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Abstract. Micro-Electro-Mechanical Systems (MEMS) is an integrated electromechanical system
where the feature size and operating range of the components are on a micro-scale. Unlike
traditional mechanical processing, the production of the MEMS device uses semiconductor
manufacturing, which includes surface microprocessing and bulk microprocessing, which can be
compatible with an integrated circuit. These devices or systems have the ability to detect, control,
activate, and create macro-scale effects. In this study, a 3-channel microfluidic channel design
was realized by using the SolidWorks program, which is a 3D design program, to realize a
microfluidic chip design. The preliminary physical tests and investigation of this microfluidics
were made using the Comsol Multiphysics program and necessary time-dependent pressure tests.
In this study, it is aimed to understand the pressure and speed values of the microfluidic chip
according to the analysis. As a result of the analysis, it was found that the microfluidic chip has a
maximum pressure of 6.1 Pa and a speed of 2.36x10'* mm/s.
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1. Introduction

The development of semiconductor technologies, companies working in this field have entered
the race to reduce their production further and laid the foundations of today’s
Microelectromechanical systems using different production methods. Studies in this field started
in 1959. As the name implies, they are systems produced at micro and nano levels [1, 2].

Microfluidic chip systems are designed at micro levels, and there are channels through which
electric current can go. It is defined as a group of canals or an integrated circuit in which channels
through which fluid, air or heat pass through microfluidic channels range from a few um to
several mm.

In the 1990s, poly-dimethyl oxane (PDMS) was developed. With this development, it has been
the most widely used in microfluidics and still has been widely used today. In the late 1990s,
microfluidic devices were created for cell biology applications such as cell and protein separation
modelling, cell-based biosensors, culture and research [3, 4].

Towards the 2000s, researchers began working on microfluidic devices that could be used as
tissue and organ models for drug discovery and development and developed the organ-on-a-chip
by examining biological processes. Since the 2000s, studies have been conducted on many tissue
models on the intestine, liver, brain, heart, eyes, skin, lungs, muscles, blood vessels and the chip
of the tumour [5-7].

By 2010, a biometric device was developed to mimic the lung alveolar-capillary interface with
its structural, functional and mechanical aspects. The device has human alveolar epithelial cells
on one side and human pulmonary-endothelial cells on the opposite or lower side. Human breath
is imitated by injecting air into the sidewall or walls of the alveolus and then vacuuming [8-10].

In 2018, drug absorption was attempted on an organ chip made with a model taken from the
intestine. In the microfluidic intestine, samples were placed in the upper part, and a porous
membrane separating it from the bottom was placed to check whether the drugs given were
absorbed.
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In their work, Crowley and Pizziconi aimed to separate plasma from the blood by using planar
micro filters for laboratory applications on the chip. He also stated that the micro-scale blood
filtration design used in his study could have extensive effects in the field of separation
science [11].

Abate et al. Found experimentally that their “T” connections on microfluidics are clogged over
time. These connections in microfluidics are also found to occasionally block “T” rotations of
fluids in the form of droplets [12].

In the multi-port flow control study for Chien and Parce Lab on a chip microfluidic devices, it
aimed to reduce the time constant and develop an algorithm by calculating the pressures, and for
this, it installed an additional device with an external pressure booster multi-port inlet. In this way,
they emphasized that lab on a chip could open a new path for biochemical experiments. They have
also explained that the ability to control liquids flowing in microfluidics is always a leading feature
[13]. Pressure and speed control processes were carried out. There are many studies especially on
control applications [14-16].

In this study, the micro-fluid chip design and analysis with three inputs and one output, and
the pressure and speed in the microfluidic chip channels were controlled. These channels work in
advancing blood, and it will be possible to examine for a chemical system and flow cell.

2. Material and methods
2.1. Design criteria

Lab on a chip (LOC) studies have become increasingly popular in areas such as biochemistry
and bioengineering. It can incorporate all chemical processes such as chemical reactors, heat
exchangers, separators and mixers by various techniques or methods.

In this study, the design study of the microfluidic with three channels inlet and the single outlet
has been done. After modelling, optimization of infusion pressure, micro-channel design and time
control is discussed.

— A single-output microfluidic design that can have three channel inlets

— A suitable 3D geometric drawing as microfluidic controls will be time-dependent

In Fig. 1, the three-channel microfluidic design is made and scaled. The channel width is
30x30 um. The channels located close to each other are determined as the input channel and will
be collected in the single-channel and will be the output channel.
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Fig. 1. Three channel microfluidic channel design
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2.2. Comsol multiphysics analysis

In this study, analyzes will be carried out through the Comsol program, as time-based fluids
will be studied through the microfluidic channel.
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In Fig. 1, the microfluidic chip made with 3D design SolidWorks program was added to
Comsol by “importing”. Then, the microfluidic chip meshed in accordance with the flow
dynamics. Then, the input parameters for the inlet-outlet channel were defined, and the inputs and
outputs were defined in the program. The fluid values passing through them are kept constant and
are as given in Fig. 2.

* Material Contents

Property Variable Value Unit Property ¢
v Density rho 1000 kg/m®  Basic
¥/ | Dynamic viscosity mu 1e-3 Pa-s Basic

Fig. 2. Fluid properties

As indicated in Fig. 3, there are three input parameters. The explanations are as follows:
— p_in_rm: Pressure input in the microfluidic channel on the right side;

—p_in_c: Pressure inlet in the microfluidic channel in the middle;

—p_in_Im: Pressure input in the microfluidic channel on the left.

¥ Variables
»
Name Expression Unit Description
p_in_rm p0+p1*sin(lomega*t) Pa
p_in_c pO+p1*sin(lomega*t+pi/2) Pa
p_in_lm p0+p1*sin(omega*t+pi) Pa

Fig. 3. Three channel microfluidic inlet parameters
3. Result and discussion
3.1. Analysis with Comsol

With the completion of the design studies in the material and method, some tests were carried
out using the finite element method to complete the pressure analysis based on time. In the
previous section, dynamic viscosity and density are defined for the inclusion of the designed LOCs
in the program, followed by entering the required pressure parameters for boundary conditions
and fluid information. Finally, Mesh process has been done. Similarly, the necessary tests have
started with the determination of inlets and outlets (outlet) determined on microfluidics.

In this study, volume flow analyzes on the microfluidic chip were evaluated over t = 0.5 s.
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Fig. 4. Three channel microfluidic (t = 0.5) flow direction

The direction graphs of the speeds on the Three Channel microfluidic design are shown in
Fig. 4. The entrances of the channels are numbered from left to right. Using the equation according
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to the numbers, the flow, pressure effect and flow direction of the fluid varies in the channels. The
most velocity flow flows from the single output point and reaches a speed of 2.36x10*mm/s. In
the number one input, the speed is almost between 0 and 1 mm/s, but the speed direction is
opposite to the input direction.

3.2. Pressure-time analysis
Time-dependent analysis of pressure is taken from one point of the outlet. When the output

graph in Fig. 5 is examined, it will be seen that it is periodic. According to this graph, the
maximum pressure was 6.1 Pa, and the minimum pressure was 5.37 Pa.
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Fig. 5. Three channel microfluidic pressure-time graph

3.3. Speed-time analysis

Time-dependent analysis of speed is taken from one point of the output. When the output graph
in Fig. 6 is examined, it will be seen that it is periodic. According to this graph, the maximum
speed was 2.36x10' mm/sec, and the minimum speed was 2x10' mm/sec.

x1077
21}
2.2}
214}
2.161
218
2.2}
2.22
2.24}

-2.26 -

Velocity field, x component (m/s)

2.28}

2.3}

2.32

2.34}

2.36 . L A L A L . A
) 0.5 1 1.5 2 2.5 3 3.5 a
Time (s)

g. 6. Three channel microfluidic velocity-time analysis
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4. Conclusions

Until recently, the development of miniaturized non-electronic devices has lagged behind the
miniaturization trend in microelectronics. In the late 1970s, silicon technology also expanded the
processing of mechanical microdevices, and later became known as microelectromechanical
systems (MEMS). However, although it is common to use MEMS as the term of microtechnology
used today, it is not true. With the fluid and optical components in microdevices, microsystem
technology (MST) appears as a more accurate definition.
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In this study, the SolidWorks program, one of the 3D design programs, was used to realize a
microfluidic chip design. For the preliminary physical tests and investigation of this microfluidic,
the time and pressure-dependent velocity analyzes were performed using the Comsol Multiphysics
program using the finite element method.

According to the analysis of the microfluidic chip, pressure and velocity values were obtained
in this study. As a result of the analysis, it has been observed that the microfluidic chip has a
maximum pressure of 6.1 Pa and a speed of 2.36x10'* mm/s. These values obtained will be of
great importance in the fabrication of the chip. Also, it is thought that this study will be an essential
resource for future stages.
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