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Study on transient characteristics of a supercritical carbon dioxide power
system under variable cooling conditions

Jiang Wenxi, Dong Xin, Zhao Yuanyang
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Abstract: [Objective] The supercritical carbon dioxide Brayton cycle (SCBC) is an important technological
development direction in the field of thermal power generation. The study of its dynamic process is of great
significance to the application of this system. In this paper, a dynamic analysis model of the SCBC power system is
established to analyze the transient characteristics when the cooling condition is changed. [Methods] For
compressors and turbines, the steady-state model is used. For heat exchangers, a dynamic model is established based
on the steady-state finite volume (FV) model, to analyze the transient characteristics of the system when cooling
conditions change. [Results] The research result shows that after changing the cooling flow rate of the precooler,
the system reaches a stable state at the latest within about 200 seconds. The main compressor is highly sensitive to
changes in the flow rate on the water side of the precooler. When the flow rate of the precooler drops to 50% of the
minimum value, the efficiency of the main compressor decreases by approximately 0.5%. Increasing the flow rate
on the water side of the precooler can improve the operating efficiency of the compressor. When the flow rate
linearly increases to 175% within 25 seconds, the main compressor tends to stabilize after 75 seconds, and the
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efficiency increases by 0.8%. But at this point, the state of the compressor inlet is already very close to the surge
line. After 200 seconds, the recompressor becomes stabilized, and its efficiency increases by 0.2%. The net output
power of the system stabilizes after 300 seconds, and the thermal efficiency of the system decreases by 0.3%.
[Conclusion] As the inlet temperature (306 K) of the main compressor is close to the critical temperature of COa,
increasing the flow rate on the cold side of the precooler can easily cause the inlet temperature of the compressor to
be lower than the critical temperature, affecting the stable operation of the compressor. Reducing the flow rate on
the cold side of the precooler will lead to a decrease in the net output power of the system and a reduction in thermal
efficiency. Therefore, adjusting the flow rate in the precooler can rapidly change the total power consumption of the
compressor, thereby quickly influencing the net output power of the system. This study provides a reference for
designing reasonable control strategies when disturbances occur in the cooling water side of the precooler for RCBC
systems, aiming to shorten the system response time and mitigate detrimental fluctuations.
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Tab.1 Design dimensions of the components of an 8 MW
heat exchanger
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HHAEK/m 1.70 4,00 3.00 1.40
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H A /m2 2796.16 394.14 172.04 119.18
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3.1 AHEHEURREREET K

LMK R R AL, A28 CO M
B (RGN DR T %1284k, 75 0~405s
WRIZIARZ), 1E 45 s BIIAZIIE(E, 7F 50~100 s HA
fasE, Wl 5 Fon. BEAMKTERER N, 3248
MUk CHRE T PR R i Cop IR RS, &
H CO2 AL AR MIZY, BRI T AT CO2 1
AR, A /K i S 3 N 75%H) S-CO2
TN P 0.5 K, [FJBE, ToiflE il it i CO2 kL
TGRS U P AR A P SRR, TR Rk D TIA 2 VA
7K 50%[ R B E N, To fm Al 2 &2 310.6 Ko

5 E4atlift. HORETrZ%

. . . 390
31}
{385
310f
4380
300}
E_ (1 25%) —— 7,4 25%)1373 S
a0 308} T,(150%) —— 1,(+50%)] 5
= ——T,(175%) {3702
A [ s s s S ss S === '
T.(125%) — -7 125%)]1365
206 T.( 1 50%) T | 50%)
’ — =T 1 75%) 1360
305} = 4355
\
E e e LT
0 100 200 300 400
I J6/s

Fig.5 Change curves of the temperatures at the inlet and

http://rifd.cbpt.cnki.net

outlet of the compressor
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Fig.10 Performance curves of the main compressor
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Fig.11 Change curves of the turbine efficiency when the
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