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1 CƻǊŜǿƻǊŘ 
ESTER (Electrolytic SmelTER) is a special purpose adaptation of the general purpose fluid flow and 
heat transfer code PHOENICS. It is attached to the PHOENICS Earth Solver as an additional 
GROUND station. The standard PHOENICS pre-processor with additional dialogs and menus is used 
for data input, and the standard post-processor with additional macros for graphical display.  

The following document serves as a user guide for ESTER as of November 2016. It describes the 
non-standard features making up ESTER ς the user is referred to the general PHOENICS manual 
(CHAM TR326 PHOENICS-VR Reference Guide) for descriptions of the remaining, standard, 
features. 

This version of ESTER contains numerous new features and has been extended to incorporate 
complex anode rod and cathode configurations as discussed later in this document. 

The following image shows a typical ESTER display. 

 

http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/tr326top.htm
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2 LƴǘǊƻŘǳŎǘƛƻƴ 
ESTER solves for the steady state or transient fluid flow and electric potential distributions within 
an aluminium reduction 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 and W1, and 
the electric potential EPOT. 

A primary feature of the Hall Cell is the presence of two 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 metal-electrolyte interface is 
adjusted periodically to maintain hydrostatic equilibrium across the interface.  The Lorentz forces 
driving the flow cause pressure differences across the interface, which then deforms.  

The enormous difference in conductivity between metal and electrolyte means that even 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 in Appendix A to this document).  

Whilst by default, ESTER solves only for the fluid behaviour and the electric potential, the two-
phase option of PHOENICS can also be activated to model the dispersion of gas bubbles from the 
anode undersides, through the inter-anode and anode-wall gaps.  

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

 

The rest of this document discusses in some detail how to build the geometry illustrated above 
and how to access and control all the model parameters relevant to an ESTER simulation. (We 
again remind the reader to refer to the PHOENICS-VR Reference Guide (TR326) in order to clarify 
any general aspects of PHOENICS with which they are unfamiliar). 

Anode stubs and yoke 

Steel collector bar 

Cathode carbon 

Liquid metal 
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3 9{¢9w aŀƛƴ ƳŜƴǳ 
The controls for the anode and cathode configurations, and all other model paramaters are 

located on the ESTER Main Menu. To display this menu, click the Menu icon  on the tool bar, 

or the Menu button  on the hand-set. Either action will result in this dialog appearing:  

 

The structure of these menus will be familiar to general PHOENICS users. The features unique to 
ESTER are restricted to the top line of buttons ς the Geometry / Properties / Models / Boundary 
and Numerics panels. For descriptions of the Output, Initialisation and INFORM panels please refer 
to TR326, PHOENICS-VR Reference Guide. 

The functions of the ESTER-specific panels are as follows: 

¶ Geometry ς sets the size of the reduction cell, the anode and cathode configurations and can 
control the meshing. 

¶ Properties ς sets the density and laminar kinematic viscosity of the metal and electrolyte, and 
the electrical conductivities of the materials used in the construction of the cell. 

¶ Models ς controls whether the potential equation is solved, and which terms are included in 
the interface-height adjustment sequence. 

¶ Boundary ς sets the cell current and voltage, the voltages at the anode rods, the currents at 
the busbar and collector bars, and the magnetic field initialisation. 

¶ Numerics ς sets the numerical controls for the solution. 

¶ Output ς sets ESTER-specific output controls. 

Each of these panels will now be described in detail. 

http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/main-men.htm
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4 DŜƻƳŜǘǊȅ 
The fundamental geometry of the electrolysis cell to be modelled is governed by the ΨGeometryΩ 
tab. Clicking this button brings up the following dialog box: 

 

¶ Time dependence: when set to Steady the calculation is steady-state.  

 

When set to Transient, the calculation is transient, and the iterative solution procedure will be 
repeated at each time step. The number of steps to perform and the time step size is set from 
the Time step settings dialog.  

¶ Include anodes: when set to Yes, the anodes, and at tƘŜ ǳǎŜǊΩǎ ŎƘƻƛŎŜ ǘƘŜ ǎǘǳōǎΣ ȅƻƪŜǎΣ ǊƻŘǎ 
and busbars are included in the model. When set to No, the anodes are not included at all, and 
the solution domain ends at the upper surface of the electrolyte layer. 

¶ Include cathode blocks: when set to Yes, the cathƻŘŜ ōƭƻŎƪǎΣ ŀƴŘ ŀǘ ǘƘŜ ǳǎŜǊΩǎ ŎƘƻƛŎŜ ǘƘŜ 
collector bars, are included in the model. When set to No, 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. 

¶ Depth 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).  

¶ Anode Settings: This button is only shown if the anodes are to be included. It displays the 
anode settings panel which allows the user to select anode properties such as their dimensions 
and number, together with whether stubs, cross-bars, busbars, tapping gaps and connectors 
are present or not. The dimensions of these objects are also set here together with other 
variables such as the inter-anode spacing, anode to cathode distance and freeze block 
inclusion. (See 4.1 Anode Settings below for more detail). 

¶ Cathode Settings: This button is only shown if the cathode blocks are to be included. It displays 
the cathode setting panel where the user can control the cathode block dimensions together 
with whether collector bars are to be included and, if so, 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 geometry (rather 
than the default cuboid type) is desired. (See 4.3 Cathode Settings below for more detail). 
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¶ Meshing: If automatic meshing is toggled ON, the user has the ƻǇǘƛƻƴ ǘƻ ŎƭƛŎƪ ǘƘŜ ΨƳŜǎƘƛƴƎΩ 
button.  This displays the ESTER automatic meshing dialog box where the user can specify the 
number of cells in key regions in the electrolysis cell. NOTE: If automatic meshing is turned 
off, users can control the grid manually.  (See 5 Meshing below for more detail.) 

4.1 Anode Settings 

Selecting Ψ!node settingsΩ displays the following dialog box (where, in this case, everything has 
been toggled as ΨhnΩ): 

 

¶ Number of anodes: sets 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 the physical size of the anodes in the X, Y and Z directions.  

¶ Include tapping gap(s): A tapping gap represents a physical space between anodes where metal 
is siphoned out of the cell.  Geometrically, it appears as a spacing that is larger than the regular 
inter-anode gap. The user can choose to include such gaps if desired.  

¶ Tapping gap in direction: controls whether the tapping gap(s) are in the X or Y direction. 

¶ Number of gaps: If activated, there can be one or two tapping gaps. 

¶ Gap size: is the size of each tapping gap. 

¶ Gap after anode: this entry places the gap(s) after the anode number(s) 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 seventh anodes. 
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Example of two tapping gaps (of 0.8m each) in the x direction after anode numbers 6 & 7. 

¶ Regular inter-anode gap: controls the regular spacing in X and Y between each of the anode 
blocks. 

¶ Anode to wall distance: controls 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 
set separately in X and Y. 

¶ Anode to cathode distance (ACD): controls the vertical (Z) 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: this button displays the following drop-down menu: 

 

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 coupled ς one cannot have a rod without stubs 
and yokes.  

If ΨbƻƴŜΩ is chosen, 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 respectively. The 1*2 ς 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. These are joined by the yoke and are fed by a single rod 
per pair.  

The next table shows the available configurations. 
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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 anode: the depth to which the stub is embedded in the anode block. 

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

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

¶ Anode rod dimensions: the dimensions of the anode rod in X, Y and Z. 

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

 
¶ Include cast-iron layer: when set to Yes, the cast iron layer surrounding the tips of the anode 

stubs immersed within the anode itself is included, to act as electrical contact layer. If toggled 
on, the user can then specify the thickness of this layer. 

 
Note that this layer is treated as a sub-grid element, and does not need to be explicitly meshed. 

¶ Include bus and cross-bars: incorporates electrical overhead rails into the model.   

¶ Busbar dimensions: sets the dimensions of the busbars in X, Y and Z. The busbars are assumed 
to lie along the anode-rod 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. 

Steel connector 
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¶ Number of cross-bars: sets the number of cross bars joining the busbars. There are always at 
least two cross bars, one at each end of the busbars forming a closed ring. Any remaining cross 
bars can be freely located along the length of the bus bars. The image below shows 24 anodes 
with 2*3 yoke configuration, busbars and 4 cross bars. 

 
Busbars with four cross bars 

¶ Set crossbar size / pos: This leads to a dialog from which the sizes and positions of the cross bars 
can be set. 

 

o X size: sets the size of the selected cross bar in the X direction. 
o X centre: sets the location of the centre of the selected cross bar relative to the low-X 

end of the busbar. Note that the positons of the first and last crossbar are fixed 
internally to align with the busbar ends. 
The Y size of the cross bars is set internally to just fit between the busbars. The Z size 
is fixed to the busbar Z height. 

o Set uniform size and spacing: sets the sizes of all the crossbars to that of crossbar 1, 
and then distributes the crossbars evenly along the length of the busbar. 

¶ Number of side entry-points: This sets the number of current entry-points along the low-Y face 
of the first busbar. 

¶ End entry-points: This sets the number of current entry-points along the low- and high-X faces 
of the first and last cross bar.  

There must be at least one current entry-point in total. There can be zero side or end entry-
points. 

¶ Set entry-point sizes and locations: This sets the size and position of the current entry-points. 
In the following image the number of end entry-points has been set to 2. 
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o X / Y size: This sets 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. 

o X / Y centre: This sets the X or Y location of the centre of the current entry-point 
relative to the start of the busbar. For side entries this is the low-X end, for end entries 
it is the low-Y face. The locations are trapped relative to the size such that the entry 
point does not extend beyond either end of the busbar. 

o Far end: When not ticked, the end entry-point is on the low-X face of the first cross 
bar. When ticked, it is on the high-X face of the last cross bar. 

The Z size is fixed to the busbar Z height. 

o Set uniform size and spacing: sets the sizes of all the entry-points to that of entry-
point 1, and then distributes the entry-points evenly along the length of the busbar (in 
X), or length of crossbar plus twice the busbar width (in Y). 

¶ Include freeze ledges: when set to Yes, the freeze ledge at the edges of the domain will be 
included. Physically, this protects the cell, increasing its lifetime but reduces the effective area 
of the cathode.  

 
24-anode cell with freeze ledge 

¶ Freeze toe to anode edge: this sets how far the freeze extends into the cell from the edges. A 
positive value means the freeze extends under the anodes, whereas a negative value means the 
freeze does not extend as far as the anode footprint on the cathode. Zero means it extends to 
the outline of the anode blocks. It cannot be more negative than the anode to wall gap. 

 
                                   Positive toe to anode                                             Negative toe to anode 
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4.2 Electrical Connections to the Anodes 

If the anode stubs and rods 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. The voltage can either be a fixed constant value, 
or a cell-by-cell distribution can be set by modifying the ESTRGR subroutine. 

If the anode stubs and yokes are included, but the busbars are not, a fixed voltage condition is 
applied at the top of each anode rod. The potential at each rod is set on the Boundary panel ς 
Section 8. The voltage locations are blue in the following image. One is circled in red. 

 
Fixed-voltage locations (blue) for 24-anode cell with 2*3 yoke 

If the busbars are also included, then a fixed current condition is applied at each current entry-
point and a fixed voltage is applied at the mid-point of the left-most cross bar. The current entry-
points are green and the fixed voltage point is blue in the following image. The numbers, sizes and 
locations of the current entry-points and the cross bars can be different. 

 
Fixed-current (green) and fixed-voltage (blue) locations on busbar 

The actual values of the currents and anode potential are set in the Boundary panel ς Section 8. 
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4.3 Cathode Settings 

Selecting Ψ/athode settingsΩ brings up the following dialog box (all options are turned on) 

: 

¶ Number of cathode blocks: sets the number of cathode blocks in the X direction. It is assumed 
there is always one block in the Y direction.  

¶ Cathode dimensions: sets the dimensions of the cathode 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 and inter-anode gaps. If the total size of the cathode carbon panel is less than the cell 
size, the free space at the edges is filled with an insulating material. 

¶ Default cathode geometry: sets the name of the geometry file to be used when creating the 
ŎŀǘƘƻŘŜ ōƭƻŎƪǎΦ ΨdefaultΩ ƛǎ ŀ ǊŜŎǘŀƴƎǳƭŀǊ ōƭƻŎƪΣ ǎƻ ǿƛƭƭ ƎƛǾŜ ŀ Ŧƭŀǘ ŎŀǘƘƻŘŜ ǳǇǇŜǊ ǎǳǊŦŀŎŜΦ A 
different shape can be imported as a CAD file. This will then be used for all the cathode blocks. 

 
                     Default flat cathodes                                                  Shaped cathodes 
¢ƘŜ ǎƘŀǇŜ ƻŦ ŜŀŎƘ ŎŀǘƘƻŘŜ ōƭƻŎƪ Ŏŀƴ ŀƭǎƻ ōŜ ǎŜǘ ƛƴŘƛǾƛŘǳŀƭƭȅ ŦǊƻƳ ǘƘŜ Ψ{ƘŀǇŜΩ ǘŀō ƻŦ ǘƘŜ Object 
Specification dialog for an individual cathode by importing the geometry as a CAD file.  

More information about importing CAD files is given in TR326, PHOENICS-VR Reference Guide. 

¶ Include collector bars: when set to Yes, the collector bars at the bottom of the cathode blocks 
are included in the model. 

¶ Number of collector bars/block: sets the number of collector bars in X in each cathode block.Up 
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 bars extend to the edges of the cell. The number 
of bars is thus one if the centre gap is zero, or two if the centre gap is finite. 

¶ Collector bar dimensions: sets the dimensions of the collector bars in the X, Y and Z directions. 
The number of bars per cathode block times the X size cannot exceed the X size of a cathode 
block. If twice the Y size plus the collector bar centre gap exceeds the bath width, the edges of 
the domain outboard the bath are filled with a non-conducting solid. 

¶ Collector bar centre gap: If the centre gap is set to zero, then a single collector bar is placed 
parallel to the y-axis.  If the gap is non-zero, then there are two separate collector bars parallel 
to the y-axis separated by this gap size. (Note: In order to refresh the dialog box on changing 
the centre gap in order to update the number of collector bars in the y-direction, the user 
should press the Ψ!pplyΩ button.  
The following image shows 14 cathode blocks, each with 2 collector bars giving a total of 28 
collector bars in X. The centre gap is non-zero, so there are 2 bars in Y. 

http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/objects.htm
http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/objects.htm
http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/cadimprt.htm
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Two collector bars per cathode block, finite centre gap and filled edge gaps 

¶ Include copper inserts: includes a copper insert inside the collector bar itself. It is located 
centrally immediately under the upper face of the collector bar. 

¶ Copper insert dimensions: sets the X, Y and Z sizes of the copper insert. These may not be 
bigger than the collector bar itself. 

¶ Offset from domain edge: sets the distance between the edge of the domain (and hence 
collector bar) and the start of the copper insert.  

¶ Include cast iron inserts: includes a thin cast-iron layer around the outside of each collector 
bar. 

¶ Cast iron insert dimensions: sets the thickness of the cast iron layer. Note that this layer is 
treated as a sub-grid element, and does not need to be explicitly meshed. The image below 
shows the cast-iron inserts and copper inserts. 

 
Cast-iron and copper inserts 

4.4 Electrical Connections to the Cathodes 

If the cathode blocks are not included, or if they are included but the collector bars are not, 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 cell-by-cell distribution can be read from a file. 

If the cathode blocks and collector bars are included, a fixed current extraction condition is applied 
at the ends of each collector bar The following image shows the current-condition locations in red. 
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The current exit condition includes the copper inserts, if they are present. 

The actual values of the cell current or the collector bar currents are set in the Boundary panel ς 
Section 8. 
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5 aŜǎƘƛƴƎ  
Selecting ΨaŜǎƘƛƴƎΩ displays the following dialog box 

 

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 slab is a layer of cells in the Z-
direction). The selected number of cells in the X- and Y-directions as well as slabs in the Z-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 edges are: 

o The anodes in all three directions 
o The top of the steel yoke-rod connector in Z 
o The top of the anode rod in Z 
o The upper surface of the electrolyte bath 
o The metal-electrolyte interface in Z 
o The top of the cathode blocks in Z 
o The collector bars in Z 
o The copper inserts in Z. 

The ESTER auto-meshing dialog allows the number of cells in each of these zones to be set. The 
yokes, rods, bus- and cross-bars, cathode blocks , collector bars and copper inserts do not force the 
X and Y grid to align with their edges. Provided there is a reasonable number of cells, they will be 
detected correctly.The cast-iron inserts in the anodes and cathodes are always treated as sub-grid 
items. 

If ESTER automatic meshing is OFF, all items (other than the cast iron inserts) cause the grid to align 
with their edges in all three directions. The standard PHOENICS auto-meshing will be turned on in 
X and Y.  

In Z, the standard auto-mesh will be initially turned on, but the once the grid has been built around 
the geometry the Z-direction grid will be reset 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 the user via the PHOENICS environment will be retained. To 

access the meshing dialog, click the  icon on the menu bar or hand-set then click on the grid. The 
number of cells per grid region can now be set.  

! ŦƛƭŜ ŎŀƭƭŜŘ ΨƎǊƛŘΦǘȄǘΩ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ŎŜƭƭ ŦŀŎŜ ƭƻŎŀǘƛƻƴǎ ƛƴ ŜŀŎƘ ŎƻƻǊŘƛƴŀǘŜ ŘƛǊŜŎǘƛƻƴ ƛǎ ǿǊƛǘǘŜƴ 
ǿƘŜƴŜǾŜǊ ΨCƛƭŜ ς {ŀǾŜ ǿƻǊƪƛƴƎ ŦƛƭŜǎΩ ƻǊ Ψwǳƴ ς {ƻƭǾŜǊΩ ƛǎ ŎƭƛŎƪŜŘΦ ¢ƘŜ ŦƻǊƳŀǘ ƻŦ ǘƘƛǎ ŦƛƭŜ ƛǎ ƎƛǾen in 
the Appendix. 

http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/vr-grids.htm#The%20Default%20Grid
http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/vr-grids.htm#Modifying%20the%20Grid
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6 tǊƻǇŜǊǘƛŜǎ 
/ƭƛŎƪƛƴƎ ǘƘŜ ΨtǊƻǇŜǊǘƛŜǎΩ ǘŀō ŘƛǎǇƭŀȅǎ ǘƘƛǎ ŘƛŀƭƻƎΥ 

 

The Properties menu allows the density and viscosity of the various fluids in the model to be set. In 
addition, the electrical conductivity of the various constituents of the electrolysis cell should also 
be set. 

¶ Conductivity ratio for layer adjacent to anodes: sets the amount (as a fraction) by which the 
conductivity of the bath immediately adjacent to the anode is decreased by.  Physically this is 
modelling the drop in conductivity due to production of gases at the positive terminal in the 
cell.  
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7 aƻŘŜƭǎ 
/ƭƛŎƪƛƴƎ ǘƘŜ ΨaƻŘŜƭǎΩ ǘŀō ŘƛǎǇƭŀȅǎ ǘƘƛǎ ŘƛŀƭƻƎΥ 

 

The Models panel allows the user to control the physics that is included in their simulation. It allows 
ǘƘŜƳ ǘƻ ŎƻƴǘǊƻƭ ǿƘƛŎƘ Ŝǉǳŀǘƛƻƴǎ ŀǊŜ ōŜƛƴƎ ǎƻƭǾŜŘ ŀƴŘ ǿƘƛŎƘ ǘŜǊƳǎ ǿƛǘƘƛƴ ǘƘŜƳ ŀǊŜ άǘǳǊƴŜŘ ƻƴέΦ 

In detail: 

¶ Potential equation: Solution of the potential equation can be toggled ON or OFF. (Refer to the 
Appendix for a discussion of the potential equation). The 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. 

¶ Induced current calculation: When set to ΨONΩ, the source terms in the potential equation that 
arise due to currents created by the motion of charges in the external magnetic field are 
included. The induced currents are stored as the variables JIX, JIY and JIZ.  

When the induced currents are activated, the stored currents JX, JY and JZ are the sum of the 
induced current and the potential gradient. 

¶ Free-surface height adjustment: toggles ON or OFF the height adjustment of the electrolyte 
free surface. Note however that the metal/bath interface height is ALWAYS adjusted 
regardless of this setting. The nominal (adjusted) height of the Z cell faces is stored as HI. 

¶ Include Lorentz force: When set to ON, the Lorentz forces driving the fluid flow are included 
in the pressure balance calculation across the interface. When set to OFF only the static 
pressure differences are included. 

¶ ACD constant: The height of the metal-bath interface changes during the simulation. If Ψ!/5 
ŎƻƴǎǘŀƴǘΩ is ON, the height of the anode undersides is adjusted to keep the anode-to-cathode 
distance fixed. When OFF, the height of the anode undersides remains fixed. 

¶ Lorentz force: The Lorentz force arises from the movement of charge through a magnetic field, 
and it drives the fluid flow in the electrolyte /  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 included. The three components of the Lorentz force are stored as FX, 
FY and FZ. 

¶ Turbulence models: allows the user to select a turbulence model as best suits their 
application: The options are: 

o Single constant effective turbulent kinematic viscosity for metal and bath zones. (The 
user may input their desired value in m2/s). 

o Different constant effective turbulent kinematic viscosities for metal and bath zones. 
(The user may again input their desired values in m2/s). 

o Any of the standard PHOENICS turbulence models. 

¶ Two phase: The PHOENICS two-phase capability may 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 
is solved for the velocity of the gas and its distribution. 

¶ Time dependence: switches between steady-state and transient operation. When set to 
¦ƴǎǘŜŀŘȅΣ ǘƘŜ ŜȄǘǊŀ Ψ{Ŝǘ/Modify time stepsΩ ōǳǘǘƻƴ ƭŜŀŘǎ ǘƻ ŀ panel where the duration of the 
transient and the number of time steps can be set. 

¶ Switch to full PHOENICS: is included if some additional functionality is needed that falls 
outside of the options available within the ESTER GUI (such as the solution for energy 
equations e.g. temperature, enthalpy). 

 

http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/main-men.htm#Models%20-%20Turbulence%20Models
http://www.cham.co.uk/phoenics/d_polis/d_enc/enc_ipsa.htm
http://www.cham.co.uk/phoenics/d_polis/d_docs/tr326/vr-grids.htm#Setting%20the%20Time-Step%20Distribution
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8 .ƻǳƴŘŀǊȅ /ƻƴŘƛǘƛƻƴǎ 
/ƭƛŎƪƛƴƎ ǘƘŜ Ψ.ƻǳƴŘŀǊȅΩ ǘŀō ŘƛǎǇƭŀȅǎ ǘƘƛǎ ŘƛŀƭƻƎΣ ǎƘƻǿƴ ƘŜǊŜ ƛƴ ƛǘǎ ǎƛƳǇƭŜǎǘ ŦƻǊƳΥ 

 

The boundary conditions panel takes one of several forms, depending on whether the collector 
bars or anode rods or anode busbars are included or not. If there are no collector bars and the 
ŀƴƻŘŜ ǊƻŘκǎǘǳōκȅƻƪŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƛǎ ΨbƻƴŜΩΣ the panel is as shown above.  

8.1 Cathode Conditions 

¶ Cathode current distribution: This sets the current distribution at the base 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 in A/m2 can either be a constant, or 
a cell-by-cell value can be read from a file. The format of the file is described in the Appendix.  

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

 

¶ Set collector bar currents: This leads to a dialog from which the current at each end of each 
collector bar can be set. It is shown below. The remainder of the panel does not change. 
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o Set total cell current: This sets the target total current through the cell in Amps. 

o Bar 1 End 1 End 2: These and subsequent input boxes set the current at each end of 
each collector bar. If there are too many bars to fit on the dialog extra buttons appear 
which allow the list of collector bars to be scrolled up and down. 

o Actual total cell current: This displays the actual total current ς it is not an input box. 
It is the sum of all the collector bar currents. /ƭƛŎƪƛƴƎ ŀƴȅ Ψ!ǇǇƭȅΩ ōǳǘǘƻƴ ǿƛƭƭ ǳǇŘŀǘŜ 
this value using the latest currents. 

o Set all currents to default: This will reset the current at each end of each collector bar 
to the target cell current divided by the total number of bar ends. This value is shown 
ƛƴ ōǊŀŎƪŜǘǎ ƻƴ ǘƘŜ ōǳǘǘƻƴΦ Lǘ ǿƛƭƭ ōŜ ǳǇŘŀǘŜŘ ƛŦ Ψ!ǇǇƭȅΩ ƛǎ ŎƭƛŎƪŜŘ ŀŦǘŜǊ ŜƴǘŜǊƛƴƎ ŀ ƴŜǿ 
target current. 

o Adjust currents to sum to set current: This will adjust each current by the ratio of the 
target total current to the actual total current. The effect is to achieve the target 
current whilst retaining the relative distribution amongst the bar ends. 

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

8.2 Anode Conditions 

¶ Anode potential: sets the voltage applied at the anodes. If the yokes 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 not, the voltage is applied at the top of each anode rod. The input box changes to 
this button: 

 

¢ƘŜ Ψ{Ŝǘ ŀƴƻŘŜ ǊƻŘ ǇƻǘŜƴǘƛŀƭǎΩ ōǳǘǘƻƴ ƭŜŀŘǎ ǘƻ ŀ ŘƛŀƭƻƎ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ǾƻƭǘŀƎŜǎ ŀǘ ŜŀŎƘ ŀƴƻŘŜ 
rod can be set. It is shown below: 






















































