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developing microfluidic Lab-on-chip products, Organ-on-chip, and other products for
biological, chemical, and other flow analysis. Working with microfluidic products mainly
revolves around flow measurement. The control of these frameworks is just
conceivable with sensors that estimate flow rate. In this work, we understand the
dynamics of microfluidic flow and try to determine its influence on sensor behavior.
The paper presents the construction of flow-sensing techniques for microflows. The
design of the microchannel opted for the study is also discussed. A microfluidic flow
rate sensing technique is put forward using the physical principle of fluid dynamics;
based on pressure in a rectangular microchannel. For rectangular microchannel, the
Micro fluid flow; microchannel; flowrate;  variation in pressure had an impact on the flow rate measurement of the microflow
measurement; micro flow sensor sensor.
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1. Introduction

In the past three decades, fluid flow has been applied in producing industrial products like
pharmaceuticals [1] and cosmetics. Power generation using water flow [2], water supply, water
treatment, and sewage management are the few other sectors that employ fluid flows. Among the
various fluid flows, the microfluid flow has been discussed more in the past decade regarding
technology that facilitates humankind in terms of biological and chemical aspects [3]. The
microfluidics field deals with the microflows of various fluids [4] and has risen to a new zone of
exploration with its use in different interdisciplinary areas [5]. Microfluidics is the innovation of fluid
control in different pathways [6] with measurements of several micrometers. This field offers a
developing arrangement of tools for controlling small volumes of liquids and manipulating chemical,
biological [7], and physical characteristics of microfluid flow. Currently, microfluidics is performing
great in medical [8], blending [9], sorting [10], cooling [11], and heat transfer areas [12,13].
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Variation in microfluid flow instances causes variation in its related variables in the microfluid
flow process [14]. Recently, new biological and chemical synthesis challenges are arising, leading to
the need for more sophisticated microfluidic products [15]. Such demands result in microfluidic
innovations for investigating microfluid flow parameters. The need in microfluidic applications to
analyze and manipulate has leaped novel exploration of measurement tools for flow parameter
monitoring [16].

The paper here concentrates on parameter variations in microflows and their effect on the
sensor. Flow rate is one of the critical characteristics of microfluid flows, whose variation strongly
dictates the balance and stability of the microflow environment. Also, the monitored variations in
micro flow rate are potentially being used to form applications like blending, sorting, and cooling. In
this regard, there is a need for microflow sensor inventions now and then to the demands of
microfluidic applications environments. The present study generates a flow rate sensing hypothesis
using basic fluid flow principles for single-phase liquid flow and rectangular microchannel.

2. Formulation and Methodology

Applications in microfluidics depend on the microflow parameter measurement and
microchannel geometry. Microflow parameters can be measured for different microchannels with
different microchannel geometry parameters like circular, square, triangular, rectangular, cylindrical,
and serpentine designs. Microflow parameter measurement in these microchannel designs is vital to
facilitate the performance of any microflow systems. Moreover, sensing microfluidic flow parameters
depends on the basic principles of fluid dynamics at the microscale.

2.1 Flow Sensor

A flow sensor is important in monitoring and controlling flow in any fluid flow environment for
the flow system to remain stable. Flow sensors play a critical role in monitoring fluids in microfluidic
systems. The principle of any microfluidic flow sensor depends on the basic principles of fluid
dynamics. Pressure is one of the microfluid flow parameters that can be used to calculate flow rate
according to Hagen—Poiseuille law [17]. Hence Hagen—Poiseuille law forms the basis for the flow rate
calculations through pressure variations of fluid flows in microfluidic environments.

2.2 Microchannel Design

Much work is done on cooling applications in the microfluidic field. A rectangular microchannel
is preferred in cooling applications like microelectronic or refrigeration processes. Hence, among
many microchannel designs and orientations, a model with straight-oriented rectangular
microchannel with a constant depth is chosen for the present study. Figurel, Figure 2, and Figure 3
are top view, longitudinal, and cross-sectional views of a planned microfluidic chip with a
microchannel, respectively. Microchannel is here considered for single-phase liquid transport. Draft
Angle connects with how vertical the microchannel barriers are. For the exact vertical wall, there is
no draft. The draft angle is considered zero in the plan, and thus no adjustment factor is incorporated.
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Fig. 1. Microfluidic chip top view (Green- Fig. 2. Longitudinal view of microfluidic
microchannel, Red-ports) chip with constant depth microchannel
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with rectangular miniature channel
2.3 Working Principle for Rectangular Microchannel
Pressure drop and flow rate are the microflow parameters considered for this study. A

rectangular microchannel with an inlet and outlet is considered as in Figure 4. As per Hagen—
Poiseuille, the pressure drop between two extremities in the microchannel is given by Eq. (1) [18].

y Input pressure Output pressure
z 1 P2
< Inlet —» — Outlet
1
Fig. 4. Microchannel Diagram
l

Ap= (p1-p2) = (1)
Q= nm3Ap (2)

- apl

_ _192m TNy 1
a=12[1 - ——tanh(; )] (3)

where, p1 and p2 =2 pressure at entry and exit of the microchannel, Q = mean volumetric flow rate,
m and n = height and width of the microchannel, u = liquid viscosity, | 2 gap in the middle of two
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extremities over where the pressure drop occurs, and a = fixed value particular to microchannel
geometry and can be determined by Eq. (3) [18].

The input velocity for the setup shown in Figure 1 is varied, which in turn changes pressure.
Depending on the pressure drop across the entry and exit of the microchannel, the flow rate is
calculated using Eq. (2) [18].

A completely evolved laminar stream can be acquired after a distance given by Eq. (4) [19]. Eq.
(5) and Eqg. (6) give Reynolds number and hydraulic diameter, respectively [19]

l=d),(—=— + 0.0567;,) (4)

14+0.0357,
where Reynold’s value is

vd
e=puh (5)

and hydraulic diameter is

_ 2mn

(6)

h ™ m+n

V is the mean velocity in the micro-sized channel and p is fluid density.
3. Results

Microchannels also vary in dimensions like length, width, height, and aspect ratio. The geometry
of the microchannel affects the pressure built up in the microchannel. Both longer microchannels
and smaller cross-sections result in higher pressure. Pressure in the microchannel should be managed
carefully, as the excess pressure might result in the microchannel leaking or bursting. For a
Polydimethylsiloxane microfluidic chip, pressure usually should be maintained below 200 kPa, or it
can be 300k Pa maximum.

Using the uFluidix online calculator, the pressure-flowrate of microflow is calculated. Also, for the
same calculations, the microchannel dimensions assumed are shown in Table 1. These calculations
are based on the Poiseuille formula for pressure in a rectangular microchannel with laminar flow [20].

Table 1

Rectangular Microchannel dimensions assumed

SI. No. Shape width Height(depth) Length
1 Rectangle 300 um 200 pum 10cm

For the study, water with a density of 1000 Kg/m3 is considered at 20 °C temperature and a
viscosity of 0.001 Pa.s. Flow velocity at the inlet varies in range (1-10) mm/s with a difference of 1
mm/s. Inlet velocity variations led to the variation of pressure measurement in the range of (0.52-
5.17) mbar, the calculated flow rate is in the range of (3.60-36.00) puL/min. These measurement
ranges resulted in the laminar flow with a Reynolds number range (0.24-2.40) with a wall shear stress
range (0.3-3.0) dyn/cm?.

For the rectangular microchannel dimensions assumed in Table 1, the flow rate calculations for
the variation in pressure are recorded in Table 2 and plotted in Figure 5. For the water flow in a
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rectangular microchannel, the relationship between the pressure and flow rate is linear. Pressure
variations influenced the flow rate values.

Table 2
Flowrate calculated for variation in the pressure of water
flow in rectangular microchannel

SI. No. Velocity Pressure Flow Rate
(mm/s) (mbar) (uL/min)

1 1 0.52 3.60

2 2 1.03 7.20

3 3 1.55 10.80

4 4 2.07 14.40

5 5 2.59 18.00

6 6 3.10 21.60

7 7 3.62 25.20

8 8 4.14 28.80

9 9 4.66 32.40

10 10 5.17 36.00

Pressure (mbar)
w
1

0 T T
0 5 10

T T T T T T T
15 20 25 30 35 40
Flow Rate (uL/min)

Fig. 5. Plot of the pressure and flowrate values
for water flow in a rectangular microchannel

4. Conclusions

Microfluidics, an interdisciplinary field, is extending itself in multidimensions by getting flourished
in biological/chemical/electro-mechanical application areas. Microchannel is also an important
segment of all microfluidic devices. The microchannel's shape, wall parameters, and dimensions will
vary under different applications.

For any microfluidic applications, understanding the microflow dynamics is vital for the working
quality of microflow systems. Microflow dynamics are inspected by measuring microflow
parameters, where microflow sensors come into the picture. Microflow sensors depend on the basic
principles of microflow dynamics.

Intense research has been carried out on the cooling process of the microfluidic area. The
rectangular microchannel is the most widely used in cooling applications. The Hagen—Poiseuille law
bridges the microflow parameter variations and microflow sensor measurement.
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For a rectangular microchannel, a variation in inlet velocity results in a variation in pressure. The
variation in pressure influences the flow rate measurement of the microflow sensor.

Liquid handling in most of the applications in the microfluidic field runs around microflow rate
measurement and microflow rate control. The applications of micro flowrate measurement are
chemical/pharmaceutical synthesis applications, medical applications, especially drug delivery, flow
manipulation applications like mixing, blending, etc. The presented micro-flowrate sensor technique
can become one of the methods used in these applications.
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