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Abstract: Ammonia, due to its efficient and safe storage and transportation characteristics, is considered a highly
promising hydrogen carrier and is expected to have broad application prospects in solid oxide fuel cells (SOFC).
However, the uneven distribution of multiphysics within ammonia—SOFC can easily lead to performance degradation
and structural damage in the cells. This study developed a multiphysics coupled numerical model for multi-segment
ammonia—fueled SOFC, employing the coefficient of variation in current distribution to evaluate in—plane current

uniformity. Investigations into in—plane multiphysics distributions and local electrochemical characteristics
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examined the influence of fuel composition, thermal boundaries, and inlet flow rate on performance homogeneity.
Results indicate that at 0.65 V, the current density for ammonia fuel differs by merely 0.05 A/cm? from hydrogen
fuel, with a coefficient of variation disparity of 0.04. Under isothermal conditions, increased fuel utilization
exacerbates current distribution non—uniformity: at 0.6 V, the current density variance of segments reaches 0.34 A/
cm?, with the coefficient of variation rising to 0.13. The adoption of heat transfer boundaries exacerbated
temperature and current distribution inhomogeneities. At 0.7 V and 0.6 V, the coefficients of variation for current
distribution increased to 0.09 and 0.18 respectively, representing increases of 24% and 47% compared to
isothermal conditions. This study provides an effective methodology for evaluating and mitigating localized adverse

operating conditions within ammonia—fueled SOFC.

Keywords: ammonia; solid oxide fuel cell; numerical simulation; local electrochemical characteristics; mass

transfer
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Fig.7 The variation curves of SOFC segment fuel utilization and oxygen utilization
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W12 fros S 3 G0 B0 F 4543 IX B AR Ak
PAIAG B o A7 TRRBEA U B X1 43 XKML R 72
Ry HB LU K, T B RR U Aot F B L
B R R 1 4 ik 2 3o fl SR AR AR A IR B BN L HE
0.6V i BRI 3o 1 #43K #) 0.32V, ¥k 22 3 B 5 hy
0.27V. AHILZ T AL TRARHE DN X4 53 X Rk
LR T S5CAE SRR 7 ™ FE AN FE B L T R
SRt FEL R A ARG T A B AR Ak 0.6V B AN
0.11V, 1117 e 25 2k i S5 0] S i 28 5t 22 0.39V, [ i )
WP A ARG H Ak B 7 T g e Z A VR

B k=it
0.8F [ Rkd gt
0 it tkie

0.6V

=

1‘&’»@%3{ W)

T opmew
AR o e T e B2 A SOFC IR 43 X AR AR5
ES
Fig.12  Polarization curves and power density of SOFC and

12

segments under heat transfer boundary

TEOTVAEEWRIET , F A S & R AR AR
AL R L 14995 73 DX R O R A A 13 B . A
R

1
TR A AR, it e A2 ORI IR 5

GG il SN AR T R AETE X 43 X, B 24 43
R R T AU L Y SR T AR R, B
FOF IR B0 A0 BT W A T ),
TR, 2R X o A F O T AW
FL b 27 FE 23, 0T 1 R R 0 B0 i A1, A
2 DX 3 2% BV O 1) S IS G R s e, 1813
(b)ift—2 WoR , PSS N A2 i 5 2
W HROGF FEL b BB Y S e B Oy L AR AR
(3.5scem/em?) T, BRBHFR il 4 B £k 2% F vy 32 24 v
T B, U AR A s 5 E IR T A
85 24 3k £ 2 55 2 7.5scem/em? ], 24 53 il W A 5
SRR BOR E R R, A I A X2 00 X 4RS00 ik
Ltk fE A2 R B S R B R R RIS, 44 X PR R
25 S P IN  HL T B B K 22 (E R 0.11A /em? s XY ¥
k253 F 10scem/em®}, 13 3 B8 2205 & 0 R g
RSOV, [R) B A i 77 A ) NoFEAIR T &5 T, I
M B PERE T R

5 %t

TE K R Z AR SOFC v, 2 335 5 [0 iod
P M, U W B R O o R e AR
Yoo, BEi 5] A i vERERY 28 ] AN 21 . X
Toft 73 A AN 32 d 8 23 JIGE 1 RE S IO 5 SRy iR 4G
Witie i, ARWFFE S T BB X E KL SOFC



5 XX

www.hgxb.com.cn

08| 08|
<07 F & 07 F
£ £
S S
< 2
wost ;‘%{ 06}
B 3.75 sccm/cm? ES 3.75 scem/em?
ki 5 sccm/cm? & 5 sccm/cm?
—A— 6.25 sccm/cm? —A— 6.25 sccm/cm?
05t ! 05t !
—¥—17.5 scem/em’ —¥—17.5 scem/em’
—&—8.75 scem/cm? —&—8.75 scem/cm?
—< 10 scem/cm? —< 10 scem/em?
04 L L L 04 L L L L
X1 X2 X3 X4 X1 X2 X3 X4
X S

(a) fHI A AAF

(b) el F oA

B3 AL 2520 DXL L 8 o0 A

Fig.13  Current density distribution across different inlet flow zones under different inlet flow

BB, AR HAYERE R Y S PR . X b TR
WRRESOFC FIE R SOFC YERE ) 22 5, B4 T &2
B X LR R B AN S E BN R IR T
D G 25X Jry R R B W, DT SR A 5 2% fi
JR A RGP AL T B S K S 0 vk . SR
Ji{I

(1) EHEUR K SOFC AR5 SV KL SOFC 14 RE
AHZER /N EE IR 2 0.65V LR T, P # HEL i 2% 1
LA 22 0.05A/em’ 75 HL DX [R] N, SR AL SOFC 1Y
T I F W v T 4 A RE SOFC., Bifi 45 FL R B
G, 20 28 A W AR T 350 R b T B0 R I, AR
YA BE IR AT BRAR , 3 MERE 2 BT R

(2)DA-SOFC 4% 43 DX Ha 3t 43 A . 35 AN 35957, Bl
H LGN, AE 0.6V T, 4 DX [] HL 90 % 25 5 ] Gk
0.34 Alem’s JRBEA T4 IX A 2 N 4 70 2 MR RE AR AT
HE T DX D0 PR i S0P b 2 P BB R e

)N T T, A2 R I 5 30
b3 B BRI TR S A AN YN T L AR AN 3
A SRR SRS T, E0.7V F10.6V T,
FEL 3 0 A 78 S 2R E040 0 R 0.09 1018, e e iR 25 1
Ak 24% F147%

S 3k

[1]  Kannan D, Shankar K M, Gholipour P. Paving the way for a green
transition through mitigation of green manufacturing challenges: a
systematic literature review[J]. Journal of Cleaner Production,
2022, 368: 132578.

[2]  Peng J X, Huang J, Wu X L, et al. Solid oxide fuel cell (SOFC)
performance evaluation, fault diagnosis and health control: a
review[J]. Journal of Power Sources, 2021, 505: 230058.

(3] ZEEEE, ARONIR, VIR RMBCH BRI AT = T A A
REUR L5 2C il R GUM & WS 4R IR D], b ¥ 3838 2224l 2022,
56(3): 253-266.

Li ] Q, Xu X Y, Yan Z. A review of coupled electricity and

[4]

(6l

(7]

(8]

91

[10]

[11]

[12]

[13]

[14]

hydrogen energy system with transportation system under the
background of large—scale new energy vehicles access[J]. Journal
of Shanghai Jiao Tong University, 2022, 56(3): 253-266.

Shabri H A, Othman M H D, Mohamed M A, et al. Recent
progress in metal—ceramic anode of solid oxide fuel cell for direct
hydrocarbon fuel utilization: a review[J]. Fuel Processing
Technology, 2021, 212: 106626.

Hossain F M, Hasanuzzaman M, Rahim N A, et al. Impact of
renewable energy on rural electrification in Malaysia: a review[J].
Clean Technologies and Environmental Policy, 2015, 17(4):
859-871.

Wojcik A, Middleton H, Damopoulos I, et al. Ammonia as a fuel
in solid oxide fuel cells[J]. Journal of Power Sources, 2003, 118(1/
2): 342-348.

Wan Z J, Tao Y K, Shao J, et al. Ammonia as an effective
hydrogen carrier and a clean fuel for solid oxide fuel cells[]J].
Energy Conversion and Management, 2021, 228: 113729.
Kishimoto M, Furukawa N, Kume T, et al. Formulation of
ammonia decomposition rate in Ni—YSZ anode of solid oxide fuel
cells[J]. International Journal of Hydrogen Energy, 2017, 42(4):
2370-2380.

Lai Y C, Wang Z, Cui D A, et al. Thermal impact performance
study for the thermal management of ammonia—fueled single
tubular solid oxide fuel cell[J]. International Journal of Hydrogen
Energy, 2023, 48(6): 2351-2367.

Zendrini M, Testi M, Trini M, et al. Assessment of ammonia as
energy carrier in the use with reversible solid oxide cells[J].
International Journal of Hydrogen Energy, 2021, 46(58): 30112-
30123.

Hung Y T, Shy S S. A pressurized ammonia—fed planar anode—
supported solid oxide fuel cell at 1 = 5 atm and 750 - 850°C and
its loaded short stability test[J]. International Journal of Hydrogen
Energy, 2020, 45(51): 27597-27610.

Shy S S, Hsieh S C, Chang H Y. A pressurized ammonia—fueled
anode—supported solid oxide fuel cell: Power performance and
electrochemical impedance measurements[J]. Journal of Power
Sources, 2018, 396: 80-87.

Stoeckl B, Suboti¢ V, Preininger M, et al. Characterization and
performance evaluation of ammonia as fuel for solid oxide fuel
cells with Ni/YSZ anodes[J]|. Electrochimica Acta, 2019, 298:
874-883.

Guo Y Q, Pan Z F, An L. Carbon—free sustainable energy



- 10 -

fb T

o
¥

Ejte XX

[20]

[22]

[17]

(18]

[23]

technology: Direct ammonia fuel cells[J]. Journal of Power
Sources, 2020, 476: 228454.

Kishimoto M, Muroyama H, Suzuki S, et al. Development of 1 kW-
class ammonia—fueled solid oxide fuel cell stack[J]. Fuel Cells,
2020, 20(1): 80-88.

Wu Y H, Liu H K, Wang Y F, et al. Spatially resolved
electrochemical performance and temperature distribution of a
segmented solid oxide fuel cell under various hydrogen dilution
ratios and electrical loadings[J]. Journal of Power Sources, 2022,
536:231477.

Ravussin F, Van herle J, Autissier N, et al. Local current
measurement in a solid oxide fuel cell repeat element[J]. Journal
of the European Ceramic Society, 2007, 27(2/3): 1035-1040.
Metzger P, Friedrich K A, Miiller-Steinhagen H, et al. SOFC
characteristics along the flow path[J]. Solid State lonics, 2006, 177
(19/20/21/22/23/24/25): 2045-2051.

Zhang ] H, Guo H D, Lei L B, et al. Experimental investigation of
fuel starvation on industrial-sized solid oxide fuel cells using
segmented cathodes and area specific resistances|J]. Journal of
Power Sources, 2023, 562: 232725.

Zaghloul M A S, Mason J H, Wang M H, et al. High spatial
resolution temperature profile measurements of solid-oxide fuel
cells[J]. Applied Energy, 2021, 288: 116633.

Guk E, Venkatesan V, Babar S, et al. Parameters and their
impacts on the temperature distribution and thermal gradient of
solid oxide fuel cell[J]. Applied Energy, 2019, 241: 164-173.
Jasinski M, Ziewiec K, Wojciechowska M, et al. In situ infrared
thermography of full-scale solid oxide fuel cell[J]. Journal of
Power Sources, 2019, 442: 227221.

Chi Y, Lin J, Li P, et al. Investigating the performance of a solid
oxide electrolyzer multi-stack module with a multiphysics
homogenized model[J]. Journal of Power Sources, 2024, 594:
234019.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Navasa M, Miao X Y, Frandsen H L. A fully-homogenized
multiphysics model for a reversible solid oxide cell stack[J].
International Journal of Hydrogen Energy, 2019, 44(41): 23330-
23347.

Lee S, Kim H, Yoon K J, et al. The effect of fuel utilization on heat
and mass transfer within solid oxide fuel cells examined by three—
dimensional numerical simulations[J]. International Journal of
Heat and Mass Transfer, 2016, 97: 77-93.

Babaie Rizvandi O, Miao X Y, Frandsen H L. Multiscale modeling
of degradation of full solid oxide fuel cell stacks[J]. International
Journal of Hydrogen Energy, 2021, 46(54): 27709-27730.

Nemati A, Rizvandi O B, Mondi F, et al. Detailed 3D multiphysics
modeling of an ammonia—fueled solid oxide fuel cell: Anode off—
gas recirculation and Ni nitriding degradation[J].
Conversion and Management, 2024, 308: 118396.
42, B, XURGEL, 45 . T PR S AL ot el Tt e e AR 4
B RAEREOC L] N2 (A SR BR R, 2019, 31(5):
1-8.

Fu Q R, Wei W, Liu F X, et al. New structure design and

performance optimization of solid oxide fuel cell connectorlJ].

Energy

Journal of Changzhou University (Natural Science Edition), 2019,
31(5): 1-8.

Dong S K, Jung W N, Rashid K, et al. Design and numerical
analysis of a planar anode-supported SOFC stack[J]. Renewable
Energy, 2016, 94: 637-650.

Mehdizadeh Chellehbari Y, Adavi K, Sayyad Amin J, et al. A
numerical simulation to effectively assess impacts of flow
channels characteristics on solid oxide fuel cell performancelJ].
Energy Conversion and Management, 2021, 244: 114280.

Zhang X Q, Espinoza M, Li T S, et al. Parametric study for
electrode microstructure influence on SOFC performancelJ].
International Journal of Hydrogen Energy, 2021, 46(75): 37440-
37459.



