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Research progress on the multi-factor influences on the
temperature uniformity of the heat storage system
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Abstract: Thermal energy storage (TES) offers inherent safety, large-scale scalability, low
cost, and long-term economic benefits, making it a crucial technology for resolving renewable
energy intermittency and fluctuations, thereby enabling the construction of new power
systems. However, existing TES systems frequently suffer from nonuniform temperature
distributions, which compromise system operation and safety and hinder large-scale
applications. This review explores the connotation and evaluation systems of temperature
uniformity, as well as the research methods for assessing it. The review leverages three core
dimensions: material thermophysical properties, system structural design, and operation-
condition regulation, to comprehensively analyze the influence mechanisms and laws of
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thermal conductivity, pore parameters, storage tanks, fin structure, and system operation
parameters on temperature uniformity. Research shows that constructing high-conductivity
networks through second phases (foam metals, carbon materials, nanoparticles, etc.) at the
thermophysical-property optimization level is the mainstream path to improving material
temperature uniformity. On this basis, gradient optimization of porosity and porosity density
results in an optimal temperature distribution. Within the storage tank structure and at the fin-
structure-optimization level, minimizing the thermal resistance induced by the structure during
the design phase is vital. At the operational level, increasing the inlet temperature exacerbates
thermal nonuniformity. Flow velocity exhibits a threshold effect: appropriate increases can
improve temperature uniformity, while bottom injection promotes uniform temperature
distribution. Finally, this review identifies common bottlenecks in multiparameter coupling
research and dynamic variable-condition responses in recent research and outlines future
development trends in multiparameter cooptimization, large-scale dynamic-variable-condition
experimental research, etc., to guide the design optimization and engineering applications of
thermal storage systems.
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structural parameters; operating conditions
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Table 1 Quantitative evaluation indicators for temperature uniformity
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Fig.1 Temperature distribution diagrams of several phase change thermal energy storage systems over one
cycle: (a) Original copper foam-PCM (phase change materials); (b) Nano-copper foam-PCM; (c) Pure PCM"
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Table 2 Thermal physical parameters affecting the temperature uniformity of the heat storage system
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tank configuration and fins) for improving temperature uniformity in thermal energy storage systems
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(a) Melting time; (b) Heat storage capacity; (c) Pressure drop
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