
On gas bubbles in industrial aluminium cells with prebaked anodes and their in¯uence
on the current distribution

J. ZORIC and A. SOLHEIM
SINTEF Materials Technology, N-7465 Trondheim, Norway

Received 23 July 1999; accepted in revised form 21 September 1999

Key words: aluminium cells, gas bubbles

Abstract

The secondary current distribution in industrial aluminium cells with prebaked anodes was calculated, taking into
account the gas bubbles. The input data were obtained on the basis of a physical model and data suggested in the
literature. The bubbles were modelled in the following manner: (i) as very small bubbles dispersed in a homogeneous
layer with higher electrical resistivity than the bulk of the electrolyte, (ii) as large bubbles modelled as discrete slabs
with in®nite resistivity, and (iii) as a combination of (i) and (ii). The bubble size and the number of bubbles, as well
as the resistance of the homogeneous bubble layer, were varied to give an equivalent voltage drop in the range 0.1±
0.4 V. Large bubbles (slabs) appeared to have a signi®cant screening e�ect on the anodic current densities. The
anodic current densities between slabs showed local maxima, sometimes reaching twice the value of the working
current density (0.75 A cmÿ2). The cathodic current densities had local minima underneath the large anodic
bubbles, following their position at the anode. Underneath a bubble of 6.1 cm width, the cathodic current density
decreased from 0.75 to 0.23 A cmÿ2.

1. Introduction

Primary aluminium is produced in electrolysis cells with
horizontal carbon anodes and the liquid aluminium pool
acting as a cathode. The primary cell reaction can be
written as

Al2O3 � 3

2
C � 2 Al� 3

2
CO2 �1�

The anode is consumed at a rate of about 1.5 cm per
day, so the anode must be renewed either by removing
butts and setting a new anode block (prebake technol-
ogy), or by semicontinuous feeding of `green' anode
mass (self-baking anode, Sùderberg technology). Most
of the current passes between the cathode and the

horizontal part of the anode facing the cathode, but
some current also ¯ows through the vertical sides of the
anode. The rate of gas evolution at the underside of the
anode is fairly high (about 0.002 m3 sÿ1 mÿ2). Obvi-
ously, the total cell resistance, as well as the local current
distribution, must be in¯uenced by the presence of gas
bubbles. According to Haupin [1], the extra ohmic drop
in the electrolyte due to the presence of gas bubbles may
be in the range of 0.15±0.35 V.
Immediately upon setting, a new cold anode block

(the surface of the horizontal section is typically 1 m2),
becomes covered with a layer of frozen electrolyte which
slowly melt away during 12±18 h [2]. Apparently, the
sides and the corners of the anode block ®rst get exposed
to molten bath and start to draw current, while the

List of symbols

F faradaic constant (96 487 As molÿ1)
h0 average amount of gas between gas slabs
j current density (A cmÿ2)
L horizontal distance (m)
P pressure (Pa)
q volumetric rate of gas formation (m3 sÿ1 mÿ2)
R universal gas constant (8.3143 J molÿ1 Kÿ1)
T temperature (K)
t time (s)
u slab velocity (m sÿ1)
x distance from the trailing edge of the leading gas

slab

Greek letters
d thickness of bubble layer (m)
g overvoltage (V)
u surface coverage
q resistivity (X cm)
DU extra voltage drop due to bubbles (V)
m slab velocity

Subscripts
0 bubble-free
A anode
b bubble, bubble layer
C cathode
CC centre±centre
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central part of the underside gets exposed several hours
later. The initially sharp corners get rounded o� due to
the higher current density in that region (in 3±8 days,
depending on the geometry of the cell and also the initial
shape of the anode. The lifetime of the anode is 3±4
weeks). These e�ects are probably important in facili-
tating the escape of gas from the underside of the anode.
However, model experiments have shown that inclina-
tions as small as 0:3� are su�cient to set bubbles in
motion [3, 4].
In our earlier modelling work [5±8], the current

distribution and steady state anode shapes in cells with
prebaked and Sùderberg anodes were studied. In that
work, and also in much of the previous literature, it was
assumed that the electrolyte has a uniform electrical
conductivity. In reality, regions containing a mixture of
electrolyte and gas bubbles have a lower conductivity
than the gas-free electrolyte.
The main idea of the present work was to study to

which extent the local current densities are in¯uenced by
the presence of gas bubbles, by means of mathematical
modelling of the secondary current distribution (taking
into account the anodic and cathodic overvoltages).
Existing hypotheses and assumptions about bubbles
originating from physical modelling, various industrial
measurements, and visual observations (presented in

Table 1), were used as the input data. The motivation to
understand the current distribution is very practical,
since the ohmic voltage drop in the electrolyte represents
almost 40% of the total electrical energy input to the
cell, or 67% of the net heat generated [9±12].

2. Geometry of the gas bubble layer

Although the literature on formation, growth, and
motion of gas bubbles in aqueous solutions is huge,
relatively little is known about behaviour of bubbles
formed in melts or underneath nearly horizontal sur-
faces. The authors have not found published data
concerning mathematical modelling of the secondary
current distribution in industrial aluminium cells that
include modelling of gas bubbles. The most probable
reason is that the knowledge about the bubbles is fairly
limited. The bubble coverage on the anodes, which must
be assumed to vary during industrial operation, is not
known. In spite of that, the e�ect of gas bubbles are
incorporated in some analyses, such as the so-called
fanning factors derived by Haupin [1] and description of
current pickup upon setting of new anodes [13].
A number of mathematical models have been devel-

oped, considering the e�ect of gas bubbles from a rather

Table 1. Estimated parameters concerning gas induced bubbles in industrial aluminium cells founded in references

PM ± data obtained by physical modelling

M ± data obtained by measurements in industrial cells

Value Reference Method Comments

Thickness of the bubble layer/cm

0.4±0.6 Aaberg [19] PM Range up to 0.71 cm

0.5 Fortin [3] PM

0.5 Haupin [1, 18] M Occasional contact between the probe and the gas bubbles observed

as far as 2 cm

0.5 Dewing [25] PM

0.4 Oye [26] PM

0.2±0.3 Begunov [27±29] PM

Shape and dimensions of the bubbles ± the bubble pro®le

Fortin [3] PM Large bubbles; bubble front thickness 0.8±2.4 cm, longitudinal

dimension of the bubbles 2±128 cm at the centre of the anode,

transverse dimension varied 4±40 cm

Begunov [27±29] PM Dimensions of the gas bubbles ¯uctuate within fairly wide limits, from

spherical bubbles about 0.2 cm dia. to ®lms extending 1±1.2 cm or more

Average gas bubble coverage

0.5±0.6 Fortin [3] PM Values vary from 0.24 up to 0.9

0.65±0.90 Aaberg [19] PM

0.5 Dewing [25] PM

Bubble layer voltage drop/V

0.15±0.35 Haupin [1] M

0.24±0.45 Solheim [17] PM

Average gas volume/cm3 cm)2

0.4±0.6 Aaberg [19] PM

0.2)0.5 Houston [9] PM

0.3)0.6 Siraev [20] PM

Frequency of gas bubble release/Hz

0.2±3.3 Fortin [3] PM

0.2±2 Begunov [27] PM

0.5±1 Present work M Observations in industrial cells
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global standpoint (i.e., the impact of gas induced
bubbles on the hydrodynamics of the cell, the resistivity
of the electrolyte etc.) [14±16]. Still, the main sources of
knowledge about gas bubbles in aluminium cells appear
to be the measurements in physical models.
In electrolysis cells, bubbles initially grow by di�usion

of gas from the supersaturated liquid along the perim-
eter of the bubble. In low-temperature models, however,
gas evolution is simulated by passing gas through a
porous medium. Such bubbles grow by gas entering
directly into the bubble, which possibly favours the
formation of larger bubbles. However, this di�erence is
not necessarily important, since it is likely that coales-
cence is the main mechanism for bubble growth. Small
bubbles forming on the anode surface do not signi®-
cantly a�ect the motion of large bubbles, as con®rmed
by Thonstad and Ngoya [4]. In the following account,
we will focus mainly on works that can suggest input
values about the geometry of the bubble layer.
Fortin et al. [3] used a full-scale model shaped as a 2D

transverse section through a 150 kA prebake aluminium
cell (similar to the cell we are treating in this work).
Anodic gas evolution was simulated by passing air
through a porous polyethylene plate. A tilt of a fraction
of a degree was su�cient to induce signi®cant buoyancy
driven motion of the gas bubbles. Generally, the bubbles
produced were large, and the main mechanism of
growth was by coalescence. The longitudinal dimension
varied from 2 to 128 cm, and the dimension perpendic-
ular to the direction of motion was 4±40 cm (the entire
width of the anode slice). The bubbles had a thick front
(0.8±2.4 cm) and a thinner trailing portion (about
0.5 cm). About 24±90% of the anode was covered by
gas, depending on the current density, the liquid
velocity, and the angle of inclination. The bubble release
frequency was 0.2±3.3 bubbles per second. Solheim and
Thonstad made similar visual observations in their
physical model [17]. It appeared that the transversal
dimension of large bubbles was larger than the longi-
tudinal dimension.
Similar bubble shapes and dimensions were found in

connection with the present work, using a tank con-
taining water and a slanted `anode' (this device was not
intended as a geometrically and dynamically correct
physical model of an industrial cell). Some of the
pictures, recorded by video, are shown in Figures 1 and
2. As shown in Figure 1, the bubble size depends on the
angle of inclination. The larger bubbles (7±12 cm) have
developed the typical `head and tail' shape. Smaller
bubbles (1±3 cm length) have elliptical shape and they
are positioned between the larger bubbles. A view from
the bottom side of the cell is shown in Figure 2. It can be
observed that bubbles cover a signi®cant fraction of the
anode underside, and that the bubbles have the largest
dimensions transversal to the travelling direction. These
observations agree well with Fortin [3].
Haupin [1, 18] measured the bubble layer voltage drop

in situ by moving a reference electrode from the cathode
towards the anode. He obtained values of 0.15±0.35 V at

an anodic current density of 0.8 A cmÿ2. In those
experiments, the electrical signal became very noisy as
the voltage probe entered the gas bubble layer, approx-
imately 5 mm from the anode face. Occasional contact
between the probe and the gas bubbles was detected as
far as 2 cm from the anode face.
Solheim and Thonstad [17] measured the amount of

gas accumulated under the anode as well as the `bath'
resistance in a room temperature water model. The
bubble size was varied by addition of small amounts of

Fig. 1. Bubbles of air in water, travelling underneath an `anode'.

Larger bubbles shown in the two upper pictures have developed the

typical `head and trail' shape. Smaller bubbles (in the two lower

pictures) have elliptical shape when viewed from the underside.

Supporting aluminium tubes in the foreground are 2.5 cm � 2.5 cm

square.
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1-propanol to the water, which inhibited coalescence. It
was found that decreasing bubble size gave larger
amounts of accumulated gas, as well as higher resistivity
in the bubble layer. The gas-induced extra resistance
varied more than one order of magnitude, all other
factors than the bubble size being constant, and only the
largest bubbles (water without 1-propanol) gave realistic
values of the gas-induced voltage drop when recalculat-
ed for an industrial prebaked anode (0.24±0.45 V).
In that case, the amount of accumulated gas was
0.16±0.28 cm3 gas (cm2 anode surface area)ÿ1 which is
somewhat lower than indicated in most of the work
considering volume of accumulated gas, for example,
Aaberg [19], Houston [9], Siraev [20] and Kulesh [21].
In connection with the present work, bubbles coming

from prebaked anodes were observed on industrial
150 kA cells. During anode change, the removal of butts
gave free sight to the sides of two neighbouring anodes.
Observations were made for ten cells. The observed
bubble release frequencies were close to 1 Hz (0.94±
1.19 Hz), which is within the range of published values
(0.2±3 Hz). The size of the bubbles appeared to vary.
Some large bubbles were observed, which caused large
waves at the bath surface around the point of release
(amplitude about 3±7 cm, as judged visually). Smaller
bubbles produced waves with 1±3 cm amplitude. The
bubble sizes and patterns seemed to be somewhat

di�erent from cell to cell. In some cells, the middle part
of the anode side was `more active' (more bubbles
released), but in other cases the outer part. Although the
bubble release pattern was not regular, the release sites
were approximately 20 cm apart in average. From these
observations, the average bubble volume was estimated
to be in the order of 100 ml.
Aaberg [19] studied gas volume and gas bubble layer

characteristics. The experimental cell was a relatively
large carbon crucible containing molten electrolyte. The
bubble volume was measured indirectly by monitoring
¯uctuations in the bath level during electrolysis. It was
found that the gas release pattern was consistent with
the physical models, with most of the gas being evolved
in discrete large bubbles. The release frequency was sim-
ilar to the dominant frequency found in industrial cells.
The works cited above suggest that the gas layer at the

anode is dominated by large, slab-like bubbles. It is
likely, however, that there must be a number of smaller
bubbles between the slabs, possibly residing at the anode
during their formation and initial growth. Such small
bubbles will be `swallowed' by the larger slabs sweeping
along the anode.
A review of data considering the geometry of the

bubbles, as extracted from the literature, is presented in
Table 1. Based on these estimations about the bubbles
obtained mainly by physical modelling and measure-
ments on industrial cells, it was decided to model ®ve
scenarios:
(i) Bubbles simulated as homogeneous layer with

constant resistivity. The thickness of the layer was
assumed to be 5 mm.

(ii) Large bubbles simulated as discrete slabs with width
of 2.4±7.6 cm.

(iii) The same as item (ii), but with more realistic shape
of the large slabs having a thick front and a thinner
trailing part according to Fortin et al. [3], Solheim
and Thonstad [17] and also in this work.

(iv) Combination of items (i) and (ii); small bubbles
simulated as a homogeneous layer with constant
resistivity and large bubbles simulated as discrete
slabs.

(v) The same as item (iv), but with variable distribution
of resistivity of bubble layer between the larger
slabs. It was assumed that the resistivity increased
linearly from the trailing edge of the leading slab to
the leading edge of the trailing slab.

3. Description of the mathematical model

3.1. Geometry and boundary conditions

The geometry of the mathematical model was two-
dimensional, as shown in Figure 3. The vertical 2D cross
section represents a plane through the center of a
prebaked anode in a 150 kA industrial cell having 20
anodes. The anode immersion depth was assumed to be
16.5 cm, and the interpolar distance was 4.5 cm (for

Fig. 2. Bubbles of air in water travelling underneath an `anode'; view

from underside. As can be observed, the largest dimension is

transversal to the direction of motion. Mesh on the `anode' (barely

visible) is 1 cm� 1 cm, and the supporting aluminium tubes are

2:5 cm� 2:5 cm square.
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other dimensions, see Figure 3). It was assumed that all
anodes in the cell had the same current, and the average
current density at the underside of the anode was taken
to be 0.75 A cmÿ2. In practice, the di�erence between the
currents to each anode block is probably less than 20%
[22].
The rounded-o� shape of the anode was obtained on

the basis of previous calculations and measurements [6,
22]. The results were veri®ed using a probing technique
[5, 23] and by measuring the shape of butts taken out of
the cell [6, 22].
Variations in temperature and electrolyte composition

in¯uence the shape of the sideledge. Hence, the position
of the intersection between electrolyte, aluminium and
ledge (point P in Figure 3) may vary during electrolysis.
The shape of the ledge, as well as the position of point P
in Figure 3, in¯uence the current distribution on the
anode. However, if the distance between the sideledge
and the side of the anode is more than 15 cm, the anode
shape does not have signi®cant in¯uence on the anodic
current densities [8].
The electrical ®eld in the cell (within the rectangle

PQRS in Figure 3) was calculated at steady state
conditions. The Laplace equations (LE) in the selected
2D cross section were solved using the ®nite element
method (FEM) with triangular elements (15 000±18 000
elements, 8000±9000 nodes (triangles with approximate
length of the side of 2±3 mm)). To calculate current
density (c.d.), the Laplace equation (LE) for the Galvani
potential in 2D was solved. In the present, as well as
in previous work [5±8] we used a mesh generator
included in commercial software packages (CosmosÒ

and PatranÒ) and a solver developed by the authors [6].

3.2. Assumptions made for the solution of the
Laplace equations

The LE in the chosen 2D cross sections was solved using
the ®nite element method (FEM) with triangular
elements. The following conditions, ((i)±(viii)), were
applied:

(i) Secondary current distribution was considered on
both anode and cathode. For the anodic activation
overvoltage the following Tafel-type equation was
applied [10],

gA � 0:5� 0:25 log�jA� �2�

where jA is in A cmÿ2. The reversible cell voltage
was taken to be 1.23 V [10, 1] (formally negative),
referred to the aluminium cathode.

(ii) It was assumed that the line R ± S in Figure 3 was
equipotential, having a potential Ucell. The line R ±
S is about 10 cm underneath the anode yoke. 3D
calculations of the thermoelectric ®eld with the
primary current distribution (in the entire 150 kA
cell with 20 anodes) showed that the equipotential
lines are parallel with the anode underside [22]. The
contact potentials between the iron and the carbon
material in¯uenced the equipotential lines down to
10 cm underneath the yoke, whereas the equipo-
tential lines were horizontal further down.

(iii) For the cathodic overvoltage linear polarization
was assumed [10],

gC � 0:08 jC �3�

Both the cathodic current density and the cathodic
overvoltage are formally negative.

(iv) The resistivity of the electrolyte was taken to be
0.5 X cm [24], except within the bubble layer when
the bubbles were treated as a homogeneous dis-
persion.

(v) The resistivity of the anode was taken to be
0.005 X cm [10].

(vi) The calculations represent the conditions in the cell
at a speci®c time, rather than being the average for a
longer period. With the chosen method of comput-
ing having a ®xed coordinate system with point P as
origin, no net movement of the anode contour could
be assumed. In reality, the cathode surface moves
relative to a ®xed point in the cell as the metal ac-
cumulates, and the position of the anode varies as
well. The metal is being tapped (every day or every
second day), whereby there is a sudden drop in the
metal level, and the position of the anodes is low-
ered accordingly. Furthermore, due to variations in
temperature and electrolyte composition, the shape
and thickness of the sideledge varies in practice.

3.3. Assumptions made for the modelling of gas bubbles

3.3.1. Bubbles treated as a homogenous layer with higher
resistivity
In scenario 1 (see above) the bubbles were treated as a
homogeneous layer with higher resistivity than the
bubble-free electrolyte. The extra voltage drop due to
the presence of bubbles (DU ) then becomes

DU � jdb�qb ÿ q0� �4�

Fig. 3. Sketch showing the 2D model, comprising anode, sideledge,

electrolyte, and aluminium. Calculation was performed within the

rectangle QPRS. All dimensions are in mm.
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where db is the thickness of the bubble layer (taken to be
5 mm) and qb and q0 are the resistivities of the bubble
layer and in the bubble-free electrolyte, respectively. q0

was taken to be 0.5 X cm, whereas qb was varied up to
2.61 X cm. In this model, values of qb in the range
1±1.5 X cm give realistic extra voltage drops (in the
range 0.2±0.4 V).

3.3.2. Bubbles treated as large discrete slabs
Based on the results obtained in physical models (also
presented in Table 1) and our physical model, it appears
that large bubbles can be approximated as discrete slabs.
The e�ect of such bubbles on the bubble-induced extra
voltage drop must be calculated numerically, since the
electric ®eld underneath the bubble layer will be
a�ected. To estimate the e�ect of the geometry of such
slabs, some preliminary calculations were performed
(primary current distribution). The bubbles were as-
sumed to be two-dimensional with thickness h � 0:5 cm,
and the interpolar distance was H � 4:5 cm. The bubble
length (Lb, see Figure 4) and the centre-centre distance
between bubbles (LCC) were varied. The numerical re-
sults could be approximated by the following equation,

DU � q0j � 26:82 u1:75 ÿ 21:96 u3:5

1ÿ u

� ��
� LCC

1� 4:77 L2
CC

� �
� 0:5 u
1ÿ u

�
�5�

where u � Lb=LCC. At LCC � 15 cm, extra ohmic volt-
age drops in the range 0.1±0.8 V can be calculated with
bubble dimensions Lb ranging from about 2.5 to 7.5 cm.

3.3.3. Smaller bubbles between large slabs
Smaller gas bubbles are probably formed between the
larger slabs. Immediately behind the trailing edge of a
gas slab the anode is gas-free, while the small bubbles
are `swallowed up' by the leading edge of the next slab.
The volumetric rate of gas evolution (q) in the area
between slabs is given by

q � j
4F
� RT

P �1ÿ u� �6�

with the symbols, F ;R; P and T having their usual
meanings. By assuming that the smaller bubbles reside
at their nucleation points, the average gas volume per
unit area (h0) equals the product of the gas evolution rate
and the time of growth. The maximum growth time
(time between the tail of the leading slab and the head of
the trailing slab) becomes

tmax � LCC�1ÿ u�
u

�7�

where u is the velocity of the slabs. The maximum
amount of gas (at the head of the trailing slab) then
becomes

h0max �
j
4F
� RTLCC

Pu
�8�

By inserting numerical values (j � 7500A mÿ2, T =
1240 K,LCC � 0:15 m,P � 1:04� 105 Pa,u = 0.3 m s)1)
we obtain h0max � 0:0010 m3 mÿ2. It is probable that
such a layer of small bubbles contributes signi®cantly to
the total gas induced resistance. However, the size of the
bubbles (or number of nucleation points per unit area),
which is necessary to calculate the resistance, is not
known. Therefore, the calculations in the present work
was carried out in a similar manner as described in
Section 3.3.1, assuming a linear relationship between the
resistivity of the bubble layer and the position between
larger gas slabs.

4. Results and discussion

To simplify the presentation of the results, the limit be-
tween the side and the underside of the anode was
de®ned as shown in Figure 3. The side of the anode was
de®ned as the part of the anode extending from the
surface of the electrolyte to point A in Figure 3. The
orthogonal projection at point A intercepts at an angle
of 45� with the horizontal line representing the ¯at part
of the anode. According to this de®nition, the underside
of the anode begins at point A and covers the ¯at
bottom part of the anode. In the Figures concerning
anodic current density, the positions given start at the
bath surface and follow the contour of the anode so that
both the side and the underside of the anode are
included in the same ®gures.

4.1. Scenario 1: Small bubbles treated as a homogeneous
layer

Some results from the calculations are presented in
Figure 5, which shows the current density at the
underside of the anode (above point Q in Figure 3) as
a function of the resistivity of the bubble layer. An extra
voltage drop of 0.4 V due to the bubble layer corre-
sponded to a decrease in the c.d. of 0.1 A cm ÿ2 (In
practice, the cell voltage will be increased to compensate
for the extra resistance).

Fig. 4. Sketch of two large bubbles simulated as large discrete slabs

(with necessary dimensions in mm); right hand sided bubble is depicted

with head-and-trail (dimensions of such bubbles were varied to see the

in¯uence on the current density). Also see Figure 1.
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4.2. Scenario 2: Large bubbles simulated as discrete slabs

In this case, the bubbles were simulated as discrete slabs
as shown in Figure 4. The slabs were positioned with
15 cm centre±centre distance, the thickness of the slab
was 0.5 cm, and the dimension of the slab in the
direction of motion was varied from 2.5 to 7.8 cm.
The anodic current densities are shown in Figure 6.

Three regions with zero current density can be observed,
corresponding to the position of the gas slabs. Close to
the bubbles there appears to be local maxima in
the current density. Those maxima are related to the
potential ®eld inside the anode. When a fraction of the
anode surface is blocked, the potential above that area
increases, causing horizontal currents within the anode

directed from the centre of the slab towards the edges. If
the current and potential ®elds are modelled without
taking the interior of the anode into consideration, such
current maxima do not appear.
Figure 7 shows the cathodic current densities for the

same simulations. Two local minima are present, which
are positioned just underneath the second and third
maxima in Figure 6. The bubble positioned on the side
of the anode does not in¯uence the cathodic current
density signi®cantly, because the current ®eld is
`smeared out' due to the long distance between that
bubble and the cathode.

4.3. Scenario 3: Homogeneous layer of small bubbles with
constant resistivity between discrete slabs

As would be expected, the presence of small bubbles
between the slabs brought about a decrease in the
current densities between the large slabs. Some results
are given in Figure 8, which shows the local current
density at the point located in the middle between the
two slabs at the horizontal part of the anode. Three
curves are shown for di�erent widths of the slabs. The
uppermost point in each curve represents the absence of
small bubbles (bubble layer with same resistance as the
bulk of the electrolyte).

4.4. Scenario 4: Large bubbles modelled with a
thick front and a thinner trailing part

In this case, the shape of the gas slabs were modi®ed to
have a shape similar to the large bubbles shown in
Figure 2, by adding a front with thickness of 1±1.5 cm
and length 5±10 cm (as sketched in Figure 4(b)). Other
slab dimensions remained unchanged.
The decrease in the local anodic current densities, as

compared to the slabs without a thicker front, was up
to 7%. The cathodic current densities decreased for less

Fig. 5. Current density at the anode underside (near point Q in

Figure 4) as a function of the resistivity of the bubble layer. Thickness

of the bubble layer was 5 mm.

Fig. 6. Anodic current densities as a function of position (starting at

bath surface and ending above point Q in Figure 3) at di�erent values

of the bubble dimension Lb in Figure 4. W.B.: without bubbles

present.

Fig. 7. Cathodic current densities as a function of position between

point P and Q in Figure 3 at di�erent values of the bubble dimension

Lb in Figure 4. W.B.: without bubbles present.
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than 3%. The local maxima and minima remained,
and were attenuated for less than 3%. This means that
the main e�ect of the larger gas slabs is due to the
distortion of the current ®eld underneath the bubble,
whereas the partial restriction of the available area
for passing of current between the bubbles is less
important.

4.5. Scenario 5: In¯uence of the layer of small bubbles
between two successive larger bubbles

In this case, it was assumed that the resistivity increased
linearly from the trailing edge of the leading slab to the
leading edge of the trailing slab. The in¯uence of the
layer of small bubbles on the anodic current densities
was less than 3%, what con®rms the conclusion from
the previous Section.
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