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ABSTRACT : To evaluate characteristics in spray flame, laminar counterflow is investigated on the effects of equivalence ratio and
fuel by a two-dimensional DNS (direct numerical simulation). For the gaseous phase, Eulerian mass, momentum, energy, and
species conservation equations are solved. For the disperse phase, all individual droplets are calculated by the Lagrangian method
without the parcel model. n-Decane (CjoHz2) and n-heptane (C7Hj¢) is used as a liquid spray fuel, and a one-step global reaction is
employed for the combustion reaction model. As equivalence ratio increases, the fuel ignites early and the high temperature region
spreads wider. The peak value of temperature, however, tends to once increase and then decreases with increasing equivalence ratio.
The decrease in the peak value of temperature for the higher equivalence ratio condition is caused by the cooling effect associated
with droplet group combustion. Since the evaporation of n-heptane is early, the high temperature region spreads wider than n-
decane, but the peak values of temperature for both n-heptane and n-decane is almost same.
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Fig. 1. Computational domain for the numerical simulation.
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Fig. 2. Droplet size distribution.
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Table 1. Computational conditions.
Case Strain rate | Equivalence | Sauter mean
- Lo o L o o ~ als] ratio diameter
o] FEWEY Hh e v 2 Ao g Fofxin o[- SMD [xm]
General
me o )( pYF) (pYo )b o {ealure D1 40 1.26 106.7
Wr RT ™ Wr = W, Effect of DET 0.42
. DE2 0.84
equ|va_lence DE3 40 126 106.7
7|, mp AR WSEE Wit W AR % Aksh rate DEA 5.00
Effect of
Ale] Balgoltt, WIE It A BA3} oA E, ¥ 244 n, ool H1 40 126 | 106.7
a, b & Z¥2 A=3.810U1, E=1,256105J/mol, n=0, a=0.25, * Cases DE3 is the same case as case D1.
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Fig. 3. Instantaneous distributions of (a) gaseous
temperature, T, (b) mixture fraction, Z, and (c)
experiment's photograph for case D1.
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Fig. 4. Time—averaged distributions of gaseous temperature
and mixture fraction for case D1.
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Fig. 5. Instantaneous distribution of flame index, F.l., for

case D1.
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Fig. 6. Time—averaged distributions of gaseous temperature
on x axis with various equivalence ratios.
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Fig. 7. Instantaneous distributions of (a) gaseous
temperature, T, and (b) mixture fraction, Z, for
various equivalence ratios.
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Fig. 8. Instantaneous distribution of flame index, F.l., for
various equivalence ratios.
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Fig. 9. Time—averaged distributions of gaseous temperature
on x axis in decane and heptane spray flames.
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Fig. 10. Instantaneous distributions of (a) gaseous
temperature, T, and (b) mixture fraction, Z, for case
H1.

Fig. 11. Instantaneous distribution of flame index, F.I., for
case H1.
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