
Lectures 6-7: Dynamics of single aerosol particles

Gaseous medium

Some important parameters

1. Number of molecules per cm3 air: 

3. Mean distance between air molecules:

2. Mean diameter of air molecules:

4. Mean velocity of air molecules:

Under room T (20 oC) and P (1 atm):

5. Mean free path of air molecules:
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Mean free path of a pure gas:

Collision rate of B molecules,

Associated with relative 
velocity of molecules

Mean free path of molecule A in a binary mixture of A and B:

Mean free path of a gas cannot be measured directly. However, the 
mean free path can be theoretically related to measurable gas 
microscopic properties, such as viscosity, thermal conductivity, or 
molecular diffusivity.
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Diffusion coefficient and mean free path

Diffusion coefficientDiffusion coefficient and mean free path
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Knudsen Number and three regimes of gas-particle interactions

Knudsen number:

Gaseous medium

What about particles?

1. Number of particles in per cm3 air: 

3. Mean distance between particles:

2. Mean diameter of particles:

4. Mean velocity of particles:

Under room T (20 oC) and P (1 atm):

5. Mean free path of particles:
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Gas molecules

Particles

Cc: slip correction factor 
(noncontinuum effects)
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The drag on a single particle : Stokes’ Law

The drag on a single particle : Stokes’ Law

Reynolds number

Re = 

Re<<1 (inertial term negligible) and Kn<<1 (continuous regime):
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For particles smaller than 20 µm (virtually all 
atmospheric aerosols) Stokes' law is an accurate 
formula for the drag exerted by the air

Corrections to Stokes' Law: The Drag Coefficient
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Stokes' Law and Noncontinuum Effects: Slip Correction Factor
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Motion of particle in gas medium

Motion of particle in gas medium

in a fluid with velocity u
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Motion of particle in gas medium

The viscosity of air (µ) depends mostly on the temperature. At 15 °C, the 
viscosity of air is 1.81 × 10-5 kg/(mꞏs) , 18.1 μPaꞏs or 1.81 × 10-5 Paꞏs . 
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Differential mobility analyzers (DMAs)

The random acceleration a is a discontinuous
term, since it represents the random force 
exerted by the suspending fluid molecules that
imparts an irregular, jerky motion to the particle.
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This result, first derived by Einstein by a different route, has been 
confirmed experimentally.

The movement of particles due to Brownian motion can also be 
viewed as a macroscopic diffusion process:

Stokes-Einstein-Sutherland relationParticle diffusion coefficient  

Kn <<1, 𝑫 ∝ ? ? ;     Kn >>1, 𝑫 ∝ ? ? ;
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