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Numerical analysis of distinction boundary of surface roughness and wall blocks in
laminar pressure-driven flow within the rugged microchannels
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ABSTRACT: In the present study, a laminar pressure-driven flow within a microchannel consisting
of two parallel flat plates with rugged walls has been simulated. The walls’ surface ruggednesses have
sinusoidal profiles with relative heights of 0<h/H<0.15. The governing equations in a two-dimensional
general coordinate are solved using the finite-volume method in a non-uniform grid with the maximum
orthogonality of the grid lines adjacent to the rugged boundaries. In the first step, the surface
ruggednesses of the wall are divided into two categories: surface roughness and wall blocks. Then, the
boundary of surface roughness from wall blocks is determined by defining and applying two qualitative
and quantitative criteria. According to the qualitative criterion, when the surface ruggedness is of the
order of surface roughness, the pressure distribution at the centerline remains as linear as a perfectly
smooth microchannel. But when the surface ruggednesses are of the order of wall blocks, however,
the pressure distribution at the centerline is oscillating. Also, on the quantitative criterion, the average
shear and normal forces just adjacent to the rugged surfaces are accurately calculated and compared.

According to the results, in laminar flow within the rugged planar microchannels, 5/ #| is 0.042 which
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1. Introduction

Surface ruggedness is a feature of the surface of the walls.
When the height of the surface ruggedness is much less than
the characteristic length of the channel (channel height), it is
called surface roughness. But when the surface ruggednesses
are of the order of the height of the channel, the use of surface
roughness term for them does not seem to be correct. In this
case, it is necessary to address the ruggednesses on the wall as
wall blocks and analyze the flow in the channel with the wall
blocks, just like the flow in a convergent-divergent channel.

In all previous numerical studies, the distinct boundary
between the terms surface roughness and wall blocks has not
been determined. In other words, there is not enough attention
to the use of a suitable word for surface ruggedness, so that
very high ruggednesses are sometimes considered as surface
roughness. Therefore, the first purpose of this paper is to
determine the distinction boundary between the two terms of
surface roughness and wall blocks for pressure-driven flow.
Then the effect of surface roughness on this flow within a
microchannel is investigated.

2. Problem Statement

In this paper, a two-dimensional laminar pressure-driven
flow between two parallel plates (as a microchannel) with
sinusoidal surface ruggednesses (in unit depth) is investigated
numerically. The schematic of the problem is shown in
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Fig. 1,inwhich height, length and relative ruggednesses of the
microchannel are H, L=10H, and 0<h/H<O0.15, respectively.
p,=p,, and p,=0 are the pressures at the inlet and the output
of the microchannel, respectively. The governing equations
are the Navier-Stokes equations for a Newtonian fluid in a
microchannel for the incompressible and steady-state. The
boundary conditions of the problem are the non-slip flow and
‘; P _o on the walls and the flow development at the inlet and
ottlet of the microchannel.
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Fig. 1. Schematic of a two-dimensional laminar pressure-driven
flow within a microchannel with sinusoidal surface ruggednesses
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