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Figure 2 (Color online) Schematic diagram of conduction-advection area thermal resistance in parallel in the fluid domain.
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Figure 3 (Color online) Schematic diagram of simplified overall area thermal resistance calculation.
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Table 1 Thermal properties parameters of air and channel size
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Figure 4 (Color online) Distribution of steady-state temperature and velocity fields for forced convection.
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Figure 5 (Color online) Distribution of area-averaged advection area thermal resistance in x (a) and y (b) directions for forced convection.
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Figure 6 (Color online) Distribution of advection heat flux in x (a) and y (b) directions for forced convection.
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Analysis methodology of thermal conduction-advection resistance in
parallel during heat transfer in the fluid domain

WANG QiuWang, LI XiangXuan, WANG Ting, MA ShiHong, ZHANG Bo & MA Ting

Key Laboratory of Thermo-Fluid Science and Engineering, Xi'an Jiaotong University, Xi’an 710049, China

The thermoelectric analogy method and thermal resistance are widely used to solve heat transfer problems to simplify the analysis
process of complex heat transfer networks. Traditional thermal resistance is usually applicable to one-dimensional steady-state heat
conduction problems. However, heat convection is always involved in engineering applications, such as energy power,
petrochemicals, and aerospace. To solve this problem, the concepts of multidimensional thermal conduction-advection parallel
resistance analysis in the fluid domain and overall thermal resistance are proposed in this study, and a thermal resistance network is
constructed. The area-averaged advection thermal resistance in the fluid domain is closely related to the magnitude and direction of
the temperature gradient and velocity. The higher the velocity is, the smaller the area-averaged advection thermal resistance.
Simultaneously, “negative thermal resistance” exists in the area-averaged advection thermal resistance, which is equivalent to a “heat
source” or “heat sink” in the fluid domain. Results showed that the thermal conduction-advection parallel resistance network plays an
important role in the analysis of the flow and heat transfer process and in guiding the regulation and optimization of the heat transfer
process.

thermoelectric analogy method, local thermal resistance, advection thermal resistance, heat transfer regulation,
parallel thermal resistance
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