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Three-dimensional Numerical Simulation of Spray Flame in Laminar Counterflow
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This paper describes the first three-dimensional numerical simulation results of spray
combustion in laminar counterflow. Governing equations except equations of liquid fuel
evaporation and chemical reaction are solved without any calculation models. The
Langmuir-Knudsen evaporation model and a one-step global reaction model are used to
simulate droplets evaporation and a chemical reaction for n-decane, respectively. Numerical
simulation result is compared to the experimental result to validate accuracy of the present
numerical simulation method. A computational result of spray flame location showed good
agreement with the experimental observation on flame location. In addition, numerical
simulations of spray flame in two-dimensional and three-dimensional field are conducted
and those results are compared. Two-dimensional numerical simulation of spray combustion
cannot represent the local equivalence ratio accurately when fuel droplets are evaporated.
The spray flame was classified in two regimes: the diffusion-like flame and the
premixed-like flame. In the diffusion-like combustion region, a group combustion
phenomenon was observed. A heat transfer between gaseous phase and dispersed phase that
cause temperature rising and evaporation of droplets leads to decrease of gas temperature
(evaporative cooling effect). The premixed-like combustion region was generated by the
pre-vaporization of fuel droplets as a result of heat supply from the downstream
diffusion-like flame. Furthermore, effects of gaseous flat premixed flame from lower port on
spray flame structure are investigated. Width of high gas temperature region and
time-averaged gas temperature without the flat flame are smaller than with the flat flame
in low equivalence ratio of fuel spray. On the other hand, time-averaged gas temperature
with/without flat flame shows almost the same value in high equivalence ratio of fuel spray.
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Fig.1 Schematic diagram of computational domain
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Fig.2 Probability density function of fuel spray for
three-dimensional simulation
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Fig.3 (a) Isosurface of equivalence ratio of ¢ = 1.0,
(b) Direct photograph of spray flame at ¢;= 0.106,
SMD=104 um
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Fig.6 Time-averaged gas temperature and time-averaged
mass fraction of fuel and oxygen on the center axis of
counterflow at ¢=1.06
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