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Abstract: The method of numerical simulation was applied to investigate gas preheating and start-up process in a drained aluminum
reduction cell. The transient temperature and velocity fields of a 156 kA drained aluminum reduction cell were numerically
calculated. The results show that the method of gas preheating and bake-out can basically meet the technical requirements of the
start-up process for the drained cell. If the same distributing scheme of gas nozzle as that in the general cells is used, there are
problems of great temperature gradients and low temperature zone at the top of cathode near the side of nozzles. In order to
promote the effect of gas preheating and baking the drained cell, the jetting angle of end nozzle is adjusted and the temperature
distribution in the drained cell is obviously improved. By means of simulating the temperature field in the case that jetting angle
varies from 0° to 30°, it is concluded that better temperature distribution can be obtained if the jetting angle of end nozzle is

approximately 15°.
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1 Introduction

The drained aluminum reduction cell is a new type
cell and it is predicted that it can reduce the voltage of
the cell 0.6 V and save the consumption of direct current
2400 kW-h/t, compared with the general cells[1,2].
Therefore, more and more attention 1s devoted to the
study of drained aluminum reduction cell in recent years
[3-7].

As for the general cells, the method of preheating
and bake-out in a drained cell plays a significant role in
the cell life. Among all factors influencing the cell life,
its contribution to the total cell life is about 25%(8, 9].
The effects of preheating cathode lie in avoiding flash
pyrolysis and rapid gas evolution from ramming paste,
avoiding uneven current distribution because of bath
freezing in the anode-cathode interspace. Bottom failure
due to improper cell preheating practices may happen as
early as on the stage of baking or during start-up of the
cell.

There are two basically different methods that are

commonly used to preheat aluminum cells, flue gas
heating by combusting oil or gas, or ohmic heating by
passing electrical current through the cell (such as coke
preheating, graphite powder preheating)[10,11]. At
present, since the equipment for flue gas preheating is
too complicated, its application is limited, and the
method of coke preheating and bake-out is employed
more widely in the general cells. The latter demands that
the surface of cathode and the undersurface of the anode
are fairly flat[12]. However, in the drained cell, the
surface of cathode is made into slope shape and some
depositing grooves are cut on it. If the method of coke
preheating and bake-out is used, it is difficult to make
coke or graphite powder distribute evenly on the surface
of the cathode and in the depositing grooves. These will
result in early failure of cells easily and reduce the cell
life. So, it is predictable that the gas preheating method is
more suitable for the drained aluminum reduction cell.
The drained cell wasn’t put forward until 1980s. A
lot of investigations on the drained cell are still needed
for its industrial production and one of these is
preheating and bake-out during its start-up. In this paper,

Foundation item: Project(G1999064903) supported by the National Basic Research Program of China
Corresponding author: ZHOU Ping; Tel: +86-731-8830897; Fax: +86-731-8879863; E-mail: zhoup@mail.csu.edu.cn



ZHOU Ping, et al/Trans. Nonferrous Met. Soc. China 16(2006) 961

based on the studying experiences in general cells[13,14],
the method of mathematical simulation is employed to
research into the preheating and bake-out in the drained
cell. By means of analyzing its temperature distribution,
the feasibility of gas preheating and bake-out is
estimated and the angle of nozzles is optimized, which
will offer theory foundation for the industrialization of
the drained cell.

2 Physical and mathematical model, initial
and boundary conditions

2.1 Physical model

Take the 156 kA drained aluminum reduction cell as
study object. A wider depositing groove is cut at the
middle of cathode in the long axial direction, four
narrower grooves are evenly cut in the cathode in the
short axial direction, and four narrower grooves are cut
around the cathode. Their cross sections have the shape
of rectangle. If the whole cell is simulated, too much
grids are needed and a lot of calculating time is cost
because of its quite large volume and quite complicated
construction. Considering the symmetry of the cell
structure and the nozzle position, a half of the cell in the
long axial direction is taken to be simulating model. The
sketch of the drained cell is shown as Fig.1.
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Fig.1 Schematic structure of 156 kA drained cell in short axis
direction (vertical section): 1 Cradle and shell, 2 Calciumsili-
cate plate; 3 Thermal insulating brick; 4 Alumina; 5 Impervious
material, 6 Carbon cathode with TiB, coat; 7 Middle depositing
groove, 8 Steelshell; 9 Cathode steel bar, 10 Refractory;
11 Sidewall carbon; 12 Electrolyte crust; 13 Side depositing

groove; 14 Ramming paste; 15 Carbon anode

In order to make the temperature field in the cell
more real, the following characteristics are taken into
account during developing physical model.

1) Real geometrical model. The cell is made of over
10 types of materials and their sizes are very different.

2) Nonlinear and anisotropic thermo-physical
properties of material. During preheating and baking
process, the temperature of the cell changes greatly with

the increasing of preheating time. Meanwhile the
thermo-physical properties of material change with
temperature. Moreover, the thermo-physical properties of
the material made of carbon are often anisotropic.

2.2 Mathematical model

In the gas preheating system, oil or natural gas is
burnt in compact combusting equipment, the flue gas
with high temperature is gotten and its temperature is
controlled according to the preheating technical demand.
The flue gas is jetted to the cell between the anode and
cathode. So, there are mainly heat and momentum
transfer during the preheating process, which can be
described by the following general equation:

L2019 (pU) =V (I, V9) +5, M

where p is the density, U is the velocity vector, and /s
is the diffusive coefficient. In the above equation, the
replacement of ¢ with value of 1 gives the continuity
equation, while for¢ =U and H, the momentum and
enthalpy equations are obtained respectively. S P
denotes the source terms and in enthalpy equation, it is
the source terms caused by radiative heat transfer or the
sink terms caused by the vaporization of water in
ramming paste. k-¢ turbulent model is applied in the
calculation[15].

2.3 Boundary conditions

The inlet velocity and temperature of the flue gas
are determined by the preheating and bake-out technique.
At the initial time, the inlet velocity and temperature of
the gas flue are 5 m/s and 773 K, respectively. After
preheating 72 h, they are 30.2 m/s and 1 493 K. The
varying function as preheating time is as following[16].

0<t<72)

(0<t<72)

T, /K =773 +10¢
2)

u;, /K=50+0.35¢

where T, and uy, are the inlet temperature and velocity,
t 1s the preheating time.

The heat transfer of the cell surfaces, the electrolyte
crust and anodes are treated as the third boundary
condition. The total coefficient of the heat transfer is

calculated in terms of the following formula[17]:

awa =a+0esy Ty =T Ty ~Ty) 3)
where awa denotes the total coefficient of the heat
transfer, 7w the surface
environmental

temperature, 7 the
temperature, o0, Stefan-Boltzmann

constant and ey the emissivity. a is the heat transfer
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coefficient of the natural convection between the surface temperature fields during gas preheating and start-up
and environment, and it has different calculating formula process in a drained aluminum reduction cell.
with different direction of the surface.
Top surface: 3.1 Results of cells with same nozzles distribution as
=1 52(Ty~Ts)" ) general cells. . . .
The major results of mathematical simulation are
Vertical surface: shown in Figs.2-5.
a=131(Tw—Tx)" (35) It is known from Fig.2 that the average temperature
Bottom surface: 1000
* — Top surface of cathode
a=0.58[(TW—TA)1/3/L]1/3 © = — Bottom surface of cathode
o 800f
where L is the length of shorter side on the surface. k)
=
£ 600F
2.4 Initial conditions g
The initial temperature is assumed to be the =
i . . o 4001
environmental temperature, i.e. 30 C. s
2
. : . . < 200f
3 Simulating results and discussion
. . [)‘ ] 1 I i I
Uneven multi-block structural grids are taken and the 8 24 40 56 72
whole computational region consists of 185 000 meshes. Preheating time/h
ANSYS software 1s applied to simulate the velocity and Fig.2 Average temperature vs preheating time
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Fig.3 Temperature contours at vertical section of cell after preheating 72 h
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Fig.4 Temperature contours at top of cathode after preheating 72 h (1,2 and 3 are depositing grooves)
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at the top and bottom surfaces of the cathode is
approximately in direct proportion to preheating time.
With the increase of preheating time, the rate of
temperature rising decrease a little because of the
non-linear increase of the heat flux loss.

Fig.2 and Fig.3 show that, after preheating 72 h, the
average temperature at the top and bottom of the cathode
are over 900 ‘C and 700 °C, respectively, and the
average temperature at the bottom steel shell is about 65
‘C. The results indicate that the method of gas preheating
and baking cell is able to meet the technical demand[18].
Moreover, the average temperature of ramming paste in
the side of the cell is 722.3 ‘C, which illuminates the
ramming paste is baked fully and this is also one of the
important characteristics of the gas preheating method.

It i1s found from Fig4 and Fig5 that, after
preheating 72h, the temperature distribution at the
bottom of cathode is evener than that at the top of the
cathode and the greatest temperature gradient appears at
the top of the cathode. Meanwhile, the temperature
distribution in the nozzle side in the drained cell is not
even as that in the general cells because of the effects of
the depositing grooves.

3.2 Optimization of nozzles angle
To improve the temperature distribution at the top
of cathode, the angle of nozzle near duct end is adjusted,

that is, it leans slightly to duct end from paralleling duct
end. Part of gas can flow into the depositing groove at
the nozzle side and raise the temperature at this part. So,
the angle between the end nozzle and the short axis is
assumed to be 0° (that is the case of 3.1), 10°, 15°, 20°
and 30°. The temperature field simulation in the cell with
different angle was carried out and the main results are
show in Table 1.

It is obvious that the maximum of temperature
difference at the top of cathode is lowered, and the
average temperature of top cathode, bottom cathode, the
depositing grooves and the ramming paste are increased,
when the angle of end nozzle varies from 0° to 30°. But
when the angle is 15°, the maximum of temperature
difference at the top of cathode is the least, which
indicates that this case is more beneficial to the
preheating and baking of the drained cell. The reason is
that with increasing the angle of the end nozzle slowly,
part of gas flows into the depositing groove at the side of
the nozzle from the end depositing groove, which is help
for enhancing the temperature distribution, and with
increasing the angle of the end nozzle continuously, part
of gas is jetted towards the side carbon and rebounded, in
this way, less gas can flow into the depositing groove and
towards the other side of nozzle side, which 1s
disadvantageous to improving the temperature distribu-
tion further.
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Fig.5 Temperature contours at bottom of cathode after preheating 72 h
Table 1 Main simulating results with different angle of end nozzle
Parameter 0’ 10° 15° 20° 30°
Temperature maximum at top of cathode/"C 1016.0 1018.6 1016.7 1016.3 1015.0
Temperature minimum at top of cathode/'C 780.2 808.3 837.3 8352 8272
Maximum of temperature difference at top of cathode/C 235.8 210.3 179.4 181.1 187.8
Average temperature at top of cathode/’C 910.1 930.2 924.7 921.8 9154
Average temperature at bottom of cathode/’C 715.9 726.8 720.8 719.1 718.9
Average temperature of depositing grooves/'C 846.0 865.5 879.6 871.6 870.5
Average temperature of ramming paste/'C 722.3 728.5 732.8 731.6 725.3
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4 Conclusions

1) The method of gas flue preheating and baking the
drained aluminum reduction cell can meet the technical
requirement.

2) Compared with the method of coke preheating
and baking the cell, the ramming paste is baked better by
using the method of gas flue preheating and baking.

3) The gas flow in the drained cell with the
depositing grooves is more complicated than that in the
general cell. To obtain better baking quality of the
drained cell, the distributing scheme of the nozzles
should be optimized further on the base of that used in
the general cell.
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