
Lectures 19-20: Dynamics of Aerosol 

Populations - Coagulation



Gas molecules

Particles

Cc: slip correction factor 
(noncontinuum effects)

Quick review: Dynamics of single aerosol particles (Lectures 6-7) 



Motion of particle in gas medium



Motion of particle in gas medium

in a fluid with velocity u





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.



This result, first derived by Einstein by a different route, has been 
confirmed experimentally.



J = f(Kn, α) Jc

Quick review: Mass transport to or from atmospheric particles : 
Condensation and Evaporation (Lecture 12)

Knudsen number:





Coagulation: Particle-particle interaction



Continuum Regime



Diffusion equations cannot describe the motion of particles inside a layer of thickness 
λp adjacent to an absorbing wall:

Fuchs: 



Dahneke:

Difference between β derived by Fuchs and Dahneke is less than 4%.





Questions: 

Lifetime of particles due to coagulation for particles of 
different concentrations and sizes? 



What’s the collision coefficient of H2SO4 molecules?



E is the collision efficiency.



Dynamics of Aerosol Populations

:



Coagulation
Discrete coagulation equation

Continuous  coagulation equation



Solution of the coagulation equation -- discrete



Need to know how to estimate typical values of τ under different K 
and N0



that is, at t = 0 all particles are of size k = 1







Solution of the coagulation equation -- continuous





In reality, coagulation coefficients depend on sizes of colliding particles 

Evolution of a coagulating particle population 
size distribution during a period of 5 days 
(Butcher and Charlson, 1972) 
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