117

(*ﬁ I) HWAHAK KONGHAK Vol. 17, No. 2, April 1979, pp. 117124
(Journal of the Korean Institute of Chemical Engineers)

AR z|9H 0| cHet AkAo| HEtEAL

— bl

of & 2.3 5 u

Rl L i TR
(34 1979.3.7)

The Oxygen Transport to the Membrane Covered—Electrode

in Stagnation Flow

Chang Woo Lee and Ho Nam Chang

Department of Chemical Engineering
Korea Advanced Institute of Science, Seoul 131, Korea
(Received March 7, 1979)

2 ¢

T A4 AFE AL ALFTEE SA T dojA £ Fo stagnation flow & FHA L

A R8-S 3waglg . stagnation flow ol A 242 A %ssl_lw‘ aﬂ*:} 37 98 2R AR F )
33 2dg A4 o] ZAE AR v metgiet. FelolAlE shal W FRAFE A 8
ol A lAE A4 F29eA boundary layer o] Frlsb AT B3 nel AAY AY e
A F5 wdd A A A o] EX & LAt -7-?4‘4- oluet AAA = o] £X9}
AR A e Aot A en ol 4AA Rl FAE R A Falo] AAA o
2 Fa8As] Ee 353k 1Y FA FAY Al we} LA fA Gy A3
WEld] M A F-Ige] AAH e | ugs] AE AE& & 5 Jsivh

Abstract

The current response of a membrane covered-electrode with respect to the fluid motion in
stagnation flow was investigated in this study. The mathematical model was set up to analyze
oxygen transport in this flow regime. The current predicted by the model was compared with
the results of the experiments performed using polyethylene film and platinum cathode. One
dimensional model was in good agreement with the experimental results when the thickness of
hydrodynamic boundary layer was smaller than or comparable to the radius of the electrode,
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but it did not agree well when the thickness exceeded the radius of the electrode. This may be
due to the reason that the radial diffusion term neglected in one dimensional model becomes
important as well as the axial diffusion term. It appeared that the current response became less
sensitive to the hydrodynamics of the outside of membrane as the thickness of membrane

increased.
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Fig. 1. Sketch of the Regions Important for the
Description of Mass Transfer to Cathode.
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Table 1. Boundary Thickness and Flow Parame-
ter for Various Flow Velocity!®

w~(cm/sec) d(mm) a(sec™?)
0.05 11.19 0.031
0.1 5.59 0.13
0.5 1.12 3.13
1.0 0.56 12.52
5.0 0.11 313.0
10.0 0. 056 626.0

3% (11)A 6l A mass transfer boundary layer
thickness 0m 2 A AL BHAW

On~ (Dsfw-) an
$4 w_ o] 0.2cm/secd wE 107'em AR

sist2a M17H X 23 1979 43

A

%) 4 84 boundary layer 579 A 1000
HEJL &+ Atk 3 duel Jurh HomE
FAl 984 boundary layer 7} o] e}l

Ab47F S A EEE SE ASA 7o
FA = ohgA o2 Jeldo] Ak
0Cn
i=N-FA-Do(-% ) (182)
3 P,
=N-F-A-P.(L2) (18b)
(Cm:Kum, Pm:Dm Km)
S|4 N=40¢]5 F = Faraday & 5e]ch

AN A A
omg (18H)A-L
{=N:F:A-Pn(Py/d) (19)
ooz C*E o C*=Cy/Cse=Po/Ps. 9] It
A o zHE (194N AFZ o] EA o= T
T 4 gk
ands adH4<& Ed

(1—00*)50 exp(“’ dg w*dz*)dz'*

% profile & Fig. 2bs}l 7+

C*¥= = — +Co*
£E e

(20)

=Co*z* 1)

2 F3t7] 98] =3} boundary layero] 73

]tﬂc'ﬂ A mass flux 7} Zohe 23& 2434
oC* _ 0Cn*
—Ds——az,* z,ho——-Dm——az* . 22)
A (20, (21), (22) & Y¥
D
CQ*': - s, (23)
w.d F1x 3 ,
DJ+DmS exp(—D——So w*dz*)dz *
A (@23l A 2 dAF =N Dy, Dn-& A
olug C* = w8 d9 Tt HE & 54

t}.

@34 ¢
3 B

1. o.7F 022 2% @ C* = 0] .
§-4o] obF L&l boundary layer 7} F-313]
ARA ol 37 AbLA Y AFre] F33] AA
o 2 membrane 8 712 52 A4 &
4 ojmjgtey. v o8l AL AR A 4
otz gomg fo]l A" 9 XY

t}-29) limiting cased] wjd] A=



AAFAA AT 3t Ak AgdY 121,

A ¢ql diffusion model -&
o2& 4 glrt.

2. 5ol F3 AAA (w.——o0) 23)4
A CF=1e] Ak f&o] Fiha wEeA:
boundary layer 7F o} doRmnw meml:rane
FH9 FEx free stream 9] x99} 4] B &
2] =] gtet. ]‘Tﬂ AR TR AL oA membrane
ol sA sk 2935

3. membrane & 77} z}o}z w
(23)4 614 C*=00] et
A7k 0ol Hd AF membrane Eue]l &35H
3 9As] Hid SFERGA ALFEE
g4 022 FAH=2 o AAe ehedvn
¥ 4 gk

294 g% AdE

=

(d—0),
119l membrane -

3. &4 #

$-1. Membrane Covered Electrode o} X|=}

A AR AFL Fig. o] veht
glth. o] Clark type electrode &= &F oz
4R (A7 smm)st Ag/AgCl fFez T4
Hech o] F 3 $R(A7 15mm, 20|
20cm)&efl A4 0.1N KCl g oz =93}
membrane & 2% polyethylene film (Lucky Co.,
Korea) 2 218319 =] Permeability ¢ Diffu-
sivity :=-Aiba W5 23] AMux g er &
A8} o} Ag/AgCl ko A3 1mm Ae] 2)

9

!
I ; |
gass tude 'i }__ i o AGAL e
~N f ; ,: R
_ ¥
Lopper wire ! ’ !
BN it 1
I
U e
N L 2
oI ,
PERGe 1l 1 |4 Tetlor
N il Spacer
N B i H
membrane By i
—3 f\ it /Z:/
71 PN Teflor
H | <—— sleeve
i

Fig. 3. Clark Type Electrode with Large Diameter
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Fig. 5. Schematic Diagram of the Experimental
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Nomenclature

a Cathode surface area (cm?)

C» Oxygen concentration in membrane

Cs Oxygen concentration in solution

d Membrane thickness (cm)

D. Oxygen diffusivity in membrane(cm?/sec)
D; Oxygen diffusivity in solution (cm?/sec)
F  Faraday constant (96500 coulomb)

¢ Current (ampere)

K. Oxygen solubility constant in membrane

(CC at STP/CC of polymer. cmHg)

N Number of electrons (N=4)

Pn Oxygen tension in membrane (cmHg)

P, Oxygen permeability in membrane (CC at
STP/cm+sec-cmHg)

r radial distance (cm)

7o Cathode radius (0.25cm)

# radial flow velocity (cm/sec)
Axial flow velocity (cm/sec)

2z Axial distance from cathod surface (cm)
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