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Abstract — Hollow fiber membrane G-L contactors are widely used to remove SO, emitted from industrial facilities.
In this work, the mathematical modeling and computer simulation for hollow membrane G-L contactors is carried out to
analyze SO, absorption behavior in hollow fiber membranes. The model is solved with the finite element method using
a commercial software. Investigated is the dependency of SO, removal efficiency and mass transfer characteristics on
gas velocities, membrane mass transfer coefficients and physical properties of contactors. The membrane mass transfer
coefficients are estimated by fitting the experimental data with the simulated SO, removal efficiencies. In addition, a
design methodology of membrane contactors is suggested.
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Fig. 1. Non-wetted mode of hydrophobic.
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Fig. 2. Hexagonal shaped unit cell of the fiber assembly.
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3. Z2u} 3 0F

COMSOLAF] FEMLAB[10]2 £3 a4 F3A H57)=
S8 AAEE S0, ASS 71419 75, welue] B4 A Al
59 ofg] 714 270 wlghd g oS Holar, o] 25 up

£ S0, % H3E uzsisih

3-1. ORI IA s B

SO 2] olxkd Wow RAkE FFAMeAL] SO, T &
1 13> (contour plot)2} A S5 (total flux)S Fig. 39 TAISH
ATk 1A /45 v=43 misO & AAEhal eute] B2 dg
AT Ky =0.0345 m/s & A2 FEAM 9] S0, 5
R Sk AFFE O] 1% W FFARe] npgE: (R, LHEH
Uil @85 W S3A S3ke] SRR ok s 7
WA 5 RyS WEbdIT 282 %:2] Hel= S0,9] FAH (non-
dimensional) 55 YERACH

ofgfoll] FUR SO/t 9% We] ks FalA] FakE o]
FaAMES] YRR ZAZE AgEa SAleke] vkl oJsiA Al
A=A Ak, wEb 71A7F S5 Zow gl wet 71419 5

b Yo B 4 ik, et S el 2 olol 9% w

R

ol

=
o] Q&% HET S0, 57t B Zle & 5 b o= T34t

ue] g)3e] S0, Al T Shte] olad F e e A
Gelod e nolET. Fig 4t FEAlte] 270 TR
FARte] Afolele] i kg 71A19] el whebd Lhekl 2
o WlFT k. 71419 fidko] ARe] WebA S0, B Aol

SJall o] efuho s AT B PHE e HolF gl

32. H2jat 23 M2 AN WE S0, HHS

o171 4120 AT Fauke B3t S0, 4714 A1F
olejell sl Eeete] B AL ALK, S FHEAT 71 45
o W2 AAE WS BRI Al AT FIALY B

slstEst

Hl45H mM1E 20074 22

o - a1l
0.30
Gas velocity 2.1016 (m/s)
————— Gas velocity 3.1524 (m/s)
—— Gas velocity 4.2032 (m/s)
0.25 +
~~ 0.20 S mv— —
S /./" S
© - N
=1 e ~
c v ~
8 o154
c
Q
3]
ko)
5 e —
O o104 === S
/’ "\_“‘
0.05 +
,..--""---_-_-_-_-___—_______________---""--
0.00 T T
0.000155 0.000460
Radius (m)

Fig. 4. Outlet concentration profile with gas velocity (K,,= 0.0345 m/s).

Table 1. Specification of the hollow fiber membranes

Properties Philos 08-200 Cel 03-200
Module Diameter (m) 0.01 0.01
Length (m) 0.15 0.15
Volumes (cm?) 11.8 11.8
Fiber Material Polypropylene Polypropylene
1.D (um) 240 240
0.D (um) 310 300
Pore size (um) 0.1 0.003
Porosity (%) - 30
Packing density 0.19 0.180
Number of fiber 200 200
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Fig. 5. Experimental (Philos08-200) & calculated results of SO, removal
efficiency.



80, AVYE 9% FBAI 7] K219 mAF 9 Wl B A AR 85

120
K,, = 0.001
100 - - - I . K, = 0.003
W ——— K, = 0.005
\
o *  Cel03-200
—~ 80 RN
B
=
W 6o
]
g
] 40 1
ON
w

20 A

Gas velocity (m/s)
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efficiency.
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C : dimensionless concentration of SO, [-]
Co : dimensionless initial concentration of SO, [-]
d : inner hollow diameter [m]
D;  : gas diffusion coefficient [m%s]
Dy : Kundsen diffusion coeftficient [cm?/s]
D,, : diffusion coefficient of a gas in s membrane pore [cm?/s]
Gz  : Graetz number (= vgdleGL) -1
Ky  : feed gas mass transfer coefficient [m/s]
K; : Liquid absorbent mass transfer coefficient [m/s]
K, : membrane mass transfer coefficient [m/s]
L : membrane length [m]
M : gas molecular weight [g/mol]
P : pressure [atm]
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T : temperature [K]
Vg : gas velocity [m/s]
<vg> :average gas velocity [m/s]
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AP : Pressure difference along hollow fiber [atm]
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: porousity of membrane [—]
n : viscosity of gas [kg -m/s]
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