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FLOW VISUALIZATION SYSTEM

EXPERIMENTAL TEST BENCH

STATISTICAL BUBBLE DIAMETER DISTRIBUTION

Figure 1 shows the alkaline
water electrolysis facility
used in this study. The
system has all the essential
elements of a commercial
electrolyzer, but on a small
scale [4]. Also, as can be
appreciated in Figure 2b,
the three electrolysis cells
(ElectroCell, Micro Flow
Cell) have been modified
to include a transparent
frame (PMMA window 10
mm) between electrodes
and diaphragm.Fig. 1. Alkaline electrolysis cell experimental facility
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Figure 2. Flow visualization system: (a) laser and high-speed camera (PIV system); (b) alkaline electrolysis cell with transparent windows; (c) hydrogen gas bubbles inside the cell; (d) experimental bubble diameter distribution

Figure 2 shows the process of visualization and characterization of the gas bubbles generated during the electrolysis inside the cell (Figure 2b). The flow visualization
method used in this study is a PIV (Particle Image Velocimetry) system (Figure 2a), consisting of a Nd:YAG laser, a CMOS camera (1000 fps) and a timer box. This
experimental technique has been used previously to obtain instantaneous velocity measurements and related properties of the hydrogen bubbles [5], [6].

Figure 3. Bubble diameter statistical distribution at: (a) different current densities; (b) different electrolyte flow rates; (c) different temperatures
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According to the experimental data,
the bubble size increases as the
current density increases (Figure
3a). This occurs because bubble
coalescence enhances when gas
production is higher. On the other
hand, the mean bubble diameter
decreases with higher electrolyte
flow rates (Figure 3b) because
bubbles are removed faster from the
cell. Finally, the size is larger with
temperature (Figure 3c) because the
bubbles grow to a larger diameter.

The hydrogen bubble diameter has been determined by capturing 200 images in 196 ms (Figure 2c) for each of the current densities investigated (5-300 mA/cm2).
Later, each image has been analyzed to determine the properties of the recorded bubbles (diameter and velocity) and to eliminate from the study those particles
that do not meet the validation criteria (roundness and eccentricity). Finally, the bubbles size data have been adjusted to different statistical distributions and
compared using the Kolmogorov-Smirnov test (Figure 2d). This procedure has been repeated at different electrolyte flow rates (natural convection-2.8 l/min) and
temperatures (30-70 °C) to determine the influence of experimental conditions on particle size distribution [4].
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INTRODUCTION

During the electrolysis, H2 and O2 gas bubbles are formed on the surfaces of
the cathode and anode, and are only detached from the surface when they
grow big enough. As a consequence, ohmic overpotentials increase. In fact,
bubbles can cause more than 50% of these overpotentials. At high operating
current density, the void fraction of gases in the electrolyte increases due to
presence of more gas bubbles. When gas cannot be removed rapidly from
the electrolysis cell, the bubbles cover a large electrode surface or disperse
in electrolyte, which increases the cell voltage even more [1], [2], [3].

Understanding the bubble phenomena is therefore an important element in
the development of any water electrolysis systems [3]. In the present study,
the velocity and size of individual bubbles inside an alkaline water
electrolysis cell have been studied using a flow visualization system. The
bubbles diameter has been measured at different current densities, flow
rates and temperature to determine the influence of operating conditions.
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