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INTRODUCTION

Applications of Microfluidic Devices:

Ink Jet Printers

Chemical Analysis Systems

Biological Sensing

Drug Discovery

Drug Delivery

Molecular Separation

Amplification, Sequencing, or Synthesis of Nucleic Acids

Research tools
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INTRODUCTION

Micro Fluidics Conference
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INTRODUCTION
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WHAT IS A FLUID?

A fluid is a material (gas or liquid) that deforms continually under 

shear stress.  This simply means that the material can flow and has no 

rigid three-dimensional structure.  Under most circumstances 

(exceptions include extremes in ambient temperature and pressure), 

liquids and gases may be treated identically, with the exceptions that 

gases generally need complete containment and that gases are 

generally compressible, while liquids are generally incompressible.
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BASIC FLUID PROPERTIES - DENSITY

Density ρ = m/V  in Kg/m3 or g/cm3

compressible

Incompressible
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IDEAL GAS LAW

PV = nRT

P = pressure, in Pa = N/m2

V = volume, in m3

N = number of moles (mol)

R = gas constant, 8.3151 N m / mol K

T = absolute temperature, in K
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BASIC FLUID PROPERTIES

Pascal’s principle is a statement of the fundamental concept that 
pressure applied to an enclosed fluid is transmitted to every 
portion of the fluid (and hence the vessel it is in), and applies 
whether or not the fluid is incompressible.

Archimedes’ principle states that the buoyant force acting on an 
immersed body is equal in magnitude (but acting in the opposite 
direction) to the force of gravity on the displaced fluid.

Viscosity, µ, is a measure of how resistant a fluid is to flow (e.g., 
honey is more viscous than water) and is analogous to friction 
between solid objects (conversion of mechanical energy into 
thermal energy).  Viscosity can be found to be given in many 
differing units in the literature, but the most common is the poise 
(g/(s-cm)).
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VISCOSITY
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BASIC FLUID PROPERTIES

Volume flow rate of a fluid, Q, in a channel is given by:

Mass flow rate is the product of the volume flow rate and the 

density of the fluid

Qv = A v’          in m3/s 

A is cross-sectional area

and v’ is average velocity

Qm = A v’ d in Kgm/s
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BASIC FLUID PROPERTIES

Bernoulli’s equation – for steady-state flow of an incompressible, 
frictionless fluid in a channel of varying dimension, the pressure 
and the velocity of the flow along a streamline (path of a fluid 
molecule or particle in steady flow).  And for level flow (no effect 
of gravity due to height differences.

P2 = P1 + ½ ρ (v1
2-v2

2)   where

P1 and P2 are pressures at two points
v1 and v1 are velocities at two points
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BASIC FLUID PROPERTIES

Newtonian Fluids, a shear stress, τ, is linearly proportional to 
shear rate, with the proportionality constant being the viscosity, µ,

τ = µ dv/dy

where y is the distance measured normal to the surface of a flow 
channel
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TYPES OF FLOW

1. Laminar flow – velocity of a given point in the fluid does not 

change with time, well defined, stable stream lines.

2. Turbulent flow – above not true.

Reynolds number (Re) – indicates the relative 

turbulence of a flow stream

Re = ρρρρ v Dh / µ where Dh is the 

hydraulic diameter, in m

If Re is ~ > 2300 then the flow might be turbulent
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FORMULAS FOR HYDRAULIC DIAMETER
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EXAMPLE

Re = ρρρρ v Dh / µ

Water flowing through a circular flow channel of 500 µm in 
diameter with a velocity of 100µm/sec.  Determine at what 
diameter the flow becomes turbulent.  ρ = 998 Kg/m3, µ = 1.0 
centipoise (g/sm)

Re = (998 Kg/m3) (100E-6 m/s)(Dh)/(1g/s-m)(1Kg/1000g)
= 100,000 Dh

2300 = 100,000 Dh  

So Dh greater than 2.3 cm is needed for turbulent flow
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BUBBLES IN MICROSTRUCTURES

Bubbles can be eliminated by priming a fluidic system with a gas 

that is highly soluble in water, like CO2, C2H2, H2S, SO2 or NH3.  

Then fill with water and the bubbles are absorbed in the water.



©  April 28, 2011 Dr. Lynn Fuller, Professor

Rochester Institute of Technology

Microelectronic Engineering

MEMs Applications –Fluids

Page 18

CAPILLARY FORCES

Assuming a round channel the capillary force is:

F1 = 2 ππππ r γγγγ cos(ΘΘΘΘ)

where Θ is the contact angle

γ is the interfacial surface tension

Gravitational force in a vertical capillary:

Fg = ρρρρ g ππππ r2 h
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FLUID CHANNEL MADE AT RIT

Flow in this fluid channel is 
totally by capillary action.

Movie
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FLUID RESISTANCE

Fluidic resistance is defined as the ration of pressure drop over 

flow rate:

R = ∆∆∆∆P/Q

For a circular channel R = 8 µ L / π r4

For a rectangular channel R = 12 µ L/ w h3
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FLUID CAPACITANCE

Fluids can have a capacitance related to its change in volume with 

change in pressure

C = dV/dP 
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FLUID INDUCTANCE

Fluids can have an inductance related its inertia.  

∆∆∆∆P = H dQ/dt
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FLOW CHANNELS
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FLOW CHANNELS
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FLOW CHANNELS
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FLOW CHANNELS
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FLOW CHANNELS
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FLOW CHANNELS
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FLOW CHANNELS

Photoresist, reflow, oxide, coating,

Acetone removal
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FLOW CHANNELS

Laminated layers of plastic with 

laser cut channels and devices.

www.micronics.net



©  April 28, 2011 Dr. Lynn Fuller, Professor

Rochester Institute of Technology

Microelectronic Engineering

MEMs Applications –Fluids

Page 31

MIXING
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FLOW CHANNELS
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H FILTER

www.micronics.net
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Chromatography
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HW – APPLICATIONS FLUIDS

1. none 


