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[57] ABSTRACT

Apparatus for cooling a product emerging from a
mold, in which a coolant is directed upwardly through
a casing surrounding the product as the product
moves downwardly through the casing from the mold.
The casing has an internal cross section similar in
shape to but larger than the cross section of the prod-
uct.

7 Claimé, 1 Drawing Figure
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APPARATUS FOR THE COOLING OF A
CONTINUOUSLY CAST PRODUCT

This is a division of application Ser. No. 324,367,
filed Jan. 17, 1973, now Pat. No. 3,820,584.

The present invention relates to an apparatus for di-
rectly cooling a product emerging from a mold for the
continuous casting of molten metals, and especially
metals having a high melting point such as steel.

The procedure for cooling an ingot-forming mass in
a continuous casting process is generally performed in
two successive steps. During the first step, or the pri-
mary cooling step, the metal is maintained in a continu-
ous flow inside a chilled open-ended mold, the inner
walls of said mold being cooled by means of a cooling
medium such as water. During the primary cooling
step, the removal of heat from the product occurs
through conduction by direct contact of the product
with the inner mold walls. As the ingot-forming mass is
displaced downwardly, a solid outer surface is formed
which tends to shrink away from the mold walls, thus
impeding the transfer of heat from the product to said
walls. .

In order to increase the output of a continuous cast-
ing plant, the ingot forming mass must be preferably
subjected to a rapid cooling action as it. emerges from
the mold, said rapid cooling allowing for an increase of
the casting rate. The ingot-forming mass is therefore
usually subjected to a second cooling operation, or sec-
ondary cooling, consisting of a direct action of a cool-
ing medium such as water on the ingot surface.

It has already been proposed to perform the opera-

tion of secondary cooling by means of water sprays di-
rected at the product. Since the surface temperature of
the product is very high, a barrier of steam builds up at
the surface of the product, said barrier greatly imped-
ing the cooling effect of the water sprays. It is moreover
difficult by this technique to insure evenness of the
cooling effect at each point of the product surface.

French Pat. No. 903,950 describes a means for cool-
ing a product in which the product is cooled by directly
contacting said product by a flow of coolant at atmo-
spheric pressure moving upwardly around the product.
This patent does not disclose the provision of any
means for preventing the possible lack of contact be-
tween the cooling medium and the product resulting in
the minimizing of the cooling action of the cooling me-
dium.

French Pat. No. 1,280,293 describes a method in-
cluding the step of cooling a product by establishing a
jacket of cooling medium continuously flowing down-
wardly, said cooling medium being laterally confined in

‘a hollow open ended casing surrounding the product.
The casing bears a plurality of apertures oriented in the
direction’ of displacement of the flow substantially
along its entire length for supplying water to the gap be-
tween the casing and the product surface. This method
of cooling provides for circulating a sheet of water in
rapidly flowing state at the surface of the product and
has the benefit of the high value of the heat transfer co-
efficient thus obtained between the product and the
water. The speed imparted to the water sheet theoreti-
cally permits fhishing away of the-steam which is likely
to form by local vaporization of the water contacting
the product surface. It is however difficult to insure ho-
mogeneity in a downwardly circulating sheet of water
freely escaping at the atmosphere. Consequently, this
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method does not prevent the undesirable reduction in
contact between the liquid cooling medium and the
product surface.

The object of the present invention is to obviate or
mitigate the above-mentioned difficulties particularly
with regard to the maintaining of contact of a circulat-
ing sheet of water with a product surface at high tem-
perature to allow for a rapid and even cooling of an in-
got-forming mass being cast in a vertically operating
continuous casting apparatus.

To this end, the invention provides a method for
cooling a moving product at the emergence of said
product from a vertical continuous casting mold
through direct action of a continuously moving sheet of
a cooling medium displaced at high speed at the surface
of the product in a direction parallel to the direction of
displacement of the product. The cooling medium is
laterally confined in an annular space surrounding the
product and the cooling medium is continuously admit-
ted in the lowest region of the annular space and is dia-
placed upwardly in said annular space.

The invention also provides an apparatus for the per-
formance of the method, said apparatus comprising a
hollow vertical casing having an inner cross sectional
area which is similar to the cross sectional area of the
cast product and larger than said cross sectional area
of said product. The casing extends substantially coaxi-
ally with the product; and a supply head is arranged in
fixed coaxial relationship with the lowest extremity of
the casing. The supply head has an annular chamber
connected to a source of a liquid medium under pres-
sure and comprises a plurality of upwardly oriented ap-
ertures for communicating said chamber with an axial
opening of the supply head of substantially the same
cross sectional area as the inner cross sectional area of
the casing. The apertures are oriented to conduct the
cooling medium to said axial opening along an up-
wardly directed path which forms an angle at least
equal to 135° with the vertical direction.

An apparatus according to the present invention may
further comprise centering means consisting of a set of
sprays of a fluid medium showering from a centering
device attached to the supply head, said fluid sprays
being directed at the product substantially perpendicu-
larly to the outer surface of said product.

The apparatus according to the present invention
may further comprise loss of head means located near
the upper end of the casing, said means being adapted
to generate a loss of head in the cooling medium flow
escaping through said upper end.

According to the method of the invention, the direct
cooling of a vertically cast ingot-forming mass is
achieved by contacting the surface of said product with
a homogeneous flow of a cooling medium displacing
upwardly at high speed in a confined space surrounding
the product. The speed value for the cooling medium
may be determined through a calculation well known
in the art, said speed value being such that ebullition of
the cooling medium under such conditions as to give
rise to calefaction is prevented at every point of the up-
wardly displacing flow. The minimum value of the
speed of the cooling medium for given conditions of
casting depends from the initial feed temperature of the
cooling medium, the geometry of the apparatus, partic-
ularly the actual length of the casing surrounding the
product, and the degree of solidification of the product
at the beginning of the procedure of direct cooling.
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The use of an ascending direction of displacement of
the cooling medium according to the method greatly
fosters the maintenance of a homogeneous flow inside
the casing by preventing local discontinuance of
contact between the cooling medium and the surface of
the product, and further allows for a rapid suppression
of the harmful consequences, as regards the efficiency
and evenness of cooling, and of the occurrence of local
calefaction likely to result from possible momentary
changes in the conditions of casting or from any other
variation in the cooling procedure.

Further features and advantages will appear from the
following description, given by way of example only
and with reference to the single attached drawing
which represents a cross-sectional view of an apparatus
according to the present invention for the so-called sec-
ondary cooling of a cylindrical billet of circular shape
in the course of being formed in a vertical continuous
casting machine.

In order that the invention will be more clearly un-
derstood, it will now be disclosed in greater detail with
reference to the accompanying drawing, wherein the
central figure of the drawing is a cross-sectional view
of a device in accordance with the invention.

Referring now to the figure, an apparatus according
to the invention comprises a tubular open-ended casing

1 coaxially arranged around a billet 2 over a given ver-.

tical length, an annular space 3 being formed between
said tubular casing and the surface of the billet. The bil-
let extends inside and below a suitable vertical continu-
ous casting mold (not shown) of conventional design.
The vertical distance between the upper end of the tu-
bular casing 1 and the lower end of the mold may vary
according to specific embodiments provided there re-
mains substantial clearance between the casing extrem-
ity and the mold. The tubular casing 1 may be ar-
ranged, for example, below the contact rolls generally
provided below the mold in the technique of continu-
ous casting. It should however be understood that the
casing 1 is arranged in a region where the billet-forming
mass still has an internal molten portion, or in other
words, that the casing 1 extends vertically in the so-
called secondary cooling zone.

During the process of casting, the billet is axially sub-
jected to a continuous downward displacement and
may also be subjected to rotation around its own axis.

A supply head 4 is attached to the lower end of the
tubular casing 1. The supply head is provided with a
central axial circular opening 5 forming a passage of
substantially the same shape and dimension as the tu-
bular casing. The supply head comprises an annular
chamber 6 adapted to communicate with a source .of
water under pressure through a flexible inlet tube 7.
The chamber 6 further communicates with the axial
opening 5 through a plurality of regularly angularly
spaced apertures 8, the apertures being directed up-
wardly from the chamber 6 so as to form a 165° angle
with the vertical direction. The opening 5 of the supply
head may have a conical recess 9 arranged in the outlet
region of apertures 8, the generatrix of said conical re-
cess being substantially parallel to the axis of the aper-
tures. The upper end of the tubular casing 1 may open
freely to the outside or may preferably be associated
with the loss of head means consisting of a ring 10 co-
axially arranged with the casing near the upper extrem-
ity of said casing. The upper end of the casing is cen-
tered coaxially with the billet and is suitably attached

5

20

25

30

35

45

50

65

4

to a supporting structure not shown. An advantageous
embodiment for supporting and centering the casing
comprises means for coupling the upper end of said
casing to the supporting structure in such a fashion that
the casing and the supply head attached thereto may
freely swing relatively to a vertical direction, for exam-
ple, by hanging said casing to a so-called universal joint
of conventional design comprising an inner ring 15 at-
tached to the upper end of casing 1 and adapted to ro-
tate around two horizontal spindles 17 having a com-
mon axis. The spindles 17 journal in an outer ring 16,
said outer ring being rotatably connected to the sup-
porting structure by means of two spindles (not shown)
having a common horizontal axis lying at 90° of the axis
of the spindles 17. Self-acting centering means may be
advantageously attached to the supply head. The self-
acting centering means comprises a-hollow annular
member 11 the inner diameter of which is slightly
greater than the diameter of the billet. The annular
member 11 is arranged underneath said supply head
and is attached thereto by means of flanges 12. The
hollow annular member 11 comunicates with a source
of a fluid medium under pressure through flexible tube
13 and is provided with a plurality of regularly angu-
larly spaced apertures 14. The axes of said apertures
are oriented perpendicularly to the axis of the annular
member 11, said apertures being adapted to direct the
fluid medium at the surface of the billet. The fluid me-
dium may be a liquid medium such as water, or a gas
such as air.

The process of the present invention is carried out as
described hereinbelow.

A cooling medium such as water is introduced under
pressure to the chamber 6 of the supply head, said cool-
ing medium entering the passage 5 through oriented
apertures 8. The cooling medium flow separates into
two streams at the outlet of said apertures, the general
direction of the first stream corresponding to a vertical
upwardly oriented flow. The cooling medium enters the
annular space 3, the directional change imparted to
said first stream at the outlet of apertures 8 being pro-
gressive and thus inducing in the corresponding flow,
a substantially small loss of head. The general direction
of the second stream corresponds to a vertical down-
wardly oriented flow, the directional change imparted
to said second stream at the outlet of apertures 8 is
abrupt and thus induces a substantially large loss of
head in the corresponding flow.

The distribution of the total flow conveyed through
apertures 8 of the supply head between the two previ-
ously mentioned streams depends, for a given orienta-
tion of apertures 8, on the amount of kinetic energy im-
parted to the cooling medium. The kinetic energy de-
pends on the value of the total flow and the design of
the apertures. These parameters are obviously so deter-
mined in relation to the actual length of the casing as
to allow for the building up of an ascending stream of
water rising at least up to the upper extremity of the
casing and further flowing at the outside of said casing
through said extremity, the actual operation of cooling
of the billet being accomplished by said ascending
stream of water. The minimum total flow entering the
chamber 6 of the supply head and corresponding to the
requirement set forth can be readily determined
through calculation or experimentation for each spe-
cific case. Although said requirement should be
stressed as essential to the carrying out of the process,
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the corresponding minimum total flow value need not
be critical since the actual minimum value is imposed
by heat transfer requirements to be met between the
product to be cooled and the cooling medium, as will
be further developed hereinbelow.

One may evaluate the efficiency of the operation of
secondary cooling for a given product in the course of
being cast in a continuous casting machine by deter-
mining the depth of the downwardly decreasing inter-
nal molten portion or liquid pool of metal maintained
inside the product. It is already known that said depth
may be substantially diminished, and therefore the
cooling effect accelerated through cooling the product
by means of a sheet of a cooling medium displacing at
high speed at the surface of said product, the heat
transfer coefficient between the product and the cool-
ing medium actually increasing with the speed im-
parted to the cooling medium. The minimum value of
said speed may be evaluated through calculation for a
given product in order to meet the requirement accord-
ing to which the surface temperature of said product
should be permanently maintained during the cooling
action of the sheet of cooling medium at a value which
is kept below the temperature value which causes ebul-
lition of the cooling medium flowing along said surface
under such conditions that the ebullition gives rise to
calefaction, said calefaction resulting in the localized
drying up of the product surface. The principles of this
calculation may be found in the book of W. H. McA-
dams Heat Transmission, McGraw Hill Publishing
Company Ltd., New York. The corresponding mini-
mum total flow for the cooling medium is derived from
said minimum speed value for a given geometrical con-
figuration of the apparatus.

In order to meet the conditions of the heat transfer
hereinabove mentioned, it is required that the flow of
the cooling medium should remain homogeneous at
least in a region adjacent to the surface of the product
to be cooled, or in other words, and this defines what
is meant herein by the eéxpression ‘‘homogeneous
flow”, that the surface of the product is permanently
kept in contact with a continuous sheet of a cooling
medium moving at said surface. The lack of contact or
if there is no contact, it would actually cause a distur-
bance of the cooling action which would likely result in
at least local calefaction in the flow and further distur-
bance of said cooling action. The use of an ascending
direction of displacement of the flow of the cooling me-
dium inside the casing, according to the process of the
invention, substantjally insures the maintenance of per-
manent contact between the cooling medium and the
surface of the product in the confined region delimited

'by the casing, since downwardly acting gravity forces
developing in the flow inside said confined region in
opposite direction to the direction of the speed of the
cooling medium substantially foster the maintenance of
said contact because the static pressure at each point
of said confined region is permanently maintained at a
greater value than the value of the atmospheric pres-
sure.

The loss of head created by ring 10 in the upper re-
gion of the casing and corresponding to a throttling of
the flow in said region allows for an amelioration of the
homogeneousness in the flow particularly in said upper
region. The provision of said loss of head creating
means forms an advantageous embodiment of the ap-
paratus although this provision is in no way necessary
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for the performance of the process according to the
present invention.

The downwardly flowing liquid stream represents but
a small percentage of the value of the total flow enter-
ing chamber 6 for the high value taken by said total
flow for meeting the cooling requirements. The down-
wardly flowing stream corresponds to a highly hetero-
geneous flow of liquid because of the abrupt directional
change imparted to said stream at the outlet of the ap-
ertures of the supply head and the presence of gravity
forces acting in the same direction as the stream direc-
tion to lower the actual static pressure in said stream.
The downwardly flowing stream tends to oppose the
entry of air in the region located between the surface
of the product and the supply head.

At the occurrence of local calefaction resulting from
temporary variation of one of the factors from which
depends the heat transfer procedure between the prod-
uct and the cooling medium, the steam which may form
is upwardly flushed away through the combined action
of the speed of the upwardly flowing stream and the
lifting power resulting from the difference in density;
consequently, said steam does not disturb the homoge-
neousness of the ascending stream of liquid for any ex-
tent of time. The same applies in case of air which may
enter the casing from below through the annular open-
ing between the supply head and the product.

The actual thickness of the sheet of water provided
in the space 3 is determined as a compromise. Too
small a clearance between the product surface and the
casing may be prejudicial to the cooling action, be-
cause scale may loosen from the product surface and
block the gap between said surface and the casing, and
limited displacement of the product relative to the cas-
ing may locally hinder the passage of the cooling me-
dium. On the other hand the clearance should be small
enough that the total flow output remains reasonably
small. Said thickness value is preferably chosen be-
tween 3 and 10 mm depending on the type of product
being cast.

The centering means comprising member 11 is
adapted to prevent the supply head from contacting the
product surface in the event of the displacing of the
product during the passage of said product inside the
apparatus, the position of the product at the entrance
of said apparatus being itself determined by the contact
rolls generally provided below the mold along the path
of said product. The fluid sprays forced through aper-
tures 14 of member 11 permit a limited lateral displace-
ment of the product for correctively displacing member
11 and the supply head and casing attached thereto.
The displacement results from the changes in reaction
of said sprays upon said member. The centering of the
apparatus relatively to the product is thus permanently
and automatically obtained.

Experiments which have been conducted on the pro-
cess have shown that the efficiency of the operation of
cooling a product, according to the method, was sur-
prising to such an extent that it has been at times neces-
sary to mitigate the corresponding cooling action, for
example, through judiciously selecting the length of the
casing and the emplacement of the casing relative to
the mold, said emplacement determining the actual lat-
eral extent of the liquid pool at the beginning of said
cooling action, in order to prevent, for a given product
and a given rate of casting, such an efficiency in the
cooling process that it may be harmful to the product.
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As far as it has been known, such a result has not been
controllably obtained thus far by known methods for
the so-called secondary cooling of an ingot-forming
mass of a metal having a high melting point such as
steel in the course of being cast in a continuous casting
machine.

An example of the operation of an apparatus for the
carrying out of the method will now be given, said ex-
ample pertaining to the cooling of a billet of 120 mm
diameter at the emergence of a vertically arranged con-
tinuous casting mold of conventional design. The cool-
ing apparatus comprised a 1.40 m length casing with an
inner diameter of 130 mm and the attached supply
head was provided with 108 apertures each of a diame-
ter of 2.8 mm, the axis of said apertures being upwardly
oriented at 170°. The emplacement of the upper end of
the casing was located 2.7 m below the lower extremity
of the mold, the average diameter of the liquid pool at
the level of said upper end of the casing being 70 mm,
the billet having been subjected to conventional cool-
ing by means of sprays at the immediate emergence of
the mold. The minimum value of the total flow sup-
posed to enter the supply head and corresponding to a
zero speed in the casing, or in other words, the mini-
mum value of the total flow for which an ascending
stream of water forms in said casing was 14m3/h. The
temperature of casting of the metal was 1540°C = 5°C
and the cast metal was a carbon steel with 0.18% C, the
casting rate being 2.3 m/mn. For these values, the heat
flux to be extracted by the cooling medium with an im-
posed value of the temperature of the product surface
of 100°C was computed to be 630 W/cm2 at the level
of the upper end of the casing, e.g., at the beginning of
the cooling process, the heat flux to be extracted at the
level of the apertures of the supply head being 200
W/cm2, the evolution of the extracted heat flux be-
tween these two values rapidly decreasing to 310
W/cm2 from said level of the upper end of the casing
to a level located 20 cm below said upper end level and
further progressively decreasing to the 200 W/cm2
value.

These flux values allow for a trial and error calcula-
tion of the speed to be imparted to the sheet of water
and taking into account the relationship between the
heat transfer coefficient between the cooling medium
and the product and the speed imparted to the cooling
medium, with the requirement of preventing the build-
ing up of calefaction during the cooling action. This re-
quirement was found to be met at the upper end of the
casing, where the cooling action is most critical, for a
speed value of 3.5 m/sec., corresponding to a flow of
the ascending stream of 25 m%h. The value of the total
flow input to the supply head corresponding to said
value of the upwardly displaced flow was computed to
be 32 m3/h for the geometrical configuration of the ap-
paratus set forth. The actual flow imput was therefore
set at 32 m3/h.

The actual depth of the liquid pool for a conventional
procedure of cooling by means of water sprays acting
on the product surface for substantially the whole
length of said product was 8 m. The actual depth of the
liquid pool with the use of the apparatus described
hereinbefore and with a total flow input of 32 m?%h was
observed to be set around 4 m, which means that the
product was completely solidified at the emergence of
the apparatus. Although this complete solidification
need not be a result to aim at for all specific applica-
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tions, this experimental result provides evidence that
the efficiency of the method is surprisingly high.

The carrying out of the process according to the pres-
ent invention therefore allows for substantially increas-
ing the rate of casting of a product being formed in a
continuous casting machine provided in the secondary
cooling zone with an apparatus of the art described,
since the depth of the liquid pool is related to said rate
of casting. The output of the casting machine may thus
be substantially increased while insuring evenness: of
the cooling action over the product.

We claim:

1. An apparatus for cooling an ingot-forming mass
from a vertical continuous casting mold as the mass
emerges vertically downward from the mold, compris-
ing a hollow vertical casing having an inner cross-
sectional area of a shape similar to the cross-sectional
area of said mass and larger than the cross-sectional
area of said mass, said casing being positioned to ex-
tend coaxially with the mass over a given length
whereby the mass may pass downwardly through said
casing, and a supply head positioned coaxially on the
lower end of said casing, said supply head having an an-
nular chamber, means for emitting a supply of pressur-
ized liquid cooling medium to said annular chamber,
said supply head further having an axial opening at its
upper end aligned with the inside of said casing, said
axial opening having a conical recess with a vertical ex-
tending axis, the larger diameter end of said conical re-
cess extending downwardly, and a plurality of apertures
extending upwardly from said annular chamber to the
bottom of said conical recess, whereby coolant fluid
emitted to said annular chamber under pressure is di-
rected upwardly in the space between said casing and
said mass in which it is moved with a high speed.

2. The apparatus of claim 1 wherein said apertures
are directed at an angle of at least 135° with respect to
the downward vertical movement of said mass.

3, The apparatus of claim 1 further comprising cen-
tering means for centering said mass within said casing,
said centering means comprising a hollow annular
member positioned beneath said supply head, said hol-
low annular member having a plurality of inwardly di-
rected apertures for directing a fluid under pressure ra-
dially inward towards the surface of said mass as it
emerges downwardly from said supply head.

4. The apparatus of claim 1 further comprising loss
of head generating means positioned in said casing at
the upper end thereof for throttling the flow of said lig-
uid cooling medium at the upper end of said casing.

5. The apparatus of claim 4, wherein said loss of head
generating means comprises a ring affixed to said cas-
ing and being positioned coaxially within said casing in
the proximity of the upper end thereof, the central
opening of said ring having a cross-sectional area
smaller than the internal cross-sectional area of said
casing and larger than the cross-sectional area of said
mass in a plane normal to the axis of said casing.

6. The apparatus of claim 1 further comprising sup-
port means for supporting said casing, said support
means comprising universal joint means affixed to the
upper end of said casing.

7. The apparatus of claim 1 wherein the angle of the
generatrix of said conical recess with respect to the di-
rection of movement of said mass is the same as the
angle of said apertures with respect to the direction of

movement of said mass.
* * * * *
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