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1 C2NBg2NR

ESTER (Electrolytic SmelTER) is a special purpose adaptation of themepesa fluid flow and
heat transfer codePHOENICS. It is attached ttee PHOENICE&arth Solveras an additional
GROUND statiofthe standard PHOENICS+precessomwith additional dialogs and menus is used
for data input, and the standard pogrocessor ith additional macros fographical display.

The following document serves as a user guide for ESTERNaseshber 20161t describes the
non-standard features making up EST&ERe user is referred tahe general PHOENICS manual
(CHAM TR326 PHOENMFS Reference Gui)ldor descriptions of the remaining, standard,
features.

This version oESTER contains numerous new features and has been extended to incorporate
complex anodeod and cathode configurations as discustadr in this document

The following image shows a typical ESTER display.
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2 LYGNRRdAzOUOAZ2Y
ESTER solves for the steady state or transient fluid flow and electric potential distributions within
an aluminium redugon cell of the Hall Cell type that is found prevalently in industrial aluminium
smelting. The equations solved are pressure, P1, three velocity components U1, V1 andiW1, an
the electric potential EPOT.

A primary feature of the Hall Cell is the presendetveo distinct layers of fluid, which never
intermingle. The liquid metal is at the bottom, in contact with the cathode. The upper layer is the
electrolyte, into which the anodes are immersed. The height of the redeatrolyte interface is
adjusted peiodically to maintain hydrostatic equilibrium across the interfad@e Lorentz forces
driving the flow cause pressure differences across the interface, which then deforms.

The enormous difference in conductivity between metal and electrolyte meansetrext small
changes in interface height can significantly alter the resistance paths, and hence current
distributions. This then feeds back to the Lorentz forces and the height distribution. (More
mathematical and technical details can be found\ppendix Ao this document).

Whilst by default, ESTER solves only for the fluid behaviour and the electric potential, the two
phase option of PHOENICS can alsadtivated to model the dispersion of gas bubbles from the
anode undersides, through the intanode and anodevall gaps.

A schematic representation of the Hall type electrolysis cell is shown below:

— Anode

/ Anode stubs and yoke
1

“— Anode

< Bath

AN <+ Liquid metal

| 4—;—— Cathode carbon
[ S <«1-——  Steel collector bar
o N

1 Copper insert

The rest of this document discusses in some detail how to build the geometry illustrated above
and how to access and control #lle model parameters relevant to an ESTER simulation. (We
again remind the reader to refer to the PHOENWESReferenc&uide (TR326) in order to clarify
any general aspects of PHOENICS with which they are unfamiliar).
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3 9{¢OoOwYSY tzy

The controls for the ame and cathode configurations, and all other model paramaters are

located on the ESTER Main Menu. To display this menu, click the MeJy.Ltmm the tool bar,
or the Menu buttorJM on the handset. Either action will result in this dialog appiag:

Domain Settings ‘ ? ﬁ]
.
bs
Geometry| Properties | Models Boundary | Numerics |
output | Tnitialisation | TNFORM | OK

R R R HHHHRHRHRHEHE
PHOENICS-ESTER MATN MENU Version 2018 dated 24/10/17
bk o a4 A A O A A A A A O A R R A

Title of current Simulation

TITLE |ESTER default settings - 24 Anode Cell

Thestructure of these menus will be familiar to general PHOENICS users. The features unique to
ESTER arestrictedto the top line of buttonsc the Geometry / Properties / Models / Boundary

and NumericpanelsFor descriptions of th®utput, Initialisationand INFORM panels please refer

to TR326, PHOENIRR Reference Guide

The functions of the ESTERecific panels are as follows:

)l

1
1

Geometryc sets the size of the reduction cell, the anode and cathode configurations and can
control the meshing.

Propertiesc sets the density and laminar kinematic viscosity of the metal and electrolyte, and
the electrical conductivities of the materials usedhe construction of the cell.

Models ¢ controlswhether the potential equation is solved, and which terms are included in
the interfaceheight adjustment sequence.

Boundaryg sets the cell current and voltagthe voltages at the anode rods, the curreratis
the busbar and collector barand the magnetic field initialisation.

Numericsc sets the numerical controls for the solution.

Output ¢ sets ESTES$pecific output controls.

Each of these panels will now be described in detail.

7 PHOENICS-ESTER User Guide
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4 DS2YSUONE
The fundamental geometry of the electrolysis cell to be modelled is governed B dmmetn2
tab. Clicking this button brings up the following dialog box:

ESTER Geometry Settings x|
Time dependence Steady |
Include ancodes Yes | Ancde settings |
Include cathode blocks Yes | Cathode settings|
Depth of metal layer 0.200000 m
Depth of electrolyte bath 0.200000 m
ESTER Automatic meshing off
Final domain size | 9.999999 m | 3.180000 m | 3.340000 m
Apply | Reset | Cancel ‘

1 Time dependencewhen set toSteadythe calculation is steadgtate.

ESTER Geometry Settings x|
Time dependence Transient | Time step settings ‘
Include anodes Yes | Anode settings |
Include cathode blocks Yes | Cathode settings|
Depth of metal layer 0.200000 m
Depth of electrolyte bath 0.200000 m
ESTER Automatic meshing Ooff
Final domain size | 9.999999 m | 3.180000 m | 3.340000 m
Apply | Reset | Cancel ‘ OK

When set toTransient the calculation is transient, and the iteratigelutionproceduse will be
repeated at each time step. The number of steps to perform and the time step size is set from
the Time step settingslialog.

1 Include anodeswhen set toYes the anodes, and akkS dza SNDRa OK2A O0S (KS
andbusbas are included in the model. When setNo, theanodes are not included at all, and
the solution domain ends at the upper surface of the electrolyte layer.

1 Include cathode blockswhen set toYes the catt RS o6t 20142 FtyR G GKS
collector barsare included in the model. When set ko, the solution domain starts at the
upper surface of the cathode blocks.

Depth of metal layer sets the depth of the metal layer above the cathode blocks.
Deph of electrolyte bath sets the total depth of the electrolyte bath.

The overall dimensions of the model are displayed at the bottom of this panel (but note this is
not user input but calculated internally).

1 Anode SettingsThis button is only shown the anodes are to be included. lisplays the
anode settings panel which allows the user to select anode properties such as their dimensions
and number, together with whether stubs, cresars, busbars, tapping gaps and connectors
are present or not. Thelimensions of these objects are also set here together with other
variables such as the int@node spacing, anode to cathode distance and freeze block
inclusion. (Sed.1 Anode Setting$elow for more detail).

I Cathode SettingsThis button is only shown if the cathode blocks are to be include&gtays
the cathode setting panel where the user can control the cathode block dimensions together
with whether colletor bars are to be included and,gb, their geometry. The user may also
add electrical contacts in the form of copper and cast iron inserts to the collector bars. Finally,
there is also the option to import CAD geometry if an alternative cathode geor(retityer
than the default cuboid type) is desired. (38 Cathode Settingbelow for more detail).
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! Meshing If automatic meshing is toggled ON, the user ha2thelii A 2 Y

4.1

SelectingWhode settingSdisplays the following dialog box (where, in this case, everything has

G2 Of A0

iKS

button. This displays the ESTER automatic meshing dialog box where the user can specify the
number of cells in key regions in the electrolysis dDTE: If automatic meshing is turned
off, users can control the grid manuall (Seé Meshingbelow for more detail.)

Anode Settings

been toggled a¥ hdy

= =

= =4 -4 A

ESTER Geometry Settings A_ . Gl x ]

Coordinate directions X 4 Z
Number of anodes [ 12 [ 2
Anode size [0.770000 m  [1.400000 m  [0.400000 m
Include tapping gap(s) No
Regular inter-anode gap 10,040000 m |o_1ooooo
Anode to wall distance ]0.160000 m |0,1ooooo m
Anode to cathode distance (ACD) 0.040000 m
Anode rod/yoke/stub configuration 1%2
Anode stub diameter 0.130000 m
Depth of stub in anode 0.100000 m
Anode yoke distance (top to top) 0.350000 m
Anode yoke dimensions [0.120000 m  [0.810000 m  [0.150000 m
Anode rod dimensions |0.120000 m  [0.120000 m  [1.500000 m
Yoke to anode rod steel connector 0.100000 m
Include cast iron layer No
Include busbars and crossbars Yes
Busbar dimensions [9.680000 m  [0.120000 m  [0.300000 m
Number of crossbars 4 Set crossbar size / pos ‘
Current entry points
Number of side entry points 4 End entry points 0

Set entry point sizes and locations |
Include freeze ledges Yes
Freeze toe to anode edge 0.000000 m

Apply | Reset | Cancel [ OK

Number of anodessets the number of anodes in the X and Y directions. (Note: there can be

only a single layer of anodes in the z direction).

Anode size sets thephysicakize of the anodes in the X, Y and Z directions.

Include tapping gap(s)A tapping gap representsphysical space between anodes wheretahe
is siphonedut of the cell Geometrically, it appears aspacing that is larger than thregular
inter-anode gap. The user can choose to include such gaps if desired

Tapping gap in directioncontrols whether the tapping gap(s) are in the X or Y direction.
Number of gapslf activated, there can be one or two tapping gaps.

Gap size is the &e of each tapping gap.

Gap after anode thisentry places the gg)after the anode numbés)selected Anode 1 is the

left-most

The effect of activating the tapping gap is shown in the figure below, where two gaps are set in

X, after the sixth and senth anodes.
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LU L L

Example of two tapping gaps (of 0.8m each) in the x direction after anode nsifher.
Regular interanode gap controls the regular spacing X and Yetween each of the anode
blocks.
Anode to wall distancecontrols the size of the gap between the left or right edge of the domain
and the start and end of the adjacent anode blocks. The gaps are equal at both ends and can be
setseparatelyin Xand.
Anode to cathode distance (ACDontrols the vertical4) distance from the base of the anode
block to the top of the metal layer beneath the electrolyte solution. (Note: Following standard
convention, this does NOT in fact measure the physical distance from anode to cathode).
Anode/stub yoke configuration thisbutton displays the following dredown menu:

2

Select anode configuration

None -
1%2

1*4
2%2
2%3
2%4

OK ‘ Cancel ‘

From here the user can select whether anode rods, yokes and stubs are to be included in the
model. Note that rods, yokes and stubs are all couglete cannot have a rod without stubs
and yokes.

IfWb 2 i ésen, the solution domain ends at the upper surface of the anode blocks. If one of
the other configurations is chosen, then the stubs, yokes and rods will be included in the model.

The m*n nomenclature refers to the number of stubs in X and Y respéctiThe 1*2¢ 2*2
configurations apply to a single anode, each fed by a single rod. The 2*2 and 2*4 configurations
apply to pairs of adjacent (in X) anodes. Thesganedby the yoke and are fed by a single rod

per pair.

The nextable showsthe available configurations.

10 PHOENICS-ESTER User Guide
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= =

= =4 =

= =

1*2 1*3 1*4

2*2 2*3 2*4

Anode stub diameter the diameter of the anode stubs (in the model the stubs are treated as
square with the equivalent area).

Depth of stub in anodethe depth to whichthe stub is embedded in the anode block.

Anode yoke distance (top toop): the distance from the top of the anode block to the top of
the yoke.

Anode yoke dimensionghe dimensions of the yoke in X, Y and Z.

Anode rod dimensionsthe dimensions of the arate rod in X, Y and Z.

Yoke to anode rodteel connector the height of the steel connector between the yoke and the
bottom of the anode rod, as shown below:

Ii i/ Steelconnector

Include castiron layer. when set to Yes, the cast iron layer surrounding tips of the anode
stubs immersed within the anode itseff includedto actas electrical contadayer. If toggled
on, the user can then specify the thickness of this layer.

!

=X
Note that this layer isreated as a sugrid element, and does not need to be explicitly meshed.
Include bus and crosbars:incorporates electrical overhead raifgo the model.
Busbar dimensionssets the dimensions of theusbasin X, Y and Z’hebusbas are assumed
to lie along the anodeod centre lines in the Y direction. In the X direction they are located
centrally in the cell, and in Z they sit on the top of the anode rods.

11 PHOENICS-ESTER User Guide
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T Number of crosshars sets the number of cross bars joining tasbas. There are alwayat
leasttwo crossbars,one at each end of thbusbas forming a closed rind\ny remaining cross
bars can be freely located along the length of the bus BEme.image below shows 24 anodes
with 2*3 yoke configurationbusbas and 4 cross bars.

Busbas with four cross bars
9 Set crossbar size / po3his leads to a dialog from which the sizes and positions of the cross bars

can be set.

Crossbar sizes - —— (@S ]
X size X centre
Crossbar 1 0.120000 m 0.06 m
Crossbar 2 [0.120000 m  [3.246667 m
Crossbar 3 [0.120000 m  [6.433333 m
Crossbar 4 0.120000 m 9.62 m
Set uniform size and spacing[
Apply I Cancel | OK I

0 X sizesets the size of theelectedcross bar in the X direction
0 X centre sets the location of the centre of treelectedcross bar relative to the low(
end of thebusbar Note that the positons of the first and last crossbar are fixed
internally to align with the busbar ends.
TheY sizeof the cross bars is set internally to just fit between thesbas. TheZ size
is fixed to the busbar Z height.
0 Set uniform size and spacingets the sizes of all the crossbars to that of crossbar 1,
and then distributes the crossbars evenly along the length of the busbar.
1 Number of sideentry-points. This sets the number of curreantry-points along the lowy face
of the firstbusbar
1 Endentry-points: This sets the number of curreentry-points along the lowand highX faces
of the first and last cross bar.

There must be at least one curreantry-point in total. There can be zero side or eedtry-
points.

1 Setentry-point sizes and locationsThis sets the size and position of the currentry-points.
In the following image the number of emahtry-points has been set to 2.

12 PHOENICS-ESTER User Guide
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Entry point sizes

Side entry points

X size X centre

Entry point [0.120000 m [0. 060000
[0.120000 m  [3.246667
m  [6.433333

[0.120000 m  [9.620000

Entry point

BB B B

1
2

Entry point 3 |0 .120000
4

| Entry point

Set uniform size and spacing

End entry points

Y size Y centre Far end

Entry point 1 [0.120000 m  [0.060000 m -

Entry point 2 [0.120000 m  [1.560000 m

Set uniform size and spacingl

o0 X /Y sizeThis set the X (for side entries) or Y (for end entries) size of the current
entry-point. The sizes are trapped relative to the centre location such that the entry
point does not extend beyond either end of the busbar.

o0 X /Y centre This sets the X or Y location of the centre of the curemity-point
relative to the start of thdousbar For side entries this is the lerend, for end entries
it is the lowY faceThelocaions are trapped relative to the size such that the entry
point does not extend beyondither end of the busbar.

o Far end When not ticked, the endntry-point is on the lowX face of the first cross
bar. When ticked, it is on the higk face of the last cross bar.

TheZ sizés fixed to the busbar Z height.

o Set unform size and spacingsets the sizes of all the entppints to that of entry
point 1, and then distributes the entqgoints evenly along the length of the busbar (in
X), or length of crossbar plus twice the busbar width (in Y).

1 Include freeze ledgeswhen set to Yes, the freeze ledgethe edges of the domaiwill be
included Physically, this protects the cell, increasing its lifetime but reduces the effective area
of the cathode

24-anode cell with freeze ledge
1 Freeze toe to anode edgehis setshow far the freeze extends into the cell from the edges. A
positive value means the freeze extends under the anpabereas a negative value means the
freeze does noextendas fa as the anode footprint on the cathodgero means it extends to
the outline of the anode blockdt cannot be more negative than the anode to wall gap.

\ i

X Y

I
y‘ =

Positive toe to anode Negative toe to anode

13 PHOENICS-ESTER User Guide
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4.2 ElectricalConnectionsto the Anodes

If the anode stubs andbds are not included, a single fixed potential condition is applied at the
upper Z face of the solution domain. The program determines which cells lie inside an anode block,
and applies the fixed voltage at those locations. Theag@tcan either be a fixed constant value,

or a celiby-cell distribution can baet by modifying the ESTRGR subroutine

If the anode stubs and yokes are included, but busbas are not, a fixed voltage condition is
applied at the top of each anode rodhd potentialat each rod is set on the Boundary pagel
Section8. The voltage locations are blue in the following imagee is circled in red.

Fixedvoltage locationgblue)for 24-anode cell with 2*3 yoke
If the busbas are also included, then a fixed current condition is applieeaah current entry
point and afixed voltage is applied at the mjubint of the leftmost cross bar. The current entry
points are green and the fixed voltage point is blue in the following im&lge humbers, sizes and
locations of the current entApoints and the cross bars can be different.

Fixed-current (green) and fixedoltage(blue)locations orbusbar
The actualalues of the currergand anode potential are set in the Boundary pan8ection8.
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4.3 Cathode Settings
SelectingVdthode settingSbrings up the following dialog bdall options are turned on)

ESTER Geometry Settings

Coordinate Directions X

[ =

b £ z

Number of cathode blocks [ 14

[ 1

cathode dimensions [0.703000 m

Default cathode geometry

|3.000000 m 0.450000 m

CUBE14

Include collector bars Yes

Number of collector bars/block [ 1

[ 2

Collector bar dimensions ‘0.150000 m
collector bar centre gap

Include copper inserts Yes

[1.450000 m  [0.160000 m

0.200000 m

Copper insert dimensions [0.050000 m
Offset from domain edge

Include cast iron inserts Yes

0.005000 m

Cast iron insert dimensions

Apply | Reset | cancel |

[1.300000 m [0.060000 m

0.000000 m

-

T Number of cathode blockssets the number of cathode blocks in the X direction. It is assumed

f

there is always one block in the Y direction.

Cathode dimensionssets the dimensions of thathode blocks in X, Y and Z. The size * number

in X and Y cannot exceed the overall cell size, which is determined by the number and size of
anodes andnter-anode gaps. If the total size of the cathode carbon panel is less than the cell
size, the free spae at the edges is filled with an insulating material.

Default cathode geometrysets the name of the geometry file to be used when creating the

OF 6 K2RS detadilt? Op a @I WNBOG I y3dzZf  NJ 6f 207 =

a?a

different shapecan be imported as a CAD file. This will then be used for all the cathode blocks.

Default flat cathodes

¢KS aKkl LS

2T S OK Ol dK2RS

Shaped cathodes

6t201 OFYy Obkciz2 068

Specification dialofpr an individual cathodéy importing the geometry as a OAile.

More information about importing CAD files is givem 326, PHOEN&Reference Guide
Include collector barswhen set toYes the collector bars at the bottomfahe cathode blocks

are included in the model.

Number of collector bar&lock: sets the number of collector bais Xin each cathode blockp

to 3 collector bars per block are allowed as long as they will fit within the width of a cathode
block.In the Y direction it is assumed that the baxtendto the edges of the cell. The number

of bars is thus one if theentregap is zero, or two if the centre gap is finite.

Gollector bar dimensionssets the dimensions of the collector bansthe X Yand Z directions.

The number of bars per cathode block times Xisize cannot exceed thésize of a cathode
block.If twice the Y size plus the collector bar centre gap exceeds the bath width, theafdges
the domain outboard the bathre filled with a na-conducting solid.

Gollector bar centre gaplf the centre gap is set to zero, then a single collector bar is placed
parallel to the yaxis. If the gap is narero, then there are two separate collector bars parallel

to the y-axis separated by this gap siZBote: In

order to refresh the dialog box onactging

the centre gap in order to update the number of collector bars in thirgction, the user

should press thé& pplyCbutton.

The following image shows 14 cathode blocks, each with 2 collector bars giving a total of 28

collector bars in X. The ceptgap is nofzero, so

there are 2 barsin Y.
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Two cdlector bars per cathode block, finite centre gap and filled edge gaps

1 Include copper insertsincludes a copper inseihsidethe collector bar itselflt is located
centrally immediately under the upper face of the collector bar.

1 Copper insert dimensionssets the X, Y and Z sizes of the copper insert. These may not be
bigger than the collector bar itself.

i Offset from domain edgesets the distance beteen the edge of the domaifand hence
collector bar)and the start of the copper insert.

1 Include cast iron insertsincludes a thin caston layeraround theoutsideof eachcollector
bar.

9 Cast iron insert dimensionssets the thickness of the cast irteyer. Note that this layer is
treated as a sugrid element, and does not need to be explicitly meshEge image below
shows the casiron inserts and copper inserts

Castiron and copper inserts

4.4 Electrical Connections to the Cathodes

If the cathode blocks ameot included or if theyareincluded but the collector bars aneot, a single
fixed-current condition is applied at the base of the solution domain. The current density can be a
single fixed value, or a cdiy-cell distributioncan be read from a file.

If the cathode blockand collector bars are included, a fixed current extraction condition is applied
at the endsof each collector bafhe following image shows the currecdindition locations in red.
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The current exit conditioincludes the copper inserts, if they are present.

The actual values of the cell curramtthe collector bar currentare set in the Boundary panel
Section8.
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5 aSaKAyYy3
SelectingV a S & Kiapiay e following dialog box

ESTER Mesh Settings

=

X-direction ‘ Y-direction| Z-direction ‘

9 [ 15

Cells in anodes

[
Cells in inter-anode [ 2 [ 2
Cells in anode to wall \ 2 | 2
Slabs in carbon blocks
below copper inserts
in copper inserts
above copper inserts
Slabs in metal
Slabs in bath under anodes
Slabs in bath at anode immersion
Slabs in anodes above bath
Slabs in yokes
Slabs in rods

S

Slabs in bus bars

Total number of cells | 132 | 363 40

apply | Reset | cancel | OK

If the automatic meshing option is set to ON, the user has access to the above dialogue box which
allows the number of cells/slabs in important regions to be set. (A slaltager of cellsn the
direction). The selected numbef cells in the Xand Ydirectionsas well as slabs in ti&direction

will then be distributed as evenly as possible within the selected part of the domain.

The items which cause the grid to align with their exlgee:

The anodes in all three directions

The top of the steel yokeod connector in Z
The top of the anode rod in Z

The upper surface of the electrolyte bath
The metalelectrolyte interface in Z

The top of the cathode blocks in Z

The collector bars in Z

0 The copper inserts in Z.

O O O0OO0OO0OOoOOo

The ESTER auteeshing dialog allows the number of cells in each of these zones to be set. The
yokes, rods, busaind crosshars, cathode blocks , collector bars and copper inserts do not force the
X and Y grid to align with their edg€&sovided there is aeasonable number of cells, they will be
detected correctlyThe casiron inserts in the anodes and cathodes are always treated agsdb
items.

If ESTERutomatic meshing is OF#l| items (other than the cast iron inserts) cause the grid to align
with their edges in all three direction$he standard PHOENI&8o-meshingwill be turned on in
Xand.

In Z, the standard autmesh will be initiall turned on, but the once the grid has been built around
the geometry the Alirection grid will bereset to manual and the number of Z planes in the bath
under the anodes will be reset to that set in the ESTER dialog.

Any further changes then made by tluser via thePHOENICS environmentil be retained To

access theneshing dialogelick the icon on the menu bar or harset then click on thgrid. The

number of cells per grid regiazan now be set

I FAES OFffSR WIANAROGIEGQ O2yilAyAay3d GKS OS¢t ¢
GKSYSOEINI HEABSNIAYF{ FAOSHID RN QwamF| SREniKS F2N
the Appendix.
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Domain Settings 7 =
Geemetr‘y‘ | Models | Boundary ‘ Numerics ‘ Top Menu
output |  Initialisation | INFORM
Density | Viscosity | Conductivity ‘

Metal [2300.000 [2.609E-7 [4100000.
Bath [2100.000 [1.571E-6 [220.0000
Anode 23300.00
Cathode 90900.00
Cathode collector bars 208000.0
Cathode copper inserts 1.3400E7
Cathode cast iron inserts 645000.0
Ancde rods 1.9800E7
Anode stubs 2170000.
Anode cast iron inserts 870000.0
Bus bars 2.8600E7
Units:

Density - kg/m*3

Viscosity - m*2/s

Conductivity - A/ (Vm)
Conductivity ratio for layer adjacent to anodes 1.000000

The Properties menallowsthe density and viscosity of the various fluids in the madddde set.In
addition, the electrical conductivity of the various constituents of the electrolysissteluld also

be set.

1 Gonductivity ratio for layer adjacent to anodessets the amount (as a fraction) by which the
conductivity of the bath immediately adjacent to the anodelésreased by. Physically this is
modelling the drop in conductivity due to production of gases at the positive terminal in the

cell.

19

PHOENICS-ESTER User Guide



TR 315 PHOENICS-ESTER User Guide

7 a2RSf a
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?| ®

Domain Settings

Geometryl Properties ‘ ‘ Boundary | Numerics | Top Menu

output |  Tnitialisation | INFORM

Potential Equation oN

- Induced Current Calculation on
Free-surface adjustment oN
Include Lorentz Force in oN

interface height adjustment

ACD constant ON
Lorentz Force ON
Turbulence models METAL/BATH _CONSTANT |
- Turbulent viscosity metal |2.6091274 bath |o_001571 mr2/s
Two phase OFF
Time dependence steady

Advance: d Users Switch to full PHOENICS

The Models panel allows the user to control the physics thiatdluded in their simulation. It allows
GKSY (2 O2y(iNRf @gKAOK Sldzr iA2ya INB 0SAy3a a2t 0@

In detail:

1 Potential equation: Solution of the potential equatiooan be toggled ONr OFF. (Refer to the
Appendix for a discussion of the potential equatiofihe name of the potential equation is
EPOT.

The currents in the X, y and Z directions are deduced from the gradients of potential. They are
stored as the variables JX, JY and JZ.

1 Induced current calculton: When set to®NQthe source terms in th potentialequation that
arise due to currents created by the motion of charges in the external magneticafield
included The induced currents are stored as the variables JIX, JIY and JIZ.

When the inducedturrents areactivated, the stored currents JX, JY and JZ are the sum of the
induced current and thegiential gradient.

1 Freesurfaceheight adjustment toggles ONor OFF the height adjustment of ttedectrolyte
free surface. Note however that the metallth interface height is ALWAYS adjusted
regardless of this setting-he nominal (adjusted) height tfe Z cell faces is stored as Hl.

1 Include Lorentz forceWhen set to ON, the Lorentz forces driving the fluid flow are included
in the pressure balancealculation across the interfac&/hen set to OFF only the static
pressure differences are included.

1 ACD constantThe height of the metdbath interfacechangesduring the simulation. I®#! / 5
O 2 y & is DI, thé@height of the anode undersides is adjustekeep the anodedo-cathode
distance fixed. When OFF, the height of the anode undersides remains fixed.

1 Lorentz force The Lorentforce arises from the movement of charge through a magnetic field,
and itdrives the fluid flow in the electrolyté metal bath. The effect of these forces can be
included by toggling Lorentz force ON. By toggling this OFF, the effect of the Lorentz force on
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the fluid motion is not includedlhe three components of the Lorentz force are stored as FX,
FY and FZ.

Turbulence modés: allows the user to select a turbulence moda$ best suits their
application: The optios are:

0 Single constant effective turbulektnematicviscosiy for metal and bath zones. (The
user may input their desired value irffs).

o Different constant effective turbulerkinematicviscosities for metal and bath zones.
(The user may again input their desired valirenm?/s).

0 Any of thestandard PHOENICS turbulence models

Two phase The PHOENI@Bo-phasecapabilitymay be toggled here. This allows modelling
of the gas phase that is produced at the anodes. If this is toggled ON, an extra set of equations
issolved for the velocity of the gas and its distribution.

Time dependence switches betweensteadystate andtransient operation. When et to
''yvAGSEReST /MedBy tiBetsiegd) oWwigiSile yparfel@telR the durdtiort of the
transient andthe number of time steps can be set.

Switch to full PHOENICSs included if some additional functionality is needed that falls

outside of the options available within the ESTER GUI (such as the solution for energy
eguations e.g. temperature, enthalpy).
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I fTAO1TAY3 GKS W. 2dzy REFNEQ (F6 RAALIX I &&a GKAA RALI

Domain Settings LX)
Geometry | Properties | Models 3¢ 1 | Numerics | Top Menu |
Output | Initialisation | INFORM

Cathode current distribution CONSTANT
Jz [-7096.000  A/m*2

Anode potential 3.000000 v Back-EMF 0.00000 0 v
Initial magnetic field POLYNOMIAL I units MILLITESLAl
Bx = [0.000000 + [0.000000 * X +[12.90300 5 4

+ [0.000000  * X*2 +[0.000000  * X¥ +[0.000000  * ¥*2
+ [-0.465000  * X*2Y + [0.000000  * X¥*2
By = [0.000000 +[-4.000000 * X +[0.000000 * Y +[0.000000 XX
+ [0.000000  * XY +[0.000000  * Y2
+ [0.000000  * X*2Y + [0.832000  * X¥*2
Bz = [0.000000 +[0.000000 * X +[0.000000 * Y +(0.000000 2
+ [-1.032000 * XY +[0.000000  * ¥*2
+ [0.000000  * X*2Y +[0.000000  * X¥*2

Initial interface height FLAT

Initial anode heights FLAT

The boundary conditions panel takes oneseferalforms, depending on whether the collector
barsor anode rods omanodebusbas are induded or not. If thee are nocollector bars and the
FYy2RS NRRkaldzoke 2| Sheangl i as3hiaMd-aioke2 y A a Wbh2ySQ>

8.1 Cathode Conditions

1 Cathode current distribution This sets the current distribution at the $& of the solution
domain. This will be the bottom of the cathode blocks if they are included, or the upper surface
of the cathode blocks if they are not. The current density inAdam either be a constant, or
a celtby-cell value can be read from a filéhe format of the file is described in tAppendix.

If the cathode collector bars are includéte cathode current setting section changes to this:

Set collector bar currents |

9 Set collector bar currentsThisleads to a dialog from which the current at each end of each
collector bar can be set. ik shown belowThe remainder of the panel does not change.
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0 Set total cell current This sets the target total current through the cell in Amps.

0 Bar 1 End End2: These and subsequent input boxes set the current at each end of
each collector bar. If there are too myghars to fit on the dialog extra buttes appear
which allow the list of collector bars to be scrolled up and down.

0 Actual total cell current This disfaysthe actual total current it is not an input box
It is the sum of all the collector bar currentsf A O1T Ay 3 | ye W! LI eQ o
this value using the latest currents.

0 Set all currents to defaultThis will reset the current at each endeaich collector bar
to the target cell current divided by the total miber of bar ends. This value is shown
Ay oN}O1SGa 2y (GKS odzidz2y® LG gAft oS dzZLJR
target current.

0 Adjust currents to sum to set currenfThiswill adjust each current by the ratio of the
target total current to the actual total current. The effect is to achieve the target
currentwhilst retaining the relative distribution amongst the bar ends.

If the anode bubars are included, and the total teurrent on exit from the dialog is
different from that on entry, the opportunity is offered to adjust thesbar currents so
that they sum to the new total cell current.

8.2 Anode Conditions

1 Anode potential sets the voltagepplied at the anodes. If the yek and rods are not included,
the voltage is applied at the upper face of the anode blocks. If they are included, but the
busbars are notthe voltage is applied at the top of each anode rdbe input box changes to
this button:

¢KS W{Si Iy2RS NBR LRGSYGAlrfaQ odzitdz2y € SFRa I
rod can be set. lis shown below
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