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The first natural consequence of the extra reduction in mo-

bility near a wall induced by hydrodynamic interactions (HI)

is to decrease the diffusion coefficient. While this statement

is true, the role of HI in the diffusion of tracer particles in

random media presents other many unexpected faces, some

of them still not fully explored. The present study highlights

the role of the network structure: we have considered ran-

domly distributed polymeric fibers, cubic networks formed

by randomly placed mutually orthogonal rods (Fig. 1 (a) and

(b), respectively), and irregular thicker walls formed by col-

loidal gels. We unveil the relevance of both HI and the ob-

stacle configuration by analysing the “history” of the particle

diffusion, evidenced in the van Hove distribution P (∆, t) of

the tracer jumps ∆ after a lag time t.
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Fig. 1. Pictorial representation of two of our random ob-

stacles structures: (a) polymeric fibrers, and (b) cubic net-

works.

The details of P (∆, t) at long times (or long jumps) sub-

tly depend on the networks structure. We encounter Gaus-

sian tails for P (∆, t) in the polymeric network and colloidal

gels, while exponential tails in the cubic structure (Fig. 2).

Interestingly, all these different behaviours are exclusively

due to differences in their spatial heterogeneity (the struc-

tures are static) [1, 2].

Focusing on hydrodynamics, we find consistently similar

hydrodynamic effects in the tracer diffusion across all the

random structures considered. As expected, at short times,

the probability of small jumps is larger if HI are included

(added friction). However at longer times, we observe that

the diffusion coefficient of mobile particles in simulations

including hydrodynamic interactions (HI) become gradu-

ally similar to that of purely Brownian walkers (BD). This

HI-induced enhancement of diffusion at long times is more

clearly observed close to the critical percolation threshold,

i.e., when particles diffuse along single (or very few) fractal

paths traversing the system. Our findings suggest that the

origin of the HI-induced enhancement of single-particle dif-

fusion at long times is the anisotropy in the perpendicular

and longitudinal tracer mobility close to the obstacle struc-

ture. HI induces a faster longitudinal diffusion along the

paths, compared with diffusion perpendicular to the obsta-

cle “walls” [3].
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Fig. 2. Displacement probability distribution P (∆, t) for a

tracer close to the percolation thershold in colloidal gels and

cubic networks. Open and filled markers indicate BD and HI

simualtions, respectively. Lines correspond to different fits:

normal distribution ar short-time interval (t = 2.5τ ), and the

combination of two Gaussian in colloidal gels and expone-

tial tails in cubic networks at long lag time (t = 250τ ).
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