Theoretical derivation of particle collision kernels from a
first-time passage approach in the diffusive regime
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Moltivation

s It possible to obtain collision kernels from first-time

passage approach theoretically?

 Many authors neglect the transient term in the
Smoluchowski diffusive collision kernel. What is its
iINnferpretation and consequences?

 How to theoreftically adapt collision kernels for high

concentrations (> 1k ppm)<¢

New theoretical approach
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Numerical simulations

Langevin dynamics simulations, Ermak and Buckholz?,
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Trajectory: Langevin

— o 5 Free to move Dynamics
0 B B . F, o — calculation?, particle
. V(t+At) = V(e ™M + (1 — e ™M) + B, e
d v N mo s e e e
m—-=—/hv + Fpt [ L’ e
Pt+A) = T () +~ | T+ At) + 7 (¢ 2F )1 - LA g ﬁ: EH |'t'||4
F(t+A0) = F(0)+- | T+ A0+ V() - | 7o +- o8+ B
Brownian force:
<Bl> o <BZ> =0 . Fixed particle
(Fs(t)) =0, B2y = 28T () _ g2y At = 1;/B(B + 37/4) L: Cubic domain length
m . °
E[t]: Average first-time
/ / _u B = I;/(6Dyy), T = mjj/f . .
(Fs(t)Fs(t)) = 6fkpTo(t — '), (2 — SksT (ﬂt_zl e m)_ p passage (time until the
mo? e~ L, = 0.2R, first collision)
Results
High concentration coagulation enhancement
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First time passage, tE[1] (-)

The first-time passage function of Langevin dynamics simulation follow an exponential
distribution as predicted by theory (only theoretically probed in the diffusive regime).
The commonly neglected transient term of the diffusive Smoluchowski collision kernel
results in a high-concentration coagulation enhancement.
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