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Theoretical Study on Flow and Heat Transfer Characteristics of
Gas at Low Mach Number in Microchannels
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Abstract: Microchannel heat transfer exchangers have great application value in microelectronic systems,
aerospace and other fields due to high heat transfer coefficient and small mass. However, little is known about the
specific flow and heat transfer characteristics in microchannels. Assuming gas is in continuum zone with low
Mach number and viscous heat can be ignored, this paper adopts the method of separation of variables to simplify
the governing equations of the two—dimensional gas flow and heat transfer problem with variable properties in par-
allel plate microchannels within uniform heat flux in the laminar region. The distributions of velocity, pressure
and temperature within the channel are figured out, and the above results are in good agreement with the results
obtained by direct numerical solution of the original governing equations. The results show that the size—effect of
the microchannel leads to the similarity between the distribution of flow and heat transfer parameters of variable
properties gas at any cross section and that under normal physical properties, and the change of gas density along

the channel does not affect the distribution of friction coefficient and Nusselt number along the channel. If the
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channel structure and inlet and outlet parameters are given, the convection heat transfer coefficient cannot be in-

creased by the decrease of gas density and the increase of velocity in the channel, which can be calculated by

classical theory. Compared with the conventional size channel, the gas acceleration process in the microchannel

is more significant, and the viscous shear stress plays a dominant role in the acceleration process and is enhanced

with the increase of Mach number; friction loss is the main part of gas loss in microchannels. This work can pro-

vide references for the design of microchannel heat exchangers and the study of flow characteristics at high Mach

number.

Key words: Microchannel; Flow; Heat transfer; Separation of variables; Finite volume method
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Fig.1 Schematic diagram of the parallel plate

microchannel
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