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Abstract. Non-equilibrium molecular dynamics method (NEMD) is applied to investigate a formation process of water nanovortex in 7 nm 
wide nanocavity (aspect ratio of which was equal to 3.6). The flow in the nanocavity was induced by Poiseuille 2D water nanoflow in a main 
nanochannel, to which the nanocavity is situated perpendicularly. The wall of main channel and the nanocavity is made from quartz. Flow is 
induced by applying constant force to molecules inside the main channel. Based on NEMD simulation data, the sequence of images representing 
water velocity vector fields was obtained at constant time intervals equal to 1 ns, which shows vortex formation mechanism. Flow field images 
analysis indicates that the shape and centre position of the nanovortex vary slightly each nanosecond, nevertheless, the structure remains stable 
in the flow field at the entrance to the nanocavity.
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The flow in nanocavities is difficult to study due to its nano-
metre size flow domain. In this scale, molecular interactions 
between fluid and nanochannel wall have impact on the fluid 
flow structure [5, 21, 22, 26, 38], so one can expect that a cavity 
width and wall material will have effect on flow pattern inside 
nanocavity. While microvortex study was possible using ex-
periment or Navier-Stokes predictions, in case of nanovortex, 
the problem can be treated only by an atomistic method as 
well as other problems of nanomechanics [15, 41], because for 
this geometric scale of the phenomenon, continuum mechanics 
methods are inapplicable to handle it [15]. Experimental inves-
tigations in this scale are difficult to perform as well as limited 
and very often impossible to perform. For this reason, research 
is conducted using molecular dynamics method.

Shear-driven nanocavity flow was studied using MD by 
Greenspan [10]. The results have been commented in refer-
ence [3]. Chen et al. investigated 2D lid driven cavity flows in 
three cavity shapes, rectangular, half-circular and beer bucket 
with the MD method, and showed that nanocavity geometry 
affects nanovotrex strength. All papers mentioned above pertain 
to nanocavities for which value of aspect ratio, which is defined 
as a quotient of cavity depth to its width, does not exceed 1. 
Only in [16–20] long, open type nanocavities with aspect ratio 
greater than 3 were considered. Results indicated that recircu-
lation of flow within the nanocavity appeared.

The effect of nanocavity aspect ratio on nanovortex formation 
in long open type nanocavity is displayed in [19]. The question 
how the wall material affects vortex formation was raised in [18]. 
Results presented in both papers show that after 19 ns of the flow, 
the strongest vortex is situated near entrance to the nanocavity.

In microchannels, the strength and emergence of vortex struc-
tures is strongly correlated with the velocity value of the fluid 
flow in the main channel which induces the flow in cavity [37].

Since in [19] the threshold value of the force enforcing the 
flow of water in the main nanochannel which induces nanov-

1. Introduction

Control of microscale and nanoscale fluid flows has become an 
important research theme in micro- and nano-technology. Interest 
in the use of microcavity vortices in miniatured devices caused 
a growth of research on flows through microchannnels with mi-
crocavities in the last decade [25, 27, 32]. Its results caused that 
currently microvortices in microcavity are the basis of opera-
tion of many bio-micro-devies, such as: microcentrifuges, cell 
sorters, separators and mixers, etc. [12, 14, 28, 35, 42].

The results obtained showed that the flow pattern at the 
microcavity entrance is the key for the mass transfer into the 
cavity [40] and that velocity decreases with the distance from 
microcavity entrance [41]. This allowed to construct many mi-
crodevices, in which microvortices in microcavity play a key 
role for its operations, for instance cell sorter, equipment for 
cultivation of cells [28, 32], etc. Similarly, explanation of the 
phenomena occurring in long open type nanocavity seems to 
be essential for construction of many nanodevices in which 
flow in nanochanels with nanocavities occurs. The investiga-
tion of fluid flow inside a long open type nanocavities helps 
to gain understanding of many complex phenomena and the 
nature of numerous biological and physical processes [8, 23]. 
In contrast to the relatively well studied flows in microcavities, 
described in numerous papers [7, 30, 33, 40, 41], in literature 
there is very little information available on flows in nanocav-
ities [3, 6, 10, 19]. The potential use of nanovortices in nano-
sytems seems to be very large, for example in sorting particles, 
for DNA manipulation, for which, presently, wide nanocavities 
have some applications [29, 31].
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