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Fig. 1 Schematic diagram of integrated process including vacuum fractional condensation-mechanical vapor

compression-atmospheric condensation
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heat exchanger structure
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Fig. 3 Schematic diagram of the experiment setup
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Table 2 Pervaporation performance of different composite membrane
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Table 3 Reynolds number and heat transfer under different inlet pervaporation vapor velocity
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Mass transfer and heat transfer behavior of ethanol-water vapor
in vacuum condensation dephlegmator during pervaporation
membrane process

ZHANG Yin, WANG Dingding , LIU Jingyun, L1U Wenda ,

JIANG Haoji, HAN Lu, XIAO Zeyi, FAN Senging
(School of Chemical Engineering, Sichuan University, Chengdu 610000, China)

Abstract: Fractional condensation process was used to recover the permeate ethanol-water vapor
downstream the pervaporation membrane under vacuum. The heat transfer and mass transfer behavior of
the vacuum condensation dephlegmator was stressed. The effects of inlet vapor flow rate on the heat
transfer coefficient and condensation behavior of the vacuum condensation dephlegmator were analyzed.
When the inlet vapor flowing velocity was increased from 3. 09 to 8. 05 m/s, the heat transfer process was
effectively intensified. The total heat transfer coefficient was increased from 37. 06 to 145, 27 W/(m?* « K),
with the vapor side condensing heat transfer coefficient also increasing from 55. 81 to 544. 60 W/(m?® « K).
At different flowing velocity, the proportion of thermal resistance in the heat transfer process varied. At
low vapor flowing velocity, the vapor side thermal resistance was relatively high, reaching up to 82. 99%.
After the flow rate increased, the proportion of thermal resistance on the cooling medium side was
increased, reaching up to 65. 66%. With the increase in feed flowing velocity, the recovery proportion of
ethanol-water vapor in the vacuum condensation dephlegmator was improved from 41. 82% to 68. 19%.,
with the ethanol recovery proportion increasing from 5. 21% to 30. 72%. The ethanol mass fraction in the
first condensate was also increased from 3.45% to 10. 66 %.
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