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Coagulation of an initially monodisperse aerosol
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"Smoluchowski constant kernel solution"
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(valid in early stage of monodisperse coagulation in the continuum regime)
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k=1, i+j=1  impossible. Therefore, Eq(1) is valid for k 2
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Fig.14  The Variations in N, n1, 

n2… with time for an initially 

monodisperse aerosol. The total 

number concentration, N, and the 

concentration of n1 both decrease 

monotonically with increasing time. 

The concentration of n2 …pass 

through a maximum.  (After 

Smoluchowski, 1917)
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Effect of particle force fields

#/m2 sec drift  velocity due to inter particle force 
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(1) Van der Waals force due to fluctuating dipoles : 

     attractive force two spherical particles of radii  and 
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(2) Coulomb force 

:number of charges of i and j particles

:dielectric constant of the medium
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1 for small y
2

If particles have opposite charges, 

    is negative 1> >0

enhanced collision

If particles are of like sign, >0, >1 : 

   collision rate is smaller than for uncharged particles

For bip

y
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1
olar aerosols, the effect should be a small increase in coagulation 

2

               attractive forces compensate the 

               decrease caused by repulsion 

but 1bipolar aerosols large incr

y
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 

  ease in coagulation

The large increase in coagulation resulting from attractive forces strongly

outweighs the decrease caused by repulsion ( Friedlander, p200 )
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Collision frequency function for laminar shear
: Simplified analysis : Smoluchowski
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dF : particle flow into the shaded portion of the 
strip dx
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Other Collision Mechanism
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Turbulent shear

120

Saffman and Turner(1956), 

On the Collision of drops in Turbulent clouds, 

JFM, vol.1, pp.16-30

lamina shear
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turbulent shear

:energy dissipation by turbulence

(cm2/sec3) : rate of dissipation of kinetic energy per unit mass

4
for a pipe flow
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Particle dynamics for continuous distribution function
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Self Preserving Distribution
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-Similarity solution exists after long time passes (pure

coagulation)

-They are independent of initial size distribution.

- Fraction of particles in a given size range is a 

function only of particle volume normalized by the 
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In terms of particle radius a,
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Friedlander, p. 211
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