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Abstract. Cooking is the most expensive step of the process of making the anode used for the aluminum
production. The cooking improves the anode mechanical strength, electrical conductivity, resistance to
oxidation and CO, reactivity. Thermal conductivity is one of the most important properties of the
anode, and it increases exponentially with the cooking temperature. This work studied how to improve
the quality of the anode used in aluminum industry by searching for the best temperature profiles of the
cooking pit during anode production. In order to achieve the best temperature configuration,
numerical simulations were performed and also a scale model of the anode cooking pit was built
reproducing real conditions. Improvements of the anode properties were accounted for by introducing
chicanes inside the combustion chamber achieving better convection heat transfer coefficient. Smple
boundary conditions were used such as convection and radiation heat transfer at two faces and
temperature specified at the other three faces of the anode. The radiation between the anode and the
wall was neglected when compared to the order of magnitude of convection and conduction. Numerical
solution for the heat transfer equations was obtained by Classical Integral Transform. In order to
obtain the experimental temperature profile and increase the convection heat transfer coefficient of the
heating chambers, a scale model of the cooking pit was built. Temperature was measured inside the
heating chamber and the convection heat transfer coefficient was then inferred.

Keywords Coke Anode Heat Transfer, Anode cooking, Integral Transform, Anode Experimental
Analysis.

1. Introduction



Coke anodes are crucial for the aluminum fabrication process, Kocaef et al (1996). Therefore,
aluminum industries are also anode-cooking plants. Due to its importance the anode properties have a
great influence on the efficiency of aluminum production.

The coke anode is basically a polycrystalline carbon body made of coke and pitch and is cooked in
open ovens. The reasons for the cooking process are:

- To improve the mechanical strength to receive pin supports and resist to thermal
changes.
To increase the electrical conductivity decreasing the voltage inside the electrolytic
chamber.
To improve the resistance to CO2 reaction (during electrolysis) and resistance to
oxidation (in contact with air).

The increase of calcinations temperatures improves the anode properties up to a limit value and
consequently improves its efficiency during aluminum production. Reactivity to CO2, density and
electrical resistance are some of the properties influencing the anode efficiency.

Therma conductivity is one of the most important properties of the anode, and it increases
exponentially with the cooking temperature. However, an excessive increase of cooking temperature
makes the anode more susceptible to oxidation.

Considering the importance of the anode and knowing that improving the anode properties will
result in a great energy reduction for the aluminum production, it is important to study the best way of
cooking the anodes, simulating and proposing the best study about heat exchange coefficient and
temperature profile for open ovens.

The oven used for the anode cooking of several aluminum industries has 7 combustion chambers
and 6 pits. The oven has the capacity to cook 12 anodes. A simplified mathematical model simulated
only two combustion chambers and one cooking pit since the configuration of the oven is totaly
symmetric Fig. (1).
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Figural — Schematic front view and 3D view of the combustion chamber and cooking pit.

The geometry of the combustion chambers and cooking pit is very simple; Fig. (2) shows the
schematic of the combustion chambers and pit used to numerically simulate the heat transfer. Cartesian
coordinates and parallelepiped geometry were considered for the numerica simulation. Boundary
conditions for the model are shown in Fig. (3), where convection and radiation heat transfer occur at
two faces and temperature is specified at the other three faces of the anode. Steady state conditions are



assumed, internal energy source or well are disregarded, thermal conductivity is considered constant
and the radiation between the anode and the wall is ignored because its order of magnitude compared to
convection and conduction.
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Fig. (2) — Schematic front view and 3D view of the combustion chamber and cooking pit.
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Fig. (3) — Boundary conditions for the numerical problem.

Considering the ssimplifications and boundary conditions, the anode cooking heat transfer is modeled
by Eq. (2):
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The dimensionless groups are defined as:
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So Eg. (1) to Eqg. (5) can be written in a dimensionless form:

2 2 2

ﬂg+ﬂg+ﬂg=0, O<x<a O0<y<b 0O<z<c (7
> y® 1z

q(x=0y,2 =q(x=a,y,z) =0 8
a(x,y=0,2 =q(x,y=b,2) =0 )
_ﬂ_q+Biq =-g em z=0 (10)
91z

%+Biq:-g em z=c (11

2. Classical Integral Transform Technique (CITT) applied to the problem

Classical Integral Transform method (CITT) was used for the solution of the equations, Cotta
(1998). Temperatures for the three planes (xy,xz,yz) were calculated using the following CITT steps:

2.1. Auxiliary problems

Applying the separation of variables to the homogeneous problem of Eq. (7) to Eg. (11) can be
rewritten as auxiliary equationsin x and y directions:
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Y (x) = Sin(mx) F(y)=Sin(l ,y)
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2.2. Development of the Integral Transform Pairs

The solution can be obtained from the desired potencial ? in terms of the eigenfunctions
Y.(x) e F . (y)of theauxiliary problem.
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Since eigenfunctions Y, (x) e F . (y) are orthogonal the following integral transform pairs can be
defined:
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2.3. Integral Transform of the Partial Differential Equation

Equation (7) was multiplied by eigen functions Y (x) e F,_ (y)and resulting equation was
integrated over the domain.
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So the partia differential equation Eq. (1) and its boundary conditions Eq. (2) to Eq. (5) were
transformed into uncoupled ordinary equations.
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2.4. Solution of the Ordinary Differential Equation System

For the solution of the system of Eg. (20) to Eq. (23) it is proposed:

qim(2) = exp(Pz)
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Replacing Eq. (24) into Eqg. (20) the solution of the differential ordinary equation can be obtained by:

P = iDim

With calculated P, the solution for the system isin the form:

Applying Eg. (26) into boundary conditions Eg. (20) C; and C,can be obtained:
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2.5. Recall of the inversion formulaeto provide the temper ature values
The following inversion formulae is used to provide the complete temperature field:
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3. Experimental analysis

An experimental study was developed to compare the numerical model estimates with experimental
results. The experimental apparatus was comprised of a scale model of the real combustion chamber
and anode cooking pit Type J thermocouples were used to measure 13 temperature points in the anode
Fig. (4). The measured temperatures were used to evaluate the heat transfer from the combustion
chamber to the anode. Temperatures of the combustion chamber were aso taken using 12 type J
thermocouplesFig. (5).

Fig. (4) — Sites for the anode temperature measurements.

Fig. (5) — Sites for the combustion chamber temperature measurements.

Propane was burned to elevate the temperature in the combustion chamber Fig. (6) and chicanes
were used to improve the convection heat transfer from the combustion chamber to anode cooking pit.
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Fig. (6) — Combustion chamber heating and chicanes.
4. Resultsand conclusions

For the Anode, numerical and experimental temperature results agree within 10% for the (X, y)
plane. Figure (7) shows the numerical (line) and experimental (symbols) results for the center line of
the (x, y) plane. Temperatures were aso calculated for the (x, z) and (y, z) planes but the comparisons
with experimental measurements could not be performed as the small dimensions of the scale model
resulted in alack of resolution for the thermocouple positioning. Figure (8), Fig. (9) and Fig. (10) show
numerical results using color pattern.
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Fig. (7) — Temperature profile for the center line of the (x, y) plane, with z = ¢/2.
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Fig. (8) — Colored temperature profile for the (x, z) plane, withy = b/2.
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Fig. (9) — Colored temperature profile for the (y, z) plane, with x = &/2.

In accordance with the used mathematical analysis and with the gotten experimental results, the
methodology used experimental technique and revealed consistent. However, to improve and to
uniformizar the profile of temperature in the oven we indicate a study CFD, to simulate the draining of
the fluid in the interior of the chamber, and consequently it will bring improvements of the global
coefficient of transference involved in the process- Thomas et al(1999). High values of speed imply in
the formation of recirculation in some points of the combustion chamber - Thomas et al (1999).
Therefore, one becomes necessary to advance in the research being used considered computational
models already in literature.
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