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Figure 1- Group droplet combustion modes[4,5]
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Figure 2- Computational domain for the numerical simulation
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Figure 3- Temperature distribution diagram in the equivalence ratio of 1.26 to investigate the
independence of the solution results from the computational network
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Figure 4- The main reactions in ethanol fuel[22]
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Table 1- The computation cases and the droplet supply conditions

Case Strain rate Equi_valence ) Sauter mean
a(s™) ratio(¢) diameter SMD (um)
General feature DB 40 1.26 106.7
DE1 40 0.42 106.7
. DE2 0.63
Effect ofr:tc?glvalence DE3 084
DE4(DB) 1.26
DES5 5.00
DAl 10 1.26 106.7
DA2 20
) DA3(DB) 40
Effect of strain rate DAZ 60
DAS5 80
DA6 160
DC1 40 1.26 15
DC2 30
Effect of initial DC3 74.2
droplet size DC4 106.7
DC5(DB) 137.6
DC6 148
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Figure 5- Comparison of temperature variations from simulation with reference paper[1] for the equivalents ratio of 0.42 and 1.26
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Figure 6- Temperature distribution and flame index diagram for various equivalence ratio
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Figure 7- Variation of mixture fraction and mass fractions H,O and CO in the various equivalence ratio
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Figure 9- Instantaneous distributions the temperature and flame regime in various equivalence ratio, (a) flame index and
(b) gas temperature
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Figure 10- Temperature distribution and flame index diagram for various strain rate
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Figure 11- Variation of mixture fraction and mass fractions H20 and CO in the various strain rate
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Figure 12- Variation of mass fractions O,, CO, and OH in the various strain rate
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Figure 13- Instantaneous distributions the temperature and flame regime in various strain rate, (a) flame index and
(b) gas temperature
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Figure 14- Temperature distribution and flame index diagram for various droplet diameters
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Figure 15- Variation of mixture fraction and mass fractions H,O and CO in the various droplet diameters
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Figure 16- Variation of mass fractions O,, CO, and OH in the various droplet diameters
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Figure 17- Instantaneous distributions the temperature and flame regime in various droplet diameters, (a) flame index and
(b) gas temperature
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The two-dimensional numerical simulation of the spray flame formed in a laminar counterflow configuration
has been performed to investigate flame regimes and its effect on changes in important species and radicals.
Ethanol is used as a liquid spray fuel and the skeletal mechanism of ethanol/air with 40 species and 180
preliminary reactions is used for combustion reactions. The Sauter mean diameter of fuel droplets and
randomly injected into the air inlet are considered using a UDF code, and the motion of the droplets is
calculated using the Lagrangian approach. The results show that the predominant flame regime is Non-
Premixed in the high equivalences ratio, high strain rates and large droplet diameters. Also, the combustion
reactions are suppressed in the center areas of the flame, due to the reduction of the oxidant fraction and the
OH mass fraction, and the flame index is zero, which indicates the internal group of droplets in this area.

Keywords: Configuration of Counter-flow, Spray Combustion, Laminar Flow, premixed, non-premixed
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