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A Study on the Dynamic Performance Behavior of Solid Oxide Fuel Cells with
Stepwise Load Changes
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Abstract

Model for the dynamic simulation of dynamic behaviors of a solid oxide fuel cell (SOFC) is provided.
This model is based upon (1) coupled mass and heat transfer characteristics and (2) important chemical
reactions such as electrochemical and reforming reactions in high temperature fuel cells such as SOFC. It is
found that the thermal inertia of solid materials in SOFC plays an important role to the dynamic behavior of
cell temperature. Dynamic characteristics of cell voltage, power, and chemical compositions with different

levels of load change are investigated.
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Fig. 1 Schematic diagram of a solid oxide fuel cell
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Table 1 Operating conditions of a solid oxide fuel cell

Current density, A/m’ 3200
Inlet temperature, °C Fuel 750

Air 750
Operating pressure, bar 2.9
Activation area, m’ 96
Fuel utilization factor 0.7

Table 2 Results of performance analysis of solid oxide
fuel cell at the design-point operating condition

Fuel H, only Reformed gas
Chemical CH, - 10
composition of | H; 100 30
fuel, % CO - 10
CO, - 20
H;0 - 30
Air flow rate, kg/s 0.5897 0.5897
Fuel flow rate, kg/s 0.0038 0.0546
Cell voltage, V 0.6797 0.6146
Cell temperature, °C 1001 937.6
SOFC AC Power, kW 198 179
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changes in case of hydrogen as a supplied fuel
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