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Abstract

Based on the established three-dimensional model of the microburner, the premixed combustion
process of hydrogen/air in a 100 mm long microburner with expansion angles of 0°, 0.36° and
0.72° was simulated with 10% hydrogen volume fraction. It is found that for square micro-channel
burners, with the same burner length, outer wall length and inlet size, the larger the burner ex-
pansion angle, the larger the speed limit range. When the inlet velocity is low, the larger the
spreading angle is, the lower the flame propagation velocity is, and the higher the maximum com-
bustion temperature is; when the inlet velocity is high and the gas is fully burned, the expansion
angle has little effect on the maximum combustion temperature.
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Figure 1. Miniature zoom nozzle
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Figure 2. Schematic diagram of microburner
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Table 1. Structural parameters of three burners
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PR beds dy/mm do/mm D/mm Ly/mm L/mm o
1 1 1 3.8 20 80 0
2 1 2 3.8 20 80 0.36
3 1 3 3.8 20 80 0.72
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2.3. RMHLE
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Table 2.19 step reaction mechanism between hydrogen and air
F2ESMES 19 SREHIE

a2 ST AN A (cm, mole, s) B E (calories/mole)
1 H,+0, =20H 1.70E+13 0.00 47780
2 OH+H,=H,0+H L.17E+09 13 3626
3 H+0,=0H+0 5.13E+16 -0.816 16507
4 O+H,=0H+H 1.80E+10 1.00 8826
5 H+0,+M=HO,+M? 2.10E+18 -1.00 0.00
6 H+0,+0,=HO, +0, 6.70E+19 -1.42 0.00
7 H+0O,+N,=HO, +N, 6.70E+19 -1.42 0.00
8 OH+HO, =H,0+0, 5.00E+13 0.00 1000
9 H+HO, =20H 2.5E+14 0.00 1900
10 0+HO, =0, +OH 4.80E+13 0.00 1000
11 20H=0+H,0 6.00E+08 1.30 0.00
12 H,+M=H+H+M b 2.23E+12 0.50 92600
13 0,+M=0+0+M 1.85E+11 0.50 95560
14 H+OH+M=H,0+M*® 7.5E+23 —-2.60 0.00
15 H+HO, =H, +0, 2.5E+13 0.00 700
16 HO, + HO, =H,0, +0, 2.00E+12 0.00 0.00
17 H,0,+M=0H+0H+M 1.30E+17 0.00 45500
18 H,0,+H=HO, +H, 1.60E+12 0.00 3800
19 H,0, +OH=H,0+HO, 1.00E+13 0.00 1800

Hrp, a b5 AF: H0=21.0,H,=3.3,N;=0,=0.0; b Z3¥58HFEF: H0=6.0,H=2,H,=3.0; cb3faHF: H0=20.0.
TE DL 1358 70 5 87 Tl 258 5 KR 1h R 28 J8 2 1 U4 H
k= AT” exp(—E, /RT) (8)
A AATREGTIR T BNEETREG B M RN AIELRE R AL
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Figure 3. Comparison and verification between experiment and simulation
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Figure 4. Cloud chart of fluid velocity distribution in burners with different spreading angles
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Figure 5. Flame propagation velocities of burners with different expansion angles at different inlet velocity
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Figure 6. Velocity distribution cloud chart at different inlet velocities in a burner with an expansion angle of 0.72°
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Figure 7. Maximum combustion temperature at different inlet velocities in burners with different expansion angles
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Figure 8. Cloud chart of temperature distribution in burners with different expansion angles
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Figure 9. Cloud chart of temperature distribution at different inlet velocities in a burner with 0° expansion angle
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Figure 10. Cloud chart of temperature distribution at different inlet velocities in a burner with 0.36° expansion angle
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Figure 11. Cloud chart of temperature distribution at different inlet velocities in a burner with 0.72° expansion angle
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Figure 12. The effect of inlet velocity on fluid temperature distribution in a burner with an expansion angle of 0.72°
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Figure 13. Effect of inlet velocity of burner with different expansion angles on gas outlet temperature
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Figure 14. OH concentration distribution in burners with different spreading angles
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Figure 15. Cloud chart of OH concentration distribution in burners with different spreading angles
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Figure 16. Flame position at different inlet velocities in burners with different expansion angles
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