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Abstract
Forced convection networks (FCN) are now commonly used in the aluminum reduction
technology to increase the heat transfer from the sidewalls of the cells. This both cools down the
potshell and increases the ledge thickness, potentially leading to additional amperage creep in
the smelter. Proper design of a FCN requires a combination of modelling tools: a computational
fluid dynamics (CFD) model to predict the air flow pattern and heat transfer coefficients on the
shell, a thermal model to evaluate the ledge response inside the cell, and pressure loss
calculations to design the pipe network. In this work, we present the approach that has been
developed at Rio Tinto Aluminum to design and optimize the FCN configuration. The models
are validated based on measurements taken in the potroom. Finally, a case study illustrates how
the approach can be applied.
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1.

Introduction

Most aluminum smelters are steadily increasing their line amperage. In order to maintain the
cells’ thermal balance, such increases often need to be accompanied by higher heat dissipation.
This can be achieved in a variety of ways, for example by modifying the cathode design (eg.
more conductive sidewalls) or operating parameters (eg. higher metal levels).
One of the most interesting options to increase heat dissipation is to install forced cooling
around the cell. In 2001, Pechiney patented a forced convection network (FCN) [1]. Since then,
most high productivity plants in Rio Tinto Aluminum (RTA) have been equipped with this type
of system. A schematic representation is shown in Figure 1. FCNs are intended to cover the
entire pot and to be operated continuously. They consist of a main pipe surrounding the cell,
which is connected to a series of nozzles providing air cooling approximately at the level of the
bath-metal interface. These systems are operated at relatively low pressures (a few kPa) to
minimize energy requirements. The main pipe should be large enough to have small head losses
compared to the nozzles in order to maintain as uniform a flow rate as possible around the pot.
A FCN also confers additional benefits beyond simply extracting heat: it cools down the
sideshell, which could otherwise become too hot when highly conductive sidewalls are used; it
can be designed to target known weak points with more intense cooling, thus improving cell
robustness; and the flow rate can be adjusted as needed, for instance to offset seasonal variations
or to compensate for periods at different intensities.
This paper aims to present how such systems are designed within RTA. We will begin by
describing the modeling and calculations tools that have been developed, followed by a
comparison with experiment measurements, and we will end with a case study showcasing how
such tools can be applied in practice.
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