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ABSTRACT  Efficient energy systems are widely used in energy, power, petrochemical, metallurgy, 

refrigeration, aerospace and other fields. Developing advanced and efficient energy saving and storage 

technologies is urgent to achieve carbon neutrality. For energy systems, traditional design calculation 

often relies on the overall lumped parameter method, which will face problems such as hard to clearly 

show local characteristics and calculated difficulties in the analysis process. This report presents a local 

thermal resistance method, based on thermal resistance networks and thermoelectric analogy. The 

thermal resistance field is constructed by assigning the thermal resistance for discrete control units at 

points. From the energy transfer, the concept of multi-dimensional conduction-advection thermal 

resistance in parallel in fluid domain is proposed, and the conduction-advection thermal resistance 

network with heat capacity is constructed, which enables the integration of momentum and heat transfer 

in the fluid domain and explains the mechanism of local energy exchange. Meanwhile, the computational 

heat transfer expression for local thermal resistance is investigated. The relative relationship between 

thermal resistance and energy is investigated by order-of-magnitude analysis from the parallel thermal 

resistance analysis. Subsequently, based on analysing the relative magnitude of the thermal resistance 

distribution, a computational expression for the local thermal resistance is obtained. On this basis, typical 

heat transfer processes such as double-sided heat transfer are studied, and local thermal resistance 

analysis methods such as local thermal resistance ratio and local total thermal resistance are proposed. 

Afterwards, a large amount of data is further analyzed and fitted to construct a correlation equation 

between the local thermal resistance and the macroscopic parameters, which provides the means to guide 

the practical engineering applications. The conduction-advection parallel thermal resistance network is 

important to analyze the flow and heat transfer processes and guide the regulation and optimization of 

the heat transfer processes. The local thermal resistance method, on the other hand, achieves the accuracy 

of calculation and the simplicity of design from the computational heat transfer method, and provides 

the approach to realization for engineering applications. The thermal resistance adjustment principle 

based on the local thermal resistance method is an important guide for the accurate design of energy 

saving and storage devices. 
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