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Abstract The several Lab on a Chip devices depend largely on the microchan-
nels. Each microchannel’s performance is determined by its mixing properties and
pressure drop. The performance evaluation for serpentine microchannels including
obstacles is the main topic of this paper. The simulations based on computational
fluid dynamics (CFD) were performed by employing COMSOL Multiphysics 5.0
software. The semicircular obstacles were introduced in the flow direction of serpen-
tine microchannels. The two inlets’ entrance velocities ranged between 0.5, 0.75 and
1 mm/s. The microchannels’ width and height were 400 pm (for an aspect ratio of
1). Pressure changes (drops) and mixing in straight serpentine microchannels with
no obstructions and semi-circular obstructions are discussed. Study is done on how
inlet velocity affects pressure drop as well as mixing length.

Keywords Serpentine microchannel - Semicircular obstacles + Curved bend -
Mixing length * Pressure drop

1 Introduction

Microfluidics is a concept that describes fluid control and actuation methods and
components used for microscopic level fluid transport phenomena. The field of
microfluidic systems is one that is rapidly developing, and research in this area
is crucial to the implementation of lab-on-a chip (LOC). The LOC systems, also
known as systems for micro total analysis (WTAS), are capable of carrying out the
full range of biological and chemical processes [1, 2]. Numerous industries, such
as cosmetics, medicine, pharmaceuticals, and biotechnology as well as the control
systems using physical sciences and heat management, use microfluidics. One of the
essential parts of microfluidic systems is a microchannel. The term “microchannel”
refers to a channel with dimensions in the micrometer (Lm) range. A micromixer is
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a microchannel only which is employed for mixing fluids. The microfluidic chips,
which are circuits, already have the geometries in place. Since this technology
provides a way to perform the crucial chemical evaluation processes in the biomedical
field, it has been the subject of extensive research [1-3]. Micromixers can always be
split into 2 groups: passive and active. These micromixers differ in terms of capacity,
mixing speed, and operational needs. For instance, a power source is needed to enable
mixing in an active micromixer.

A passive micromixer, in contrast, uses applied pressure meant for fluid motion to
achieve mixing. As a result, several micromixers better suited than others for a given
application. Although integration with other devices is challenging and fabrication
is expensive, active micromixers typically offer accurate mixing. Because of this,
passive micromixers are frequently preferred [4-6].

Numerous studies discuss the mixing capabilities of passive microchannels.
Different researchers have used a variety of geometries, including wavy structures,
curved shapes, static micromixers, square waves, straight microchannels, spiral-
shaped microchannels, serpentine microchannels with non-aligned inputs, serpen-
tine microchannels with cyclic L-shaped units, etc. to investigate impact of geometry
along with profile on mixing performance [7-15]. The split-and-recombine (SAR)
microchannel has also been a subject of extensive research. To improve the diffusion
process, SAR splits and recombines the two fluids that need to be mixed. Planar
SAR micromixers, P-SAR micromixers with cavities, modified P-SAR micromixers
with dislocation sub-channels, two-layer crossing channels, 2D modified Tesla struc-
tures, ellipse-like micropillars, etc. are a few examples of the various configurations
of passive micromixers created by a number of researchers. The split and recom-
bining mechanism and the resulting chaotic advection have been observed to improve
mixing performance [16—18]. Lots of studies using various varieties of grooves and
obstacles across the mixing path to study the mixing behavior of microchannels have
been published by different researchers. [19-24] and reported that performance of
mixing was improved on account of the creation of recirculation zones downstream of
these obstructions. A select group of researchers have created microchannels using a
variety of techniques, including micro-milling, laser machining, and photochemical
machining [25-35].

Based on the aforementioned studies, it can be deduced that the mixing index (also
known as mixing length) and pressure drop are the two main factors that control the
behavior of the microchannel. However, a comparison of microchannels that are
serpentine and have both straight and curved bends is still possible. Also impressive
is how width as well as height (i.e. aspect ratio) affects the analysis of mixing. The
mixing performance analysis for microchannels with obstacles is presented in this
paper. These simulations were done with the aid of COMSOL Multiphysics 5.0. Anal-
ysis is done on pressure change (drop) and combining in serpentine microchannels
with and without semicircular obstructions.
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Fig. 1 Serpentine
microchannel a without
obstruction b including
semi-circular obstruction

-
] Ip)
C

@
-
P
C

2 a2

N
-
o
C
)| 3 D
(

=

(a) (b)
2 Numerical Simulations as a Methodology

2.1 Microchannel Configuration

Inside this current study, a serpentine microchannel with no obstacles and a serpentine
microchannel using semicircular obstacles have both been taken into consideration.
COMSOL Multiphysics 5.0 was used to create the computational models, which are
shown in Fig. 1a, b for serpentine microchannel with as well as without semicircular
obstacles, in that order. In each configurations of aspect ratio 1, microchannel’s sizes
(width and height) are 400 m. Semicircular obstacles have a 200 m radius. Inlet 1
and Inlet 2 were used for feeding the two fluids. For both inlets, it has been assumed
that the velocity of fluid (u mm/s) is the same.

2.2 Boundary Criteria

COMSOL Multiphysics 5.0 has been used to run the various simulations for the
created microchannels. Laminar flow and the transportation of diluted species are the
physics used during COMSOL simulations. Governing equations or Egs. 1-3, were
solved by the software using appropriate boundary conditions. The used boundary
conditions include no-slip conditions at the microchannel walls, equal velocities at
the both the inlets, atmospheric pressure at the outlet, symmetry at the fluid-to-fluid
interface, and equal velocities at the two inlets. Water and ethanol at a temperature of
25 °C have been assumed to be the fluids at the two inlets. The fluid concentrations
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just at inlet boundaries have been calculated as 10 mol/m? for fluids and 0 mol/m?
for fluid 2. It has been determined that ethanol’s water diffusion coefficient is 1.0 x
10~° m?/s Inlet velocity is adjusted between 0.5 and 1 mm/s.

The steady state conditions used for fluid flow, as well as convection and species
diffusion, have been considered for the established computational models. The
Navier-Stokes as well as continuity equations are used to express the incompressible
isothermal Newtonian fluids in microchannels’ mass-momentum balance. These are
the equations:

Vu=0 (1)

p(u.Vyu = V.[—pl + p(Vu+ (Vu)") — 2/3uw(V.)I] + F 2)

where I is unit diagonal matrix, u = (u, v, w) is flow velocity field, i is the fluid
dynamic viscosity, p is fluid pressure, p is density of fluid, and F = (fx, fy, fz) is a
fluid-affecting volume force.

Diffusion and convection cause the fluid flow to mix as a result. Mass transporta-
tion has been governed by the formula:

V.(=D.Vc) +u.Ve =R 3)

2.3 Mesh Generation

Unstructured mesh was used for the computational analysis (CFD) of micro channel
models. The simulations were run with various mesh sizes (domain elements) to
prevent the impact of more meshing elements on the simulation results’ quality.
The pressure drop results at various domain elements are compared for both
microchannel configurations. Figure 2a as well as b show the mesh-enclosed
serpentine microchannel with parallel oblique bends, respectively.

3 The Study Results and Discussion

The COMSOL Multiphysics 5.0 tool was used to create the serpentine microchannel’s
three-dimensional models, which include both straight and curved bends, and then
run simulations on them. By taking into account the conditions of the boundary,
Egs. 1 through 3 have been solved. The primary fluid is water, and the secondary
fluid is ethanol, both at a temperature of 25 °C.
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Fig. 2 Serpentine microchannel meshing a with no obstacles b with semicircular obstacles

3.1 Impact (in Pa) on the Drop in Pressure

Analysis is done on how the aspect ratio affects the pressure drop. There were three
different inlet fluid velocities tested: 0.5, and 0.75, and 1 mm/s. Figure 3a, b respec-
tively show the sample pictures for the pressure drop measurement for the Serpentine
microchannel (a) without obstacles and (b) with semicircular obstacles.

The pressure drop was measured, and Fig. 4 illustrates how the aspectratio affected
the pressure drop for serpentine microchannels with and without semicircular obsta-
cles. Figure 4 shows that the pressure drop increases as the velocity rises from 0.5 to
1 mm/s. The pressure drop for serpentine micro channels with semicircular obstacles
is higher than it is for channels without obstacles, it is also noted. This is due to the
fact that the cross-sectional area of the microchannel grows as the aspect ratio does.
The pressure on a fluid will be greater in a smaller area and lower in a larger area.
Due to the shape of the obstacles, the fluids are subjected to greater pressure there,
which causes a greater pressure drop in a serpentine microchannel with semicircular
obstacles.
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Fig. 3 Pressure drop for a serpentine microchannel with no obstacles b serpentine microchannel
with semicircular obstacles
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Fig. 4 Relationship between aspect ration and pressure drop

3.2 Impact on Mixing Length

The phrase “mixing length” refers to the length of the channel at which the two fluids
are completely mixed, or when the mixing index is 1. In the COMSOL Multiphysics
5 program, the mixing duration is recorded. Figure 5 shows examples of the cross-
sectional mixture images for a Serpentine microchannel (a) with no obstacles and
(b) with semicircular obstacles.

Figure 6 shows that the mixing length is significantly shorter for microchannels
with semicircular obstacles than it is for channels without obstacles. This increase
results from the fact that the flow is laminar at lower fluid velocities and that diffusion
causes mixing in the microchannels. This shorter mixing length results from chaotic
advection and vortices that form near semicircular obstacles, which improve mixing
and result in shorter mixing lengths than for situations without obstacles.

o

Fig. 5 Few images of mixing at the channel’s cross-section for a serpentine microchannel a without
obstacles b with semicircular obstacles
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Effect of Inlet Velocity on Mixing
Length
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Fig. 6 Mixing length for Serpentine microchannel a with no obstacles b with semicircular obstacles

4 Conclusions

Using computational analysis by means of COMSOL Multiphysics 5.0 tool, the
mixing performance analysis of a Serpentine microchannel (a) without obstacles
and (b) with semicircular obstacles has been studied. Investigation is done into how
inlet velocity affects the pressure drop as well as mixing length. The following
conclusions have been drawn from the numerical analysis:

As inlet velocity increases, the pressure drop also grows.
In comparison to serpentine microchannels without obstacles, higher pressure
drops are observed in serpentine microchannels with semicircular obstacles.

e In comparison to serpentine microchannels without obstacles, shorter mixing
lengths are observed for semicircular obstacles.
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