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Slip flow over micron sized particles at intermediate Reynolds
numbers

H. Niazmand Associate Professor, Department of Mechanical Engineering,
Ferdows University of Mashhad, Iran

M. Anbarsooz Ph.D. Student, Mechanical Engineering, Heat and Fluids, Ferdowsi
University of Mashhad, Iran

Abstract

Rarefied flow behavior which is often appears in relatively low pressures for macro sized devices, might also occur at
atmospheric or even higher pressures for the applications with micron-sized characteristic lengths. Spherical particles such as
fuel dropletsinjected in combustion systems can experience rarefied flow to some degrees due to their micron-size diameters.
This rarefied flow behavior can have dramatic influences on particle dynamics and heat transfer rate. Therefore, in this paper
flow over an isothermal spherein the slip flow regime 10°<Kn<10is investigated numerically using slip/temperature jump
boundary conditions. Increasing Knudsen number decreases the drag coefficient and the Nusselt number due to the reduction
is velocity and temperature gradients over the sphere surface. This reduction is directly related to the Reynolds, Prandtl and
Knudsen numbers. Rarefactions effects introduced by Knudsen number are studied in detail for the flow over sphere to
examine the flow dynamics including separation zone, wake length and the vorticity distribution around the sphere for
1< Re<100. Moreover, two correlations for practical applications are developed to estimate drag coefficient and the
Nusselt number in the dlip flow regime (for Knudsen numbers less than 0.1).

Keywords: dlip, sphere, heat transfer, drag coefficient, Nusselt number
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