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Abstract 

In horizontal flue wall carbon baking furnaces, the flue walls consist of brick wall which are 
usually linked together by mortar. During service, the thermal expansion of flue walls is 
restrained due the presence of headwalls. This, as well as the effect of the load of the packing 
cokes and the anodes, promotes the deflection of the flue walls thus limits their life. The 
development of a 3D computational model able to take  into account a  large number of 
phenomena  and  parameters  that  play  a  role  in  the  baking process and affect the flue wall 
aging process is then justified. In this study, we developed a 3D model that take into account the 
thermo-hydro-mechanical coupling due to coupled fluid flow, heat transfer and flue wall 
deformation. The coupled thermo-hydro-mechanical simulations were done by the finite 
element multi-physics commercial software COMSOL, where only a coupled flow thermal 
problem is solved. The mechanical problem is coupled indirectly by considering a deflected 
deformed flue walls. Such a 3D multi-physics modelling can be used as a powerful tool in 
predicting the effect of flue wall deformation on anode temperature distribution and 
homogeneity and thus predicting the anode baking quality. The tool may also be used to gain 
insights on temperature distribution adjustment as a function of the flue wall and furnace design. 
The main objective of this kind of investigation is to establish a flue wall deformation modes 
database and link it to the anode baking quality, by developing this tool, we can effectively 
predict the deformed flue wall reliability under varying operating conditions, and provide useful 
insights on enhancing the long-term structural integrity through furnace design adjustment.  
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1. Introduction

The quality of anode used in the aluminum industry depends strongly on the baking process. In 
general, it is desirable to achieve a more uniform temperature inside the anode during the 
heating process. The flue walls in carbon bake furnaces deform over time under cyclic heating 
and cooling, leading to difficulties in loading/unloading anodes, and inconsistent anode baking. 
It is useful to regularly measure the deformations to establish the rate of deterioration and assist 
in the prediction of flue wall life. The aging of baking furnace, and the deformation of flue-
walls and head-walls lead to non-homogeneous baking of anodes and consequently to a 
deterioration of the resulting anode quality [1][2][3]. 
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Due to huge size of baking furnace and its very large time constant (in the order of months), it is 
not always possible to conduct physical experiments in order to determine the influence of the 
flue wall deformation on furnace's behavior and efficiency. The increasing interest in this topic 
has heightened the need for a mathematical model as a tool for predicting the influence of flue 
wall aging on the anode baking homogeneity. However, only a few recent investigation studies 
have focused on the flue wall deformation modes and their effects on the baked anode quality 
[4][5] .Most of the research work in this area has been focused on the process modeling 
considering a straight flue wall without considering the effect of flue wall deformation.  
 
The life of carbon baking furnaces is usually limited by the deflection of its flue walls. This 
deflection as shown in Fig.1 is promoted principally by the action of headwalls which restrain 
the free thermal expansion of flue walls, and by the action of packing coke whose weight is 
partially supported by flue walls [6]. In a horizontal baking furnace, flue walls consist of 
firebricks linked together by mortar in horizontal joints. During service, the thermal expansion 
of flue walls is restrained due the presence of headwalls as well as the effect of the load of 
packing cokes and anodes that promote the deflection of the flue walls; thus, limits their service 
life [7][8][9]. 
 
The focus of this paper is on the development of a numerical tool that can effectively predict the 
furnace performance considering its deformation. Such a deformation leads to anode baking 
inhomogeneity, anode overbaking, hot spot formation and creates difficulties in loading and 
unloading of anodes in the pits.  In this study, a multi-physics 3D model is developed. This 
model is  applied  to  one  heating section  of  the baking furnace  in  order  to  explore the effect 
of flue wall deformation on the baking quality and temperature homogeneity of the anodes. The 
developed computational tool can be used to explore the different flue wall deformation 
patterns, and their effects on the anode baking homogeneity. The tool may also be used to gain 
insights on temperature distribution adjustment as a function of the flue wall and furnace design. 
 

 
Figure 1. General view of (a) the flue wall deflection [11] and (b) Heavily slagged flue 

wall covered with metallurgical coke [10]. 
 
2. Model and computational method 
 
2.1. Geometry model 
 
A  three-dimensional  model  was  built  comprising  a  typical baking furnace firing section  
between  the  centerline of  a  flue and  the  centerline  of  a  pit. In the pit, 14 anodes of 1600 x 
600 x 800 mm size are placed. There are 2 domains, a solid domain composed of flue wall, 
packing coke and anodes, and a fluid domain for the gas flow.  The thickness of the solid 
domain material layers, flue wall, packing coke and anodes in the direction of the pit length is 
100 mm, 100 mm and 300 mm, respectively. Symmetry was assumed on the centerline of the 

(a) (b)
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4. Conclusions 
 
Flue-wall’s aging is usually accompanied by its deformation. Such deformations create 
difficulties in loading and unloading anodes in the pits and to inhomogeneous anode baking. In 
this work, we developed a tool that can predict the anode temperature distribution, creation of 
hot spot and anode overbaking in certain area as a function of the flue wall deformation mode. 
Considering the anode temperature distribution for a straight flue wall as a reference case, the 
deflection of the flue wall C shape convex affect the anode baking temperature distribution and 
homogeneity and leads to an under-baking or an overbaking of the anode in certain area. 
Sometimes, the flue wall deflection leads to a redistribution of the anode temperature based on 
the original anode temperature distribution for a straight flue wall and on the degree and the 
shape of the flue wall deflection. Therefore, the expected anode temperature distribution and 
homogeneity for a deflected flue wall depends on the temperature distribution for a straight flue 
wall before deflection.  
 
In the future, other flue wall deformation modes will be studied, the main purpose is to explore 
all the realistic flue wall deformation patterns, and how it affects the anode baking homogeneity, 
in order to establish a flue wall deformation modes database linked to the consequence on the 
anode baking quality. 
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