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Aerosol Processes

» Deposition

+ Condensation
+ Coagulation
* Nucleation

+ “Cloud Processing” (Activation+Growth+
Evaporation)

Single-Mode Aerosol Dynamics
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Two-Mode Aerosol Dynamics
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Aerosol Dynamics

» Aerosol Populations (multiple particles)
— Accounting for mass transfer simultaneously for a series of
parallel events
— What is the signature for condensation in a population?

» Coagulation (multiple processes)
— When does coagulation occur?
— When is coagulation unlikely?
— What is the signature for coagulation?

Aerosol “Dynamics”:
Multiple Processes

» Imagine an air parcel as a wall-less chemical
reactq ____________ .
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TABLE 1:_Aerosol Processing Time Scales

process time scale formula” urban
transport LIV or HUK. TSay Tllweeks  Sdmelweds -Tweks
condensation (47D n(RRSF dRy) (69 5) 001~Thour 1-10hours  2-20 hours 0.5-20 hours
nm) 47D n(Ry)RsB ARy (€q7)  0.1=1 hour 513 hous ~1day 1-3 hours
conguhnon (30 nm) same. 0.1-2 days 10-30 days ~50 days 1-5 days
sulfate production (acrosol)  Msu/[Welkiopuo, + kopogpso) 1 week 0l1-1day  3weeks 1-3 weeks
sulfate production (fog) same. 0.1-lhour  001-3hours N/A 1 hour
same 05-Shours  0.01-3hours N/A 1 hour
Msflhpowpso) 01-5days  1-3weeks  1=3 weeks 1-3 weeks
deposition (~0.3 um) Hive ~1 month ~1 month NA ~1 month
deposition (<0.03 or >3 um)  Hivg 05-10days  05-10days  N/A 0.5-10days

« L= characteristic horizontal extent of region; V = characteristic horizontal velocity: H = mixing layer depth; K. = characteristic vertical eddy
iftuiigs v = depostion velocty: M = ypical arvsol sl concenratons W, = iquid wter colent o or o d py = bt

1 pressures; k = SO; -+ OH gas-phase reaction rate constant; ko, = S(IV) + H;0; pH-dependent rate constant (includes solubility of gases):
ko, = S(V) + O pH-dependent rate constant (includes solubility of gases).

Pandis et al., 1995

» Coagulation is growth by collision of particles
— decreases particle number
— increases particle size
— no net change in particle mass

« the process of coagulation is almost entirely controlled by
the physical properties of a particle, namely the particle
ambient diameter

TABLE 1:_Acrosol Processing Time Scales

process time scale formula” urben free roposphere
transport LIV or HK. 2-5days  I-2weeks  3days—2wecks  I-2weeks
condensation (47D (R, IRSF Ry (60 9) 001~Thour 1-10hours  2-20 hours 0.5-20 hours
coagulation (3 nm) 47D m(RRyB ARy (eq 7) 0.1-lhour  5-1Shours  ~1day 1-3 hours
coagulation (30 nm) same. 0.1-2days  10-30days  ~50days 1-5 days

Mo/ [Wilk +hopopso) 1 week 01-1day  3weeks 1-3 weeks
sulfate production (fog) same. 0.1-lhour  001-3hours N/A 1 hour
sulfate production (cloud) same. 05-Shours  0.01—3hours N/A 1 hour
sulfate production Gapon M/ Tkpowpsos) 01-5days  1-3weeks  1-3 weeks 1-3 weeks
deposition (~0.3 um) Hivg ~1 month ~1 month NA ~1 month
deposition (<0.03 or 23 ) He 05-10days  0.5-10days  N/A 0.5-10days

# L= characteristic horizontal extent of region; V = characteristic horizontal velocity; H = mixing layer depth; K- = characteristic vertical eddy
diusiviy; s = deposition vlaity: Mson = ypica erosol e concentaion: W, = guid vt conten: o pos s 30d oy = ambint
partial pressures; k = SO; + OH g: reaction rate constant; Ao, = S(IV) + H;0; pH-dependent rate constant (includes solubiliy of gases):
For = STy + O pH.dependent rae consant inclodes ety of gase

Pandis et al., 1995

» Example: assume continuum mechanics apply and
that both particles have equal radii, then the
distribution of particles satisfies dN _ D( FN 2 N\

at o’ o )

 with the boundary conditions n(r.0)=N,
N(rt)=N,@r— =

N@R,t)=0
* which is solved by: [ 2R r-2R,)
N(rt)= Noll —Ten‘c(ﬁ)
» and the rate at which particles arrive at the surface of
a single particle is 2 (N R, \
_ o _ y:J
J = 162R.D 2 SanDM(u i)

At steady state, this gives simply y — 87R,DN,

1
J

Example: In order to evaluate the relative diffusivity of the particles, we need to consider the
mean of the velocity of particle 1 to particle 2 2
v o P {dr, ~ dr[") = {dr?} +(dr? ) - 2{ar; * o)

if the motions of both particles are independent of each other, !hen the covariance term is zero
{dr, «dr, = 0so that the mean relative velocity become /\dr ~dnf)= {dr?) +{dr?)

|d - dr ') = 6D, £

+ But we also know that the Brownian diffusion coefficients are defined by 4 = 6Dt
1/ =0

(dr?) = 6Dyt

From these relationships we deduce that the diffusivity of particle 1 relative to particle 2 is
simply the sum of the diffusivities of both particles D.=D +D
12

+ We can now generalize the previous expression for the rate of collision of two particles of the
same size to two particles of any size; the change in particle number is then described by

Ry *R,,
2Dt

+ implying a collision rate of (RP +R )
i1 2
J= 4:1(RPI +R, )DIZNZD 1+ 747
7Dt
« which at steady state is simply

J=41(R, +R,, DN,

N(r )= NL B xR) +R)




» For non-continuum regime, the correction factor 5 can
be included to correct the collision rate so that we get
the following expressions for the coagulation rate

Jy,=47(R,, +R,, D, + D, )BNN,

» where in this case the applicable Knudsen number is
defined by the relative particle diffusivity
2D,,

Kn, = =
D Cl?Rp
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Tobacco smoke that enters the lungs by inhalation has about 2 s of potential
evolution time before it reaches the alveoli in the lungs. Assume that the
inhaled concentration is 10'° cm- and that the initial aerosol diameter is 20
nm. By what factor does the average particle size of the tobacco smoke
particles increase as a result of coagulation only during the time that it takes
for the smoke to travel from the cigarette to the smoker's lungs?

Consider the rate at which

new particles are grown by dN 1 2
coagulation. Assume that _—— K1 l]\]1
the number of 20 nm dt 2

particles is effectively constant
during this process (N,), then
we find that




