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interface formation theory7, given the length scale of

the interfacial region of a few nanometres20, coupled

with the effect of surface slip21−22. This approach,



conditions, an asymptotic analysis of the above simpli-

fied two-dimensional problem has shown that substan-

tial perturbations of the surface tension, sufficient to

affect flow conditions at the substrate, exist over the

distance l0 =
√

λτσ0/µ defined by the surface phase

relaxation time 24.

Now, we consider a general case of two-dimensional

nanoparticles of an arbitrary shape with a smooth

boundary Γk(x, z) = 0 of the domain Ωk occupied by

the nanoparticle on the (x, z) plane. One can show

that, in the same limit24, the problem (1)–(7) can

be reduced to an exterior Neumann boundary value

problem for the modified Helmholtz equation on an

unbounded domain, which is in the non-dimensional

form,
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Now, we will look at the effect of the obstacle

shape by considering single, but extended structures.

One might expect to have similar, to the case of

nanothreads24, parametric dependence , when the per-

turbation region is defined by the parameter ξ0. In

simulations, we kept Ca = const, but vary ξ0. If the

effect would be similar to the one observed for circular

obstacles, then we would not see any clear dependence

on ξ0. On the other hand, if the effect is similar to

the one observed for nanothreads24, then we should

observe such dependence. The results are shown in

Fig.3 for different values of ξ0. One can clearly see

that the perturbation zone and the amplitude increase

as ξ0 decreases. But, note, that the effect saturates at

ξ−1

0
much larger than the maximal dimension of the

obstacle.

Finally, we consider the effect of clustered circu-

lar nanoobstacles. The results of simulations are pre-

sented in Fig.4. While one can see some collective

effects induced by the obstacles, the phenomenon is
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