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Abstract

Due to the admirable thermal characteristics in the supercritical region, carbon dioxide is consi-
dered for use as working fluid of Brayton cycle, which could achieve higher efficiency compared
with steam Rankine cycle. Natural circulation is the technical basis for improving passive safety of
systems, and the steady-state characteristics are essential for the design of supercritical carbon
dioxide power conversion system. In order to study the steady-state characteristics of the natural
circulation of supercritical carbon dioxide, a three-dimensional steady-state simulation of the heat
transfer characteristics of the natural circulation of supercritical carbon dioxide in a small rec-
tangular loop was carried out by using the CFD method. The simulation parameters are as follows:
the height difference of cold and hot section is 1.0 m, the pressure range is 7 - 11 MPa, and the
heating wall temperature range is 320 - 370 K. The simulation results show that the local temper-
ature in the horizontal tube increases gradually from the bottom to the top due to the drastic
thermal properties changes near the quasi-critical point and the influence of buoyancy and gravity.
When the fluid temperature reaches near the quasi-critical temperature, the mass flow rate, heat
transfer power and surface heat transfer coefficient increase significantly. Based on the simula-
tion results, the relationship between steady-state Reynolds number Re and modified Grashof
number Gryis fitted. The simulation results can provide reference for the design and analysis of
passive safety system of supercritical carbon dioxide.
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Figure 1. Schematic diagram of the geometry of the simulation loop
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M Ff%E: d=0.008m; CHX KfE: L;=0.6m; HHX KfE: L,=0.6 m; /KTPEFELEKE: Li=1.0
m; EHEGEE: Hy=1.0m; FWAZERKE: L[,=02m; FWAZEKE: L,=02m.
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Figure 2. Mesh generation of the loop
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Figure 3. The changes of C;, in different pressure

E 3. ERBREFRENTHEEEN

2.4. PrELLE

H T CO, FEFNIG T A BT IR AR A R L, (R A A0l aoh R o 35 LR B S SR i o S 2
W R B IIPE A TR 8 IR 1264 T IS . LEIAR . IR BORIRG P ZRE0E B 75 35055 X R] P (1% 9 2
o PALLIE NG, WK 4 foR, ARRBRGEARAER) NIST #9PE 25 )% {4+ REFPROP, fE45EE ST,
DA 1K 91 BE AT B 5 U5 B X (8] P COL PP R, 7R 78 A R B0 1) DX 330 24 PRI 240 /I EUAL U 52 1) )
I oy BRI 7 s v i 28 0 i T Bk N B FLUENT Fp g4t pi b, 78 H 500 A b SR e
73 31 52 R A1) COL W
3. BRSH

EAR S AR AR, IS BOR A H) B3 SR A E R R I 1 7 AT B, SRR T S BOR A H1 B
PR XIS MG O V50 BRI BE T R A AN B R — BLOREF 305 K, OFABR I B i et i DA
10 K 25K 320 K 224k 370 Ko [B1E% 5 /7BA 1 MPa A K M 7 MPa 2246 %] 11 MPa. 3L 30 ZH T, T
WA 1 s,

DOI: 10.12677/nst.2020.84018 157 MR A


https://doi.org/10.12677/nst.2020.84018

PR

48

14

K 77: 9MPa

12 A

10 —— Cp& ¥tk
T —— CpZR P 4bs

Cp (kJ/kgK)

T . T 4 T * T * T . T * T ¥ T . T
300 310 320 330 340 350 360 370 380
i Bz (K)
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Figure 5. Distribution of bulk fluid temperature along the loop
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Figure 6. Distribution of temperature and velocity in cross section
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