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Motivation

= Aerosol and colloidal agglomerates are formed in
industrial and natural environments

= Production rate of synthetic particles
= Aerosol residence time in atmosphere
= Motion under different flow regimes
= Size distribution and emission rate

» Major assumptions:
= Spherical structure (Flagan 2008)

= Fractal clusters BUT composed of monodisperse primary particles (Lall &
Friedlander 2006)
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Motivation

= Soot particles are composed of poylispersed primary
particles
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» Effect of primary particle polydispersity
= Light absorption and scattering (RDG-FA) (Farias et al. 1996)
* Fractal dimension (Eggersdorfer & Pratsinis 2012)
= Mass, Surface area, Projected area, Gyration radius, Mobility diameter
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Method

» Particle generation (Eggersdorfer & Pratsinis)

= Hierarchical cluster-cluster agglomeration
=  Point-touching monomers

" Number of the primary particles (Ny): 16, 32,
64, 128, 256, 512

= Log-normal size distribution for primary
particles

=  Geometric standard deviation of primary
particle size (0g): 1.0, 1.2, 1.4, 1.6

" 100 particles for each Ny, and o, (2400 in total)

aplace of mind THE UNIVERSITY OF BRITISH COLUMBIA




Method

= Geometric parameters
= QGyration radius
1
Ré = N_z(aiz—CM +R})
Pi:1
= Mass-fractal dimension

Rg \"f
N, =k <—>
p f

»  Surface area and mass

* Free molecular regime
= Each particle was projected into 50 random orientations

A, FM Ed_a=2\/%

= Rogak et al. 1993 as confirmed by Monte-Carlo momentum transfer
simulations of Chan & Dahneke 1981; Mackowski 2006
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Method

= Continuum regime: Stokesian Dynamics

= Grand resistance matrix: Durlofsky et al. 1986 algorithm

= Exact two-body resistance functions of unequal primary particles Jeffrey &
Onishi 1984 and Kim & Karrila 2013
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Results

= Mass-Fractal dimension

* Fractal dimension decreased from 1.78 to 1.73 as primary particle
polydispersity increased (consistent with Eggersdorfer & Pratsinis 2012)

= Gyration radius

e 18% increase in Rg at ag=1.6 [ cg:l.o'
7 Ug:].z
x O :]4
g
o O =].6

* Fixed median diameter (dp,):

_ 0.5In% o
dp = dpge &

Seinfeld & Pandis 2012)
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Results

= Surface area and mass
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Results

= Surface area and mass

m =Epd3N
agg = ¢ Pp'Vp

* Even aslight polydispersity (o,=1.2)
results in 12-16% overestimation of
N, (compared to Ny g)

Npm = (0.82 + 0.18 6$2%) N,,

Nps = (1+0.06 63°%) N,
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Results

* Free molecular regime mobility diameter
* 50 random projections
* Hit-or-miss scanning algorithm

24}
_ _ Dm,rm
21t dm,fm - dA - km,fm dpg Np
18}
mm
@ 15}
= 0.46  0.970(+0.011)
E
S 12
iy m 0.46  1.006 (+0.010)
o m 0.46  1.095 (£0.010)
6 m 0.46  1.226(+0.012)
g
31 o =16 :
| | | e km fm increases up to 26% when
0 100 200 300 400 500 g reaches 1.6
N

> dppm = (0.94 + 0.03 0%8) d,, N3
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Results

= Continuum regime mobility diameter

* Doublets (SD compared to analytical e Straight chains
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—&— current study

v Horvath (1974)
Normalized Binder et al. Relative Difference % Filippov (2000)
(2006) (%) © Chanetal. (1981)

Analytical LBM SD to Analytical SD to LBM g
=
1.23 129 127 4.9 33 10’}
=
1.33 1.36 1.36 -2.3 -2.3
1.43 1.43 14 0.0 2.1
1.37 1.36 1.35 0.7 1.5
IOULU X > 3
10 10 10 10
N
P

aplace of mind THE UNIVERSITY OF BRITISH COLUMBIA




Results

=  Continuum regime mobility diameter
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Results

= Continuum regime mobility diameter
* 50 random orientations
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= B =Ry,/Ryis approximately independent of primary particle polydispersity
in the continuum regime
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Conclusions

For a fixed N, and d,,, the physical size of the aggregate increases

substantially with g,

e Arithmetic average primary particle size, surface area, total mass, Gyration
radius

Mobility diameter of fractal agglomerates increase with o,
* Free molecular regime: ~26% for 05=1.6

* Continuum regime: ~23% for 0,=1.6

In the continuum regime, the ratio of d,, ./d; is approximately
independent of the primary particle polydispersity

Nearly all of the changes in continuum mobility diameter are due to
the change in radius of gyration

Considerable variation of d,, ./d, Iin the literature cannot all be

ascribed to calculation or measurement error: different cluster
aggregation mechanism yield different structures
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