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Abstract: In a hybrid fuel cell system, low-temperature reforming technology, which uses waste heat as a heat source,
is applied to improve system efficiency. A low temperature reformer is required to optimize geometry in low thermal
conditions so that the reformer can achieve the proper methane conversion rate. This study analyzed internal
temperature distributions and the reaction patterns of a reformer by considering the change of the shape factor on the
limited heat supply condition. Unlike the case of a high temperature reformer, analysis showed that the reaction of a
low temperature reformer takes place primarily in the high temperature region of the reactor exit. In addition, it was
confirmed that the efficiency can be improved by reducing the GHSV (gas hourly space velocity) or increasing the heat
transfer area in the radial direction. Through reacting characteristic analysis, according to change of the aspect ratio, it
was confirmed that a low temperature reformer can improve the efficiency by increasing the heat transfer in the radial
direction, rather than in the longitudinal direction.
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Table 1 Parameters of steam reforming analysis

Parameter Values Unit

Reforming zone diameter 148 mm

Heat source tube diameter 19.05 mm
Number of heat source tube 7 ea
Inlet temperature of reforming gas 473 K
Inlet temperature of heat source gas 1000 K

Reforming catalyst reactants (98
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Methane steam reforming(SR)
CH, + H,0 «& CO + 3H,, AH = +206 kJ/mol (1
Water gas shift(WSG)
CO + H,0 & CO, + H,, AH = —41k]/mol 2)

Reverse methanation(DSR)

CH, + 2H,0 & CO, + 4H,, AH = +164kj/mol  (3)
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Table 2 Parameter of the experimental reformer

Parameter values Unit
Material of reformer Inconel -
SCR 3 -

Flow rate of the methane 16.9 LPM

Flow rate of the heat source 217.9 LPM
Experimental time 17 h

Fig. 2 Shell-tube type reformer for experiment
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Fig. 3 Schematic diagram of experimental apparatus

Heat Source
Emulator
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Fig. 5 Chemical composition along the longitudinal
direction of the reactor
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Table 3 Parameter of computational analysis dependence
on heat transfer area

Parameter Unit | Case A | Case B | Case C
Reforming volume | L 3.28 3.28 3.28
Heat transfer area | m? | 0.0069 | 0.0904 | 0.1378

Fig. 7 Computational domain of analysis changed the
heat transfer area
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Fig. 8 Methane conversion rate and reforming gas outlet
temperature dependence on the heat transfer area
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