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The dynamic properties of spherical particles depend on
the relation between their primary particles size (R1) and
the gas mean free path (λ ). In the transition regime, when
R1 is comparable to the gas mean free path λ , the fric-
tion coefficient can be calculated from the creeping-flow
Stokes expression divided with a correction factor called
Cunningham factor (C(Kn)).

fN =
6πµRh(0)

C(Kn)
= 6πµRh(Kn). (1)

where µ is the dynamic fluid viscosity, Rh the hydrody-
namic radius, and Kn the Knudsen number (Kn = λ/R1).
The calculation of C(Kn) can be done by the follow-
ing empirical expression C(Kn) = 1 + AKn, where A =
α + βexp(−γ/Kn). The values of α ,β ,γ depend on the
fraction of molecules diffusely reflected and the size of
the monomers used to fit experimental data. While for
a monomer the calculation of the Cunningham factor is
trivial, for more complicated structures few results are re-
ported in the literature. The reason is that in general the
Knudsen number maybe defined in term of characteris-
tic length scale L; for a monomer L = R1, while for a
more complex structure it is difficult to specify it. Dah-
neke (1982) suggested the use of an adjusted sphere radius
which has the same C(Kn) as the non-spherical structure
would have had. He provides values of Kna for straight
chains with the fraction of molecules diffusely reflected
0.93. The calculation of Kna is very important as it al-
lows the calculation of many parameters in the transition
regime like the mobility radius (Rm), the dynamic shape
factor (χN) and the effective density (ρe f f ).

Isella and Drossinos (2010) introduced an approximate
method for friction coefficient calculations in the contin-
uum regime, where it is related to the ratio of molec-
ular collision rates of a N-particle structure (KN) to a
monomer’s. In the continuum regime by solving a dif-
fusion equation with the appropriate boundary conditions
(Dirichlet boundary conditions) we can calculate the Rh
and the fN . We extend this method in the transition regime
by solving the steady-state molecular diffusion equation
with a Robin boundary condition. Far away from the ag-
gregate we have ρ = 1 while on the aggregate surface
ρ(R1) = α(Kn)(dρ/dr) | R1. Our basic claim is that

C1(Kna) =CN(Kn) =
fN(0)

fN(Kn)
=

KN(0)
KN(Kn)

. (2)

The factor α defines a virtual boundary inside a monomer
in the transition regime where the collision rate equals the
one in the continuum regime. Hence, from the analytical
solution of the diffusion equation, we obtain α(Kn)/R1 =
C(Kn)− 1. From the above α(Kn) depends only on the
flow regime and the fraction of gas molecules diffusely
reflected.

An alternative method that we used for the Kna calcula-
tion is the interpolation between the two limiting cases, the
continuum regime (Kn = 0) and the free molecular regime
(Kn = ∞). The calculation of Kna is done by (Zhang et al.
2012),

Kna =
λπRm(0)

PA
(3)

where PA is the projected area of an aggregate. In the
free molecular regime it equals the mobility radius squared
times π .

We use both methods for the friction calculations in the
transition regime. We validate the methods by calculat-
ing C(Kna) of straight chains and by comparing them with
the results of Dahneke. The good agreement suggests that
both methods can be used for friction calculations of struc-
tures with d f 6= 1 in the transition regime .
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Figure 1: Comparison between C(Kna) calculated by Dah-
neke and by our two different methods.

This work was supported by the European Commission
Doctoral Fellowship (ADM).

B. Dahneke (1982), Aerosol Sci. Technol. 1, 179.
L. Isella, Y. Drossinos (2011), J. Colloid Interface Sci.

356, 505.
C. Zhang, T. Thajudeen, C. Larriba, T. E. Schwartzen-

truber, C. J. Hogan, Aerosol Sci. Technol. 46 (2012) 1065.


