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Fig.1 Schematic of the ammonia fueled SOFC-GT
hybrid system
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Table 1 Parameters of the SOFC mathematic model
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A3 IHTE S /m 0.001
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Table 2 Performances of the ammonia fueled SOFC-GT
hybrid system

24 il
FRLHh L /v 0.704 5
SOFC T3 /kW 2724
IR LI AW 39.5%2
RGERAW 350.5
FESHLFEDI AW 39.82
BV W 80.70
SOFC & HLR0%1% 4235
R R % 62.40

FT FRBCAEAY {1 Matlab/Simulink X
PRI S s SOFC/GT 255, e gnse o 1
RETR JEARIE ] 1 1) 3R G0 45 KK 45 A A i A 28
ih, TRIRARENBRME, ZARTE

Matlab/Simulink 4HzE17)E, HEITEALIE
ARG ESEL L 3,

R3 UEABKIE SOFC-GT BEFH N REETRIETSH
Table 3 Each node parameter of ammonia fueled SOFC—GT hybrid system

g iV i i NH; ¥ttt H, Jfite N, it 0, ifit H,0 Jii
K MPa ke/s mol/s mol/s mol/s mol/s mol/s

1 298.0 0.101 0.27 0 0 7.395 1.966 0

2 444.9 0.323 0.27 0 0 7.395 1.966 0

3 298.0 0.101 0.27 0 0 7.395 1.966 0

4 444.9 0.323 0.27 0 0 7.395 1.966 0

5 444.9 0.323 0.54 0 0 14.79 3.932 0

6 686.1 0.32 0.54 0 0 14.79 3.932 0

7 239.0 1.96 0.03 1.776 0 0 0 0

8 637.2 1.94 0.03 1.776 0 0 0 0

9 637.2 0.32 0.03 1.776 0 0 0 0

10 720.9 0.316 8 0.03 1.776 0 0 0 0

11 1129.0 03136 0.03 1.776 0 0 0 0

12 941.5 03129 0.03 0 2.268 0.876 0 0

13 1016.0 0316 8 0.54 0 0 14.79 2.947 0

14 1016.0 0.309 8 0.03 0 0.658 8 0.876 0 1.969
15 1220.0 0.3125 0.57 0 0 15.67 2.618 2.6278
16 1174.0 0.306 2 0.57 0 0 15.67 2.618 2.6278
17 956.6 0.101 0.285 0 0 7.835 1.309 13139
18 956.6 0.101 0.285 0 0 15.67 2.618 2.627 8
19 956.6 0.101 0.57 0 0 15.67 2.618 2.627 8
20 734.6 0.101 0.57 0 0 15.67 2.618 2.6278
21 7254 0.101 0.57 0 0 15.67 2.618 2.627 8
22 681.5 0.101 0.57 0 0 15.67 2.618 2.6278

22 EILEAFEREMAE HI T A SCHYIR & 3 1 & e ik 1 i 253 i 2
22.1 Ao TOLERE ARV & R0k SO 3 A v e i A B 1y
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Fig.2 Effect of decomposition tube inlet temperature on

ammonia decomposition rate
HI TR e 0 TR R ENR G 3 R 5
JEEETCFREAT 00, P, 20 A il X
RGN RGEMPERER IR, e th TR
JEREA RS AR a0 3 B

1000 |
-
800 - o
"
-

w 600 =
£ = TR o REE
= a0}

200 o O © o o

L
.
ofF © e o ° °

600 700 800 900 1000 1100 1200
UNEFES
3 SoMBHNERESADERENXR
Fig.3 Effect of decomposition tube inlet temperature on tube

outlet temperature
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Fig.5 The influence of ammonia flow rate on system performance
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Fig.6 The influence of ammonia decomposition reactor inlet temperature on system performance
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Performance analysis of the SOFC-GT hybrid power system
fueled with NH;

Zheng Tianshi', Lii Xiaojing', Weng Yiwu?, Ma Yi'
(1.China-UK Low Carbon College, Shanghai Jiao Tong University, Shanghai 201306, China; 2.School of Mechanical
Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Design a marine ammonia fuel SOFC-GT hybrid power system based on the power
requirements of ships, and establish a detailed model of the hybrid power system. Analyze the
influence characteristics of ammonia decomposition conversion rate of ammonia decomposer under
changes in ammonia flow rate and inlet temperature. Under the limiting conditions of fuel cell
temperature gradient, compressor surge safety zone, and turbine inlet temperature, the operational
performance of the hybrid power system was analyzed. The effects of ammonia flow rate and
ammonia decomposer inlet temperature on the performance of the hybrid power system were
studied. The main conclusions are as follows; the output power of the hybrid power system reaches
350.5 kW, and the power generation efficiency reaches 62.40% . When the inlet temperature is
above 1 050 K, the conversion rate of ammonia decomposition is close to 100%. The ammonia
decomposition conversion rate shows a decreasing trend with the increase of flow rate. When the
inlet temperature is high, the influence of flow rate on the decrease of ammonia decomposition
conversion rate gradually decreases. When the ammonia flow rate gradually approaches 1.80 mol/s,
the performance of fuel cells, gas turbines, and systems gradually increases with the increase of
ammonia flow rate. However, the ammonia flow rate in the system should not be too high. When
the ammonia flow rate reaches 1.80 mol/s, the turbine inlet temperature has exceeded the safe
operating range. When other operating conditions are design conditions, the overall performance of
the system improves as the inlet temperature of the ammonia decomposition reactor gradually
increases to 1 129 K.

Keywords: ammonia fuel; solid oxide fuel cell; gas turbine; marine SOFC —GT; ammonia

decomposer
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