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Numerical Simulation of Combustion Characteristics of
Micro-combustion Chamber Fueled by Ethanol

LIU Li,LI Ai-han, XING Chang,QIU Peng-hua
(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin, China, Post Code ;150001 )

Abstract ; To solve problems of fossil fuel shortage and environmental pollution, biomass fuels are strong-
ly advocated as an alternative energy source to petroleum. Therefore, how to reasonably replace fossil fu-
els with biomass fuels and maintain normal operation of equipment has become an urgent problem in engi-
neering. In this paper, CFD software is used to study the combustion characteristics of a vehicle-mounted
5 kW bioethanol micro-combustion chamber. The characteristic parameters such as the length and width
of the recirculation zone, the recirculation mass flow rate, the outlet temperature distribution factor ( OT-
DF) and the outlet NO volume fraction were compared and analyzed at different powers (0.5 to 5 kW)
and average outlet temperatures (840 to 960 K). The results show that as the average outlet temperature
increases, the length of the recirculation zone gradually shortens, the recirculation mass flow rate decrea-
ses, the uniformity of the outlet temperature gradually deteriorates, and the outlet NO volume fraction in-
creases significantly; as the power of the combustion chamber increases, the length of the recirculation
zone becomes longer, the recirculation mass flow rate increases, and OTDF first increases and then de-

creases. The NO volume fraction increases significantly at lower power, and the maximum value appears
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at 1 kW, which is 7 times that of full load. Therefore, in order to ensure stable combustion and reduce

pollutant emissions, the ethanol micro-combustor should be operated at a higher air-fuel ratio (i. e. lower

outlet temperature) and power.

Key words: bioethanol, micro-combustor, numerical simulation, combustion characteristics
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Fig. 1 Combustion chamber structure
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Tab. 1 Dimensionless combustion chamber geometry parameters
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Fig.2 Combustion chamber grids
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Tab. 2 Inlet air, fuel mass flow and air - fuel ratio at

different average outlet temperatures
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1 840 7.92 0.186 42.58
2 870 7.46 0. 186 40.11
3 900 7.04 0.186 37.85
4 930 6.66 0. 186 35.81
5 960 6.32 0. 186 33.98
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Fig. 4 Axial velocity distribution of combustion chamber

at different average outlet temperatures
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Fig. 6 Temperature distribution of combustion chamber

at different average outlet temperatures
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Fig. 7 NO volume fraction distribution
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Tab. 3 Inlet air and fuel mass flow at different power

UNEEEE Vs A AR
TH WEAW
it/ /ges ™! Hite/g-s7!
1 0.5 0.704 0.018 6
2 1.0 1.41 0.037 2
3 1.5 2.11 0.055 8
4 2.0 2.82 0.074 3
5 2.5 3.52 0.092 9
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