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A Study on Numerical Analysis Using the Two Phase Flow in Alkaline
Water Electrolysis Stacks

JINMOK HAN', YOOGEUN BAE', YOUNGJIN SEO? SEWOONG KIM?, YOUNGGUAN JUNG?* "

*Graduate School of Mechanical Engineering, Kumoh National University of Technology, 61 Daehak-ro, Gumi 39177, Korea
2Department of Mechanical Engineering, Kumoh National University of Technology, 61 Daehak-ro, Gumi 39177, Korea

TCorresponding author :
jyg_kr@kumonh.ac.kr Abstract >> In this paper, the reliability of the numerical analysis using the two

_ phase flow on the behavior of the hydrogen bubbles in the alkali electrolysis
Ez\iies'zzd ig E\Ap?r:rhz 021();8 stacks was investigated by comparing the results obtained from numerical anal-
Accepted 30 April, 2018 ysis and flow visualization experiments. As the results, through comparison with

results gotten to visualization experiments, it is possible to approximate analysis
for the flow of hydrogen bubbles in the stacks by numerical analysis using the
two-phase flow. Also, the flow of hydrogen bubbles around the electrodes could
be similarly analyzed by numerical analysis using the two-phase flow.
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1. ] 2 p, : Gas density (kg/m’)
u;, : Liquid velocity (m/s)
WO - Water u, : Gas velocity (m/s)
th Hvds G : Gravity (m/sz)
- Hydrogen T : Temperature (K)
O : Oxygen 1; : Liquid dynamic viscosity (Pa-s)
NaOH : Sodium hydroxide p . pressure (Pa)
KOH : Potassium hydroxide F : Volume force (N/m3)
- Liaui i 3md N : Gas mass flux (k /mz's)
D, : Liquid phase volume fraction (m’/m”) @, g
@, . Gas phase volume fraction (ms/m3) I : Quantities related to the liquid and
0, : Liquid density (kg/m’) the gas phase
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(a) Square shape (b) Circular shape

Fig. 1. The stack models of two shapes for numerical analysis
in stacks

Fig. 2. The model for numerical analysis around electrodea

Table 1. Properties for numerical analysis

Material Parameter Value
Density (kg/m®) 1305.6
Thermal conduction (w/m-K) 0.0242
Electrolyte — 3
Viscosity (kg/m-s) 4.11x10
Molecular weight (kg/kg-mol) 28.966
Density (kg/m’) 8.189x107
Thermal conduction (w/m-K) 0.1672
Hydrogen - - ~
Viscosity (kg/m-s) 8.411x10
Molecular weight (kg/kg-mol) 2.01594
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(a) Square shape (b) Circular shape

Fig. 3. The visible stack of two shapes for visualization experi-
ments of the bubble flow in electrolysis stacks

View “Z”
Fig. 4. The visible stack for visualization experiments of the
bubble flow around electrodes
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Fig. 5. The schematic diagram of experiment apparatus for
visualization of the hydrogen bubble flow
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Time step 0

Numerial
analysis results

Experimental
results

Fig. 6. Comparison between numerical analysis and experimental results on the square electrolysis stack
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(a) Numerial analysis result

(b) Experimental result

Fig. 7. Comparison between numerical analysis and experimental
results on the circular electrolysis stack
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Fig. 8. Comparison between numerical analysis and experimental
results on the bubble flow around electrodes
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