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ABSTRACT

The continuous steel casting process involves heat transfer, fluid flow and

solidification, which effect the quality of steel. Hence, understanding these

underlying phenomena is essential for optimizing the casting process and solving

problems that have still not been fully understood. I have undertaken a

mathematical study to model multi-phase flows including the flux flow and the

molten steel flow in the continuous casting process. The work is mainly based

on fluid dynamics and electromagnetic theory. The focus of the project is the

construction of a mathematical model and the development of robust simulation

technique. By incorporating Lorentz force into the model, the influence of an

electromagnetic field on heat transfer and fluid flow can be simulated. The

model is then illustrated with a numerical example which demonstrates that the

thickness of the solidified steel shell critically depends on the magnitude of the

Lorentz force. The Lorentz force prevents the molten steel from sticking to the

mould wall. The numerical results show that the model is capable of analyzing

the influence of an electromagnetic field on the flow pattern of fluid and the

solidification profile of steel and could be used in solving technical problems in

steel casting.
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CHAPTER 1

INTRODUCTION

1.1 An Overview of the Continuous Casting Process

Steel making industry is a large-scale industry comprising many

production processes ranging from upstream processes to downstream processes

as shown in Figure 1.1 [1]. The continuous steel casting process is the process for

casting semi-finished steel products such as billet, slab and bloom. The process

involves many complex phenomena such as heat transfer, flow of molten steel and

flux, formation of oscillation marks on the steel surface, etc. Over the last few

decades, the continuous casting process has been increasingly used to produce

billet, slab and bloom. Over 80 % of the Western world steel products were

casted by the continuous casting process in 1993 [2]. This ratio is expected to

increase continuously due to the superiority of the continuous casting over the

ingot casting in the following aspects:

• reducing energy consumption;

• savings in manpower;

• reduction in production costs;

• improvement of steel quality.

Although there are many different designs of the continuous steel caster, the

schematic diagram of the continuous caster is as shown in Figure 1.2 [3]. The

basic principle of the continuous casting process is to pour liquid steel into a

water-cooled mould continuously. Due to the intense cooling by water running

through channels in the mould wall, the solidified steel shell forms around the

edges of mould. The solidified steel shell with a liquid pool at the center is
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Figure 1.1: Continuous casting steel plant.
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Figure 1.2: The continuous casting process.

withdrawn from the bottom of the mould at the casting speed under support of

series of rolls which ensure that it is both rolled into shape and fully solidified at

the same time. To facilitate the process and to avoid sticking of the solidified

skin to the mould wall, the mould wall itself oscillates vertically. The lubrication

oil or mould powder is added continuously at the top of the mould during the

process to form a protective liquid flux layer. The liquid flux is drawn into the

gap between the steel surface and the mould wall. The various layers formed in

the mould during casting are shown in Figure 1.3 [4]. At the cutting point, the

casting is cut to the required length.

Over the last few decades, many technologies have been developed and

applied to the continuous casting process for improving the quality of the casting

product and the production rate. The electromagnetic stirring technology is one

of the most promising technologies. It is superior to the conventional continuous

casting as it produces casting products with better quality including
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Figure 1.3: The layers in the mould during casting

• improved shearing ability by avoiding structures which cause cracks;

• better hot workability during extrusion forging;

• improved wire rod drawing performance with a low frequency of cup and

cone breakages;

• higher and more consistent fatigue properties.

The schematic diagram of electromagnetic casting is shown in Figure 1.4. The

basic concept of electromagnetic stirring is to generate induced currents in the

steel by applying a moving electromagnetic field to the process. This force affects

the flow of liquid steel, and consequently the solidification of the steel. Thus, with

the electromagnetic stirring, it is possible to improve the steel surface quality,

the internal segregation and structure of the steel [5, 6, 7, 8, 9]. Although this

technology has been developed to reduce the occurring of operational problems

and to improve the quality of steel products, various crucial problems still


