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Abstract: A simulator has been developed in order to simulate and 1o be used to design the pervaporation system for
separating organic/water mixtures. This simulator is composed of simulation engine, which includes a modeling of per-
vaporation system and the numerical analysis, and Graphical User Interface(GUI), which enables us to operate the simu-
lator more easily in the Windows environment. The structure and operation of simulator were clearly presented by dem-
onstrating the full-scale ethanol dehydration process. The performance of simulator turned out to be fairly good through

comparing the simulation results with the experimental data of ethanol dehydration pilot tests.
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Fig. 1. Overall procedure for the simulation of per-

vaporation system.
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Table 1. Input/output Values of Pilot-scale Ethanol Dehydration Simulation with PVSIM

Run #1 | Run #2 | Run #3 | Run #4 | Run #5
Feed flow rate (kg/h) 24 1956 | 1481 | 27. 179
Feed concentration (wt.% ethanol) 96.4 96.52 95.2 93.67 9431
Input Membrane area per stage (m2) 1 1 1 1 1 7
values Number of stage 2 2 2 2 2
Feed temperature at 1st stage inlet (C) 90 90 90 90 80
Feed temperature at 2nd stage inlet () 90 90 90 90 80
Feed temperature at Ist stage outlet (¢) 83.3 82.44 77.35 79.43 69.3
Feed temperature at 2nd stage outlel ( C) 84.9 84.5 7 81.36 81.51 7.6
Product flow rate (kg/h) | 2359 | 192 | 137 | 2638 | 1745
Output Product concentration (wt.% ethanol) 7 B 979 98.2 97.9 i 96.1 96.éi
values Permeate flow rate (kg/h) 0.41 0.36 0.44 0.72 0.45
Permeation flux (kg/m*-h) . 0.205 0.18 0.22 0.36 0.225
Permeate concentration (wt. % waLer) 92.7 92.2 93.7 95.2 95.7 o
Permeate pressure (mb57 ) 9.1 8 9 15.66 93
Permeate condensation temperature (°(v37) 25 0.6 2.5 9.7 3.3
Table 2. Experimental Conditions and Results of Continuous Mode Pervaporation Pilot Test
- N Runwﬁrl Run’ #2 | Run £3 | Run £4 RU;’] 45
mmbrane area per stage {m*) T I 1 1 a 1
Number of stage 9 2 2 2 2
Total membrane area (m?) a 2 2 2 2 2
Feed temperature at 1st stage inlet (C) 89.9 89.9 90.6 89.5 80.3
Feed temperature at 1st stage outlet () i 786 77 724 788 770.1 -
?eed temperature at 2nd stage inlet ("C‘) - o 90.2 90.4 790r 90 80.1
Feed temperature at 2nd stage outlet (C) o 795 7 78.1 73.9 80.1 714
Feed flow rate (kg/b) 20 | 9se | 1481 27.1 17.9
" Product flow rate (kg/h) 236 | 19.2 14.4 26.46 17.5
Permeate flow rate (kg/h) ) 04 0.36 0.41 0.64 0.4
Feed concentration at Ist stage inlet (wt.% ethanai o 7756;4 96.52 | 95.2 93.67 94.31
Feed concentration at 1st stage outlet (wt.% ethanol) 97.2 | 97.32 965 94.9 95.4
Product concentration : Feed concentration at 2nd stége - o ) . o
97.8 97.98 97.65 95.8 96.28
outlet (wt.% ethanol)
Permeation flux (kg/h-m?) 02 | 018 0.205 0.32 0.2
Permeate concentration (wt.% water) 7 86.2 8 90 5 94.5 91.9
Permeate pressure (mbar) ) i 10 10 11 17 T
Permeate condensation temperature (C) - l B 70 2 8 3
Pilot test &H =7 % Feed specification $& T Abol] o]sf AAH —-’Ii— 25 7F AA pilot testE A
A, 53 PVSIME B331 A2y £ 7} A& o) dAs|ofofat matel A Asbe) wjmyl A
A Fog +4 24 7k shel HRE gyl gs}rA o] Fojzlch. Table 2= Pilot test 48 =7
o] 2ort JHgto s FoiAa uix] £ 27l 2 ARE el 2& 7 Stage o, &
& 2}
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A : Membrane area [m?*]
C.! . Weight fraction of water in the feed [-]
C..! :Initial weight fraction of water in the
feed [-]
C, . Weight fraction of water n the

permeate [ -]
AH  : Latent heat of vaporization[J/kg]
J, : Total permeation flux[kg/m? « hr]
k . Liquid heat capacity[J/kg - K]
Q : Feed flow rate[ kg/hr]
Q . Feed flow rate at the membrane entrance

[kg/hr]
T . Temperature] C |
T, . Temperature at the membrane inlet[ C }
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