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1. Introduction

Desalination plants have been in operation for years 
at many coastal sites not only for producing drinking 
water but also for treating waste water generated from 
oil production fi elds [1]. In the technology of desalination 
by sea water reverse osmosis (SWRO), salt is removed 
by applying very high pressure up to 80 bars to force 
sea water against a semi-permeable membrane. Energy 
needed in such a process can consume as high as 70% 
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A B S T R AC T

A theory is developed to predict the time of sustained operation of a rotary pressure exchanger 
used for energy recovery in seawater reverse osmosis system. Based on past experiments for 
oscillating pipe fl ows, it is found that the existing plug fl ow velocity in the ducts is not high 
enough to induce turbulence in the wall boundary layer. Modeling the time series of the fl ow 
velocity in the inviscid core as a periodic series of rectangular pulses, the structure of the 
laminar momentum boundary layer is fi rst derived. The mass boundary layer induced by the 
oscillating velocity is then solved in order to obtain the slow diffusion of the averaged brine 
concentration along the duct. With the result the effective longitudinal diffusivity (dispersivity)
is found explicitly for arbitrary Schmidt number. The dispersivity is found to be small due to 
the small viscosity and mass diffusivity in the very thin boundary layers, however it is still 
augmented to hundreds times of the molecular diffusivity. For a range of duct and rotor dimen-
sions and rotor frequencies, the time needed for the mixing zone to spread to the ends of the 
duct is predicted for large Schmidt number appropriate for salt in water. After transient mixing 
is over, a certain amount of salt leaks steadily into the fresh seawater reentering the membrane. 
However the leakage is shown to be small due to the small dispersivity.
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of the total cost [2]. As a result several types of energy 
recovery devices (ERD) have been designed to reclaim 
the high pressure remaining in the brine reject. Among 
these the isobaric pressure exchanger (PX) seems to be 
the most effi cient [3,4]. The central part of the design is a 
rotor with several ducts of small radius distributed along 
a circle of large radius, as shown in Fig. 1. At any instant 
the right half of a duct is fi lled with brine reject and the 
left half with fresh seawater. During one half of the rota-
tion cycle, several ducts are open to the inlet A and the 
outlet B. A fi xed volume of brine reject enters the right 
end and instantly passes the high pressure to the fresh 




