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Transport Efficiency of Thermal Energy—a New Performance Evaluation
Criteria of Heat Transfer Enhancement

JIA Hui LIU Wei LIU Zhi-Chun
(School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract Based on the unavailable heat consumed in heat transfer process, a new physical quantity
defined as transport efficiency of thermal energy was presented. Then, the approach of minimum heat
consumption was applied to optimize the laminar and turbulent convective heat transfer of air in the
circular tube. Furthermore, the transport efficiency was calculated and compared in these cases. It
can be found that the transport efficiencies of optimized circular tubes are much higher than the pure
tubes for the convective heat transfer in the tube, so is the Nu number. Therefore, the transport
efficiency of thermal energy is a good criteria to evaluate the heat transfer enhancement in the tube.
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Fig. 1 Geometric model
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Fig. 2 Experimental sectional temperature and velocity fields
at constant heat flux 1000 W/m? and 1 m/s velocity
in the entrance
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Fig. 3 Experimental sectional temperature and velocity fields
at constant heat flux 5000 W/m? and 15 m/s velocity
in the entrance
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Fig. 4 The comparison of transport efficiency of thermal

energy between smooth tube and enhanced tube
at laminar flow
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Fig. 5 The comparison of Nu number between smooth tube
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and enhanced tube at laminar flow and the same
power consumption
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Fig. 6 The comparison of transport efficiency of thermal
energy between smooth tube and enhanced tube
at turbulent flow
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Fig. 7 The comparison of Nu number between smooth tube
and enhanced tube at turbulent flow and the same
power consumption
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