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Table 1- Gas-phase reaction mechanism of hydrogen air

H2 H 02 O OH HO2 H202 H20 N2
Reactions A B E,(cal/mol)
OH+H2=H+H20 2.14E+08 1.52 3449
0+0OH=02+H 2.02E+14 -0.4 0.0
O+H2=0OH+H 5.06E+04 2.67 6290
H+02(+M)=HO2(+M) 4.52E+13 0.0 0
H+02(+N2)=HO2(+N2) 452E+13 0.0 0
H+02(+H2)=HO2(+H2) 452E+13 0.0 0
H+02(+H20)=HO2(+H20) 4.52E+13 0.0 0
OH+HO2=H20+02 2.13E+28 -4.827 -4.827
OH+HO02=H20+02 9.10E+14 0.0 0
H+HO2=0H+OH 1.50E+14 0.0 0
H+HO2=H2+02 8.45E+11 0.65 0.65
H+HO2=0+H20 3.01E+13 0.0 0
0+HO2=02+0H 3.25E+13 0.0 0
OH+OH=0+H20 3.57E+04 2.4 2.4
H+H+M=H2+M 1.00E+18 -1.0 -1.0
H+H+H2=H2+H2 9.20E+16 -0.6 -0.6
H+H+H20=H2+H20 6.00E+19 -1.25 -1.25
H+OH+M=H20+M 2.21E+22 -2.0 -2.0
H+O+M=0OH+M 471E+18 -1.0 -1.0
0+0+M=02+M 1.89E+13 0.0 -1788.0
HO2+H02=H202+02 4.20E+14 0.0 11982
HO2+HO2=H202+02 1.30E+11 0.0 1629-
OH+OH(+M)=H202(+M) 1.24E+14 -0.37 0.0
H202+H=HO2+H2 1.98E+06 2.0 2435
H202+H=0H+H20 3.07E+13 0.0 4217
H202+0=0H+HO2 9.55E+06 2.0 3970
H202+0OH=H20+HO02 2.40E+00 4.042 2162-
1. Marinov
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Figure 1- Schematic figure of micro combustion chamber
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Figure 2- Temprature profile on the axis of combustion chamber for various grid size, d=2 mm, s=0.5 mm, 5W/m2/K, K= 20 W/m/K
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Figure 3- Compairing of mean wall temperature for combustore type 1 in laminar and turbulance flame with exprimental result-
Combutore diameter 2(mm), s=0.5(mm), h=5 W/m2/K, K=20 W/m/K
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Table 2- Velocity and Re number in studid combustion chambers with and without step

Combustore type | Velocity inlet (m/sec) Re
Without step 1.5-125 32-220
With step 4-15.75 341-1334
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Figure 4- Temperature profile on the axis of micro combustion chamber without step- flame position for inlet velocity in 6 m/s is
shown- d=2 mm, h=5 W/m2/ K, K= 20 W/m/K
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Figure 5- Temperature profile on the axis of micro combustion chamber without step- flame position for inlet velocity in 4 m/s is
shown- d=2 mm, h=5 W/m2/ K, K= 20 W/m/K
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Figure 6- Temperature profile on the axis of micro combustion chamber with & without step in equvalent velocity h=5 W/m2/K,
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Table 3- Velocity & Re number in combustors with step
Combustor type | Re(acording V,,) | Equivalent velocity (m/s) | Velocity inlet (m/s) d;, d
1 503-1007 4-2 16-8 1 2
2 1510-755 1.33-3 24-12 1 3
3 1258-755 4.44-2.67 10-6 2 3
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Figure 7- Comparin mean wall temperature of micro combustion chamber with various geometry, type 1: d=2mm s=0.5, type 2:
d=3mm s=1mm, type 3: d=3mm s=0.5mm, h=5 W/m2/K, K= 20 W/m/K
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Figure 8- Outer wall static temperature profile in step tube in combustore type 2&3, h=5 W/m2/K, K= 20 W/m/K
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Figure 9- Mean wall temprature of micro combustion chamber, h2-air mixture with various equevalent ratio, d=2mm & s=0.5,
h=5 W/m2/K, K=20 W/m/K
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Figure 10- Contoure of static temperature in step tube in combustore type 2, phi= 0.8, h=5 W/m2/K, K= 20 W/m/K
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Figure 11- Contoure of static temperature in step tube in combustore type 2, phi= 0.6, h=5 W/m2/K, K= 20 W/m/K
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Figure 12- Temprature profile in axis of combustion chamber in different conduction Heat Transfer Coefficient, from left (first
arrowshowed preheated zone and second flame position) in k=3 W/m/K, t=0.2 mm, h2/ air stochiometric mixture, h=5 W/m2/K
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Figure 13- Wall temprature profile in different conduction heat coefficient, t=0.2 mm, h2/ air stochiometric mixture, h=5 W/m2/K
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Figure 14- Radiation efficiency of micro burner, type 1: d=2mm, s=0.5mm, h2/ air stochiometric mixture, h=5 W/m2/K,
K=20 W/m/K
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Figure 15- Radiation efficiency in different K (W/m/K)
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English Abstract

The Numerical Investigation of Physical and Geometrical Conditions of
Combustor and Mixture on Flame Stability in Micro Burner and Their
Effects on Radiation Efficiency

Hosein Faramarzpour, Kiumars Mazaheri and Alireza Alipoor
Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
(Received: 2016.12.21, Received in revised form: 2017.7.3, Accepted: 2017.8.1)

The present numerical study investigates the effects of a step in a micro scale combustor on blow out limit and outer wall
temperature. Also, the effects of the equivalence ratio of hydrogen-air mixture and combustion material on the emitter
efficiency are scrutinized. The effects of the step in combustor is studied from two viewpoints: first the existence of the step,
and second the step height and combustor diameter. The results showed that blow out limit is increased when using a step at
the entrance of the combustion chamber. Besides, the mean wall temperature increases, while the flame temperature in the
micro burner shows a more uniform behavior. It was observed, by comparing combustor 2 and 3, that the combustor with the
lowest step height had higher (mean) wall temperature. On the other hand, the combustor with larger diameter achieves
higher mean wall temperature. In this study, the effects of the equivalence ratio and conduction heat transfer coefficient on
radiation efficiency of the micro burner are also investigated. It was observed that the maximum emitter efficiency of the

micro burner is achieved for lean mixture. It was also observed that the conduction heat transfer coefficient has an optimum
value.
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