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Abstract 
Slotted anodes have been used in recent years by aluminum 
smelters in order to reduce gas bubble resistance at the 
anode/electrolyte interface. Bubbles are responsible also for part 
of the cell electric noise. The main objective of this study is to 
present a CFD model of the bubble driven flow in the electrolyte. 
The model is detailed enough to differentiate the effects of 
different anode and slot geometries. We consider the multiphase 
flow as a continuous liquid/dispersed gas pair, turbulent and 
steady state. A comparison with measurements found in the 
literature is made. The model is applied to study options for the 
slotted anodes at ALBRAS. The simulations were done using the 
commercial code ANSYS CFX 10.0. 

Introduction 

Nowadays, most of the aluminum smelters are seeking ways to 
increase the current and reduce energy consumption. The anodic 
gas bubbles in the Hall-Heroult cell are a very important player in 
this process. 

The gas (mainly carbon dioxide) creates a layer below the anode 
surface. This layer contributes to the bath flow that is responsible 
for the alumina dissolution and its transport into the interpolar 
space. However, the bubble layer increases the voltage drop and 
electric noise (voltage fluctuation) of the cell. The bubble voltage 
could be as high as 300 mV [1] depending on the anode current 
density and alumina concentration. Also, the gas induces bath 
flow and bath turbulence, which influence the current efficiency 
[4]-

The direct measurement of the bubble layer is not possible due 
the harsh environment - high temperature and corrosiveness of 
the bath. Physical models have been used to study the 
phenomenon [6,8]. There are some studies that have been made 
by numerical modeling where only gas driven flow has been 
considered [10.11]. To the best of author's knowledge, there is 
only one paper that shows modeling of MHD and gas driven flow 
coupled [5]. 

It is well known that slots in the anodes are effective in reducing 
the voltage drop and noise due to bubbles [2,3]. This happens 
because the slots allow a better elimination of the gas from the 
anode bottom surface. Improvements in current efficiency are 
expected too. 

There are a few physical models of slotted anodes [6,9] but 
numerical modeling is scarce in the literature [7]. Until now slot 
design has been done empirically, taking into account the anode 
forming process. Depending on the extrusion direction, the anode 
slots can be made longitudinal or transversal. 

The main objective of this work was to analyze the slots used by 
ALBRAS and to find a slot efficiency criterion using CFD tools. 
Different anode and slot geometries were analyzed. 

Model description 

The commercial CFD software package ANSYS CFX solves the 
hydrodynamics equations (Navier-Stokes and mass conservation) 
by Finite Volume Method. This software has several options for 
multiphase inhomogeneous flow. We chose the VOF (Volume of 
Fluid) Method with a pair of continuous/disperse fluids. 
Turbulence was solved using the traditional k-s model for the 
continuous phases, and Dispersed Phase Zero-Equation model for 
the bubbles. The inter-phase momentum transfer model used was 
Ishii Zuber. Sato Enhanced Eddy Viscosity was used for 
turbulence transfer between the phases. All models used are fully 
detailed in literature [13]. 

Validation Model: 
Published experimental data, obtained on a physical model were 
used for the validation of our mathematical model [6], 
Continuous phase is water and the dispersed phase is air (mean 
bubble diameter of 20 mm). The gas generation at the source 
(anode bottom) is at a rate of 103 L/min of air (with slot) and 120 
L/min of air (without slot). The model is isothermal at 25°C. The 
finite volume model was built to represent the bath around three 
anodes (Figure 1) according to the geometry used for PIV 
measurements in the physical model published. Like the original 
study, our mathematical model compared the flow with and 
without a longitudinal slot at the central anode; both cases with 
inter-anode gap of 20 mm. Gas outflow occurs at the top of the 
model (degassing boundary). Smooth non-slippery walls enclose 
the domain. 
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Figure 1. Three anode model (without slot) for model validation 
with previously published experimental data. 
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Application Models: 
Continuous phase is Bath and the disperse phase is C02 (mean 
bubble diameter of 5 mm). The models are isothermal at 960°C. 
The rate of C02 generation of 9,854e-4 kg/m2s at the source was 
obtained by a known formula [4], and it corresponds to a cell 
working at 178 kA with current density of 0.85 A/cm2 at the 
anodes. As in the previous model, the gas outflow occurs at the 
top of the domain (degassing boundary). The modeled geometry 
of the anode was the one used by ALBRAS. 
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A single anode was tested without a slot, with two transversal and 
with two longitudinal slots. For these tests only the bubble driven 
flow was considered. A comparison of the effectiveness of the 
bubble extraction was made by taking the volume of C02 under 
the anode after the steady state flow was achieved. Symmetries 
for all variables were used at the inter-anode and central channels 
(Figure 2). Two types of slots were tested - one considering the 
slot fully immersed in the bath and other where the slot is half 
immersed in order to simulate the condition in the beginning of 
the anode life. 

Figure 3. Boundaries and body forces of the full-pot model. 
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Figure 4. Metal velocity at the bath-metal interface for the full-
pot model. 

Figure 2. Single anode model, tested with two transversal, two 
longitudinal, and with no slots. 

A full pot model was also made, in which the bath flow was 
modeled with all the anodes. The bubble driven flow alone, 
without slots, was calculated. The influence of the metal flow and 
of the MHD-induced bath flow was also tested. In the coupled 
model, both transversal and longitudinal slots were included. The 
carbon consumption leads to a given distribution of anode slot 
heights (taking into account the changing sequence): some slots 
are half immersed (on new anodes), some are fully immersed and 
some anodes are without slots (old anodes). 

As previously the degassing boundary was at the top of the 
domain, the gas source at the bottom of the anodes, and walls 
represented the surrounding ledge. The metal drag on the bath 
was taken into account by representing the metal velocity as a 
moving wall boundary condition at the interface of the liquids at 
the bottom of the model (Figure 3). The metal velocity at the 
interface (Figure 4) and the MHD forces in the bath were 
obtained by previous modeling [12]. 

Results 
Validation Model: 
Figures 5 and 6 show the mathematical model results in the center 
channel for both models - with and without the slot. Vectors 
show water phase velocity and contours show air velocity. 
When comparing the calculations with PIV measurements one 
can see the same effect that the slot moves the recirculation zone 
down and to the right. The center of the recirculation in the case 
of no slot is located at y/H = 0.68 in terms of relative vertical 
distance from the base of the model, hi case of the slot presence it 
is located at y/H = 0.35. PIV measurements showed 0.66 and 0.37 
respectively. 
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Figure 5. CFD results in the center channel mid-point of the 
anode for the anode without slot. 
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Figure 6. CFD results in the center channel mid-point of the 

anode for the anode with slot. 

Single Anode Model 
Figures 7, 8 and 9 show the mathematical model results for bath 
phase velocity in 3D vectors for the region close to the center 
channel. 
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Figure 7. Single anode model bath velocitv' results in the center 
channel for the anode without slot. 
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Figure 9. Single anode model bath velocity results in the center 
chamiel for the anode with longitudinal slot, 

We can see almost no difference in the bath velocity at mid-point 
of the anode - between the model without slot and the one with 
the transversal slot. However, in case of the longitudinal slot there 
is some increase in the bath velocity at that location. There is a 
great increase in the bath velocity in the space between anodes 
with transversal slots included 

Full Pot Model 
Figures 10, 11, 12 and 13 show the bath How for the full pot 
model in the middle of the interpolar distance. Figure 14 shows 
the bath velocity for a section in the center channel, 

fable I shows a compilation of the results for the volume below 
the anode bottom surface where k is the turbulent kinetic energy. 

Table I. Results below the anode bottom surface 
Gas Bath Bath 

volume average average k 
(I,) velocity (10"3m2/s2) 

(cm/s) 
Single anode model 
Without slot 
Transversal slot 
(fully immersed) 
Transversal slot 
(half immersed) 

Longitudinal slot 
(fully immersed) 

Longitudinal slot 
(half immersed) 

5.842 

3.797 

3.770 

3.201 

3.060 

6.4 

5.7 

5.7 

6.7 

4.9 

3.00 

1.57 

1.57 

1.71 

1.65 

Full pot model 
Without MHD and 
without slot 
With MHD and 
without slot 
With MHD and 
transversal slot 
With MHD and 
longitudinal slot 

5.803 

5.895 

4.876 

4.514 

8.9 

11.2 

10.1 

9.7 

2.68 

2.36 

1.85 

1.57 
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Figure 10. Full pot model bath velocity without MHD without slots 
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Figure 11. Full pot model bath velocity with MHD without slots 

Figure 12. Full pot model bath velocity with MHD for transversal slots 
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Figure 13. Full pot model bath velocity with MFTD for longitudinal slots 
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Figure 14. Full pot model bath velocity with MHD without slots - Section in the center channel 

Discussion 

The decrease in pot resistance in the case of transverse slots 
observed by ALBRAS of 0.10 uQ and noise by 0.04 uQ could be 
explained by the decrease in the volume of gas below the anode 
by 17% from 5.895 L to 4.876 L. The difference between 
transversal and longitudinal slots is only 7% in the volume of gas 
below the anode and this could explain why ALBRAS did not 
observe significant differences between them during the tests. 

As can be seen in Table I, the gas volume below the anodes is 
underestimated in the single anode model because it is not 
possible to take into account the anode consumption that reduces 
the number of slotted anodes in the pot. 

The difference between the slot fully or only half immersed is 
that there is less gas below the anode for the half immersed slot. 
This difference is small for the transversal slots. However, for the 

longitudinal the difference is bigger and there is a significant 
reduction in the average bath velocity and turbulent kinetic 
energy when the slot is half immersed. This is because the path to 
be covered by the gas is bigger for the longitudinal slots when 
fully immersed. 

Convective transport is related to average bath velocities. The 
turbulent kinetic energy (k) distribution gives an indication of the 
intensity of local mixing. Both are related to alumina dissolution 
and current efficiency. 

The full model allows analyzing the MHD influence. We can see 
that the MHD increases the average bath velocity and decreases 
the turbulent kinetic energy (Table 1). 

The effect of the transversal and longitudinal slots is to reduce the 
average bath velocity and the turbulent kinetic energy for the 
volume bellow the anode bottom. This effect is beneficial for the 
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region below the anode because it will reduce the reoxidation of 
the metal dissolved in the electrolyte [5]. 

When comparing transversal and longitudinal slots we can see 
that the average bath velocity and turbulence underneath the 
anodes decreases for longitudinal slots. This could explain why 
longitudinal slots are believed to be better in terms of current 
efficiency than transversal slots. 

Conclusions 

A CFD model of the bubble driven flow in the electrolyte was 
presented. The model is detailed enough to differentiate the 
effects of different anode and slot geometries. A full pot model, 
with MHD and bubble driven flow coupled, is necessary in order 
to observe all the significant phenomena that occur. 

The full pot model needs validation that could be done using the 
technique presented by Kobbeltvedt [14]. 

The results show that the effect of the slots on the bath flow is 
very complex and time dependent due the different slots that exist 
in a pot at the same time. The complexity is a function of anode 
change sequence as well as the carbon consumption. 

We can conclude that the simulation is a useful tool to anode slot 
design. The model with MHD and bubble driven flow coupled 
could be used to study the point feeder operation. This will be 
next step in our study. 
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