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ABSTRACT

PEM electrolysis have fast load-following capability
and is suitable to provide services to the power grid. The
dynamic performance of electrolysis stack needs to be
further improved under fluctuating renewable energy
power directly input and is discussed in this work by
modifying channel height of flow field. A numerical
dynamic models of different field channels are
implemented with CFD and both I-V curves, temperature
distribution, pressure drop, and oxygen content in outlet
water are discussed separately. It is found that the
channel height has significant impact on the electrolysis
characteristics including response delay, and pressure
drop. Electrolyzer with flow field of 0.5mm channel
height has the best dynamic performance. Under this
condition, the electrolyzer's current density reaches
3A/cm? at 2.15V, and the response delay of single
channel flow field decreased by 26% to 0.28s. This work
can provide simulation support for the designation of
PEM electrolyzers’ flow fields.

Keywords: electrolyzer, channel height, dynamic
response characteristics, computational fluid dynamics
analysis.

NONMENCLATURE
Abbreviations
PEM Proton Exchange Membrane
TDA time domain analysis
CFD computational fluid dynamics
Symbols
tq the time delay
To the time constant
p the pressure loss
t time
t=0 the moment when the oxygen
transfer rate of the channel changes
\Y the volume of the channel

R the molar gas constant

T temperature

n the amount of substance in the
channel

1. INTRODUCTION

Hydrogen has been identified as a new type of clean
energy source due to its non-carbon and high heating
value[1]. Proton exchange membrane (PEM) electrolysis
is now attracting more attention because of its high-
purity hydrogen production, high current density
operation, wide operating range and high load
flexibility[2]. Although dynamic performance still needs
to be further improved for PEM electrolyzer coupling
with fluctuating renewable energy power directly input
conditions[3].

Several works have been done for improving the
flexibility of the PEM electrolysis system, such as
auxiliary equipments optimization[4], extra storage
facilities[5] and novel operation strategies[6]. However,
the main element of an electrolysis system is the
electrolyzer which directly determines the entire
dynamic response characteristics, but rare studies have
be released on the flexibility optimizing of PEM
electrolyzer.

The response time for PEM electrolyzer ramping up
or down is close to seconds[7], thus simulation is more
suitable than experiment. CFD simulation can present
insights of the multi-phase flow in the stack and dynamic
parameters of each flow[8], so that several works related
to fluid concentration[9], flow field structures[2], heat
and mass transfer[10] have been done. In this paper, the
flow velocity and distributions of pressure and
temperature in different flow field structures are
simulated, and the influence of channel volume on the
performance of electrolyzer is studied. The optimal
structure design is determined by the dynamic response
characteristics of electrolyzers with these volumes.
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2. MODELING

Both one-dimensional and three-dimensional
analysis methods are utilized for simulating the dynamic
response characteristics of electrolyzers with single
channel varying channel height.

2.1 Flow field description

As for the single channel model, the width and length
of the channel is set as 1Imm and 50mm, respectively.
While the height of the flow channel varies between
0.5mm~1.5mm.

2.2 One-dimensional analysis as time domain analysis

The pressure change in the flow channel under
variable load conditions inside the electrolyzer could be
regarded as a time domain analysis(TDA) of a first-order
system. Where the oxygen transfer rate in the diffusion
layer is the input signal similar to a step function, and the
pressure loss of the channel is the correlated variation
which should be specially noticed.

2.3 Three-dimensional analysis as computational fluid
dynamics analysis

Numerical models based on the equations of mass,
momentum, charge and energy conservation are
established in this paper for computational fluid
dynamics analysis. Details have been clearly described in
reference[11] and the equations are solved using the
Comsol Multiphysics 6.1.

Verification of mesh independence is the basis of
computational fluid dynamics analysis and the density of
meshing affects the accuracy of the solution. The denser
the mesh, the higher the accuracy of the mass transfer
and momentum transfer analysis at the internal
boundary of the electrolyzer, which requires more
calculation time and computational power consumption.
As shown in Fig 1(a), the electrolyzer model is divided by
hexahedral meshes and 4 different numbers of
meshes(62,700; 122,800; 335,200; and 596,800) are
obtained. The simulation result decreases first rapidly
and then smoothly with increasing grid number, the
trend of which modified around 335,200. Considering
the length of calculation time and amount of cost, the
final number of selected grids is 335,200, and its
minimum cell quality corresponds to 0.441.
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Fig. 1 (a)Mesh Independence & (b)Comparison between
simulation and experiment

3. RESULTS
3.1 Results of time domain analysis

Flow continuity equation is utilized for parameters
connection in channel for simplicity and the unreacted
water is considered incompressible and invariant. The
triple time constant (3T) usually reflects the
implementation of new stable conditions, and the initial
curve slope is the reciprocal of the time constant in first-
order system[12].
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Where tq(s) is the time delay, Ty(s) is the time
constant, p(Pa) is the pressure loss, t(s) is time, t=0 is the
moment when the oxygen transfer rate of the channel
changes, V(m?3) is the volume of the channel, R(J/mol*K)
is the molar gas constant, T(K) is temperature, n(mol) is
the amount of substance in the channel.

Thus it is obvious that the decreasing of channel
volume could cut its fluctuation duration for a given
electrolyzer with constant diffusion layer and load
condition, neglecting the impact of working fluid
composition ratio, temperature, flow velocity or
pressure load variation.

3.2 Results of computational fluid dynamics

Fig 1(b) indicates that the CFD calculation results and
the experimental data match well. Comparing the
simulation results with preliminary experimental results
at different current densities, the trend and magnitude
of voltage change are in good agreement.

With the inlet mass flow remains constant at 4 X 10
“kg/s, that is, the excess coefficient of water around 4000
under 1A/cm?, parts of the oxygen content distribution
of simulation results are shown below.
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Fig. 2 Side view of the distribution of oxygen content for
single channels with different height

4. DISCUSSION

4.1 The steady-state characteristics of different single
channel

The simulated polarization curve is shown in Fig.3(a)
for channels with different height. Curves closely overlap
and the result with 0.5mm height presents the best
electrolysis performance which get the lowest voltage
under same current density. This result is not due to
temperature influence as shown in Fig 3(b) which would
infers the opposite conclusion. Deep analysis of the
model and the data indicates that mass transfer rate
affects the reaction more than temperature, thus
channel height positive affects the electrolysis reaction
slightly.
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Fig. 3 (a)l-V curves and (b)Temperature for channels
with different height

The pressure drop in the flow channel is one of the
most significantly affected parameters by the channel
height as presented in Fig. 4(a). Expanding channel
height increases the cross area of the flow channel, thus
reduces the pressure loss under full operating
conditions.
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Fig. 4 (a)Initial values& (b)Per-unit values of pressure
drop

Furthermore, the variation of the pressure drop of
different channel height under different current density
are compared in Fig 4(b). The pressure losses are
compared with each initial pressure loss for specific
channel height, and then the variation of pressure losses
under different current densities are analyzed under per-
unit values.

The per-unit values of different channel heights
under 2A/cm? and 3A/cm? are specially presented in Fig.
5(a), and the channel height of 1Imm seems as the trend

turning point. The changing rate is more pronounced
under high current density. However, more experiments
and analysis are needed for trend explanation, and the
only definite inference is that channel with 1Imm height
has the most significant pressure loss variation with
increasing current density.
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Fig. 5 (a)Per-unit values of pressure drop under different
current density & (b)Dynamic characteristic of oxygen
content in channels

4.2 The dynamic-state characteristics of different single
channel

The calculated response time of the electrolyzer with
variable load is less than 0.5s, which is close to previous
research and experimental results[7]. The voltage
increased from 1.6V to 1.8V at 0.1s. The oxygen content
in outlet water and its variation speed are utilized for
characteristics analysis in Fig. 5(b) & Fig. 6(a). Variation
below 0.5 X 103/s is seen as steady condition for
dynamic analysis.
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Fig. 6 (a)Dynamic characteristic of channels &
(b)Response time comparison between CFD and TDA

As the channel height decreases from 1.5mm to
0.5mm, the variation ranges of oxygen content in outlet
water are similar(as 0.12301 to 0.24842, 0.12483 to
0.25275), and the response time increased by 26% (from
0.38s to 0.28s). The peak variation speed is also greatly
affected by the channel height, which increasing from
5.14 X103/s to 8.16 X 103/s. Therefore, the decreasing
channel height benefits to improve the dynamic
performance of the electrolyzer, but damage the
pressure loss parameters.

Results are compared in per-unit value as shown in
Fig. 6(b) and CFD results seem more reasonable than TDA
results because both the influence of working fluid
composition ratio, temperature and flow velocity are
considered. The gap is expected to be decreased through
series of corrections, which is expected to be carried out
in further researches.
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5. CONCLUSIONS

In this paper, |-V curves, temperature distribution,
pressure drop, and oxygen content in outlet water are
simulated for steady/ dynamic characteristic analysis of
single channel electrolyzer with different channel height.
Both electro-chemical reaction, gas-liquid transport and
flow content variation are conducted to analyze the
optimization trend of the electrolyzer channel. Several
conclusions are summarized as follows:

1) The height of the flow channel can significantly
improve the dynamic response characteristics of the
electrolysis channel. It is inferred that the height of the
flow channel should be selected as small as possible
within the allowable range of pressure loss (system
pump).The response time could be increased by 26%
with channel height decrease from 1.5mm to 0.5mm.

2)The height of the flow channel has a slight impact
on the steady-state characteristics of single channel
electrolysis, except for pressure loss parameter.

3)TDA can rapidly predict the impact trend of
channel height on electrolysis, but further investigation
are still needed for the explanations of the gap between
TDA and CFD results.
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