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Extended Abstract
Numerous experimental and numerical studies have been carried out to understand how water vapor influences the

soot formation process in different fuel compositions and working conditions. The studies carried out by Frenklach and his
team [1] provide a deeper insight into the soot formation via nucleation and surface growth, which is famously known as
the HACA - Hydrogen Abstraction Acetylene Addition mechanism, which proposes a repetitive sequential process of
hydrogen abstraction from an aromatic species to form an aromatic radical in the presence of an H radical, followed by the
addition of a gaseous acetylene (C2H2) molecule at the radical site. The earlier studies concluded that water, both in liquid
and gaseous forms, not only acted as a diluent but actively took part in the combustion reaction process. The injected H 2O
reacts with the H and O free radicals in the combustion zone, resulting in the depletion of their concentration and an
increase in the OH radical concentration, which also results in the reduction of C 2H2 concentration. The reduction in C2H2

further  lowered  the  propargyl  (C3H3)  concentration,  thereby suppressing  the  benzene  (C6H6)  formation  by  their  self-
combination [2], [3].

The  study  presented  here  numerically  investigates  how the  quantity  and  temperature  of  steam injected  into  the
combustion zone influence the soot formation in a turbulent C2H4/air diffusion flame. The study targets to understand how
the soot formation phenomena in combustion systems respond to the temperature of the steam injected, the understanding
of which can play an essential role in the reduction of soot from the combustion systems, especially the flaring systems
employed  vastly  in  the  energy  and  industrial  sectors,  which  contributes  the  majority  of  the  soot  and  black  carbon
emissions. 

The data from experiments carried out by Köhler et al. [4] and the numerical data from Blacha et al. [5] are utilized to
assess the turbulence, chemistry, and soot models used in the present study. The computational domain is a 2-dimensional
axisymmetric domain extending to 300D and 50D in axial and radial directions, where D is the diameter of the fuel jet
from  [4]. A two-equation k-ε model is used for  modeling the turbulence field. The turbulence-chemistry interaction is
modelled using the Steady Flamelet Model, and kinetics is represented using the detailed ABF mechanism [6]. A semi-
empirical,  two-equation  Moss-Brookes  model  [7] is  employed  for  modeling  the  soot  formation  process,  which
acknowledges the subprocesses involved in soot formation, such as nucleation, coagulation, surface growth, and oxidation.

The preliminary observations of the numerical results confirm that the steam injection has an significant effect in
reducing  the  soot  formation  in  the  turbulent  C2H4/air  diffusion  flame.  The  soot  volume  fraction  (svf)  gives  a  clear
indication of reduction in the maximum svf as we increase the quantity of steam injected. The numerical results also
indicate  that  the  steam temperature  influences  the  soot  formation  in  the  turbulent  C 2H4/air  diffusion flame.  Multiple
numerical simulations have been performed by injecting an equal quantity of steam, by mass at various temperatures. The
numerical simulation results indicate a decline in the peak svf as the temperature of the injected steam is increased. This
implies that the increase in steam temperature has a suppressing effect on soot formation.
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