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Table 1  Representative publications on supercritical micro-scale channel flow and heat transfer

diameter inlet temperature inlet pressure mass flux heat flux

D /mm T,/(C) Py, /(MPa) Qm/<kg/(m2'5)) Q/(kW/mz)

author channel type

multi-port

Pettersen et al (2000) " extruded tube 0.79 15~70 8.1~10.1 600~ 1 200 10~20
Liao and Zhao (2002) 2! singular tube 0.7 50 9 320 0~10
Liao and Zhao (2002) [ singular tube  0.5~2.16 20~110 7.4~12 236~179 not mention
Kuang et al (2003) 1] multi-port 0.79 30~50 9 890 not mention
extruded tube
Kuang et al (2004) '] singular tube 0.79 22~55 8~10 120~ 300 not mention
Asinari (2005) [16] channel 0.787 32~87 7.412 0~1170 15~280
Jiang et al (2008)'7) singular tube 0.27 30~50 7.8~10 120~ 500 0~10
Li (2008) 18] singular tube 0.1 25 8.8 200~320 160~250
Ducoulombier et al (2011) ') channel 0.529 10~35 3-6 200~ 1 400 2.5~30
Chen et al (2013) 7] channel 0.1~0.3 30~40 7~8 2~60 1~50

Chen et al (2013) %) channel 0.1~0.5 30~50 7~10 2~400 0.2~100
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Fig.1 Basic physical model of the micro-scale channel
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Fig.2 Variation of thermoproperties with temperature and pressure in the critical region
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Fig.4 Profiles of boundary vortex evolution with time (near x/L = 0.95)
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Fig.5 Wall temperature evolution characteristics during micro-scale channel mixing process
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Fig.6  Boundary thermal-mechanical effect and perturbations inside the micro-scale channel
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Fig.7 Evolution of vortex size with the ratio of time to characteristic piston effect time( near x/L = 0.90)
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Flow Stability and Heat Transfer Characteristics of
Near-Critical Fluid in Micro-Scale Channels

CHEN Lin, ZHANG Xin-rong
(College of Engineering, Peking University, Beijing 100871, P.R.China)

Abstract: Supercritical/near-critical fluid is very dense and highly expandable, and with its
preferable flow and heat transfer properties, it has been valued in various kinds of energy con-
version systems. The fluid critical transition and divergence are very important for both hydro-
dynamic study and heat transfer applications. The near-critical cabron dioxinde horizontal flow
and its heat transfer performance in micro-scale channels were studied. Detailed numerical pro-
cedures were carried out with the Navier-Stokes equations as well as the energy and state equa-
tions, which were treated with special care for the sake of micro-scale investigations. In view of
the thermal-mechanical effects of critical fluid, abnormal thermal convection structure and tran-
sient micro-scale vortex mixing evolution mode were found in micro-scale channels. Basic Kel-
vin-Helmholtz instability was identified for the near-critical fluid unstable convection. Due to the
hot boundary vortex evolution, heat transfer of near-critical micro-scale channel flow was
greatly enhanced, leading to fast thermal/heat transfer equilibrium process. The near-critical
fluid convection problem is then characterized from a more general viewpoint in this study.
Key words: near-critical fluid; micro-scale channel; carbon dioxide; convection heat transfer;
stability
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