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Numerical simulation of flameless combustion of multi-source low calorific value gas

YAN Beibei'?, LIU Xiaoyunl, ZHOU Shengquanl’ > CHEN Guanyi3

(1.School of Environmental Science and Engineering, Tianjin University, Tianjin 300072, China; 2. Tianjin Key Lab of Biomass/Wastes Utilization, Tianjin
300072, China; 3.School of Mechanical Engineering, Tianjin University of Commerce, Tianjin 300134, China)

Abstract: Fuel can be produced from biomass, municipal solid waste, low-grade coal and other raw materials through an-

aerobic fermentation, pyrolysis gasification and other technologies. It can not only deal with solid waste, and make coal

clean to use, but also generate utilizable gas, which has the dual benefits of energy and environmental protection.

However, the produced gas has low calorific value, complex composition, more non-combustible components, and the

composition changes greatly under the influence of raw materials and processes. There are some problems such as igni-

tion difficulty, combustion instability, and difficult control of pollutants under traditional combustion. Flameless combus-
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tion is a mild combustion mode under low oxygen condition with low pollutant emission and high combustion efficiency,
which helps to solve these problems. In this study, a detailed mechanism GRI Mech 3.0 and the eddy dissipation concept
(EDC) model were used to simulate the flameless combustion process of three low caloric value gas by coupling the turbu-
lent flow with the chemical reaction. The experimental data verify that the simulation method in this study can accurately
simulate the flameless combustion in the actual burner. Subsequently, the numerical simulation of flameless combustion of
biogas, biomass gasified gas and coal gasified gas was carried out, including temperature field, species, OH radical distri-
bution and pollutant emission. The flameless combustion of biomass gasified gas and coal gasified gas was successfully
realized by improving the burner. The results show that the temperature distribution of biomass gasified gas and coal gasi-
fied gas in flameless combustion is more uniform than that of natural gas and biogas, the reaction zone structure is larger,
and NO, is close to "zero emission". The dilution of CO, can promote flameless combustion, and CH, will change the re-
action zone and OH distribution, making the temperature distribution nonuniform. The horizontal comparison of flameless
combustion of three low calorific value gas shows that even if the input power is the same, the lower the calorific value of
gas, the lower the overall furnace temperature. However, the amount of flue gas is larger, so it is necessary to strengthen

the heat utilization of flue gas to increase the thermal efficiency of the system.
Key words: flameless combustion; MILD combustion; numerical simulation; low calorific value gas; NO, emission
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Table1 Composition and calorific values of typical low calorific value gases
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EHRAM 9~20 10~20 1~8 10~20 1~2 40~55 4.0~5.0
ER7)5na vt WA 9~17 40~50 0~1.0 19~25 15~30 7.0~9.0
KFESA M 35~50 25~47 14~25 9~15 2~3 12~17
HA R 0~0.2 0~0.2 45~70 40~60 0.1~1.0 2~5 7.5~22.4
B 16~67 4~65 1~20 0~0.6 0.3~1.0 2.0~15.0
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Fig.1 Structure of flameless combustion system
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Fig.2 Geometric model, calculation domain and mesh quality
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Table 4 Composition and characteristics of three kinds of simulated low calorific value gases
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CH, CO, H, CO N, MI-m?%  (m-s) (m-s™) (m-s™) K kW
CH,4 100 0 35.88 6.20 113.20
HA1 60 40 21.53 10.33 113.20
mna2 50 50 17.94 12.40 113.20
B3 40 60 1435 15.50 113.20

YRR 320 6 10 6l 2.99 74.47 20.36 94.75 673 10
AP TRAR2 3 14 11 16 56 4.28 51.92 14.19 91.97
YIRS ASR3 3 8 16 22 51 5.58 39.85 10.90 90.45
BRI 19 36 45 9.57 6.35 85.61
BR2 11 28 40 21 10.91 5.57 97.45
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