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Abstract Microchannel heat sinks (MCHS) offer broad application prospects in battery thermal management systems (BTMS) due to
their high heat-transfer coefficient (HTC) and compact structures. In response to the stringent requirements for temperature uniformity in
power batteries, this study reviews the recent research progress in optimizing temperature uniformity across single -phase and two-phase
liquid-cooled microchannel heat exchangers, analyzing the mechanisms of temperature non-uniformity, structural optimization methods,
and manufacturing feasibility. The results indicate that the temperature non-uniformity in single-phase liquid-cooled microchannels is
caused by the uneven flow distribution among the parallel channels and the gradual heating of the coolant along the flow path.
Optimization measures, such as improving inlet and outlet arrangements, enhancing manifold structures, employing biomimetic or
topological flow paths, and implementing variable-density disturbance structures, can effectively improve the temperature distribution.
For two-phase liquid-cooled microchannels, temperature uniformity is influenced by the flow distribution and bubble behavior, requiring
surface modification and special structures to regulate the gas-liquid phase distribution. Comparative analysis reveals that the
optimization of single-phase flow focuses on improving the liquid flow distribution and enhancing the downstream heat transfer, whereas
the key to two-phase flow optimization lies in controlling the bubble behavior. Moreover, the engineering applications of complex
microchannel structures are limited by manufacturing costs, processing precision, and long-term reliability. These findings offer
practical guidance for designing temperature-uniform structures in MCHS for BTMS.
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