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DEVELOPMENT OF A TWO-CHAMBER
MHD TUNDISH FOR METAL CASTING

Introduction. The multifunctional magnetodynamic tundish prototype is the first world magnetodynamic mixer
and batcher for steel, which has a capacity of up to 10 tons of melt and an inductor electric power of 600 kW. It
has been successfully introduced into industry. Further works aim at adapting this device to continuous casting,
in particular at obtaining semi-continuous cast billets at metallurgical micro-plants.

Problem Statement. Today, the study of the effect of electromagnetic field on melt stirring and removal of
non-metallics in the inlet chamber of MD-T is an urgent task.

Purpose. The purpose of this research is to substantiate and to create MD-T as a two-chamber aggregate ad-
ditionally equipped with a few electromagnetic & MHD devices for different purposes, to be used at metallurgi-
cal micro-mills.

Materials and Methods. Physical modelling has been applied for studying liquid metal stirring under the
action of electromagnetic field and the removal of non-metallics.

Results. The behavior of the liquid jet falling from the ladle into the centrifugal chamber has been studied. The
influence of the rational liquid level in the centrifugal chamber, which is exposed to the direct action of the elect-
romagnetic field, has been estimated. It has been established that the effect of rotation of the total liquid volume
has been achieved at the height of application of electromagnetic field, which is 0.2—0.3 of the total fill height.
Increasing the height of the application of a magnetic field leads to the capture of the upper layers of the liquid.

Conclusions. There have been proposed a new design of magnetodynamic tundish (MD-T) for continuous
casting of steel. The use of tundish with a rotational motion of the flow may significantly reduce the number of
large oxide inclusions (lavger than 10 um) in steel. The device has been successfully tested and its application will
improve the quality of cast billets, extend the functionality of equipment and technologies, and enable the reali-
zation of modern high-efficiency processes of continuous casting.

Keywords: continuous casting, electromagnetic stirring & pouring, magnetodynamic tundish, non-metallics,
and physical model.
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Inrecent years, the application of specialized MHD-
devices for continuous casting of metals has been
studied in the PTIMA of the NAS of Ukraine.

There has been offered a new multifunctional
magnetodynamic tundish (MD-T) for continu-
ous casting of steel [1]. Its prototype is the first
world magnetodynamic mixer and batcher for
steel. It has a capacity to 10 tons of melt and an
inductor electric power of 600 kW. It has been
successfully introduced into industry.

Further research aims at adapting the device
to the requirements for continuous and semi-con-
tinuous casting [2—7] and at preparing billets at
metallurgical micro-plants [8—10].

The new MD-T may be designed as two-cham-
ber aggregate (Fig.1). In this case, it consists of
the inlet chamber to which the melt is supplied
from the steel ladle and the pouring chamber where
liquid metal is discharged into the mold of conti-
nuous casting machine (CCM). The pouring cham-
ber of the MD-T consists of induction channels
(2, 3 or 4) where the alternating electric current
is induced and thus the melt is heated directly
while pouring into the mold of continuous cast-
ing machine (CCM). Additionally, in the induc-
tion channels, there are placed the electromag-
nets that create external alternating magnetic
field interacting with induction current and ge-
nerating the volume electromagnetic force. It al-
lows controlling the melt flow during stirring and
pouring (in this case, electromagnets may slow
down or accelerate the melt stream).

Moreover, the MD-T may be equipped with spe-
cialized electromagnetic and MHD devices. So, it
is possible to set an electromagnetic stirrer on the
inlet chamber sidewall. The stirrer may provide
physical effect of different types of alternating mag-
netic field (pulsating, alternating, rotating) on li-
quid metal [11]. In turn, it is possible to install an
MHD-device for other purposes on the pouring
chamber. It enables the control of the mass flow
rate, width, and direction of the flat melt flow du-
ring its pouring.

Statement of the problem. The purpose of this
research is studying the effect of electromagne-
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Fig. 1. General view of the two-chamber magnetodynamic
tundish equipped with additional electromagnetic devices:
1 — liquid metal; 2 — steel teeming ladle; 3 — pouring nozzle;
4 — covering slag; 5 — electromagnetic stirrer; 6 — inlet
chamber; 7 — pouring chamber; 8§ — inductors; 9 — electro-
magnet; 10 — slag-forming mix; 77 — CCM mold; 72 — so-
lidifying ingot

tic field on melt stirring and removal of non-me-
tallics in the inlet chamber of MD-T.

The developed multifunctional electromagne-
tic stirrer has been used [4—6]. Its electric power
is ca. 20 kW. Such stirrer has been studied by ma-
thematical modelling methods [5, 12]. It enables
alternate action of rotating and pulsating mag-
netic fields. While studying the designed semicir-
cular inlet chamber of MD-T, it has been establi-
shed that the rotating motion of melt is realized.

The stirrer efficiency and the adequacy of stir-
rer mathematical model have been confirmed by
the experiments with liquid aluminum alloys in
magnetodynamic device.

For studying the continuous casting with the
use of two-chamber MD-T, there has been develo-
pedaphysical model with imitation of electromag-
netic stirring (Fig. 2). This model has allowed sol-
ving the following tasks:
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¢ tostudy the effect of metal rotation under elect-
romagnetic stirring in the centrifugal chamber

of the MD-T:
¢ to determine the rational height, electromagne-

tic field application, and the speed of rotation

of the liquid bath;

¢ to study the features of the transformation of
the melt jet falling from the steel teeming ladle
into the centrifugal chamber;

¢ tostudy the distribution of non-metallics in the
melt volume in the centrifugal chamber and the
speed of their floating-up, depending on the
speed of rotation of the melt, and to compare the
efficiency of the removal of non-metallics in the
case of two-chamber MD-T with the use of elec-
tromagnetic forces with that in the case of various
refining operations in conventional tundishes;

¢ to assess the possibility of vortex phenomena
in the centrifugal chamber volume.

Water is used as a modelling fluid. The covering
slag on the metal surface in the tundish is simula-
ted is modelled by silicone oil. Melt stirring under
the action of electromagnetic field is simulated
with the use of a pump that triggers directed rota-
tion. The behavior of non-metallics is simulated and
visualized by plastic balls with different diameters.
Additionally, the formed streams are visualized by
ink coloring of local fluid volumes. The hydrodyna-
mic picture is recorded by digital video equipment.

During the motion of a modelling fluid, under
the action of gravity, there are the processes that
cause the non-metallics to rise and the inertia for-
ces that determine the development of a system
of circulation flows in a liquid bath of the cent-
rifugal chamber of the tundish. So, the Froude and
homochronism criteria are taken as the basic si-
milarity criteria.

The following results have been obtained.

1. The behavior of the jet of liquid falling from
the ladle into the centrifugal chamber has been
studied. The rotational motion contributes to the
slowdown and destruction of high-speed jet. The
effect of fluid homogenization in the tundish is de-
termined by the speed of rotation, which is equal
to 5—10 rpm (Fig. 3).
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Fig. 2. Physical model for studying metal flow in two-cham-
ber MD-T: 7 — ladle; 2 — slag; 3 — modeling fluid; 4 — nozz-
le; 5 — centrifugal chamber; 6 — pump to simulate rotation;
7 — metal receiver

2. The influence of the rational liquid level in
the centrifugal chamber, which is exposed to the
direct action of the electromagnetic field has been
estimated. It has been established that the effect
of rotating the whole volume of liquid is achieved
at a height of application of electromagnetic field,
which is equal to 0.2 — 0.3 of the total fill height.
Increasing the height of the application of a mag-
netic field leads to the capture of the upper layers
of the liquid. This may cause an additional con-
tamination of steel with top slag particles.

3. Due to the rotation of liquid steel, the time
of its stay in the tundish increases. So, the possi-
bility of removing large non-metallics increases
as a result of their floating-up into the slag. Ac-
cordingly, the refining capacity of this tundish is
larger than that of the usual tundishes. The use of
tundish with rotating flow may significantly re-
duce the number of large oxide inclusions (larger
than 10 pm) in steel.
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Fig. 3. Physical modeling for study fluid homogenization in two-chamber MD-T (the formed water streams is visualized by

ink coloring): a — top view; b — front view

Fig. 4. Action of external magnetic field generated by specialized MHD-device on the formation of flat stream of aluminum
melt in trunk in the case of electromagnetic pouring from magnetodynamic device (@) and change in the direction of melt
flow (b, ¢)

The next stage of research deals with the appli-
cation of electromagnetic field while pouring melt.

There has been made a specialized MHD-de-
vice for distribution of melt on pouring trunk and
forming a flat stream. The efficiency of this de-
vice has been confirmed by the experiment with

22

liquid aluminum alloy. The melt is poured from
magnetodynamic device under the action of elect-
romagnetic force. As a result, melt stream under
the action of magnetic field is dispersed through
the trunk width (Fig. 4, a). The electromagnetic
system is placed above the trunk and stimulates
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the flow spread across the width and, should the
need arise to shift the pouring section, along om
the edge of trunk (Fig. 4, b, ¢).

The possibility of electromagnetic pouring of
melt by a wide flat stream into a thin-slab crystal-
lizer of CCM or into a gap between the rolls of
two-roll casting and rolling machine has been de-
monstrated.

Conclusions. New design of magnetodynamic
tundish (MD-T) for continuous casting of steel,
namely two-chamber configuration of MD-T equip-
ped with a few specialized electromagnetic units
and MHD-devices for heating, stirring. and pou-
ring melt has been proposed.

Such devices have been designed, studied, and
successfully tested.

As a result, it is possible to improve the quality
of cast billets, to extend the functionality of equip-
ment and technologies, and to realize the modern
high-efficiency processes of continuous casting.

Funding of the research. The research has been
conducted at the Physics and Technology Insti-
tute of Metals and Alloys of the NAS of Ukraine,
within the framework of NDR III-09-17-671
project The Development of the Scientific Frame-
work for Creating New Highly Efficient Multi-
Junctional Magnetodynamic Intermediate Ladles
Jfor Continuous Casting Processes.
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PO3POBKA IBOKAMEPHOTI'O MI'ZI TIPOMIZKHOT'O
KOBHIA JIJIAA PO3JIMBAHHSA METAJIIB

Beryn. [Ipororuniom 6aratodyHKIIIOHAIBHOTO MarHiTOAUHAMIYHOTO IIpoMizkHOro KoBia (M/I-11K) € nepuimii y cBiti MarHi-
TOMMHAMIYHUE MiKCeP-/103aTOP /ISt cTasi MicTKicTIo 10 10 T po3IuiaBy Ta eJIeKTPUYHOIO MOTYKHICTIO inAykTopiB 600 KBT.
JlBokamepruii M/I-1TK GyJ1o ycIminmHo BIpoBaizKeHo y TPOMUCI0BIcTb. [Topasbiini 1ociKeH s CIPSAMOBAHO Ha aamnTaiiiio
[[bOTO TIPUCTPOIO JJIsT GE3MEPEPBHOTO JIUTTS CTA, 30KPeMa Ha OTPUMAHHSI HAIIBIIEPEPBHUX JUTHX 3aTOTOBOK Ha METAIYP-
TIFTHUX MiKPO3aBO/ax.

IIpoGaemaTuka. BuBueHHs BIUIUBY €JICKTPOMATHITHOT'O [OJIsI HA TIEPEMIIIyBaHHS PO3ILJIABY Ta BUIAJICHHS HEMETAIIYHUX
BKJIIOYeHb y npuitomuiit kamepi M/I-ITK Ha cboroHi € akTyasbHUM 3aBIaHHSIM.

Mera. O6rpynrysanns ta crBopentss M/I-ITK mist po60oTn B yMOBaxX MeTagypriiiHUX MiKpO3aBO/IiB, K ABOKAMEPHOTO
arperary, 1o /[0JJaTKOBO OCHAIIEHO KiJTbKOMa eJleKTpoMaruitTHuMu Ta Mmaruitogunamiaanmu (MI'/]) mpuctposmu.

Marepiauu it MeTou. BuBueHHs TIpoliecy MepeMilllyBaHHS PIZIKUX METaJIB I/ €10 eJIeKTPOMATHITHOTO TIOJIS Ta BUIa-
JIEHHSI HEMETaJIeBHX JIOMITIIOK Peasi3oBaHo 3a IOMTOMOTOIO (hisMYHOTO MO/IETIOBAHHSI.

PeayabraTi. BuBueHo IOBe/iHKY CTPYMEHS MOJIEJIIOI0UO0] PIZIMHY, 1110 TIOTPAILJISIE 31 CTAJIEPO3JIUBHOTO KOBIIIA B IEHTPU-
(yxuy kamepy. O1iHEHO BIUIMB PalliOHAJIILHOTO PiBHSA PiIMHYU B LIEHTPUDY:KHI Kamepi, 110 mifaeThes npsamiil aii esiexTpo-
MarHiTHoro 1oJist. BeranosiieHo, 110 edekt o6epTatHsi 3arajibHOro 00'eMy PiIMHU JOCSITAETHCS BXKE Ha BUCOTI 3aCTOCYBAHHSI
€JIEKTPOMATHITHOTO T0JI8, 110 AopiBHIOE 0,2—0,3 Bijl 3araIbHOTO PiBHSI 3aMTOBHEHHsT. 36iTbIIEHHS BUCOTH HAKJIAJACHHS Mar-
HITHOTO TIOJIST TPU3BOAMNTH JI0 3aXOTIIIEHHS BEPXHIiX ITapiB MOJIETIOI0Y0] PiTUHU.

BucHOBKH. 3alIPOIIOHOBAHO HOBY KOHCTPYKIIi10 MATHITOAMHAMIYHOTO IpoMizkHOTO KoBITa (M/I-11K) 1151 GesniepepBHOTO
possuBanHs craji. 3acrocyBantst M/I-IIK 3 06epToBUM PyXOM MOTOKY MOKE 3HAYHO 3MEHIIUTU KLIBKICTh BEJIMKUX OKCUJI-
HUX BKJI04YeHb y crasi (6inbine 10 mxm). Ipuctpiii 610 yeminmo anpoboBaHo, a HOro 3acTOCYBaHHs JO3BOJINUTH MOKPAIUTH
SIKICTD JINTUX 3JIUTKIB, POMUPUTH PYHKIOHAIBHICTH 00JIaHAHHS Ta TEXHOJIOTIH, peayisyBaTh Cy4acHi BUCOKOE(hEKTUBHI
npotiecu 6e3rnepepBHOro JIUTTSI.

Kuwuoei croea: GesniepepBHe JUTTI, €JI€KTPOMATHITHE [IEPEMIllyBaHHS Ta PO3JIUBAHHS, MATHITO[MHAMIYHIIA [IPOMIKHII
KiBIII, HEMeTaJIeBi BKIIOUEHHs, Pi3uuHa MOJIEb.
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