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A B S T R AC T

Since there is no physical barrier between the brine and seawater streams in the rotor ducts of 
rotary Pressure Exchanger (RPE), the degree of mixing between these streams has become an 
important criterion of the performance of RPE. In this paper, a 3D numerical simulation mode 
of a whole RPE is presented, followed by an illustration and discussion of the computational 
results to analyze the relationship between the rotation speed, fl ow rate and fl uid mixing. It is 
demonstrated that under certain conditions, a stable liquid plug can be formed in RPE chan-
nels. It is clearly seen that movement of a liquid piston separates the fresh water and brine to 
prevent from over-mixing with each other. Moreover, the mixing in RPE was controlled by the 
operating conditions. It was found that the volume mixing ratio rises with increase of fl ow rate 
and decrease of rotation speed.
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1. Introduction

RPE has become an indispensable component in 
reverse osmosis desalination systems because of its 
simple design, low operating costs, high stability and 
reliability and its closed to 100% energy recovery effi -
ciency compared with another energy recover devices 
[1]. Instead of using a solid piston like other traditional 
work exchangers, the mixing in RPE was controlled by 
the design of the duct and operating conditions because 
there is no physical barrier between the brine and sea-
water in the rotor ducts. The concentration of fresh sea-
water at high pressure outward pipe should not be so 
increased because of effect on the reverse osmosis (2.5% 
salinity increase at high pressure outward pipe leading 
to the increase of operating pressure by 0.13 MPa [1]). So 
the degree of mixing between these streams has become 

an important criterion to reduce the cost of SWRO system 
desalination.

The numerical modeling literature on RPE is few 
due to its complexity. Wang Yue and Wang Shi-chang [2] 
simplifi ed the three-dimensional mixing process to one 
dimension, and tried to introduce the mixing progress in 
the RPE’s ducts, and the relationship between the veloc-
ity of the fl ow inlet and the degree of mixing was stud-
ied. However, this numerical simulation mode cannot 
accurately simulate the real operation conditions, as this 
model ignores the fact that liquid plug is only formed 
after several stroke cycles.

Zhou Yihui et al. [3] developed a 2D numerical simu-
lation for RPE device to simulate the dynamic mixing 
process in the ducts. The transition process and condi-
tions from initial mixing zone to the liquid piston were 
explained through 2D numerical simulation. Results of this 
computation illustrated the mixing progress and indicated 
that a stable liquid plug can be formed in the RPE channels.
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