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Abstract: Solid oxide fuel cell (SOFC) is a promising energy conversion device. It has the advantages of
non-pollution, high energy utilization rate, and good fuel adaptability. However, SOFC often needs to be operated
under variable load conditions, which leads to the problems of shorten service life and performance degradation.
The study of the relationship between the variable load characteristics of SOFC and its operating conditions is
helpful to improve the output performance of the stack, extend its service life, and formulate a reasonable control
strategy. A 100 W SOFC short stack testing system was developed to experimentally investigate the variable load
characteristics of the SOFC stack under multiple operating conditions. The results show that, increasing the
operating temperature can reduce the ohmic resistance and total polarization resistance of the fuel cell stack,
thereby enhancing the stack’s steady-state output performance and dynamic response performance. Increasing the
hydrogen flow rate in the medium to high current range can reduce the concentration polarization resistance,
thereby effectively enhancing the stack’s peak output performance and dynamic response performance. Increasing
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the air flow rate has a smaller effect on the performance improvement of the stack. Under the constant flow
utilization strategy, the response voltage immediately falls within the range of 5% of the final voltage. By
varying the load with constant voltage, the response current can smoothly reach a stable value. Compared with the
constant flow strategy and constant current load variation method, the stack shows better dynamic response
performance under the constant flow utilization strategy and constant voltage load variation method.
Key words: SOFC; cell stack; variable load characteristics; operating condition; operation strategy
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Fig.4 Nyquist plots of the cell stack in open-circuit status at
different operating temperatures
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Fig.5 Performance curves of the cell stack at various
operating temperatures
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Fig.6 Voltage response curves of the cell stack to current
load variations at different operating temperatures

ANTFVIELE T HLHE R B2 i S PR REFR AR LR 4.
MR 4TIV e RHEEAN [RGB R AR o e A
W BN )RR — B BEE TR MG N, Ao e A
S Ty S B PN RN AT SR N 122 T
T 700 CRAHHENERE M, T A BT
PSR S L REL, bR R 2 S I T A AR
H, T 5 A HE R B AS  SE RE . AR TR E T
BB BN, L T R AR 2 i S RE 1 28 RORRE
MCARRR, S AR R, EORRESE A 5 ) e
RS M ERE. ZREHE, X Tz ABHENE,
750 CrE— MOy EE AR AR .

x4 BEAEARRTIERE THEZSRE I RER IR

Tab.4 Dynamic response performance metrics of the cell
stack at different operating temperatures

TAEREIC  FrHEN BRSNS
700 0.22 6.9 2 25
725 0.22 6.4 1
750 0.22 5.9 1 5

http://rlfd.cbpt.cnki.net

2.2 ESRE X SOFC T & IR0

SEEGHFST T 2 0004 2200, 2 400 mL/min 3 i
AFEESIRENT SOFC BHAFEMFEI . B 7 NA
SR E N BOIRS R E R, &5 4
X R RR AR BH A S AR AL BE T . SREGah SRR, &
AR R 0O FL R R RS FH BTS2 e /0N, (2 H
HE AR PR TR BN . IR RN T AU
o, EWREHERERT, I =AM A
SR EERG I, AT FRAS 1 e S AR AL B 4T
Fk ZE AR A BT




16 kA%

2025 4F

[ —=— 2000 mL/min
08t —* 2200 mL/min
—4&— 2400 mL/min
0.6 |

0.4

JEHB/Q

0.2 =

0 04 08 12 16 20
JEHB/Q
E 7 BEELRRESRE THABRRSHEREREE
Fig.7 Nyquist plots of the cell stack in open-circuit status at
various hydrogen flow rates
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Fig.9 Voltage response curves to current load variations of
the cell stack at different hydrogen flow rates
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Fig.10 Nyquist plots of the cell stack in open-circuit status
at different air flow rates
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Tab.7 Ohmic and total polarization impedances of the cell
stack at different air flow rates
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Fig.12 Voltage response curves to current load variations of
the cell stack at different air flow rates
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Tab.8 Dynamic response performance metrics of the cell
stack at different air flow rates
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Fig.13 Current load variations and flow operation strategies
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Fig.15 Current response curves of the cell stack under CV
load variation
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Fig.16 Voltage response curves of the cell stack with CC
load variation
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