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Mercury Model on Flow in Continuous Casting of Slab with EMBr

A mercury model has been developed to investigate the influences of Electromagnetic Mold Brake Ruler (EMBr-Ruler) and Flow Control Mold (FC-Mold) on metal flow in continuous casting of slab with the practical casting velocity 1.3 m/min. The experiment shows that the FC-Mold can efficiently repress the surface flow and its fluctuation. The expanding space of the pouring flow is compressed by EMBr-Ruler and FC-Mold respectively, then the 'flow passage' can be developed near the narrow wall of the mold, where the vertical velocity of flow will increase sharply. It is bad for the development of the plug like flow in the mold.

Introduction

Electromagnetic Braking (EMBr) is widely applied as an useful method to control metal flow in the mold of continuous casting of slab [1][2] . Several years ago, Electromagnetic Mold Brake Ruler (EMBr-Ruler) and Flow Control Mold (FC-Mold) can gradually be used in industry to replace the local electromagnetic brake (EMBr). In this case, Yu et al. built a three-dimensional finite-volume mathematical model to study the influences of magnetic field intensity on EMBr effect [3] . Cukierski et al. applied a computational fluid flow model to investigate the effects of both the submergence depth of submerged entry nozzle (SEN) and magnetic field intensity of EMBr varying on metal flow in the mold [4] . Harada et al. built a mercury model to study the brake effect of a local magnetic field and a level magnetic field [5] . In this paper, to use mercury instead of molten steel, the flow is simulated in the model of continuous casting of slab with EMBr-Ruler and FC-Mold. In this experiment the velocity is measured by Ultrasound Doppler Velocimetry (UDV), and the braking effects of magnetic field on the metal flow can be presented.

Experimental Method

In the experiment the model is based on a scale of 1/6 of the size of a continuous caster and, the technique process is used in BAOSTEEL. In this paper, the similarities between the industrial prototype and modelling are maintained by the Froude number (Fr) and the Stuart number (St), and the geometric and technical details of above industrial prototype and modelling simulation can be presented on Tab. 1. On the other hand, the physical simulation apparatus and, the parameters of molten steel and mercury can be obtained from Ref. [6]. 

Experimental Result and Discussion

The flow patterns in the model can be shown in Fig. 2 for the cases of (a) no magnetic field, (b) EMBr-Ruler and (c) FC-Mold. It can be obtained that with EMBr-Ruler, the lower magnets repress the dispersion of the jet from the SEN outport, and make it impact to the narrow wall of the model with relatively big horizontal momentum. It enhances the horizontal impact strength to the narrow wall. With FC-Mold, the upper magnets also limit the space of the jet flow and enlarge the angle of the jet. It enlarges the distance that jet flow spreads to the narrow wall. Then with the coupled function of the two pairs of magnets, the maximum velocity impinging the narrow wall and the impinging position are both smaller than the values with EMBr-Ruler. In addition, from the flow regime perspective, when it is without magnetic field or with EMBr-Ruler, there are vortex centers in the upper recirculating flow region, and their velocities are relatively big, but with FC-Mold, the velocity of the upper recirculating flow is small, and the vortex center is not obvious. This indicates that FC-Mold gets the result of stabilizing the surface flow. From the measured results of downward flow, it can be shown that the 'flow passage' is developed near the narrow wall of the model when EMBr to be used, which makes the velocity of the downward flow enlarge, especially in FC-Mold, the channel effect is more obvious than that of EMBr-Ruler. This indicates that with EMBr, the inhibitory action of the magnetic field on the flow makes it redistribute. When the space distribution of the jet from the SEN outport is restrained, the major flow of the jet is released near the narrow wall, then the 'channel effect' is developed. It is not benefit for the formation of the plug like flow under the nozzle. In this experiment, the result shows that only the nozzle ports are placed in the region of magnets and the casting speed is suitable, the electromagnetic braking can be beneficial to the formation of the plug like flow.

Moreover, the experiment verifies that the horizontal velocity near the liquid surface decreases on the whole with the magnetic flux density increasing. the maximum horizontal velocities near the surface are 0.114,0.106 and 0.026 m/s corresponding respectively to the cases of without EMBr, EMBr-Ruler and FC-Mold. It shows a decreasing trend. In the cases of without EMBr and with EMBr-Ruler, their horizontal velocities on the surface are approximately parabola distribution, and the positions of the maximum horizontal velocities are all near 1/4 width of the model, but in FC-Mold the horizontal velocity on the surface is approximately linear distribution, and on the whole, the horizontal velocity and the turbulent intensity near the surface are low. Their maximum values are respectively 1/5 and 1/6 in comparison with that of without EMBr. This shows the braking effect of FC-Mold on the surface flow and its fluctuate behavior. It is the result of the braking effect of the upper magnets makes the upper recirculating flow turn to horizontal direction below it. 

Conclusions

From the inhibition on the velocity and fluctuation of the surface flow perspective, the braking effect and the capacity of flow control of FC-Mold are better than EMBr-Ruler. It shows that the velocity of the surface flow is stable and the fluctuation of the liquid surface decreases, but it also shows that the vertical velocity near the narrow wall can be enhanced, which can develop a 'flow channel' near the narrow wall of mold, and its erosion to the initial solidification shell of slab may be intensified.
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