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Thermodynamic analysis of enhanced heat transfer process
in microchannel heat sinks with complex structure

ZHALI Yuling, XTA Guodong, LIU Xianfei, LI Yifan
(Key Laboratory of Enhanced Heat Transfer and Energy Conservation, Ministry of Education, School of Environmental and Energy
Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: It is a typical irreversible process of flow and heat transfer in the microchannel and it is necessary to
reduce the irreversibility to improve effective utilization of energy in the heat transfer process. The entropy
generation rate and transport efficiency of thermal energy are derived from the first and second law of
thermodynamics, which indicate that the effective utilization of thermal energy increases with the decrease of net
temperature gradient of fluid in the micro heat sink. A new micro heat sink with complex structure is proposed and
simulated based on the previous study. The effect of structure on entropy generation rate and transport efficiency
of thermal energy is also analyzed. The results reflect that the less the net temperature gradient of fluid, the less
irreversibility and the more uniform the temperature of bottom in the heat sink. Based on the definitions of thermal
enhancement factor, entropy generation rate and transport efficiency of thermal energy, it is reasonable to use
thermal enhancement factor to evaluate the comprehensive performance of micro heat sinks, while the other two

are used to measure the irreversibility and level of utilization in the heat transfer process. In short, the evaluation

2014-01-09 W FIRIH, 2014-03-03 YL FME A - Received date: 2014-01-09.

BARAN: ZEKk. £—FE: BER (1986—), &, ML, Corresponding author: Prof. XIA Guodong, xgd@bjut.edu.cn

HEEUWH: HEXAARAIEEEGIE (51176002); E K E f LMl 71 Foundation item: supported by the National Natural Science Foundation
RIERIGIH (2011CB710704); b5t AR EETH (3142004). of China (51176002), the National Basic Research Program of China

(2011CB710704) and the Natural Science Foundation of Beijing (3142004).



* 3404 ¢

T

L

65 %

criteria is provided by the first law of thermodynamics, while the essence of heat transfer enhancement is indicated

by the second law of thermodynamics, giving a complete thermodynamic theory for optimizing micro heat sinks.

Key words: micro heat sink; heat transfer enhancement; entropy generation; exergy; thermal enhancement factor
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