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Abstract

Nowadays, infertility is one of the significant concerns of the World Health Organization Received: 16 April 2023
(WHO), contributing to a large portion of its annual expenditure. Recent studies reveal that .

approximately 15% of couples worldwide (more than 50 million couples) encounter PR LS LU
infertility problems that are caused by defects in the male or female fertility factors. Page Number: 69-80

Although medical advancements have successfully helped a lot of couples with their
infertility by assisted reproductive technologies (ART), sperm selection, a crucial stage in
ART, has remained challenging. Microfluidic devices are systems that control the movement
of minute amounts of fluid using channels in micrometer dimensions, which have a wide
range of applications, especially in medicine. This technology can help to enhance
the quality of sorted sperm and be applied to boost our knowledge of sperm behavior and
effects of different sperm selection mechanisms within the ART. Here, the efficiency of
a microfluidic device having an application in the separation of motile sperm was studied
using computational fluid dynamics method and its two-phase-flow module. Laminar flow
and Level-set modules were used in this simulation. The mentioned device has three input
and three output channels, two channels for sample media and one for buffer. Furthermore,
it has a main separation channel, which width becomes wider gradually from the beginning

to the end. Thus, output channels have wider width. After simulation, the results were Keywords:
validated using the results of previous experimental and simulation works in this matter. Microfluidics,
Afterward, to increase the device’s efficiency, the width of the output channel used for .

the buffer is being altered which prevents the wasting of the motile sperm in buffer. Infertility,
Simulation has shown that increasing the buffer output’s width by 4 times of input fluids Motile Sperm,
channel’s width would cause decreasing the volume fraction of buffer in sample’s outlet to . .

1%. Therefore, this geometry is presented as the appropriate geometry for separation of Simulation,
motile sperm. In further studies, it is suggested that the last device be manufactured and Two-Phase Flow

studied to be validated its efficiency by experiment.
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Figure 1. Schematic of the basic geometry by specifying the inputs and outputs. A few sperm and their movement have been identified
as samples in the main channel. Low-motile sperm and impurities remain on their path and continue their path in the fluid,
but the mobile sperm are inclined towards the middle of the main channel and into the buffer fluid.
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Figure 2. The main geometry to change the dimensions of the main channel and buffer output channel to check efficiency. The width of
the channels are shown by the alphabetic symbols and their values are demonstrated in the Table 1.
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Table 1. The amount of variables (parameters) which changing them affects efficiency. The design number refers to the various
types of geometries that were simulated.

beo ik 383
1 383
2 383
3 383
4 383

766 200 200
816 250 200
866 300 200
916 350 200
966 400 200
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Figure 3. Comparison of the fluid velocity in the cross-section of main separation channel with various mesh size. (al,a2) A cross-section
(red line) in the middle of main channel. (b) Comparison in the full cross-section. (¢) Comparison in the magnified area near the middle
of the main channel, which is marked by the dashed circles of the magnified location. The number of meshes is as follows: 11156: normal,
11423: fine, 15987: finer and 23388: extra fine.
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Figure 4. Simulation of the main geometry. (a) Surface velocity magnitude in chip. (b) Surface volume fraction of fluid in chip.
(¢) Surface volume fraction of fluid at the end of the main channel.
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Figure 5. Recorded images of the experimental results at the end of the separation channel (green dots show motile sperm and red
dots show low-motile sperm). (a) Red circle shows the buffer outlet which includes motile sperm. Blue circles show the buffer
including motile sperm that exit from sample outlets. (b) Yellow ovals show low-motile sperm in sample flow which could
not close to buffer section and are near to the channel walls and go out with sample.
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Figure 6. Surface volume fraction of fluid in proposed geometries according to the information in Table 1. (a)) Design 1.
(b) Design 2. (c) Design 3. (d) Design 4.
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