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Abstract:

Channels with hydraulic diameter less than 1 mm are classified as microchannels. An important effect associated
with microchannel flows is rarefaction effect. The Knudsen number, Kn, is a measure of the degree of
rarefaction, which is defined as the ratio of the mean free path to an appropriate macroscopic length scale of the
flow. For Knudsen numbers in the range 10° < Kn < 10, deviations from continuum behavior arise near the
walls, where in a thin layer called the Knudsen layer, molecular collisions with the walls dominate over
intermolecular collisions. In this rang of Knudsen numbers which is called slip-flow regime, the standard Navier-
Stokes and energy equations can still be used for the prediction of the flow and thermal field if modified

boundary conditions allowing for velocity-slip and temperature-jump at the walls are employed.

A survey on the available literature on microchannels indicates the shortage of information for 3-D flows in slip
regime. Furthermore, most of researchers have focused on the hydrodynamically and thermally developed
regions and there is a lack of information in developing region. Even in cases where the thermally developing
region is investigated the flow is assumed to be fully developed. It is notable that in short microchannels which
are commonly used in micro heat exchangers and MEMS devises, heat transfer in the entrance region is
considerable. Also, researchers usually ignore the effect of axial heat conduction, which is not negligible in low

Peclet flows associated with microchannel flows.

In the present article, heat transfer in a microchannel under H2 boundary condition (constant heat flux both
axially and peripherally) for low Peclet flows is investigated numerically. Standard Navier-Stokes and energy
equations for an incompressible laminar flow along with slip-velocity and temperature-jump boundary
conditions are solved in a general coordinates system using a finite volume method. Fluid flow and Fanning
friction factor will be investigated in the entrance region. In thermal field, geometry, Reynolds number, Prantel
number, and Knudsen number are effective parameters. A considerable reduction in Fannig friction factor and

heat transfer coefficient is observed in slip flow regime, particularly in the entrance region.

Keywords: Microchannel, Slip regime, Temperature-jump, 3-D Heat transfer, Entrance length, H2 boundary

condition



