
mass-based mean diameter of several tens of
micrometers. To decrease the emission of pollu-
tants from power plants, processes of pulverized
coal combustion should be understood in detail.
Pulverized coal combustion is a complicated
two-phase phenomenon of many interacting pro-
cesses, including coal particle dispersion into an
oxidizer, devolatilization, the chemical reactions
of the volatilized fuel with the oxidizer and the
surface reactions of the residual char [1]. The
chemical reactions in these processes are associ-
ated with soot formation. The physics that govern
these processes and their interactions have not yet
been understood in detail.

Although the numerical simulation of
pulverized coal combustion is a useful tool for
understanding the processes of pulverized coal
combustion in coal-fired power plants [2–12], there
is still considerable potential for improving its
accuracy. Hashimoto et al. indicated that the dev-
olatilization process is affected by the coal particle
heating rate, which they estimated by performing
numerical simulations [3]. To estimate the coal par-
ticle heating rate more precisely, the temperature
distribution in the combustion furnace should be
accurately calculated. The temperature distribu-
tion is affected by the soot formation characteris-
tics in pulverized coal flames since there is
radiation heat transfer from soot particles to the
surrounding area. Soot formation, however, has
not been considered in most numerical simulations
of pulverized coal flames since a precise soot for-
mation model has not yet been developed. To
develop a precise soot formation model in numer-
ical simulations, validation using experimental
data is required [13]. Although the spatial distribu-
tion of the soot volume fraction is among the most
valuable data for validating soot formation mod-
els, experimental results of the spatial distribution
of the soot volume fraction have so far been limited
to measurement results of discrete points.

Laser induced incandescence (LII) is a useful
tool for measuring the soot volume fraction and
its spatial distribution [e.g. 14–16]. Although LII
can also be utilized to investigate two-phase com-
bustion [17], as far as we know, reports on soot
volume fraction measurement in pulverized coal
flames using LII have been extremely limited.
Chen et al. investigated the soot formation pro-
cesses in a pulverized coal jet flame and reported
that the maximum soot volume fraction in such
a flame appears with the occurrence of coal
pyrolysis [18]. However, since not only soot

particles but also pulverized coal particles can be
heated by laser irradiation to emit an LII signal
in the pulverized coal flames, effects of the LII sig-
nal from pulverized coal particles requires further
examination.

In this study, the two-dimensional soot volume
fraction in pulverized coal flames is measured by
LII while considering the effects of pulverized coal
particles. To consider the existence of pulverized
coal particles in the soot formation area, effects
of the laser profiles (i.e., laser fluence, spatial pro-
file of laser sheet) to LII signal are examined care-
fully. The signal intensity distributions of Mie
scattering from the pulverized coal particles and
the LII from the soot particles are compared. In
addition, to examine the spatial relationship
between the combustion reaction region and the
existence region of pulverized coal particles, radial
distributions of the LII signal intensity obtained
from the current study are compared with the
OH radical planar laser induced fluorescence
(OH-PLIF) signal intensity obtained from the
experiment by Hwang et al. [1] and the gas tem-
perature and oxygen concentration obtained from
numerical simulations by Hashimoto et al. [2].

2. Experimental apparatus and methods

Figure 1 shows a schematic illustration of the
turbulent pulverized coal flame burner and the
supply system. Pulverized coal particles were
drawn into the main airflow and mixed with the
air in an injector to form a solid–gas two-phase
jet that issued from the main burner port (inner
diameter: 6 mm). The pulverized coal particles
were supplied and regulated by a screw feeder sys-
tem. A compressor supplied the main airflow,
which was controlled with a mass-flow controller.
Methane was supplied to an annular slit burner
(width: 0.5 mm) to ignite and stabilize the pulver-
ized coal jet flame. The methane flow rate was
maintained at the minimum value required to form
a stable diffusion flame. Pulverized coal particles
were supplied after forming the methane diffusion

Fig. 1. A schematic diagram of the pulverized coal
burner and supply system.
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