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A Study on Thermal and Mechanical Behaviors of Micro Reformer

W. H. Hwang, J. H. Jang, J. H. Kil, S. J. Kim, R. W. Lee, S. H. Kim, K. H. Chung, Y. S. Oh

ABSTRACT

We analyzed the thermal and mechanical behaviors of micro reformer for the purpose of design verifications and

modification of micro channels. The reformer designed for hydrogen generation from methanol is essential to

PEM(Proton Exchange Membrane) type fuel cell. For the mobile applications, the size and the simplicity would be

the most critical issues. We utilized silicon process for micro reformer to obtain the thickness thinner than 2 mm

thick. We have used commercial simulation software, IDEAS, to analyze the thermal and mechanical characteristics

of micro reformer structure. The heat generation rates of heaters, heat transfer rates, and fluid temperatures are

derived from thermal equilibrium relation and these values were used for thermal boundary conditions. We also

analyzed the thermal stresses, thermal deformations to examine the possibility of failure.
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CH;0H + H,O <> CO, + 3H; + 48.96 k/mol
CH;OH < CO + 2H; + 90.13 kJ/mol
CO + H,0 < CO; + 3H; - 41.17 ki/mol
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Fig. 1 Schematic diagram of micro channel fabricated
on Si wafer
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Table 1 Material properties

Si Glass

Young's Maodulus{GPal 150E9 BOEY
Poisson's Ratio 0.17 0.22
Thermal Conductivityf W/mK] 148 11

Thermal Expansion Ratio 2E-6 2E~6
Mass Densily{kg/m®] 2330 | 2600




(a) Full Model

(b) Channel
Fig. 2 Finite elememt model
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Fig. 3 Simplified one dimensional model of channel

Table 2 Thermal Boundary Conditions

ileat Transfer Rate {W/m“l| Flow Rate [ml/min.}
Adiabatic Case 22 44
Surface of Heater 5000 9000
Surface of Liquid 2276 4552
Surface of Boiling l 2276 4552




{leat Transfer Rate {W/m°} | Flow Rate lmL/min.]
Nonadiabatic Case 22 44
Surface of Heater 38400 39500
Surface of Liquid 2276 4552
Surface of Boiling 2276 4552
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Table 3 Results of Heat Transfer Analysis

. L Flow Rate [mlL/min.
Adiabatic Case 7 { v J
Maximum Temperature { CJ 256 268
Difference of Maximum and
Minimum Temperature [ C] 6 8

(a) 22 mL/min (b) 44 mL/min

Fig. 4 Temperature Distribution (Adiabatic Case)
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Table 4 Results of Heat Transfer Analysis

. . Flow Rate [mL/min.]
\I
Nonadiabatic Case o) Vi
Maximum Temperature C 293 312
Minimum Temperature C 44 45

st

(a) 22 mL/min

(b) 44 mL/min
Fig. 5 Temperature Distribution (Nonadiabatic Case)
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(a) 22 mL/min (b) 44 mL/min
Fig. 6 Deformation Shapes (Nonadiabatic Case)
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