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ABSTRACT

The fluid flow in a rectangular channel is observed by a high-speed fluid field display sys-
tem, and the fluid appearances under different operate parameters are presented pictorially.
Numerical simulations are performed to investigate brine desalination by vacuum membrane
distillation (VMD) with three different channel configurations (rectangular, serpentine and
spiral) to compare the effect of channel configuration on the process. The results obtained
from simulation are analysed from the viewpoint of field synergy. This study concludes that
better field synergy leads to better membrane permeability flux. The spiral channel shows
the best performance in enhancing heat transfer and increasing the synergy. Increasing the
co-direction component of the multi-field could enhance the transfer process. The numerical
simulation results are consistent with experimental results.
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1. Introduction

Vacuum membrane distillation (VMD), a mem-
brane distillation (MD) process, has become an active
area of research with the characteristics of high ther-
mal efficiency and large mass transfer flux. VMD has
potential application as a frequently used technique
for separating dilute aqueous mixtures, for example,
in the treatment of water coloured with methylene
blue dye [1], the treatment of dye solutions [2] and
the removal of ammonia from aqueous solution [3].
VMD has also been applied to separate and concen-
trate heat-sensitive materials (juice, herbs, etc.). For
example, the concentration of sucrose solutions [4]
and ginseng extract aqueous solutions [5], brine
desalination and water production by direct contact
membrane [6], membrane-controlled release of a drug

from a hybrid dispersed network–membrane-based
system and the release of small molecules such as
nico-resertine, caffeine and benzoic acid have been
reported [7,8].

In recent years, brine desalination has been an
important strategy for overcoming the water shortage
caused by the increasing depletion of freshwater
resources. Compared with traditional desalination
methods (distillation and reverse osmosis (RO)), VMD
is still a new separation technology. If the VMD sys-
tems couple with solar energy, the brine desalination
by VMD process is feasible. The maintenance costs are
from pumps [9]. However, the development of mem-
brane technology and the emergence of new materials
reflect the remarkable potential of VMD processes.
Many of the published works focus on this area [10].

In particular, many works have been devoted to
the numerical simulation of MD. The flows of cold
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