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A study on the channel design of bipolar plate of electrolytic cell
by flow dynamic simulation in the two phase flow system
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Abstract : This study is focused on the channel design of bipolar plate in the electrode of
hydrogen gas generator. The characteristics of hydrogen gas generation was studied in view
of efficiency of hydrogen gas generation rate and a tendency of gas flow through the riv
design of electrode. Since the flow rate and flow pattern of generated gas in the two phase
flow system are the most crucial in determining the efficiency of hydrogen gas generator, we

adopted the commercial analytical program of COMSOL Multiphysics

™

to calculate the

theoretical flow rate of hydrogen gas from the outlet of gas generator and flow pattern of
two phase fluid in the electrode. In this study, liquid electrolyte flows into the bipolar plate
and decomposed into gas phase, two phase flow simulation is applied to measure the

efficiency of hydrogen gas generation.
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Fig. 1. Principle of proton exchange
membrane.
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Table 1. Simulation conditions of the bipolar
plate by two-phase flow

Density(kg/m?) 1280(300 K) | 1260(325 K)
L 1.2x 107 1.5 x 107

Viscosity(kg/m-s) (300 K) (325 K)

Velocity 5 L/h

Effective density

aas (ke/L) 0.000075
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Fig. 2. Electrolytic cell is configured to
produce bipolar plate.
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Fig. 3. Schematics of the bipolar plate
designed by various array of
grid (a)~(c).
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u= denote velocity (m/s)

p = pressure (Pa)

@ = phase volume fraction (m*/m®)

p = density (kg/m’)

g = gravity vector (m/s?)

F = any additional volume fraction (N/m’)
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7, = dynamic viscosity of the liquid (Pa-s)

np = turbulent viscosity (Pa-s)
I = quantities related to the liquid and the
gas phase
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Fig. 4. Outlet of bipolar plate selection of
specific  point(black  points) by

average flow.

AARAF A%E Fig. 5 @~ 2o 4
ARALE B U A4 uge d= A%
3 ow Bejwe] fEAAA gl Erh
A ofel e o] gtk el
Hel 24 BB ANEA Ade BEE

g Assl Pohws] slstel ARG

to oi

rir
o
c
=
e
-z
S
tlo
ot
=
ol
ol
)
[
2
N,
et}
—
o
(@)
1
jn)

Buig
i

9 F&ES gRlete 3 g et

outlet H-#9 ©@HAS Folo] HIHFEFE
A FEAA WE &S
Outlete] ¥91E A& Fig. 49 2t} A
A3 Al §9%%7t 5 L/holH outlet

£ 4

=

=

ol

ol
i 32
o

-

R RS

P

4

B oEAe 19625 cmlo 2 w9 A7 A
o Regoz Asfoe] Solzt w o]EH<l

Zboe wAEe 1730 em’s 7F ubetob &b

Fig. 5(a)~(c)9] AIMFA = table 29 #t).

=

=

(a)

(c)

Fig. 5. Simulation results of the bipolar plate
by channel design in two phase flow
(a)~(c). Electrolyte inflow rate 5 L/h.
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Table 2. Outlet gas average stream flow of
Fig. 5(a)~(c)

(a) (b) (c)
Average linear
. 38.4 39.84 40.87
velocity (cm/s)
Area(cm?) 19625 | 19.625 | 19.625
Outlet gas average
3 753.6 781.9 802.1
stream flow(cm’/s)
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Fig. 6. Production of hydrogen by bipolar
plate(grid distance 4mm).
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