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ABSTRACT

Being capable of utilizing low-grade thermal energy, membrane distillation (MD) has
evolved as a promising technology for desalination. This paper reports the simulation study
of two large-scale MD modules reported in the literature, a spiral wound type and a flat
plate type. A mathematical model, which considers the heat and mass transfer mechanisms
for all the composing layers of the module, is used. For both modules, the heat and mass
transfer resistance and the performance enhancement by modifying design parameters and
operating conditions are analyzed. The significant directions and quantitative potential of
improvement are identified. Compared to the bases cases, the flux enhancement from
modifying module parameters can be as high as about 10% for the spiral wound module
and about 100% for the flat plate module. The flux enhancement from modifying operation
conditions can be as high as about 50% for both modules.
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1. Introduction

Membrane distillation (MD) is a thermally driven
separation process, in which only vapor molecules are
transported through porous hydrophobic membranes.
The driving force is the vapor pressure difference
between the hot liquid feed side and the cold perme-
ate side of the membrane. MD systems can be classi-
fied into four configurations according to the nature
of the cold side of the membrane, i.e. direct contact
MD (DCMD), air gap MD (AGMD), sweeping gas
MD, and vacuum MD (VMD). The principles, applica-
tions, and developments of MD have been compre-
hensively reviewed by several researchers [1–3].

Compared to other desalination technologies, the
MD desalination system is highly competitive mainly
due to its low operating cost by using the low-grade
heat, such as the solar thermal energy. Many papers
have been published on this application, including
those on the desalination processes [4,5] and on the
modeling and experimental studies of the perfor-
mances, operation and control of the MD modules as
well as the solar powered desalination systems [6–15].
Several experimental studies of solar driven MD desa-
lination systems, where the thermal energy for MD is
supplied by solar collectors, have demonstrated the
feasibility with large-scale devices [10–15].

Developments in configuration designs for
MD-related desalination processes have recently
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