Introduction

Nickel foams as 3-dimensional electrodes (ref. 1) are promising for
use in alkaline electrolyzer due to their high surface area. For
improving performance, structural design of the foam and
parameters such as porosity and pore size can be optimized.

Here, industrial size alkaline electrolyzer with 7 cells is successfully
modelled using (ROM) with the purpose of studying micro-scale
phenomena on the macroscopic level with practical calculation
times.
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FIGURE 2. Combined stack level gas
fraction is used to improve accuracy of
electrochemistry and shunt current
calculations
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FIGURE 1. Cell level single phase CFD
simulation show good agreement with
the ink visualization experiments

Results

 Reduced order model approach is successfully applied to
make stack level multiphysics simulations possible.

 Foam electrodes can be effectively modelled using Darcy-
Forchheimer law for porous domain. Simulation results
show good agreement with the experiments.

* Foam structure shows smooth and uniform KOH flow
pathways with homogeneous electrochemical activity, no
staghant zones based on residence time analysis.

* The combination of CFD simulations and flow
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Goals

* Improve 3D foam electrode performance
* Evaluate parasitic currents and improve stack performance
* Cell level single phase flow experimental validation

 Apply ROM approach for single cell two-phase flow

* Perform stack level electrochemistry calculations with realistic gas
distribution

Methodology

@ step: Laminar Flow coupled with phase transport is used to simulate
fluid and gas dynamics on cell scale. KOH electrolyte flow through foams is
described with the Darcy-Forchheimer law. This shows good agreement
with experiments.

@ step: Manifold level two-phase CFD model couples cell pressure drop,
KOH flow rate and gas fraction from previous step.

@ step: Combining previous steps provides full stack level realistic gas
phases distribution. This, in turn, is an input for the electrochemical
calculations

Residence time analysis is used to evaluate flow field uniformity in the cell.

A 114

I 110

-1 105

) min: 81.4

%107 |

5450 um ” *I, = 100

i £ 195

Velocity mmy/s

/ 90

N o & & bk MO N OB O
|||||||||“|

] 1
=

! i . Max:
3.2 3.4 x107° =

2.8 3
Arc length (m)

2 2.2 2.4 2.6 SEEe=w

¥ 8l.4

— 1: 1 app=0, Qflow_cell=1.44E-5 4: 1 app=500, Qflow_cell=1.44E-5
— 2! |_app=100, Qflow _cell=1.44E-5 — 5: | app=700, Qflow_cell=1.44E-5
— 3: | app=300, Qflow_cell=1.44E-5

FIGURE 3. Shunt current vectors (upper). Mixture

experiments is a powerful tool for optimization of the cell
geometry in terms of both performance and efficiency.
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FIGURE 4. Electrochemical activity over
the electrode with 450 um pore size
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