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Ohmic potentlal drop and gas bubble radius distribution in alkalline water
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Dr. §.J.D. van Stralen

Eindhoven University of Technology
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SUMMARY

Energy losses in water electrolysis are caused by the evolution of gas
bubbles. The main alm of this investigation is to obtain a dimensionless
correlation for the ohmic resistance between working electrode anod diaphragm
in the presence of gas bubbles. The resistsnce has been determined in
depeadence of KOH-concentration, temperature, pressure, gas to liquid
volumetric ratio at the outlet of the cell, nature of nickel electrode surface
and distance between working electrode and diaphragm. The reduced ohmic

resistance i8 given by a dimensionless correlation.

The effects of various parameters on the average bubble radius and bubble
radius distribution at the outlet of the cell have been studied. From the
experimental results also a dimensionlesa correlation has been deduced for the

reduced average bubble radius.

KURZFASSUNG

Die Entwicklung von Gasblasen verursacht erhebliche Energie-
verluste bei der Wasserelektrolyse. Die Hauptaufgabe unserer
Untersuchung ist die Formulierung einer dimensionslosen
mathematischen Beziehung fiir den Ohmschen Widerstand zwischen
Arbeitselektrode und Diaphragma und flr den durchschnittlichen
Blasenradius.

Der Widerstand wird in Abhdngigkeit von KOH-Konzentration,

Temperatur, Druck, Verhiltnis zwischen Gasblasenvolumen
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und Fliissigkeitsvolumen am Austritt aus der Elektrolyse-
zelle, Art der Nickelelektrodenoberfldche und Abstand
zwischen Arbeitselektrode und Diaphragma bestimmt. Der
reduzierte Ohmsche Widerstand wird in einer dimensions-

losen Beziehung dargestellt.

Der EinfluB der verschiedenen Parameter auf den durch-
schnittlichen Blasenradius und auf die Verteilung des
Blasenradius's am Austritt aus der Elektrolysezelle sind
untersucht worden.

Fir den reduzierten durchschnittlichen Blasenradius wird

eine dimensionslose Beziehung abgeleitet.

RESUME

Des pertes d'énergie pendant 1'€lectrolyse d'eau proviennent d'une lib&ration
de bulles gazeuses. Le but des recherches décrites ci-dessous est d'obtenir

une relation adimensionelle pour la résistance ohmique entre l'électrode de

production et le diaphragme, en présence des bulies de gaz. Cette résistance a
&té régistrée en dépendance de la concentration en KOH, de la température, de
la preasion, de la proportion du volume de gaz au volume de liquide, sortants
de la cellule; de la caractéristique de la surface de 1'électrode en nickel et

de la distance entre 1'€lectrode et le diaphragme.

La résistance ohmique ré&aulite est doonde par une corrélation sans dimensions.
L'influence des paramdtres différents sur le rayon de bulle moyen et sur la
distribution & la sortie de la cellule a £té &tudiée. Ainsi résulte de nos
experimentations une relation adimensionelle pour le diamdtre des bulles

réduit en moyenne.

L. INTRODUCTION .

The energy efficiency of the alkaline water electrolysis process is reduced by
the increase in ohmic potential drop in the electrolysis cell, due to the
presence of hydrogen and oxygen bubbles on the electrodes and dispersed in the
electrolyte between anode and cathode.

This increase in ohmic potential drop is affected by a number of parameters
such as geometry of the cell, current density, solution flow velocity,
temperature, pressure and the nature of the electrodes, the diaphragm, the
electrolyte and the gas evolved.

The effects of current deneity, flow velocity of the electrolyte, electrode
and dlaphragm on the ohmic potential drop between working electrode and

diaphragm have been studied by Janssen et al. /1/, using a vertical
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3.1.

rectangular cell with vertical electrodes 50 cm in height.

A dimensionless correlation between the increase In ohmic resistance due to
the presence of bubbles and these parameters has been proposed. In the preaent
investigation additionally the effects of KOH-concentration, temperature,
pressure, gas to liquid volumetric ratio at the outlet of the cell and nature
of the nickel electrode surface on the ohmic resistance of the cell and on the
average bubble radius and bubble radius distribution at the outlet of the cell

have been studied.

EXPERIMENTAL SET-UP,.

The experiments have been carried out in two electrolysis cells. Opne cell,
suitable for measurements at atmospheric pressure, consists of a transparent
acrylate compartment for the counter electrode and a non-transparent acrylate
compartment for the working electrode.

The second electrolysis cell for potential drop measurements, suitable at
pressures up to L0 bar, is essentially the same ss the one used at atmospheric
pressure, except that it ls made of stainless steel. To be able to study the
gas bubbles in the electrolysis cell at various heights, the cell contains
five glass windows.

Further details on the experimental set-ups are given in previous papers

/1, 2, 3/.

RESULTS .

Ohmic potential drop-

3.1.1. Effect of the gas to liquid volumetric ratio at the outlet of the

electrolysis cell.
The gas to liquid volumekric rstio at the outlet of the cell can be varied
by changing either the current density or the solution flow velocity in the

cell.

The gas/liquid volumetric ratio is usually expressed in terms of a gas void
fraction. A gas/liquid volumetric ratio of 1 corresponds with a gas void
fraction of 0.5.

In Fig. 1 the ohmic potential drop, &V, is plotted as a function of the
current density, i, for various solution flow velocities, vg. Only the
results for capillary 1 are shown in this figure, since similar results were
found for the other capillaries and for the ochmic potential drop between
anode and cathode.

The figure shows that AV is proportional to the current density.
Consequently, the resistance, R = AV/{, between the capillary and the

working electrode is independent of the current density in the curreat
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denaity range studied. This result has been found for both hydrogen and
oxygen evolving electrodes.
From the same figure it follows that the ohmic resistance decreases at
increasing solution flow velocity. It has been found that the log R vs log
vy curves are straight and the slopes depend on the nature of the
electrode material. They are, however, almost independeat of distance
between electrode and diaphragm, temperature, pressure and height in the
cell.

400y

a 2 4 & 8 1a
— A
Fig. 1 AVl as a function of current demaity for a hydrogen evolving
nickel electrode at [KOA] = 30 wtX, T = 353 K, d,. =3 m and

various solution flow velocities.

They vary between approximately -0.05 for an oxygen evolving teflon bonded
nickel cobalt oxide electrode and -0.15 for a hydrogen evolving Rapey type

nickelesulfide electrode.
Since the resistance does depend on the solution flow velocity but does not

depend on the current density, the average gas void fraction cannot be used

to deascribe the resistance between working electrode and diaphragm.

3.1.2. Effect of nature of the electrode surface.
The effect of the nature of the cathode has been studied on three different
kinds of electrodes, viz. a nickel electrode, a nickel-teflon electrode and
a Raney type nickelsulfide electrode. Fig. 2 shows the ohmic potential drops
between capillary and the respective working electrodes, as a function of

current density. The ohmic potential drop is lsrgest for the nickel-teflon
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electrode. At relatively high solution flow velocities, the ohmic potentisl

drop for a nickelsulflide electrode Is slightly lower than for a bare nickel
electrode cf. Fig. 1.
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AY, .mV
e N
Ay, . mv . .
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Fig. 2 Fig. 3
The ohmic potential drop as a function The ohmic potential drop as a
of current density for a nickel, a function of current denaity for
nickel-sulfide and a nickel-reflon a8 nickel and a teflon bonded
cathode at [KOH] = 30 weX, T = 353 K, nickel cobalt oxide ancde at
d,, ~ 3 mmoend v = 0.5 o/s. [KOH] = 30 wtx, T = 353 X,

d = 3 mm and v, = 0.5 w/s.
wm £

The acrivation overpotential for this electrode, however, is aignificantly
lower than for the nickel electrode.

Nickel and teflon bonded nickel cobalt oxide have been used as anode
msterials. Fig. 3 shows the results obtained for these electrodea. The ohmic
potential drop for an oxygen evolving teflon bonded nickel cobalt oxide
electrode exceeds the corresponding value for a nickel anode. No significant
differences in activation overpotenrial between these electrodes have been
found.

The large ohmic resistance for teflon containing electrodes is probably due

to a different bubble behavlour on these electrodes. Because of the poor
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wettability of the teflon, relatively large bubbles are formed which remain
on the electrode for a longer period than in the case of a nickel

electrode.

Effect of temperature.
The ohmic potential drop between working electrode and diaphragm decreases
at increasing temperature. The reduced resistance, R/Rp, 1s calculated
from the potential drop measurements in combination with the experimental
R, values given in /4/. It has been found that the reduced resistance is
practically independent of temperature in the range 333-353 K.
6 2
Regp 10, m
110
e 1—I0bar
o 10—~1har
05
1001
.
o
p. bar
o 2 4 & 8 10

Fig. 4 The ohmic resistance between anaode and cathode as a function of pressure.

3.1.4.

450

Te~353K d_=3mm, v, ~0.5mn/s and [KOH] = 30 wrZ.
wm

2
Effect of KOH-concentration-
The effect of KOH-concentration has only been determined for a hydrogen
evolving nickel working electrode. The reduced resistance between a
capillary and the working electrode and between anode and cathode were
measured as a function of the electrolyte conceqtration for two solution
flow velocities. Although the ohmic resistance decreases at increasing KOH-
concentration up to a value of approximately 30 wtX, the reduced resistance
showed a maximum at approximately 16 wtX KOH, because of the ohmic
resistance decrease of the pure electrolyte with increasing KOH-

concentration.



3.1.5.

Effect of pressure.

At elevated pressures up to 10 bar, the ohmlic potential remains

proportional to the current demnsity. In Fig. & the ohmic resistance is
plotted in dependence on pressure for a hydrogen evolving nickel electrode-
From this figure it follows, that the ohmic resistance decreased at
increasing pressure. This effect is more pronounced at lower pressures than
at higher pressures. A plot of log R versus log p shows a straight line with
a slope of approximately -0.03.

This slope is practically independent of solution flow velocity, distance
between electrode and diaphragm and height in the electrolysis cell and only

slightly dependent on the nature of the electrode surface.

.am
.- G 0
o 2 4 & 8

Fig. 5 The registance and the reduced resistance between cathode and diaphragm and

the resistance between anode and cathode as a function of distance between
cathode and diaphragm.

T = 353K, v, = 0.5 n/s, {KOH] = 30 wez.

Effect of distance between working electrode and diaphragm.

The distence between working electrode and diaphragm, dwm' haa been varied
from 10 mm to O mm. Fig. 5 shews the reaistance and the reduced resistance
as a function of distance for a hydrogen evolving nickel electrode. The
ohmic resistance decreases almost linearly, with decreasing diatance. The
curve has the same slope as the curve for the pure electrolyte. This

indicates that the bubbles near the electrode determine the increaae in
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Fig.
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ohmic potential drop. The reduced resistance, however, Increases at
decreasing distance.

Experiments showed that the slope of the log R/Rp - log dwm plot depends on
both the height in the cell and the nature of the electrode. It s, however,
independent of solution flow velocity. The slopes vary from approximately
-0.20 to -0.50.

Effect of the geometry of the electrode.

The effect of the geometry of the electrodes has been studied at various
solution flow velocities and pressures. Six different electrode geometries
have been used, 1.e., a plate electrode, a venetian blind electrode, a woven
gauze electrode, an expanded metal gauze electrode and two types of Veco
gauze electrodes. Detafled {nformation on these electrodes is shown {n

Fig. 6.

wein 1N
vero JH 020 210

garded meta
st

waven GaiLe
b

A

A
3
Ao

“

-
» 1
by
~

woo

& Different types of working electrodes as used for potential drop
measurements. Dimensions are given in mm. The electrodes are 50 cm in

length.

To ensure that only the electrode configuration effect and not the effect of
the nature of the electrode surface is studied, each electrode is nickel
plated in a Watts bath at a curreat density of 2 A/dm? for one hour. During
this process a nickel layer of approximately 20 um is deposited on the
electrode surface.

In Figs. 7 and 8 the ohmlc potential drop between anode and cathode is shown
in dependence on current density for various electrodes In case of gap

widths between the working electrode and the diaphrsgm, dum' of 3 and O mm



and at solution flow velocities, I of 0 and 0.4 w/s. Fig. 7 shows that, at
free convection (vl-O m/s) and dum = 3 mm, the ohmic resistance for the
expanded metal gauze electrode is smaller than the corresponding values for
the other electrodes. The ohmic potential drop meaaured for various
electrodes lncreases Lo the sequence expanded meral gauze electrode, woven
gauze electrode, Veco gauze 25 M electrode, venetian blind electrode, plate

electrode and Veco gauze LO N electrode.

1009

500]

Ohmic potential drop between anode and cathode as a function of current
denaity for various electrode geometries.

{KOH] = 30 wtX, T = 353 K, v_ = 0 m/s.

14
At dwm = 0 mm, the venetian blind electrode 1s more favourable in comparison
to the expanded metal gauze electrode. For this configuration the ohmic
potential drop for the plate electrode is surprisingly low. Possibly
hydrogen gas diffuses through the asbestos diaphragm, where it is carried to
the back of the counter electrode together with the evolved oxygen gas.

A comparison of these figures shows that, at dwm = 3 mm, the differences
between the different electrodes decrease at increasing solution flow
velocity. The effect of solutlon flow velocity on the ohmic potential drop
at dwm = 0 mm, is small. Apparently, for all electrodes studied, the ohmic

resistances between anode and cathode at dwm = 3 mm exceed those at
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d =0 om-

wm
The effect of pressure on the ohmic resistance in the cell has been found to
be independent of electrode geometry. For all electrodes studied the ohmic
resistance decrease at increasing pressure. The effects are wore pronounced

at lower than at higher pressures.

Ay W
Y, =
1500 = 0.6 mis
1 weretian biind
7 plate
3 weco WN
& pipanded meval qaze
S vern 75M
4§ vewen gaure 3
R
¢ Yem .
1000
500!
0 2 4 5 8 X

Fig. 8 Ohmic potential drop between anode and cathode as a function of current
density for various electrode geometries.
[KoH] = 30 wtX, T = 353 K, v, = 0.4 n/s.

3.2. Bubble radius.

3.2.1. Introduction.
The average bubble radius and the bubble radius distribution at the outlet
of the cell depend on two main factors, i.e. the departure radius of the
bubbles from the electrode surface and the coalescence behaviour of the
detached bubbles in the electrolyte.
When a parameter of the electrolysis process is varied both the departure
radius and the coalescence behaviour, may be affected. Consequently the
interpretation of the results is very difficult; especiélly for oxygen

bubbles, because they coalesce more frequently thsn hydrogen bubbles.
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3.2.2.

Effect of current density.

In Fig. 9, the aversge radit, R for oxygen and hydrogen bubbles evalved on

>
various electrodes are shown lnbdependence on current density. lt has been
found that the average radius for hydrogen bubbles evolved on a nickel
electrode is independent or only slightly dependent on current density. The
average bubble radii for oxygen bubbles generated on a nickel and on a
teflon bonded nickel cobalt oxide electrode and for hydrogen bubbles evolved

on a nickelsulfide electrode increase at Increasing current density.

[
* NS I, l #

N H
| Al - PTFE (0;) % - | [Ty
B o IGy) / 106 ll P
7 R &
/ /
" v 1 k
/
W e .
¥ l 4
o 5 wl 1,
S t
|
: . ] R }
Fig. 9 Fig. 10
The average bubble radius for oxygen Bubble radius distribution curves

and hydrogen bubbles evalved on various for hydrogen bubbles evolved on a nickel

electrodes as a function of current electrode at 2,6 and 10 kA/mz-
density.

T = 353 K, Ve = 0.5 m/s, T = 353 K, ve = 0.5 a/s,

d_ =3 om and [KOH] = 30 wtX d_ =3 mm and [KOH] = 30 weX
wm wm

Fig. 10 shows the bubble size distribution for a hydrogen evolving nickel
electrode for 1 = 10 kA/m?, { = 6 kA/m? and { = 2 kA /m?. At high current
density there is a sharp peak with a top at 9 pm and the maximal bubble
radius is about 150 pm. At lower current densities the peak broadens and its
top shifts to 13 um. The maximal bubble radius decreases to about 80 um. The
small bubbles probably detached from the electrode surface without
coalescence while the larger bubbles sre due to coalescence of small
bubbles.

In Fig. 11 the bubble size distribution curves for an oxygen evolving nickel
electrode are shown at { = 10 kA/mz snd 1 ~ 2 kA/m2. The peak of the curve
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£ fum)
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becomes lower and broader at high current densitles, probably because of the
increase in coalescence of the bubbles. The position of the peak does not

change markedly.

ﬂ

008} 1 Aawh
0 s
2 s

Fig- 11 Bubble radius distribution curvea for oxygen bubbles evolved on a nickel
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electrode at 2 and 10 kA/m?.

T =353 K, v, =0.50n/s, d_=3 m and [K0H] = 30 wez

A plot of Rb versus i on a double logarithmic scale shows stralght lines
with slopes varying from O for a hydrogen evolving nickel electrode to Q.16

for an oxygen evolving electrode.

. Effect of aolution flow velocity.

In Fig. 12 the average bubble radii for oxygen and hydrogen bubbles evolved
on various electrodes are shown as functlons of solution flow velocity. At
increasing solution flow velocity, the average bubble radius for both oxygen
and hydrogen bubbles decreases. This effect 1s most pronounced at low
solution flow velocities. Plota of log ib as a function of log vy show
straight lines with slopes varying between -0.06 for both an oxygen evolving
tefloo bonded nickel cobalt oxide electrode and & hydrogen evolving nickel

electrode and -0.40 for an oxygen evolviog nickel electrode-

. Effect of the nature of the electrode surface.



Bubbles evolved on teflon contalning electrodes e.g. teflon bonded nickel

cobalt oxide and nickel-teflon electrodes or on an nickelsulfide electrode

show a larger average bubble radius than bubbles evolved on nickel
electrodes (Fig. 12).
Ry pm

36
[ * fiCo,0, - PTFE (G,

ANS (Rl

32 o N (H)
. o N {0,)

28

A4 N

20

0 @ 0k 06 08 10 %.mis

Fig. 12 The average bubble radius for oxygen and hydrogen bubbles evolved on
various electrodes as a function of solution flow velocity.

T = 353 K, 1 = & kA/m?, d, =3 m and [KOH] = 30wtZ

3.2.5. Effect of temperature-
The average bubble radius was determined as a function of temperature in t
temperature range 30 — 80%C at 1 = 4 kA/m? and vy = 0.5 m/s for various
electrodes. 1t has been found that the average bubble radius for oxygen as
well as for hydrogen bubbles is practically independent of temperature in
the investigated range. The bubble size distribution curves are alao

independent of temperature.

3.2.6. Effect of KOH-concentration.
The effect of KOH-concentration on the average bubble radius has beer
investigated using a hydrogen evolving nickel electrode. It has been found
that the average radius decreases at increasing KOH-concentration.
A plot of Eb in dependence on KOH-concentration on a double logarithmic

scale shows a straight line with a slope of -0.22 st a solution flow

he
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3.2.7

velocity of 0.25 m/s and a slope of -0.12 at 0.5 m/s.

. Effect of pressure.

The effect of preasure on the average radius of hydrogen bubbles evolved on
a nickel electrode was investigated in the pressure range from 1 to 10 bar.
1t has been found that the average radius decreases at increasing pressure,
due to the decrease in the occurrence of coalescence at elevated pregsures.
The effect is more pronounced at lower solution flow velocities.

Plots of ib versus p on a double logarithmic scale show straight lines with
slopea varylng from -0.24 ar a solution flow velocity of 0.1 m/s to -0.09 at
a velocity of 0.5 m/s. The slopes are practically independent of the nsture

of the gas evolved-

3.2.8. Effect of distance between working electrode and diephragm.

458

The distance between working electrode and diaphragm has been varied from 10
to O mm. The average radil are found to be independent of distance between

the working electrode and the diaphragm.

DISCUSSI1ON.

Ohmic potential drop in the electrolysis cell.

The flow situation and the gas vold distribution in the electrolysis cell
under practical conditions are very complicated. Although one may argue that
the average solution flow velocity in the 3 mm wide area between the electrode
and the diaphragm will be subatantially lower than the velocity in the 12 mm
wide area at the back‘of the electrode, the values of the average flow
velocities, the flow profiles, the flows through the electrodes and the
widths of the bubble layers adjacent to the electrodes are not known. Further
it is unknown which part of the evolved gas volume is deviated to the back of
the electrodea.

For these reasons it ia practically impossible to predict the effect of
marisns electrode gecmetriegz in 5 quantitative way.

From the experiments it followe that generally the venetian blind electrode is
the moat favourable electrode configuration for the ohmic resistance in the
electrolyais cell.

Therefore, a dimenslonless correlation is derived from the experimental
results obtained in this situation.

It is noted that the current 1s assumed to be distributed uniformly

over the entire electrode surface.

Janssen et al. /1/ have proposed a dimensionleas correlation, which describes
the reduced ohmic resistance increase due to the presence of bubbles in the
solution layer between working electrode and diaphragm, during alkaline water

electrolysis. This relation has to be extended to include the effects of



electrolyte concentration, temperature and pressure. To diminish the number of
empirical constants, a correlation describing the reduced ohmic resigtance,
instead of the reduced ohmic resistance increase, is proposed.

It has been found that, within experimental scatter, the reduced resistance is
independent of current density (4.3.1.) and of temperature (4.3.3.) in the
ranges Investigated. Consequently, these parameters do not occur ia the
dimensionless correlation.

In Table 1, the numerical values of Kl' ul, n2, n3 and nbare given for the 4

kinds of electrodes In the present experiments.

nature of gas K n n2 n3 n&

electrode evolved

Veco gauze H2 1.9 -0.08 -0.30 -0.03 0.05
NiS H2 2.9 -0.15 -0.40 -0.03 n.d.
Ni1~-PTFE H2 2.1 -0.08 -0.30 -0.03 n.d.
Veco gauze O2 1.3 -0.06 -0.35 -0.03 n.d.
NiCozob—PTFB 02 1.7 -0.05 =-0.45 -0.03 n.d-

Table 1| Numerical values of empirical constants for varioua electrodes.

To obtain a dimensionless correlation the Reynolds number, Re, the reduced
distance between working electrode and diaphragm, Dwm' and the reduced
pressure, P, are introduced.

The Reynolds number for a flowing liquid ia defined by Re = d .vz/v. The

hyd

hydraulic diasmeter, equals &x cross sectional area of the working

dhyd'
electrode compartment dlvided by the circumference of the rectangular
compartment and is constaat during all experiments. Th; variations ia the
kinematic viscosity, v, of the electralyte are relatively small in the range
studied.

Consequently, within experimental scatter, the Reynolds number can be used to
describe the dependence of the reduced resistance on the solutfon flow
velocity.

The reduced distance between working electrode and diaphragm is defined by the
distance between working electrode and diaphragm divided by the distance
between the backwall of the working electrode compartment snd the diaphragm.
The lstter quantity has been chosen becsuse the bubbles evolved on the
electrode can spread over the entire compartment.

The reduced pressure 18 obtalned by relating the presaure to the atmospheric

pressure , Ppg-
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Using the forementioned parameters, the following dimensionless correlation is
obtained:

l'\l n2 l‘l3 l'\['
R/R =K .Re .D_ “.P .([KOH]/|[KOH]—[KOH]max|) where

Kl’ ny, 0y, Ny and 1, are empirical constants.

Bubble radius.

From the experiments {t has been found that the average bubble radius at the
outlet of the electrolysis cell 1s practically independent of temperature and
distance between working electrode and diaphragm in the ranges studied.
Consequently, these parameters do not appear Iin the dimensionless

correlation.

nature of gas K n n n

2 5 6 7 8

electrode evolved Vo= ve® ' N Ve

0.5 m/s 0.25 0.5 m/s 0.25 0.5 m/s

-3

Veco gauze HZ 5.1)(10_3 ¢ -0.10 -0.20 -0.13 -0.22 -0.12
NiS HZ 3.6x10_3 0.11 -0.04 n.d. n.d.
Ni-PTFE HZ 4-6!10_2 ¢ -0.11 n.d. n-d.
Veco gauze 02 I.BxlO-3 0.16 -0.24 0 +0.07 n.d.
NLCOZOA-PTFE 02 2.1x10 0.09 +0.03 n.d- n-d.

Table 2 Numerical values of empirical constants for various electrodes.

= not determined

To obtain a dimensionless correlation the reduced average bubble radius and
the gas to liquid volumetric ratio at the outlet of the electrolysis cell,
Vg/Vl, the Reynolds number and the reduced pressure are used. The KOH-
concentration 1s already dimenslonless because it is expressed in wtX.
The reduced average bubble radius at the outlet of the cell is defined by the
average bubble radius divided by the distance between the backwall of the
working electrode compartment to the diaphragm. The gas to liquid volumetric
ratio at the outlet of the cell is proportional to i/p.vg. Incorporating the
dimensionless parameters in the relation, the following dimensionless
correlation results:

u n, n 0

= 5 6 7 8
Rb/dbm KZ.(Vg/vl) .Re ".p '.[KoH] where

XZ, ns, n6, ny and nB are empirical constants.



In Table 2 the numerical values of KZ‘ ne, n6, ny and Ngs obtained from our

experiments, are glven for the cases of the 4 kinds of electrodes studied.
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LIST OF SYMBOLS AND SI-UNITS

db bubble diameter (m)
dbm distance between the backwall of the working

electrode compartment and the diaphragm (m)
dhyd hydraulic diameter of the working electrode

compartment (m)
dwm distance between the working elactrode and the

diaphragm resp. the tip of the Luggin capillarry (m)
Dwm reduced distance between the working electrode

and the diaphragm; Dum = dwm’dbm (-) )
i current density (A/m" )
Ki empirical constant (=)
n ampirical constant (- 2
Py atmospheric pressure (N/m")
P reduced pressure; P = p/po {-)
R resistance ($93]
Rb bubble radius (m)
Rp registance of the pure electrolyte [§93]
Re Reynolds number {-)
T temperature (x)
vy liquid flow velocity (m;s)
VG volumetric gas production rate (m3,5)
v volumetric liquid flow rate {(m~/8)
av ohmic potential drop between the working

electrode and the Luggin cepillary [4'4]
v kinematic viscosity (mzla)
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