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Fig. 1. Supercritical and subcritical phase distribution.
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Fig. 2. Thermodynamic characteristics of subcritical and su-
percritical CO,: (a) Density; (b) latent heat; (c) saturated
density.
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Fig. 3. (a) R22 (CHCLF,) wall temperature distribution and flow pattern under NHT; (b) R134a (CH,FCF;) wall temperature dis-

tribution and flow pattern under HTD.

184402-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 18 (2024) 184402
Horl, o AR IO HE. X T4 H 5T B 5 =2V _pgr )
V )

Phz=0,i(0) = 4 M Fa60, X (1) Aok, iTig

i(2) — s = cp’}‘fw (1—e¢). (6)

@: 2
@:
®: il

B4 () IR R RIPORZHOE, (b) BIGRIE T
4 2 i 2 A58 7Y
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Fig. 6. Sudden changes of two heat transfer characteristics with small deviation from the critical SBO: (a) Normal heat transfer;

(b) heat transfer deterioration.
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Fig. 7. Distribution of T,;/Tpg and T},/Tpp with enthalpy during normal heat transfer and heat transfer deterioration of different

supercritical fluids.
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Fig. 8. The HTD under large temperature gradient in upflow and downflow operation: (a) Wall temperature distribution at heat

transfer deterioration; (b) temperature gradient distribution.
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Fig. 9. Capability of the K number correlation to predict
the HyO, R134a and CO, data at supercritical: (a) Super-
critical water; (b) supercritical R134a; (c) supercritical CO,.
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An expansion effect based pseudo-boiling critical
point model for supercritical CO,"
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Abstract

Heat transfer deterioration (HTD) is one of the important issues in the study of supercritical fluid (SCF)
heat transfer. However, when the SCF crosses the pseudo-critical point, the none-quilibrium process occurs in
liquid, so SCF is very complicated. Recently, the existence of SCF pseudo-boiling on a macro scale has sparked
controversy. There is still no unified understanding of the mechanism of gas-like and liquid-like transition
affecting heat transfer. In this work, it is assumed that SCF has a macroscopic phenomenon similar to
subcritical flow boiling. By analogy with subcritical boiling heat transfer, a boiling critical point model is
proposed to describe the HTD in supercritical CO,. Our study reveals that the HTD caused by pseudo-boiling
only occurs under large temperature gradient, which makes the superheated liquid-like layer cover the wall, and
the gas-like and liquid-like may present different distribution forms, thus changing the heat transfer
characteristics. When the wall temperature is higher than the pseudo-critical temperature and the enthalpy of
the fluid layer covering the wall exceeds a certain value, the HTD may occur. The proposed theoretical model
can explain the experimental results well, and the prediction accuracy of heat transfer correlation considering
pseudo-boiling is greatly improved. In this work, the connection between supercritical heat transfer and
subcritical heat transfer is established theoretically, which provides a new idea for studying the deterioration of

SCF heat transfer, thus enriching the theory of supercritical heat transfer.
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