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Principle design and simulation analysis of valve-controlled energy recovery system

based on dual-cylinder coupling principle

SUN Yi"?, ZHANG Xiaoyu', ZHANG Xijian’, ZHANG Jianzhong’, WENG Xiaodan'"*

(1. School of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310014, China; 2. Institute of Marine Science &
Technology, Zhejiang University of Technology, Hangzhou 310006, China; 3. Huadong Engineering Corporation Limited, Hangzhou
311122, China)

Abstract: In order to solve the energy recovery efficiency and space problems of energy recovery devices in small-scale seawater
desalination, a dual-cylinder coupled valve-controlled energy recovery system was designed by integrating energy recovery devices and
pressure lifting pumps. The pistons in the two hydraulic cylinders of the system are driven by an electric push rod, respectively. The
pressure exchange is realized by superimposing high-pressure concentrated seawater pressure. At the same time, the coupling control of
the piston thrust is carried out, which avoids the pressure pulse fluctuation of the piston in the process of pressure exchange and ensures
the stability of the working pressure of reverse osmosis membrane. Based on the small-scale seawater desalination device, the
compensating pressure curve is obtained with thrust pressure of electric push rod about 0.5 MPa by calculating and analyzing the
pressure flow at the node of the pressure-energy flow reverse osmosis process. AMESim hydraulic simulation analysis results show that
when the system recovery is 30%, the inlet pressure of high pressure concentrated seawater is 4.8 MPa, the pressure of pressurized
seawater is 4.6 MPa, and the pressure of pressurized seawater can be increased to 5 MPa by pressure supplement with little fluctuation
of pressure and flow rate of reverse osmosis membrane. The results meet the pressure demand of reverse osmosis desalination.
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Fig. 1 Small reverse osmosis desalination process
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Fig. 2 Flow and pressure values of each node in reverse osmosis system
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Fig. 3 Composition of reverse osmosis double cylinder coupled valve
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Fig. 5 Exhaust device of hydraulic cylinder
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Fig. 7 Conceptual model of energy recovery system simulation
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