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Abstract; It is important to design microfluidic technologies for improving the efficiency of microfluid-
ics and reducing the costs of research and development. However, system level design, modeling and
simulation are significant methods for rapid design, optimization,and verification of the microfluidics.
This paper introduces the principles and methods of microfluidic design, firstly. Then, it focuses on
two main system level design methods, nodal analysis method and equivalent circuit method. After a
brief discussion of microfluidic design technology, it introduces the modeling and simulation processes
of the two methods, and overviews their research status and development trends in the last ten years
at home and abroad. Finally, it summarizes merits and demerits of the two methods and discusses
their development prospects. It points out that the system level design and modeling will be great su-
periority for design a microfluidic system with large-scale, complexity and multi-function.
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Tab.1 Across and through variables in different energy
domains™*?!]
Domain Across variable  Through variable
Fluidic Pressure Flow rate
Electrical Voltage Electric current
Thermal Temperature Heat flow

Mass transfer Solute concentration  Solute flux

Any Driving force Flux
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Fig.1 Sketch of a competitive immunoassay microchip?*
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Fig. 2 System-level schematic of the compet-

itive immunoassay microchip?
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Tab.2 Physical similarities between microfluidics and electronics: the electric circuit analogy™"
Microfluidics Electronics
Molecules Electrons
Flow of fluid Flow of electricity
Volumetric flow rate Q/(m® « s™!) Electric current I/A
Pressure drop Ap/Pa Voltage drop AV/V
Hydraulic resistance Ry /(Pa s m™?) :R;;ocL/A*? Electric resistance Rg/Q:RgccL/A
Hagen-Poiseuille’s law: Ap=QRy Ohm’s law: V=1IR;:
Hydraulic circuit or microfluidic network Electric circuit
Microchannel segment (fluidic resistor) Conductive wire (electric resistor)
Source-inlet and drain-outlet port Input and output terminal
Equivalent series-connected fluidic resistors: Ry,., = Ru.
Equivalent series-connected resistors: Rg ., =Rk, T Rx.»
+Ry..
Equivalent parallel-connected fluidic resistors: Ru., = Equivalent parallel-connected resistors: Rg., = Rg. |

Ry " Ru.;=(Ru1 XRu.2)/(Rui+Ruz)

Independent, constant fluid flow source

Independent, constant pressure source

External pump (e. g. , syringe and peristaltic pump)
Atmospheric pressure pum

Law of mass conservation: Z Q. =0 at a node

Law of energy conservation: 2 Ap,=0 in a closed path
Pressure division (or pressure fraction)

Flow division (or flow fraction)

Hydraulic compliance (or capacitance) Cy/(m® « Pa ')
AQ(t) = Cyd(Ap)/dt (AQ: stored volumetric flow rate
change)

Inertia (which is negligible in microfluidic systems)

Maximum velocity=speed of sound

Rg, =(Rr1 XRg,») /(R +Re.2)

Independent, constant current source

Independent, constant voltage source

Power supply or battery

Earth or floating ground (GND)

Kirchhoff’s current law (KCL): ») I,=0 at a node
Kirchhoff’s voltage law (KVL) . Z V,.=0 in a closed path
Voltage division

Current division
Capacitance C/F; I(t)=CdV/d¢

Inductance L/H

Maximum velocity=speed of light
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