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Abstract: Aiming at the high energy consumption and the high cooling water consumption in the vacuum membrane
distillation (VMD) process, a vacuum separate-stage multiple-effect membrane distillation (MEMD) process is
designed. The process set up a separate-stage multi-effect evaporation chamber where the condensation of heat
vapor in the traditional VMD process and the enhancing temperature of original water are coupled. The
condensing heat exchanger and membrane module within each stage are connected in series. The complementary
feed in the lumen side of heat exchanger recovers the vapor latent heat produced in MEMD process. The
influences of the vacuum degree on VMD process are studied, and the effects of the membrane area in main
evaporations zone, feed fluid flow in the shell sides of heat exchanger in multiple-effect evaporation zone and the
extraction of vacuum pump on MEMD process are explored. The results show that the equivalent flux of the
system could be higher 22.3% than VMD process under the same vacuum pressure in the main evaporation zone
when the membrane area in the main evaporation zone is 0.10 m?, and the speed of vacuum pump is 2.0 L/s. The
equivalent flux and the heat recovery rate of vapor phase transition both increase 8.2% and 7.3%, respectively,
when the vacuum pump with the higher speed (4.0 L/s) is used.
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Fig.1 Experimental apparatus
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Fig. 2 Effect of vacuum degree on flux in VMD process
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Fig. 3 Effect of vacuum degree on difference in temperature
between inlet and outlet of lumen side of VMD
modules
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Fig. 4 Effectof feed fluid flow on properties of MEMD process
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