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Abstract: On the basis of the six-wafer combustor used in a micro-gas turbine engine developed by
Massachusetts Institute of Technology (MIT), a two-dimensional Computational Fluid Dynamics
(CFD) simulation was employed in studying the effect of hydrogen/air ratio on the combustion per-
formance in a micro combustor when the mixture mass flow rate was fixed. The CFD modeling in-
cludes the hydrogen/air flow path, combustion chamber as well as the solid walls of the micro-com-
bustor, and the simulation analysis involves in the flow mechanics, heat transfer and the numerous
chemical reactions occuring in the micro-combustor. The results show that the flame will be quenched
finally in the chamber when the equivalence ratio of fuel/air mixture is 0. 4 and the combustion is more
stable when the equivalence ratio of fuel/air mixture is 0. 5 or 0. 6;the flame front will propagate to

the upstream of the fuel/air mixture flow, burning in the recirculation jacket when the equivalence ra-
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tio is increased to 0. 7. It comes to a conclusion that the present numerical simulation is helpful for the

design and improvement of the micro-combustor.

Key words: equivalence ratio; micro combustor; combustion characteristics; Computational Fluid Dy-

namics(CFD)
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Fig. 1 Cross-section of axisymmetric 6-wafer silicon-
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Tab.1 Reaction steps for combustion of hydrogen and oxygen
S B A E

(HOH, +0,—>~H+HO, 1.73E12 0.468 55 050

H+HO,—H;+0, 2.50E13 0.0 693
(2)H+0,—~0OH+0 1. 86E16 —0.61 16 899

OH+O—-H-+0, 4. 20E13 —0.189 —409
(3)H, +O—-OH+H 5. 06 E04 2.67 6 290

OH+H—-H,+0 3.87E04 2.604 4 481
(4)H, +OH—H,O0+H 2. 16 E08 1.51 3 340

H,O+H—H, +OH 1. 36E10 1.192 19 357
(5)OH+OH—-H,0+0 1. 50E09 1. 14 0

H,O+0O—-0OH-+OH 1.24E11 0. 888 17 826
(6 O)H+OH+M—->H,0+M 8.62E21 —2.0 0

H,O+M—->H+OH+M 7.91E23 —2.192 120 083
(HH+H+M—H, +M 7.30E17 —1.0 0

H, +M—-H+H+M 1. 06E18 —0.874 104 066
(OOH+O+M—-0OH+M 2.60E16 —0.6 0

OH+M—->H+0+M 2. 89E16 —0.54 102 256
(HO+0O0+M—-0,+M 1. 10E17 —1.0 0
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0, +M—~0+0+M 5. 42E19 —1.361 119 565
(1) H+0, +M—>HO, + M 2. 23E15 0.0 —500
HO, + M—~H+0, +M 5. 71E16 —0. 365 49 282
(1D H+HO, »OH+OH 1.50E14 0.0 1 000
OH+OH—~H+HO, 1.47E10 0. 846 36 164
(12)0+ HO, >0, +OH 2. 00E13 0.0 0
0, + OH->O-+ HO, 8. 70E11 0. 425
(13)OH+HO,—~0, + H,0 2. 00E13 0.0 0
0, + H, O—~OH+ HO, 7.16E13 0.173 70 300
(14 HO, + HO, =0, + H, 0, 2. 00E12 0.0 0
0, 4+ H, 0, —~HO, + HO, 5.33E13 —0.173 38 443
(15)H+H,0,~H, + HO, 1. 70E12 0.0 3780
H, +HO, »H-+H,0, 3. 63E09 0. 664 19 620
(16)H+H, 0, »OH+H, O 1. 00E13 0.0 3 580
OH+ H, O—~H+ H, 0, 1. 32E08 1.192 70 602
(17 0+H,0,—~OH+ HO, 2. 80E13 0.0 6 400
OH+HO, 0+ H, 0, 4.57E10 0.598 20 431
(18)OH+ H, 0, —~H, O+ HO, 7.00E12 0.0 1 430
H, O+ HO, ~OH-+ H,0, 9. 41E11 0. 346 33 287
(19 OH+OH+M>H,0, + M 4. 73E11 1.0 —6 370
H, 0, + M—>OH+OH~+M 3. 29E18 —0. 384 46 691
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Temperature distribution of micro combustor

with equivalence ratio of 0.5

T/IK

W T — ]

1500
1200 1
900
. 600 |_'
300
&l 8 Mt Lt 0. 6 B b 2% R B 4 A R
Fig. 8

Temperature distribution of micro combustor
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Temperature distribution of micro combustor

with equivalence ratio of 0.7
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