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• Particle Motion and Transport

what kinds of forces exerted on particle should be considered to determine 
particle motion?

U - drag force

- random force due to collision of surrounding gas 
molecules: diffusional force 

-gravitational force

-electrical Coulomb force

-thermal force

- Inertial force

Is the particle really following the streamline of gas or is it deviating from the 
streamline?

We need to understand how the above mentioned force influences the motion 
of particles. Since the particle can be very small, therefore, we can not always 
assume no-slip condition. When do we need to consider  “slip”? 
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• Drag force

Drag force = fu

f: friction coefficient
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Drag on a single sphere : Stokes law



Center for Nano Particle Control

Seoul National U., Mechanical & Aerospace Eng.

Navier-Stokes Equation
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Creeping flow for small Re numbers
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Pressure force on the sphere
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Friction force on the sphere
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Correction for higher Re number flow ( larger 
particles)
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Entire range of particles
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• Non-Continuum effect

: Aerosol particles are small. The particle diameter is often comparable to 
the distance that gas molecules travel between collisions with other gas 
molecules.

The key dimensionless group that defines the interaction of the surrounding 
fluid relative to the particle is Knudsen number  

pd
Kn

2


where  is the mean free path of gas.

So, Knudsen number is the ratio of two length scales.
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M: Molecular weight

μ: gas viscosity (kg/m·s)

The mean free path of air   at T=298 K and P=1 atm

is mm 0651.01051.6 8  

If pd , Kn 0 continuum regime

pdf ~ (Stokes flow)

pd 1Kn free molecular regime

2~ pdf
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Kinetic theory of gas
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Non-continuum effect : too small particles
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• Settling Velocity

Fgravity = Fdrag

sp fVgm 
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define particle mobility
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 : particle mobility ∴ particle mobility becomes larger for small dp
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Settling velocity at standard condition, unit 
density

dp(㎛)              Vs (cm/sec)

0.01                   6.6 ⅹ10-6

0.1                     8.62ⅹ10-5

1.0                     3.52 ⅹ10-3

10                      3.07ⅹ10-1
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• Particle Acceleration
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Bmp : particle relaxation time
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cpp Cd
 : time needed to adjust to surrounding fluid condition
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It characterizes the time required for a particle to adjust or relax its 
velocity to a new condition of forces.
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ppt file for  small particles quickly adjust its velocity to the 
surrounding condition
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Particle relaxation time

dp 

0.1 ㎛ 8.8 ⅹ10-8  (sec)

1.0                     3.6ⅹ10-6

10                      3.1 ⅹ10-4

100                    3.1ⅹ10-2
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• Stopping distance

If there is no external force and particles have its initial velocity U0, 
then the particles eventually stop.

Stopping distance is the distance that the particle travels before 
stopping.
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Stopping distance

dp (㎛) хp (mm)  (u=1m/s)

0.01                   6.8 ⅹ10-6

0.1                     8.8ⅹ10-5

1.0                     3.6 ⅹ10-3

10 0.23

100                     12.7



Center for Nano Particle Control

Seoul National U., Mechanical & Aerospace Eng.

if 150 km/hr= 41.7m/s, this suggests if you throw 100 ㎛ particles with 150 km/hr
in still air, 100 ㎛ will travel 529 mm.
For 1 ㎛,  the stopping distance is smaller than 1 mm
For 0.01 ㎛ (10 nm), 6.8 x 10-6 x 41.7 mm

• Stokes number
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the ratio of relaxation time to the flow characteristic time 

If 1Stk , flow 

particles quickly follow the change of flow. 

On the other hand, 

if 1Stk , 
flow 

particles can easily deviate from the flow streamline   
inertial effect 

becomes important.
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“One can use LDV (Laser Doppler Velocimeter) to measure particle velocity 

by suspending seed particles in a flow. Therefore, it is important to use 

small particles ensuring small Stk number to correctly measure the flow 

velocity. Otherwise, you may measure the particle velocity that deviates from 

the real flow velocity.

Sometimes, you may want to deviate your particles from flow. For example, 

to collect particles, you always need to deviate the particles from streamline. 

Otherwise, you can not deposit particle on the surface.

deposit

deposit

So, it is very difficult to collect small 
particles by utilizing inertial force.

But if you increase U0, then you can 
increase Stk no. or inertial effect for 
given particle size, then you can deposit 
even small particles. → Supersonic 
impactor can be used to collect nano 
particles. Or you can increase Cc by 
lowering the pressure. → Low Pressure 
impactor can be used to collect 
nanoparticles


