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A Study on Flow Analysis of Hollow Fiber Membrane
Module for Pneumatic System Dehumidification
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Abstract: Dehumidification in the pneumatic system is an important factor for preventing efficiency
decrease and malfunction due to humid air. Various dehumidifiers have been developed until now and
especially dehumidifiers using polymer membrane have been studied for low cost and easy manufacture. In
this study, experiments and flow analysis of hollow fiber membrane module were performed for
confirming the efficiency of dehumidification which is also related to the pneumatic system performance
improvement. Water removal ability and adsorption performance of hollow fiber membrane module were
confirmed by results of flow analysis and experiments, and the reliability of the flow analysis could be
obtained through the comparison with experiment results. From this study, dehumidification phenomena in
the hollow fiber membrane module were found out, and the basic design concept for the next generation

dehumidification system was also discussed.
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@ Flow Meter

® Temperature Sensor
® Humidity Sensor

® Pressure Sensor

® Hollow Fiber Membrane Module

® Vacuum Pump
@ Vacuum Trap
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Fig. 2 Experimental setup

Table 1 Device of measurement range

AL

Table 2 Experimental conditions

Temperature[ C] 20, 30, 40

Relative humidity[%] 30, 40, 50, 60, 70

Inlet pressure[bar] 0.53
Inlet flow[lpm] 24
Environment 25°C

Device Specifications Variation
Thermo 25~100°C £0.3C
hygrostat 30~90%RH +3.0%RH
T 0 o

emperature -20.0~60°C +0.5~ 1.0C
sensor

Humidity o +3.0~
sensor 0.0-99.99%RH 6.0%RH

0~10 lpm
+0.59

Flow meter 0~200 Ipm 0.5%
Pressure 0~10 bar 0.3%
sensor
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Module Accessorise
A Blclop ElE Article Name
1 Case
Dimension
356 | 250 | 53 | 60| pas| 42 2 Cap
[mm] 3 0-Ring type AS568-239

4 Hollow fiber
5 Potting resin
FPS: Fluoro

42

rubber

Fig. 3 Schematic of hollow fiber membrane module
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Table 4 CFD  parameters for dehumidification

A characteristics
(.
’nld'qi' CFD Settings
I
et Software ANSYS FLUENT 14.5
Species Transport:
; Model Mixture-Template: Air/Water
"V 4 Vapor(Species: 2)
O“tlet Pressure Inlet
1 Inlet Pressure[bar]: 0.53
nle
Species Mass Fraction:
1g. roximation mode o ollow 1ber 0.3, 04, 0.5, 0.6, 0.7
Fig. 4 Approximati del f  holl fib , , , ,
membrane module Outlet Pressure Outlet[bar]: 0
T ‘ Inlet: 20°C, 30°C, 40°C
mperaturs 0
crmperature Wall: 25°C
. 0.1, 0.2, 0.3, 0.4, 0.5,
Porosity
0.6, 0.7, 0.8, 0.9
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Contents Value
Nodes 109162 4. A8 9 siMZnt
Elements 562243
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Fig. 6 Experimental results of dehumidification
characteristics between inlet and outlet port
fiber module

(Temperature: 30°C, Relative Humidity: 30%RH)

of  hollow membrane
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Fig. 8 Results
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Fig. 9 Results of flow analysis
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