Non-linear stability analysis of cells having diffeent types of cathode surface geometry
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Abstract

Different operational parameters are known to ifice cell
stability like ACD, ledge toe position and metaldé

Irregular cathode surface design is also thoughnftaence cell
stability but how significantly as compared to tlebove
operational parameters?

In the present work, cell stability analyses arefqggened on 3
types of cathode surface geometries: cathode wiftht surface,
cathode with longitudinal ridges and cathode wattedal ridges.

Introduction

Irregular cathode surface technology is still thbject of research
in China where it is quite popular. Chinese redeapapers
recently published at the TMS [1-3] are concludihgt irregular
cathode surface technology is increasing cell btyhyet they are
not presenting any results of cell stability anelys

If we analyze the impact of irregular cathode staféechnology
one element at the time in mathematical model tesiilhas been
observed that:

1) The irregular cathode surface technology has sdfaeten
the drag of the cathode surface on the metal fldvchvis
could be beneficial to the cell stability [4];

2) The irregular cathode surface technology has Sagmif
impact on the metal pad horizontal current whichmisre
probably harmful than beneficial to the cell st&ypi[2-3,5-
6];

3) The irregular cathode surface technology may or mety
have a significant impact on the global steadyestaetal
flow pattern and bath-metal interface deformati®esults
reported so far are not in agreement, [1] and §Jort a
significant change while [3] and [7] report fardeshanges;

4) A cell stability analysis is required to make amgdiction of
the impact of irregular cathode surface technologyhe cell
stability. Only [5-7] have presented results oftthkand of
cell stability analysis, a full non-linear transiemalysis and
results indicate that irregular cathode surfachnetogy has
little impact on the cell stability if other factoidike the
changes of ledge toe thickness or metal pad heigéat
removed.

In order to make the above interpretation morerdge, a new
more thorough cell stability study had been cardetl Results of
that more global cell stability study are now presd.

Cell stability study on a standard flat cathode suface cell

Before comparing the stability of cells using diéfet type of
cathode surface geometry, the present study wail iover more
standard factors that are known to influence celbifity like

ACD, metal pad level, ledge toe position and buslesign.

500 KA cell with regular flat cathode surface basease

The cell design that will be used as comparisore imshe same
as the one used in some previous work [5,7,8% # 500 KA cell
using a asymmetric busbar network design inspirech f{Chinese
busbar design [9]. Figure 1 shows the model gegmes

constructed by the most recent MHD-Valdis code isaergJuly

2014):
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Figure 1: Geometry of the 500 kA base case model ahing
the current intensity solution in each conductor (@ A)

After a few seconds of calculation, the above gighowing the
busbar current, becomes available as well as thal ped current
density as shown in Figure 2.

The iso-contours are showing the current densithasurface of
the cathode while the vectors are illustrating therizontal
components of the current density at the middighefmetal pad.

Then after a few minutes of calculation that takego
consideration the non-linear magnetization of thesipell and the



position of the return line (that have been moved¢@mpared to
previous publications), the magnetic field solutidmecomes
available. Figure 3 is showing Bz, the vertical poment of the
magnetic field at the middle of the metal pad.
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Figure 2: Current density solution on the top surfae of the
cathode (in A/nf)
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Figure 3: Vertical component of the magnetic fieldsolution in
the middle of the metal pad (in T)

Then follow after about 15 to 20 minutes of caltiola, the steady
state solution of the bath-metal interface and hileter pattern as
presented in Figures 4 and 5 respectively:
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Figure 4: Steady-state bath-metal interface deformi@on (in
cm) (0 is the position of the flat interface)

Since the CFD model is using the kturbulence model k the
turbulent kinetic energy is also available as sciédd as well as
the two horizontal velocity components. In Figure the
magnitude of the vectors is used as scalar fieldDM/aldis 2D
shallow layer CFD model takes into considerationttipology of
both the cathode surface and the bath-metal intrfa
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Figure 5: Steady-state flow pattern in metal pad ¢ m/s)

The fully non-linear transient analysis starts friirat steady-state
solution. Contrary to previous code version, theriiace will not

move at all if no initial perturbation is defined the user. In
previous versions [5-7], the transient analysis s@sting with a
high frequency wave that was being damped for akih

seconds of transient evolution before a more utestédover

frequency wave could developed (Figure 18 of [5]aiggood

example of that) so a long transient analysis oduabl1000

seconds was required to be able to evaluate thetabllity.

With the current code version, the user can dedineerturbation
that immediately triggers a 3,1 mode rotating wahat is
typically the less stable wave mode. Figure 6 prissthe results
of a 1100 seconds fully non-linear transient analysing the
recommended 0.25 second time step. This type ofsigat
analysis requires about 3 days of CPU on an Int@800
processor running on Windows x64.
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Figure 6: Evolution of one point on the interface psition (in
m) on the top and results of the spectral analysisf the wave
evolution on the bottom

The evolution of the interface oscillations and tReurier

spectrum presented in Figure 6 clearly indicated ¢hsingle 3,1
rotating mode wave having a frequency just aboee3tb gravity
wave mode is being exponentially damped after @ralirperiod

of less than 100 seconds of more complex evolution.



Since the aim of the present study was to analyaeaf different
cases, a 250 seconds transient analysis duratisnselacted as
standard duration to perform all those analysegur€i 7 presents
the results of that much shorter transient analysis
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Figure 7: Evolution of one point on the interface psition (in
m) on the top and results of the spectral analysisf the wave
evolution on the bottom of a shorter 250 seconds alysis

The interpretation of the results is the samepglsi3,1 rotating
wave is exponentially decaying after its initiakrhation phase
for an unambiguous prediction of stable cell dedmnthis base
case model setup in less that 24 hours of CPU time.

Base case minus 5 mm ACD

As can be seen in Figure 8, reducing the ACD frofncin to 4.0
cm is enough to flip the cell stability predictidrom stable to

unstable.
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Figure 8: Stability analysis for base case minus ®mm ACD
Base case minus 5 cm metal pad level

As illustrated in Figure 9, reducing the metal pedel from 25
cm to 20 cm is also enough to flip the cell stépifprediction
from stable to unstable. Since the wave is groviasger than in
the previous case, the cell short circuits in ad®®@ seconds.
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Figure 9: Stability analysis for base case minus Bm metal
pad level

Base case plus 15 cm ledge toe thickness

Adding 15 cm of ledge toe thickness strongly affeatlot the
metal pad current density as can be seen in Fidubeelow:
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Figure 10: Current density solution for base caselps 15 cm
ledge toe thickness

In turn, this increase of metal pad horizontal entrsignificantly
decreases the cell stability. As shown in Figureb&low, the
wave is growing even faster than in the previousecdhe cell
short circuits in about 150 seconds.
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Figure 11: Stability analysis for base case plus 1é&n ledge toe
thickness

Improved magnetic field case

The previous four cases are demonstrating thasetected base
case busbar design is stable but is quite closieetstability limit
which is a good thing to highlight the impact ofstibilizing
actions on the cell. The next case, on the conttaghlights the
stabilizing effect of improving the magnetic fiely improving
the busbar network design in order to reduce thegBaient
intensity.



Figure 12: Vertical component of the magnetic fieldsolution
from the improved busbar design case

In order to improve the magnetic field, the retline was moved
away 5 m from 60 to 65 m in addition to moving & feusbars
around the cell. The Bz field looks very similar Figure 12 as
compared to Figure 3 but the quarter averaged saluailable in
the printout are now more symmetric. For the baasecthe
results were:

Quarter averages of BSZin T
nY
|
0.00127| -0.00056

0.00105| -0.00033
I

while for the improved magnetic field case, thaulesswere:
Quarter averages of BSZin T
Y
|
0.00098| -0.00048

0.00073| -0.00020
|

This is a clear improvement of the magnetic fieddtlze gradient
of the Bz in the longitudinal direction of the c€X direction),
that is the generator of the 3,1 mode rotating Wa@§ has been
significantly decreased. As a result, the stabdityalysis reports a
more stable cell as the wave damping rate has fisignily
increased as shown in Figure 13:

Figure 13: Stability analysis for the improved magetic field
case

Lateral ridges case

The lateral ridges case was built as follow. Treme=48 collector
bars per side in that cell and normally 24 blockmg a double
bars per block arrangement. In order to generaté nesolved
lateral rides considering the 80x30 mesh resolutibthe CFD
model, the 24 blocks double bars per block arramgémvas
replaced by a 48 blocks single bar per block aearent with a
unit of three repetitive patterns, where the fastl third blocks
remained the same height, but the height of therskblock has
been increased by 10 cm. This scheme generatextek@liridges
in the cell. Figure 14 is showing a zoom in viefatlte cathode
surface geometry.

Figure 14: Geometry of the lateral ridges case shamg the
current intensity solution in each conductor (in A)

MHD-Valdis offers the option to define the positiohthe ledge

toe all around the perimeter of the cell. That @ptivas used here
to define the base case thickness on top of ridgdsa plus 15 cm
thickness between ridges in order to represent|¢dge toe

thickness presented in Figure 5 of [11]. The ta@sylmetal pad

current density is presented in Figure 15:
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Figure 15: Current density solution on the top suréce of the
cathode (in A/nf) for the lateral ridges case

The resolution of the ridges geometry by the 80D model
mesh is shown in Figure 16. Clearly a much finesimeould be
required to represent adequately a bigger numbenaofower
ridges (see per example Figure 6 of [3]) which wloirl turn
increases the time required to carry up a cellilgiabnalysis.



Figure 16: Spatial resolution of the 16 ridges geoetry in the
80x30 CFD model mesh

The impact of the ridges is also clearly visiblettie steady-state
solution presented in Figures 17 and 18. Note timaprder to

keep unchanged the metal volume, the metal pad s been
increased to 28.33 cm from the 25 cm base case.

Figure 17: Steady-state bath-metal interface deforation (in
cm) for the lateral ridges case

Figure 18: Steady-state flow pattern in metal padif m/s) for
the lateral ridges case

To be fair the lateral ridges case stability shaudtl be compared
to the base case but to the base case plus 15 teeldgkickness,
and there is no substitute for performing the sibility analysis
to know if this lateral ridges case will turn ootlie more or less

stable than the base case plus 15 ledge toe tliskResults of
the transient cell stability analysis are preseimdeigure 19.

Figure 19: Stability analysis for the lateral ridges case

The cell is still predicted to be unstable with avwe growth rate
very similar to the one of the base case plus dgddoe thickness
as the cell short circuit in about 140 seconds.igathis study,

the prediction of MHD-Valdis is that the presenédateral ridges

should not affect much the cell stability.

Longitudinal ridges case

The longitudinal rides case was built as follow[3hand [6], the
impact of a cell having 8 longitudinal ridges ore tmetal pad
current density was analyzed using a detailed efirditement
thermo-electric model. Unfortunately, 30 mesh dans in the
lateral direction is not enough to well discret&edongitudinal
ridges, so this case will study the impact of agdénlongitudinal
ridges on the cell stability instead. Figure 20whdhe spatial
resolution of those 6 ridges, while Figure 21 shoknes resulting
metal pad current density. Note that this time,lthee case ledge
toe thickness was kept.

The impact of the ridges is also clearly visiblettie steady-state
solution presented in Figures 22 and 23. Noteithatder to keep
unchanged the metal volume, the metal pad level een
increased to 28.33 cm again this time.

Figure 20: Spatial resolution of the 6 ridges geontg in the
80x30 CFD model mesh



Figure 21: Current density solution on the top surice of the
cathode (in A/n) for the longitudinal ridges case

Figure 22: Steady-state bath-metal interface deforation (in
cm) for the longitudinal ridges case

Figure 23: Steady-state flow pattern in metal padif m/s) for
the longitudinal ridges case

Figure 24: Stability analysis for the longitudinalridges case

According to the stability analysis results, thediidn of
longitudinal ridges destabilize the cell.

Conclusions

A thorough cell stability study has been carriedl fou a standard
flat cathode surface cell. As expected, reducing #CD,
reducing the metal pad level and increasing thegdedoe
thickness has a destabilizing effect on the cefl. ekpected as
well, reducing the longitudinal gradient of the Bas a stabilizing
effect on the cell.

As reported in previous study [5,7], the predictadrMHD-Valdis
is that the presence of lateral ridges should ffectamuch the
cell stability.

When the impact of the longitudinal ridges on thetah pad
current density reported in [5,6] is taken into sideration, the
prediction of MHD-Valdis is that their presence has
destabilizing effect on the cell.
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