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Abstract; Aiming at the development requirements of compact and carbon-free ship power generation
system in the future, this paper proposed a novel ribbed ammonia cracking hydrogen production/ catalytic
combustion integrator, based on which the NH,-fueled ship solid oxide fuel cell (SOFC) power genera-
tion system was designed, the mathematical model of fuel cell power generation system was constructed for
theoretical analysis and experimental verification, and the power generation characteristics and parameter
influence rules of this system were obtained under variable operating conditions. The results show that the
designed power system’s output power is 96 kW and efficiency is 57.92% , which meets the target ship
load requirement. Under variable operating conditions, the anode tail gas cycle ratio has the greatest in-
fluence. When the cycle ratio of system increases from 0 to 10% , the voltage increases by 0. 08 V.

When N/O increases from 0.31 to 0.53, the voltage increases by 0.04 V, and the fuel utilization rate is
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least impacted. The experimental characteristics of ammonia cracking for hydrogen production in the pow-

er generation system thermal environment of 400 —750 “C show that 100% hydrogen production can be a-

chieved when the temperature is greater than 678 °C.

Key words: ammonia cracking for hydrogen production, cracking/catalytic combustion integrator, ship

power system, solid oxide fuel cell, variable operating condition performance
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Tab. 2 Design parameters of SOFC power generation

system for NH; fuel ship
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Tab. 3 H, volume fraction model data and experimental

validation at typical temperature points

H, HF5E0 %
REE/C HNTIRE/ %o
T F
720 75 75 0
698 75 75 0
596 65.79 66. 69 0.90
542 33.97 38.41 4.44
532 27.36 31.8 4.44
515 17.52 23.3 5.78
512 16.04 21.91 5.87
496 9.55 9.73 0.18
400 0.13 1.19 1.06
F4 HEGEE S NH, RERREHIES LG

Tab.4 NH, cracking rate model data and experimental

validation at typical temperature points

— i, AR % P

g/ C e 5 Y X1 2/ %
720 100 100 0
698 100 100 0
596 78.13 26.24 1.89
542 29.28 34.42 5.14
532 22.31 26.91 4.60
515 13.23 18.39 5.16
512 11.97 17.1 5.13
496 6.59 6.94 0.14
400 0.09 0.81 0.71
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Tab.5 Thermodynamic parameters of each node of SOFC power generation system for ammonia fuel ship
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Fig. 7 Variation of target ship’s resistance and power

required for propulsion with navigational speed
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TR B RGP TR I3 114. 6 kW, IUET
AR ZBH 7353 15 100 N,
2.2 FBITTRARGHEED T

BT TR, 2 BA R Z L RS
AT AT ESBOR R RE, W S R,

under design working conditions

TS /K p/MPa NH,/mol -5 ~! Z5/%/mol s ™! H,/mols™"  N,/mol-s™'  0,/mol+s™" H,0/mol -5 !
1 298.15 0.35 0.524 2 0 0 0 0 0

2 845 0.347 0.524 2 0 0 0 0 0

3 946 0.3357 0 0 0.786 3 0.262 1 0 0

4 1019 0.3319 0 0 0.873 7 0.436 8 0 0.436 7
5 1 092 0.326 6 0 0 0.218 4 0.436 8 0 1.091 8
6 1092 0.326 6 0 0 0 5.806 3 1.216 9 0

7 1092 0.316 8 0 0 0.087 4 0.174 7 0 0.436 7
8 1 092 0.324 1 0 0 0.131 1 0.262 1 0 0.655 1
9 1039 0.320 6 0 0 0 6.068 4 1.151 0 0.786 3
10 986. 4 0.318 2 0 0 0 6.068 4 1.151 0 0.786 3
11 357.1 0.3159 0 0 0 6.068 4 1.1510 0.786 3
12 298.15 0.134 6 0 7.349 7 0 0 0 0

13 952.5 0.3319 0 7.349 7 0 0 0 0
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Fig. 10 Effect of N/O and CR on SOFC output power
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Fig. 12 Effect of FU change on system performance
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Fig. 13 On-site experimental bench of ammonia cracking

for hydrogen production/catalytic combustion integrator
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Tab. 6 Experimental data of hydrogen volume fraction and ammonia cracking rate at each temperature point

R/ C
740 730 720 698 678 656 636 616 596 576 558 542 532
H, B % 75 75 75 75 75 74.92  73.40 70.26 64.89 57.03 47.82 38.41 31.80
HRRR % 100 100 100 100 100 99.79 95.82 88.11 76.24 61.34 46.80 34.42  26.90
W/ C
%z
515 512 509 505 502 496 490 475 460 445 430 415 400
H, B % 23.30 21.90 18.67 16.37 14.04 9.73 7.50 5.00 3.70 2.81 2.12 1.7l 1.20
AR/ % 18.39 17.10 14.21 12.25 10.33 6.94 5.26 3.45 2.53 1.90 1.42 1.15 0.81
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