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Transient characteristics of supercritical carbon dioxide power system under
variable cooling conditions

JIANG Wenxi, DONG Xin, ZHAO Yuanyang

(College of Electromechanical Engineering, Qingdao University of Science and Technology, Qingdao 266061, China)

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. A dynamic analysis model of the SCBC power system is established
to analyze the transient characteristics in this paper 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 element method 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 pre-cooler,
the system reaches a stable state at the latest within about 200 seconds. And the main compressor is highly sensitive
to changes in the flow rate on the water side of the pre-cooler. When the flow rate of the pre-cooler 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 by 75% within 25 seconds, the main compressor tends to stabilize after 75 seconds, and the
efficiency increases by 0.8%. But at this point, the state of the compressor inlet was already very close to the surge
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2 #A% PO
line. After 200 seconds, the re-compressor 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 CO»,
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 pre-cooler 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 pre-cooler for RCBC
systems, aiming to reduce system response time and mitigate detrimental fluctuations.

Key words: suipercritical recompression Brayton cycle; transient characteristics; precooler; flow rate variation
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Tab.1 Design dimensions of the components of an 8 MW
heat exchanger

S nkEs  EREAZ [RIREAZE AR
HIE EfA/m 0.04 0.002 0.002 0.002
ERAEEL 100X 160 213X90 160X 70 169% 98
RESE 100X160  213X90 160X 70 169% 98
PR /m 1.7 4 3 14
eI 5E/m 7 0.4 0.3 0.4
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AR H/m 4.5 0.85 0.6 0.7
WIH /M2 2 796.16 394.14 172.04 119.18
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H T SCBC R4t AR TH W SN Ta], Ny
PER T S R ORE I RR RS, ASCHE VE SR DU By
Tk -E RS EIR BRI
23R BLEIIE

MIT 5256 %38 34T 1 48 SCBC R4 M1 K.
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Tab.2 Validation 1 for dynamic model of the system

HTR e R0 R Tw/°C HTR AR 4 FHREE Ts/°C
MIT $ff BUME iR MIT 3k BE Rz

I []/s

0.25 175.63 175.47  0.090 503.61 505.46  0.368
0.50 172.95 174.56  0.928 502.65 505.15  0.497
0.75 170.09 172.90 1.654 500.74 50432 0.713
1.00 167.62 170.62  2.026 499.79 503.44  0.731
1.25 166.46 167.97  0.906 499.03 502.92  0.780
1.50 165.51 16527 0.143 498.57 502.63  0.816

R 3 RENTSRBEIE 2
Tab.3 Validation 2 for dynamic model of the system

HTR & i i T7/°C LTR AREM H FHREE T3/°C

ST o BnE BEv% MTERE BE  5E%

0.25 548.28 549.05 0.141 162.05 161.99 0.037
0.50 545.42 54480 0.113 161.98 161.96 0.012
0.75 536.06 536.99 0.173 161.92 161.90 0.012
1.00 529.57 530.78  0.229 161.88 161.84 0.023
1.25 527.18 52830  0.266 161.70 161.64  0.037
1.50 526.90 527.41  0.097 161.53 161.37 0.099
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Fig.4 Variation of the system temperature when the flow
rate of water at cold side of the precooler is reduced by 75%
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the cooling condition is changed
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