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(57) Abregée/Abstract:
A furnace plant which comprises at least one furnace vessel (2) with side walls (21) and a bottom (22) and at least one heat

source (31) which by radiation and convection heats molten metal and/or solid metal present in said furnace vessel. At least one
two- or multiphase electromagnetic side stirrer (4, 24, 24a, 24b, 24c, 34, 34a, 34b) Is arranged in or near the wall (21) of the
furnace vessel to act through said wall and apply a stirrer field to the molten metal. The side stirrer comprises at least two phase

windings arranged around an iron core which has a vertical extent, H, which essentially covers the region, D__ , between the

bottom and the upper surface of the molten metal at a maximum bath depth used in the furnace vessel. The side stirrer Is
arranged with a pole pitcht which exceeds twice the distance from the iron core to the molten metal, t>2d,.
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(57) Abstract

A furnace plant which comprises at least one furnace vessel (2) with side walls (21) and a bottom (22) and at least one heat source
(31) which by radiation and convection heats molten metal and/or solid metal present in said furnace vessel. At least one two- or multiphase
| electromagnetic side stirrer (4, 24, 24a, 24b, 24c¢, 34, 34a, 34b) is arranged in or near the wall (21) of the furnace vessel to act through
said wall and apply a stirrer field to the molten metal. The side stirrer comprises at least two phase windings arranged around an iron core
which has a vertical extent, H, which essentially covers the region, Dmax, between the bottom and the upper surface of the molten metal at
a maximum bath depth used in the furnace vessel. The side stirrer is arranged with a pole pitchm which exceeds twice the distance from

the iron core to the molten metal, 7 > 2 dy,.
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Furn lan

TECHNICAL FIELD

The present invention relates to a furnace plant for melting
of metal and/or holding of molten metal which at least
comprlises:

~ at least one furnace vessel with walls and a bottom intended
for molten metal and/or solid metal,

- at least one heat source which by convection and radiation
heats molten and solid metal present 1n the furnace vessel,
and

- electromagnetic means adapted to stir molten metal present

in the furnace vessel. The i1nvention preferably relates to a

furnace plant for melting and/or holding of aluminium which at
least comprises:

- a furnace chamber with at least one furnace wvessel, 1ntended

for molten and/or solid aluminium, with walls and a bottom and

at least one furnace roof arranged over the furnace vessel,
- at least one heat source which is arranged in or near the
furnace roof and which by convection and radiation heats

aluminium present in the furnace vessel, and

- electromagnetic means adapted to stir molten metal present

in the furnace wvessel.

BACKGROUND ART

During melting and/or holding of aluminium, it is known to use
electromagnetic stirrers placed below the furnace wvessel to
obtain a stirring of the molten metal in the furnace vessel

and to reduce the temperature and the concentration gradients

in the molten metal and to increase the productivity of the
furnace plant. Especially, 1t 1s deslired to reduce overtempe-
ratures at the upper surface of the molten metal. By overtem-

perature in this patent application is meant that temperature

difference which prevails between the maximum temperature to
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2
which any part of the molten metal is heated during the mel-

ting or holding and the melting temperature of the molten
metal. A great overtemperature often leads to metal losses by
oxidation and formation of dross and slag. At the same time,

5 the energy utilization of the process is negatively influen-

ced. Metal losses and a low energy efficiency are a problem 1n
so-called reverberatory furnaces where o1l and gas burners

heat the metal by convection and radiation.

10 By stirring of the molten metal, the temperature and concen-
tration gradients in the molten metal are equalized such that
overtemperatures may be reduced and the energy efficiency ot
the process be improved. This can be illustrated in that, |
during electromagnetic stirring, the effective coefficient of

15 heat conduction in the molten metal is increased more than 10
times compared with the coefficient of heat conduction in a
non-stirred melt. By effective coefficient of heat conduction
in this patent application is meant the coefficient of heat
conduction which describes the heat transport in the melt bath

20 taking into consideration both the conductive heat flux in the

molten metal and/or the solid metal and the extra contribution

in the form of the convective heat flux which i1s obtained in

the molten metal through the stirring.

25 It is known to arrange, in furnace plants for melting and
holding of aluminium, electromagnetic stirrers below the
furnace for achieving a bottom stirring, for example from US
patent US 4 294 435. Typically, this gives an increase of the

effective coefficient of heat conduction by a factor of 25-35.

30 However, in certain cases, economic and constructive complica-

tions arise when it is desired to arrange bottom stirrers

below furnaces or near the furnace bottom according to the

prior art. This is particularly noticeable in those cases

where it is intended to install stirrers 1in existing furnace
35 plants to increase the energy efficiency and productivity of
the furnace and to reduce the temperature and concentration

gradients in the molten metal. In addition, such a supplemen-
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-irrers in an existing

rendered difficult by the

F
-—
—

rfact

furnace

that the furnace is standing on a floor and that its bottom

is not, without extensive rebuilding of the Ifurne

svailable for such an installation. It 1s k

ce hall,

nown to arrange

electromagnetic means in or near the walls which separate

different mel:

achieve a stirring of the molten metal by pumping molten

metal between the different baths. n similar manner, a

- baths in a melting furnace in order

TO

—it-y

stirring can be obtained by allowing electromagnetlic means

to act on a channel which is arranged in or near the walls

with the molten metal present in the furnace

of the furnace vessel and which communicates,

at both ends,

vessel.

Further, US 4 294 435 discloses that it would be desilirable,

gri—
.

in a furnace plant for melting and holding of aluminium,

arrange elec

it
At

romagnetic means near the

means arranged in the furnace walls,

stirrer field to the molten metal present 1in the

vessel in order to achieve a side stirring.

TO

electromagnetic

so-called side

stirrers, which act through the wall and apply a magnetic

furnace

However, it 1s

not stated how side stirrers are to be designed or arranged

to achieve

present i1n the

all e,

=

priwm
—

ficient stirring of the molten metal

S da

ce vessel hs

furnace vessel when the furne

large bath surface in relation to 1its bath d

Rased on

desirable,

epth.

constructive and economlcC aspects, it

Lol

ct

S

stated above, tTo arrange

1S

electromagnetic

stirrers to act through the side walls of the furnace, side

stirrers, to achieve a side stirring. However,

means of side stirrers which are placed in or near

of the furnace

F

insufficient stirring in a furnace vessel,

vessel has been considered to

stirring by
the wall

provide

especially in a
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furnace vessel with a large bath surface in relation €O its

bath depth.

One object of the invention is to provide a furnace plant

designed and arranged such as to achieve an efficient side

stirring in a furnace vessel with a large bath surface 1in

relation  tO 1ts bath  depth, whereby  the effective

—
—

the molten metal 1is

1)

ficient of heat conduction o0

COed

increased, thus reducing the temperature and concentration

gradients and increasing the productivity and energy

)

efficiency of the furnace plant.

SUMMARY OF THE INVENTION

According to the present invention, there 1s provided a

furnace plant comprising:

-

and solid

_ at least one furnace vessel for molten meta

metal, said vessel having side walls and a bcttom;

~ at least one heater which by radiation and convection

heats at least one of 1) molten metal and 2) solid metal

present in said furnace vessel;

_ at least one electromagnetic side stirrer having at

least two phases arranged near the side walls of the

furnace vessel to act therethrough and apply a stirrer

P

field to the molten metal present in the furnace vessel;

_ the electomagnetic side stirrer comprising at least tTwo-

phase windings arranged around an 1iron core, the iron core

being arranged with a vertical extent, H, which essentially

covers a region, Dpgx, bpbetween the Dbottom and an upper

surface of the molten metal at a maximum bath depth used in

the furnace vessel, and wherein the side stirrer is
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arranged with a pole pitch 1 which exceeds twice a distance

dw from the iron core to the molten metal, T > 2 dw.

By a maximum bath depth is meant the maximum bath depth

which, under normal operating conditions, 1s used 1in the

furnace for melting and/or holding of

-

furnace plant. Normally, the maximum bath depth 1in a

aluminium 1is below 1

metre in known furnaces; most often,

the maximum bath

depth for this type of furnaces varies within the interval

0.3 to 0.9 metres.

Electric currents flow through ¢

he

side astirrer and

generate an electromagnetic field in the molten metal which

tends to create vertically directed electric currents in

the molten metal. These electric currents deflect at the

upper surface of the molten metal and at

the bottom of the

furnace vessel. Preferably, the iron core 1n the above-

mentioned side stirrer 1is arranged with a vertical extent

which exceeds the distance from the iron core to the molten

F

metal, which in furnaces for melting and/or holding oO:

aluminium often amounts to between 0

.5

preferred embodiment of the 1invention,

gr—
.
—

and 1 metre. In one

the 1ron core is

arranged with a vertical extent which amounts to between 1

and 3 times this distance, preferably between 1.5 and 3

times this distance. The distance between the iron core and

the molten metal is determined by the

L IS

lining and is thus established by pa&

influenced by the present invention,

of the molten metal and the choice of

According to a preferred embodiment of

LIme

thickness of the

ters which are not

such as the properties

o

lining material.

the invention, a

side stirrer included in the furnace plant is arranged with
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a pole pitch within the diste

the distance from the iron core

to the mol:

nce interval oi 2.5 to 5 times

~en metal.

To further increase the stirring capacity, in certain

preferred embodiments of the invention the side stirrer 1is

adapted

According to another preferred embodiment O:

frequency of 0.4 to 1.6 Hz.

to apply to the molten me:
field with a frequency of 0.2 to 2.0 Hz,

preferably with a

~al a magnetic stirrer

- the invention,

a side stirrer included in the furnace plant is adapted to

apply to the molten metal a

periodically reversed stirrer

field. Since flow in a molten metal is a relatively 1inert

phenomenon, a periodically recurring reversal results in an

additional increase of the stirring capacity. The dJgreatest

capacity is attained when the side stirrer 1is adapted to

change the intensity and direction of the applied stirrer

essentially the

maximum rotary speed to the mol-

period which

1S

field such that the stirring direction 1s

reversed after

required to 1mpart a

-en metal in one direction.

The length of such a period between the reversals may by

predetermined on the basis

of

1,

the mass of the molten mete

magnetic field.

To apply to the molten metal e

a good vyield by means of side stirrers,

furna

ce vessel adjacent the

gquantities

furnace plant, such as the geometry of

and

known for each

the furnace vessel,

the properties of the

sl1de

stirrers

arranged such that at least those magnetic

components 1n

to T

the applied stirrer

. magnetic stirrer field with

the wall of the

is preferably

field-strength

field, which gives rise

he desired stirring in the molten metal, may pass
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-h small losses and little dz

through the wall wil-

mping.

Edin

In

one preferred embodiment of the invention, this has been

achieved by providing the wall of the furnace

adjacent the side

Preferably, this has

the metallic casing

stirrers 1in a non—-magnetic

materisa

vessel

1.

been achieved by arranging a window of

side stirrer, 1in a stainless steel. Another

embodiment is especially useful 1in a

for various reasons,

walls of the furnace

walls comprise a layer of a magnetic material.

magnetic field-strength components in the stirrer

applied to the molten metal by the side stirrers,

of the furnace vessel, adjacent to one

preferred

furnace plant where,

it is desired to avoid rebuilding the

g
and

vessel in spite of the

Hh

give rise to the desired stirring in the molten metal,

in this preferred embodiment pass

small losses and 1i-

coil, supplied by di

magnet to apply a ma

anisotropically dire

through the wall wi-

act that these

Those
field

which

may

- h

ctle damping by providing at least one

rect current, or at least one permanentc

gnetic direct field to act on

of magnetic material in the wall. In this

the 1&

way,

r~

—iey

i

yer

I

cted magnetic saturation is achieved 1in

part of the mentioned wall, in a direction, the saturation

direction, which 1s

the wall and directed essentially parallel tTo

stirrer direction. A low-—:

comprising magnetic

a plane parallel

substantially oriented in the plane of

direction and perpendicular to the plane of the

thus pass through th

"requency magnetic stirrer

wall,

F

{

the desired
field
field-strength components, oriented 1n

to the above—mentioned saturation

may

e saturated part of the wall with small

losses and little damping and generate a stirrer field 1n

the aluminium melt

in the form of a magnetic alternating
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field with components directed essentially parallel to and

perpendicular to the saturation direction.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be explained 1n Jgreater

detail and be exemplified Dby means of a preferred

embodiment of a number of furnace geometries with reference

to the accompanying figures. -

Fig. 1 shows a vertical cross section of a furnace O

iy

illustrate the basic principle of the invention;

-y

10 Figs. 2a, 2b and 2c show horizontal cross sections O:

furnaces according to the invention with essentially

circular furnace vessels.

Figs. 3a and 3b show horizontal cross sections of Tfurnaces

according to the invention with essentially rectangular

furnace vessels.

Fig. 4 shows a horizontal cross—-section of a furnace,
according to the invention with a two phase stirrer.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a furnace chamber 1 1in a furnace plant

20 according to a preferred embodiment of the invention. The

furnace chamber 1 comprises a furnace vessel 2 which 1s

adapted to be filled with molten metal 25 and/or solid

metal 26 and comprises side walls 21 and a bottom 22. Above

the molten metal, there is a furnace roof 3 and 1n or near

this roof 3 there are burners 31 which are adapted to heat
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molten metal 25 and/or solid metal 26, present 1n the

furnace vessel, by radiation

and convection. The choice of

heat source is of no significance for the present invention

e d
s

and, of course, other types of heat sources, such as

electric resistor elements,

oS U

may be used 1n cases a

fficient heating capacity can be achieved by such means.

At least one two- or multiphase electromagnetic side

stirrer 4 1s arranged near

_

the wall 21 of the furnace

vessel to act through the wall 21 and apply to the molten

metal a magnetic stirrer field. The side stirrer 4

comprises at least two phase windings 43a, 43b arranged

near an iron core 41, as shown in Fig. 4, the coils 42 are

supplied with a DC current.

The iron core has a vertical

extent, height H, which essentially covers the molten

metal, that is, covers the region between the bottom 22 and

the upper surface of the molten metal, at the maximum bath

depth Dpsx in the furnace vessel. By a maximum bath depth

Dmax 1s meant the maximum bath depth which, under normal

operating conditions, is used 1in the furnace plant.

Normally, the maximum bath depth in a furnace for melting

p—
—
e

and holding o1

maximum bath depth Dpasy for

between 0.3 and 0.9 meters.

aluminium is below 1 meter; most often, the

—

this type of furnaces varies

Electric currents flow through the side stirrer .4 and

generate an electromagnetic

field in the molten metal 25

which strive to create vertically directed electric

currents in the molten metal. These electric currents

deflect at the upper surface of the molten metal and at the

el
—

bottom of the

F

furnace vessel. To achieve the effective

stirring situations i1llustra’

red by the circulation flows
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250, 251, 252, 253, 350, 351, 352 in Figs. Z2a, 2b, 2c¢, 3a

and 3b, the iron cores 1in the side stirrers used, 4, 24,

24a, 24b, 24c¢, 34, 34a and 34b, are arranged with a

vertical extent H which exceeds the distance from the iron

P

core to the molten metal, dy. In one embodiment of the

invention, H amounts to between 1 and 3 times dy,

preferably 1.5-3 times dy. The distance between the 1ron

core and the molten metal, dy, 1s determined, among other

things, by the thickness o©of the lining and i1s thus

established by parameters which are not influenced by the

P

present invention, such as the properties of the molten

metal and the choice of lining material. To obtain a more

efficient stirring in the molten metal, according to one

embodiment of the i1nvention, the side stirrers used, 4, 24,

24a, 24b, 24c, 34, 34a and 34b, are .arranged with a pole

e
e

pitch t which exceeds 2dy,, preferably a pole pitch 1 within

the distance interval 2.5d,, to 5dy,. The side stirrers 4,

24, 24a, 24b, 24c, 34, 34a, and 34b are arranged straight,
angled, or curved and they may be adapted to the outer

shape of the furnace vessel, to minimize the distance

between the iron core and the molten metal, d,,.

To further 1ncrease the stirring capacity, the side

stirrers used, 4, 24, 24a, 24b, 24c, 34, 34a and 34b, are

adapted 1in certain embodiments to apply to the molten metal

r—
—

a magnetic stirrer field with a frequency of 0.2-2.0 Hz. In

a preferred embodiment, a stirrer field with a freguency of

0.4-1.6 Hz 1s applied to the molten metal.

To further 1increase the efficiency of the stirring and

since flow 1n a molten metal 25 1s a relatively 1nert
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phenomenon. The side stirrers used 4, 24, Z24a, 24Db,

24c,

34, 34a and 34b are advantageously adapted to periodically

reverse the applied stirrer field and the stirring

thus

obtained, 250, 251, 252, 253, 350, 301, 352. The dJgreatest

capacity 1is achieved when a side stirrer 4, 24, 243,

24b,

24c, 34, 34a and 34b is adapted to change the intensity and

direction of the applied stirrer field such that

the

direction of the stirring 4, 24, 24a, 24b, 24c, 34, 34a and

——d-

34b 1s reversed at essentially the same moment as

the

molten metal reaches the maximum speed of rotation 1in one

direction. In practice, the reversal is suitably achieved

by changing the stirring direction after the period which

is required to impart to the molten metal 25 the maximum

speed of rotation in one direction. The duration of such a

period between the reversals may be predetermined on the

basis of quantities known to the furnace plant, such as the

geometry of the furnace vessel, the mass of the molten

metal and the properties of the magnetic field.

In order to apply a magnetic stirrer field to the molten

metal 25 with a good yield, the wall 21 of the furnace

vessel near a side stlrrer L4, 24, 24a, 24b, 24c, 34, 34a

and 34b is arranged so that at least those magnetic field-

strength components in the applied stirrer field, which

give rise to a desired stirring in the molten metal 25

, may

pass through the wall 21 with small losses and little

damping. In one embodiment of the invention, thi

iy

s 18

achieved by providing the wall 21 of the furnace vessel

near a side stirrer 4, 24, 24a, 24b, 24c, 34, 34a and 34D

in a non-magnetic material. In the furnace plant shown 1in

Fig. 1, this is achieved by providing a window 210

in a

- the

non-magnetic stainless steel in the metallic shell o:
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furnace vessel, adjacent to a side stirrer 4, 24, 24a, 24D,

24c, 34, 34a and 34b.

In this way, an anisotropically directed magnetic

=
r—

saturation is achieved in part of the mentioned wall, 1in a

direction, the saturation direction S, which 1s substan-

-
p—

tially oriented in the plane of the wall and directed

essentially parallel to the desired stirrer direction. A

low—-frequency magnetic stirrer field comprising magnetic

field-strength components, oriented in a plane parallel to

the above-mentioned saturation direction and perpendicular

to the plane of the wall, may thus pass through the

saturated part of the wall with small losses and little

damping and generate a stirrer field in the molten metal 1n

the form of a magnetic alternating field with components

directed essentially parallel to and perpendicular to the

saturation direction.



10

20

CA 02217329 1999-12-29

13

WHAT IS CLAIMED 15:

1.

me

he

A furnace plant comprising:

2+ least one furnace vessel for molten metal and solid

tal, said vessel having side walls and a bottom;

at L

ats a

east one heater which by radiation and convection

t least one of 1) molten metal and 2) solid metal

P

present in said furnace vessel;

_ at least one electromagnetic side stirrer having at
least two phases arranged near the side walls of the
furnace vessel to act therethrough and apply a stirrer

the

field to the molten metal present in the furnace vessel;

electromagnetic side stirrer comprising at least

two—-phase windings arranged around an iron core, the iron

CO

re being arranged with a vertical extent, H, which

essentially covers a region, Dpagxr, between the bottom and

an upper surface of the molten metal at a maximum bath

depth used in the furnace vessel, and wherein the side

stirrer is arranged with a pole pitch Tt which exceeds twice

nce dw from the iron core to the molten metal

a distsa
T > 2Z2dw.
2 . A

furnace plant according to claim 1, wherein said

iron core has a vertical extent, H, which amounts to 1 to 3

times the distance dw from the iron core to the molten

metal, dw < H < 3 dw.

3.

A

furnace plant according to claim 1, wherein said at

least one side stirrer is arranged with a pole pitch T

Wl

ithin an interval of 2.5 to 5 times the distance dw Ifrom

the iron core to the molten metal, 2.5 dw < 1 < 5 dw.
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4 . A furnace plant according to claim 1, wherein said at
least one side stirrer 1s adapted to apply to the molten
metal a magnetic stirrer field, a magnetic alternating

field, with a frequency of 0.25 to 2.0 Hz.

5. A furnace plant according to claim 1, wherein said at
least one side stirrer 1is adapted to apply to the molten

metal a periodically reversed magnetic stirrer field.

6 . A furnace plant according to claim 1, wherein the

walls of the furnace vessel near sailid at least one side

10 stirrer are formed of a non-magnetic material.

7. A furnace plant according to claim 1, wherein the side
walls of the furnace vessel comprise a layer of a magnetic
material and at least one coil, supplied with direct
current, adapted to apply a magnetic direct field to act on
the magnetic material in the side wall and to achieve an

anisotropically directed magnetic saturation 1n part of

said side wall, 1n a saturation direction, which 1s
substantially oriented in a plane of the wall and directed
essentially parallel to a predetermined stirrer direction,
20 whereby a low-frequency magnetic travelling alternating
field, comprising magnetic field strength  components
oriented in a plane parallel to said saturation direction
and perpendicular to the plane of the wall, passes through
the part of the side wall with said anisotropically
directed magnetic saturation and generates a stirrer field
in the molten metal in the form of a magnetic alternating
field with components directed essentially parallel to and

perpendicular to said saturation direction.



10

20
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8 . A furnace plant according to claim 1, wherein the side
walls of the furnace vessel comprise a layer of a magnetic
material and at least one permanent magnet, adapted to
apply a magnetic direct field to act on the magnetic
material 1n the side wall and to achieve an anisotropically
directed magnetic saturation 1in part of said side wall, in
a saturation direction, which 1is substantially oriented in
a plane of the wall and directed essentially parallel to a

predetermined direction, whereby a low-frequency magnetic

travelling alternating field, comprising magnetic field-
strength components oriented 1n a plane parallel to said
saturation direction and perpendicular to the plane of the
wall, passes through the part of the side wall with
anisotropically directed magnetic saturation and generates
a stirrer field in the molten metal in the form of a
magnetic alternating field with components directed
essentially parallel to and perpendicular to saild

saturation direction.

9. A furnace plant according to any one of claims 1 to 6,
comprising a window (210) formed of a non-magnetic
stainless steel, the window being provided in a metallic
shell of the furnace vessel (2), adjacent to said at least

one side stirrer (4, 24, 24a, 24b, 24c, 34, 34a, 34Db).
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