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Combustion characteristics of randomly distributed mesoscale droplets

SUN Ting', ZHOU Lixing®, LI Ke'

(1. Insitute of Energy and Environment,
Inner Mongolia University of Science and Technology, Baotou Nemenggu 014010, China;
2. Department of Engineering Mechanics,

School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract; The evaporation/combustion characteristics of randomly distributed droplets
in spray combustion were studied numerically, the randomness of the droplet size, coordinate
distribution and number density was considered in detail. The large eddy simulation was car-
ried out by the one step general package reaction mechanism, while the resistance character-
istics and evaporation rate of droplets with different number density at different inflow rates
and ambient temperatures were analyzed, and the interaction between droplets was analyzed
in combination with the combustion modes. The results show that the combustion modes of
the droplets include three flame modes (fully-enveloped flame, partially-enveloped flame and
wake flame) of a single droplet at the same time. The concentration of ethanol vapor on the
surface of each droplet presents asymmetrical distribution, and the core region of the reaction
deflects at an angle. In the strongly convective environment, the variation of average surface
evaporation rate and resistance coefficient of evaporation/combustion droplets is similar to

that of a single evaporation/combustion droplet, the strong interaction between droplets
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could accelerates the heat and mass transfer of evaporation/combustion of droplets.
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random droplets; evaporation/combustion; stefan flow;

surface evaporation rate; resistance coefficient
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Fig. 1 Droplets model and grid distribution
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Table 1 Random parameters of droplets

etz 23 [i] Ak
%5

r/pm x/pm y/pm z/pm
D1 34.3 301.5 —433.7 515.1
D2 21.5 —293.9 —420.8 —180.0
D3 27.3 7.1 —291.0 —364.1
D4 17.1 238.9 408.9 —298.7
D5 29.2 469. 1 —294.9 —139.3
D6 36. 4 551.1 377.1 334.1
D7 23 —507.9 451. 4 394.6
D8 27.9 496. 1 —17.5 520. 8
D9 20. 3 158. 8 360. 3 214.5
D10 32.8 —483.0 —429.7 309. 3
D11 19.4 56.3 498.9 —129.3
D12 30. 6 —257.0 137.0 195.5

*2 HHESH
Table 2 Computational parameters
K OREE PRI R B E T

!/pm u,/(m/s) T,/K po/10° Pa

1200 1.0,4.0,10.0 800,1000,1200 1.01
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Table 3 Variation of evaporation rate of droplet surface

with inflow velocity in model 1

. %% /(kg/(s*» m>))
BRI ¥
55 r/um T,=1000K T,=1000K T,=1000K
u,=1m/s uy=4m/s wu,=10m/s
D1 34. 3 0.4936 0.6810 0.9314
D2 21.5 0.8884 1.0702 1. 2931
D3 27.3 0.6656 0.8643 1.0858
D4 17.1 1. 0892 1. 3020 1.5218
D5 29. 2 0.6039 0.8058 1.0048
D 25. 88 0.7481 0.9447 1.1674
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Table 4 Variation of evaporation rate of droplet surface

with ambient temperature in model 1

e e KKk E/(kg/(s*m?))
Wi PR

HE r/um uy=10m/s wu,=10m/s wuy,=10m/s
T,=800K T,=1000K T,=1200K
D1 34.3 0.7513 0.9314 1. 0603
D2 21.5 1. 0095 1.2931 1.5269
D3 27.3 0.8420 1.0858 1.2671
D4 17.1 1.1773 1. 5218 1.7780
D5 29.2 0.7908 1.004 8 1. 2050
D 25. 88 0.9142 1.1674 1. 3675
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Fig. 8 Variation of evaporation rate of droplet surface

in different models
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