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A lump parameters+ model
has been expanded by
adding to it four new
algebraic sub-models that
respectively calculate the
anode panel heat loss, the
cathode bottom heat loss,
the anode voltage drop and
the cathode voltage drop.
Those new algebraic sub-
models are based mainly on
correlations developed in
the late 1930°s.
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Anode panel heat loss sub-model
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the recent development is rather based on correlations with 3D ANSYS® model results.




Anode panel heat loss sub-model
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The total anode panel heat loss is
assumed to be the sum of three
independent parallel paths: one
goes from the bath to the surface of
the anode cover through the anode
carbon, one goes directly through
the crust in the different channels
and one goes from the bath to the
surface of the studs, vokes and rods
exposed to the air through the
anode carbon and the metallic
components of the anode.
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Anode panel heat loss sub-model

It is relatively straightforward to
calibrate the new algebraic anode
panel heat loss sub-model in order
for it to reproduce the 3D ANSYS®
model resulis for the base case
configuration.

After calibration, the accuracy of
the new algebraic sub-model was
tested by comparing its trend
analysis of such key design
parameters as the stnd diameter or
the thickness of cover material with
those produced by the 3D ANSYS®
model studies.




Anode panel heat loss sub-model

Anode heat loss vs Stud diameter
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Anode panel heat loss sub-model

Anode hest loss s Anode lenght Anode hiest loss w= Stud hole depth
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Cathode bottom heat loss sub-model
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The cathode bottom heat loss is
assumed to be the sum of three
independent parallel paths: from
the metal to the shell floor through
the cathode blocks and the cell

bottom lining, from the metal to the
shell lower walls section through
the cathode blocks and the cell side
lining (pier) and finally from the
metal to the collector bars through
the blocks and the bars themselves.




Cathode bottom heat loss sub-model

The thermal resistance of the path
going from the metal pad to the
shell floor is computed using a
standard heat (ransfer equation.
The calcium silicate layer, if it is
present, is assumed to have two
different thermal conductivities
(initial and degraded) with a step
transition ocowrring at a prescribed
temperature. All the other layers
{cathode block, bedding material,
firebrick, semi-insulating brick and
insulating brick) are considered
having a uniform and invariable
thermal conductivity.
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Cathode bottom heat loss sub-model

Cathode bottom heat loss vs
Clacium silicate layer thickness
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Cathode bottom heat loss sub-model
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Anode voltage drop sub-model

DYHA/MARLE: Advance Ammede Drop

Advance Anode Drop
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The global anode elecirical resistance is
evaluated as the sum of four resistances
in series: the resistance of the carbon
under the studis) where the current is
assumed to travel vertically at a
uniform current density, the resistance
of the carbon around the stud(s) where
the current is assumed to travel
radially in an horizontal plane, the
carbon/cast iron contact resistance and
the resistance of the metallic part of the
anode up to the anode beam .
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Anode voltage drop sub-model

Despite the empirical nature of the formulation, the trend analyses of
the new algebraic anode drop sub-model compare extremely well with

those obtained using the 3D ANSYS® model
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Anode voltage drop sub-model

Stud diameter vs Anode drop
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Anode voltage drop sub-model

Amode drop vz Cell amperage

|——Lump miamsim 2t ;ub-mode |

~=—g0 AN model |

Pl

-'-’-’f;r"

[

el

=

e

=

Il I I/N0 NN ImN0 ' 3300 ;mmm

Cul unEwreme 1A

Arode drop ws Anode lenght

|—4—L|.rn|:| miamee 3! mb-model
|30 AMzvE mode |

S

.

=S

ag
Anedy Wngbtienn

An<zdu drap 1M1

Anzdu drip 101

Amode drop vs Stud hole depth

[,

SN

L8

Thd held dupth 111

Arode dropows Carbon Beight under studs

|+L|.rr||:| iEmelm 2! mb—mdil

-5 30 ANEYE model |

=7

=

=3 L L |
Curken hwight undwr abudai=nn




Cathode voltage drop sub-model
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The global cathode electrical resistance
is evaluated as the sum of three
resistances in series: the resistance of
the cathode blocks above the collector
bar where the current is assumed to
travel vertically at a uniform current
density, the carbon/cast iron contact
resistance and the resistance of the
collector bars from the end of the cast
iron connection up to the flexible.




Cathode voltage drop sub-model

Again for the cathode drop, the trend analysis obtained using the new
algebraic sub-model agreed very well with results obtained using the 3D
ANSYS® model. This seems to indicate this it is somewhat easier to
simplify the elecirical behavior of the cell than its thermal hehavior.




Cathode voltage drop sub-model

Cathode drop vs Collector bar height
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Cathode voltage drop sub-model

Cathode drop = Cell amperage
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Retrofit of a 300 kA cell into a 350 kA cell

Bace cace

Modelinz tool

Amperage

300 k&

IO kA

JrT kA

32Tk

AT RA

335 kA

350 ki

Hb . of anodes

3

E¥]

32

3

34

3

34

Anode cize

lomX08m

lom08m

1."Tm X 0Em

limXiim

l17Tm08m

l17m2X08m

17mX08m

Hb . of anode sbads

3 per anode

3 per anwnde

3 per annde

3 per anode

3 per anode

3 per anode

3 per anode

Arnode shad diameter

18 cm

12 cm

18 cm

18 cm

18 cm

18 cm

17 ¢m

Arode cowrer thiclmecs

16 cm

16 cm

16 cm

16 cm

16 cm

10 con

10 cm

Hb . of cathode blocks

1z

12

12

1z

1z

12

1z

Cathode block lernsth

IATm

IATm

IATm

34T m

.67 m

367 m

IATm

Type of cathode black

HC3

HC2

HC3

HC3

HC10

HC 10

HC10

Type of side bhlock

HC3

HC2

HC3

HC3

fic

Sic

Sic

Side block thickriess

15cm +

15 cm +

15 cm +

15cm +

10 ¢ +

10 cm +

10 cm +

AED

35 Cm

35 cm

5 o

25 m

30 cm

30 cm

30 cm

Inside potshell size

144 X435m

1443455m

1443435m

144 X4 35m

144 X4 35m

144 X4 35m

144 X 435m

ACD

Som

4 (I

4

4 cm

1 cm

4 cm

4

Excesz 4]F;

10.9 %

10.9 %

10.9 %

Operating temp erabire

273 3°C

9733 °C

9733 °C

Liquidues cuperheat

68 °C

Carrent eofficiehey

o400 %

Irterrial heat

628 BV

Energy consmmption

1375 Whiks

6.8 °C

6.8 70

115 %

135 %

13.5 %

13.5 %




Retrofit of a 300 kA cell into a 350 kA cell

Bace case

Modeling tool

Amperage

A00kA

JirkA

30 kA

330k

I30kA

Jr5 kA

S0 kA

Hb . of ahodes

3

3

Y]

3

E¥]

3

3

Arode ¢ime

lom 20 8m

liam E0.8m

1."m X 0Em

17m X08m

1.7m X0 8m

17mXX08m

17mX08m

Hb . of avode chads

2 per arnde

3 per anode

Zper arnde

2 per arnde

3 per anode

Zper anode

2 per avnde

Arode chad diameter

13 cm

18 cm

18 an

13 cm

18 cm

18 cm

1%

Anode cotrer thickess

16 cm

16 cm

16 an

16 cm

16 cm

10 ¢

10 cm

Hb . of cathode blocks

13

15

15

13

13

15

13

Cathode block length

347 m

34T m

347Tm

34T m

F.67T MM

307 m

3.67Tm

Type of cathode block

HC3

HC3

HC3Z

HC3Z

HC10

HC10

HC10

Type of side block

HC3

HC3

HC3Z

HC3Z

Sic

Sic

Sit

Side block thickness

15cm +

l5cm +

15 aon +

15 cm +

10 ¢ +

10 cm +

10 cm +

LSD

25 Cm

I5cm

S an

d5cm

30 o

20 cm

20 cm

Ine ide potshell size

144 435 m

144 M4 35m

1442435m

144 X435 m

1443435m

144204535m

144 435m

ACD

Scm

4

4 cm

4 cm

i cm

4 cm

4 cm

Excecc 41F:

108 %

1058 %

109 %

Operating temperabme

733 "C

973370

9733 °C

Liguidus supedieat

6.8 °C

Camrent effic ety

240 %

Imterral heat

odE B

Erersw consannotion

15375 B Whke

6.8°C

6.8 °C

12 5

135 %

13 .5 %

13 .5 %




Extension to a Greenfield design at 400 kA




Extension to a Greenfield design at 500 kA
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Conclusions

® It was demonstrated that fairly simple semi-empirical algebraic
equations can be used to calculate the anode panel heat loss, the
cathode bottom heat loss, the anode voltage drop and the cathode
voltage drop with a quite acceptable level of accuracy.

It was also demonstrated that with the additions of the four new
algebraic sub-models, the lump parameter+ model, also called
Dyna/Marc 1.7 cell simulator, can be used as a stand-alone
modeling tool to carry out a complete retrofit study without
significant loss of accuracy in predicting operational results.

This makes Dyna/Marc 1.7 an 1deal tool to analyze “what if”
scenarios raised during a brainstorming session at the beginning
of a new retrofit project.
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