
July 29, 1947. E. W. SPOONER 2,424,640 
APFARAUS FOR CASTING SETAS CONTROSS: 

Filed Oct 2, 942 3. Sheets-S6 

  

  

  

  



H. W. SPOONER 2,424,640 July 29, 2947. 
APPARAUS FOR CASTING SETALS CONTINUOUSLY 

3 Seesa Sheet, 2 942 2. Filed Oct. 

SSSSSSSS 
| | 

| | | |- 

NVENOR 

AORNEYS 

  

  

  

  



2,424,640 E. W. SPOONER 

APFARAUS FOR CASTING EAS CONTINUOUSLY 
July 29, 1947. 

3. Sheets-Sheet 3 942 Siled Oct 2, 

????????????? 

AORNEYS 

  



Patented July 29, 1947. 

UNITED STATES PATENT 
2,424,640 

2424,640 

OFFICE 
APPARATUs FoR CASTING METALs 

CoNTNUOUSLY 
Henry W. Spooner, Short Hills, N.J., assignor 

Erving Rossi, West Orange, N. J. 
to 

Application October 21, 1942, Serial No. 462,791 
(C. 22-5.2) 5 Claims. 

This invention relates to apparatus for casting 
metals continuously, that is, apparatus in which 
molten metal is poured continuously into One end 
of a mold and solidified ingot is removed contin 
uously from the other end. 
It is an object of the invention to provide ap 

paratus having a mold in which improved cooling 
conditions may be maintained during the cast 
ing operation, in order to improve operating con 
ditions and to improve the quality of the solidified 
ingot. \ . . . 

Other objects and advantages of the invention 
will appear hereinafter. 
A preferred embodiment of the invention se 

lected for purposes of illustration is shown in the 
accompanying drawings, in which, 

Figure 1 is a front elevation of the casting 
mold. 

Figure 2 is a vertical section therethrough. 
Figure 3 is a transverse section on the line 3-3 

of Figure 2. 
Figure 4 is a transverse section on the line 4-4 

of Figure 2. 
Figure 5 is a vertical Section through the mold 

liner. 
Figure 6 is a fragmentary side elevation of the 

mold liner. 
Figure 7 is an enlarged fragmentary section 

showing the means for Securing the lower Water 
jacket. 

Figure 8 is an enlarged vertical section showing 
the lower packing ring. 

Referring to the drawings, the apparatus illus 
trated is particularly designed for use in connec 
tion with the practice of the continuous casting 
process disclosed in Junghans Patents NoS. 
2,135,183 and 2,135,184, in which the casting 
mold is reciprocated longitudinally of the solidi 
fied ingot in timed relation therewith in the man 
ner described in said patents, but since the re 
ciprocation of the mold forms no part of the pres 
ent invention, the means for effecting such recip 
rocating movement are not shown herein. Fur 
thermore, while the present apparatus is particu 
larly designed for use in connection with the 
Junghans process, it will be understood that it 
may also be employed to advantage in other con 
tinuous Casting processes, 
In the commercial Operation of the Junghans 

process, both in Germany and the United States, 
it has been the practice to use a Water Cooled 
mold and to spray additional cooling water di 
rectly against the ingot immediately below the 
bottom of the mold as the ingot emerges there 

O 

addition to that removed through the water 
jacket of the mold itself. This idea was not Orig 
inal with Junghans, for even in the early develop 
ment of the art it had been proposed to apply 
cooling fluid directly to the ingot (see Trotz 
894,410, Douteur 944,668 and Coats 1,503,479), 
and this practice has also been adopted by more 
recent inventors (see Williams 2,079,644). 
The practice of spraying the emerging ingot as 

employed in the commercial operation of the 
Junghans process has been useful, but I have ob 
served two difficulties, (1) that the quantity of 
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heat which can be removed by Spraying is limited 
and (2) that heat removal by spraying is uneven, 
frequently resulting in greater cooling on one side 
of the ingot than on the other, with consequent 
curvature of the ingot. In cases where it has 
been attempted to apply water directly to the 

20 
ingot in a manner similar to that proposed by 
Coats, 1,503,479, curvature and even cracking of 
the ingot frequently resulted because of uneven 
Cooling. . 

I have discovered that the constant mainte 
nance of even cooling conditions is an important 

25 prerequisite of successful continuous casting, and 
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that such conditions should be maintained 
throughout the cooling Zone. An object of the 
present invention is to provide for the mainte 
nance of such conditions. m 
As shown, the mold liner has a flanged upper 

end which is bolted to a plate 2 forming a cover 
for the Water jacket 3. The water jacket is di 
vided into several compartments, an outer cham 
ber 4, herein designated as the inlet chamber, a 
chamber 5, herein designated as the outlet cham 
ber, a chamber 6, herein designated as the dis 
tributing chamber, and a chamber 7, herein des 
ignated as the cooling chamber. Cooling water 
enters the inlet chamber 4 through pipe 8 and 
passes from this chamber to distributing chamber 
6 through two oppositely disposed pipes 9, 9. 
A partition wall to separates the distributing 

chamber from the cooling chamber, and this wall 
is provided with a plurality of vertical slots , 
preferably staggered and alternating from the top 
and bottom and distributed at intervals around 
said wall. The slots are preferably narrow so 
that water flowing through them is discharged 
in the form of flat jets, and for best results the 
slots are cut at an angle to radii passing through 
them. Such that the jets are discharged more or 
less tangentially to the wall of the mold liner. 
One of the causes of uneven cooling is the pres 

ence of steam bubbles on the Outside Surface of 
from in order to remove heat from the ingot in 55 the mold liner. Furthermore, such steam bubbles 
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tend to insulate the mold liner and reduce the 
rate of heat transfer therethrough. By direct 
ing the jets as above described, and by thus ce 
ating a rapid circulation of the cooling water 
around the mold liner, the formation of such 
steam bubbles is substantially reduced, and such 
bubbles as tend to form are quickly swept off and 
condensed. 
The mold liner is preferably made of metal of 

good thermal conductivity, such as copper, and 
the outside surface of the mold liner is preferably 
grooved as indicated at 12, to increase the surface 
for heat transfer. Such grooves are inclined up 
wardly at an angle of 45, which, in cooperation 
with the rotary circulation of the surrounding 
water tends to throw the hottest water upwardly, 
thus moving it out of the cooling chamber 6 
through the space 3 provided for this purpose. 
The water leaving the cooling chamber flows 

into the outlet chamber 5, and overflows through 
a plurality of pipes f4 which extend through the 
bottom of the outlet chamber. The lower ends 
of the pipes 4 are provided with nozzles 5 for 
a purpose hereinafter described. 
Immediately below the water jacket 3 is a 

second water jacket in which cooling water is 
applied directly to the ingot. The said jacket 
comprises a cylindrical uppersection 20, a tapered 
midsection 21 and a cylindrical lower section 22. 
Secured to the lower end of the section 22 is a 
packing ring 23 described in detail hereinafter. 
The length of the mold liner and its surround 

ing water jacket relative to the length of the lower 
water jacket is subject to adjustment depending 
on the type of metal being cast and on operating 
conditions such as the desired rate of withdrawal 
of the ingot. In the embodiment shown, the 

4. 
moved at the bottom of the jacket through nip 
ples 2 in the packing ring, said nipples being 
connected to risers 28 terminating in return bends 
29 which discharge into funnels 30. 
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By adjusting the length of the risers 28 the 
level of the water in the lower water jacket may 
be adjusted as desired. As shown, the length of 
the risers is such as to just maintain the jacket 
full of water, but by increasing the length of the 
risers somewhat, the cooling water may be forced 
up into the space between the wall of the ingot 
and the wall of the mold. By still further in 
creasing the length of the risers, the apparatus 
may be used for practicing the process described 
in Junghans application Serial No. 211,651, filed 
June 3, 1938, in which cooling water is forced 
upwardly to a point above the surface of the 
molten metal. . 
The lower water jacket may be secured to the 

upper water jacket in any suitable manner, but 
for convenience in operation and maintenance it 
is preferably removable. For this purpose a 
channel 3 is secured to the upper edge of the 

mold liner is relatively short, for experience has . 
shown that it is only necessary to extend the liner 
downwardly a distance sufficient to permit a rela 
tively thin shell of metal to solidify on the outside 
of the ingot while contained therein. Therefore, 
since the direct application of cooling water to 
the ingot results in more eficient heat removal 
than is possible through the mold liner, it is ad 
visable to make the mold liner as short as possible 
consistent with the formation of an outer shell 
of a thickness sufficient to sustain the molten 
metal in the interior. The interior of the ingot 
may remain in molten condition for a consider 
able distance below the mold liner of course, as 
indicated by the dotted line 25, Figure 2, repre 
senting a typical condition in actual operation. 
In general, it may be observed that the more rapid 
the rate of withdrawal of the ingot, the deeper 
the molten metal will extend, it being necessary 
merely to insure that the ingot is completely solid 
ified on emerging from the lower water jacket. 

Cooling water is supplied to the lower water 
jacket through the pipes 4 and nozzles 5 previ 
ously referred to, the nozzles being arranged to 
direct jets of water substantially tangentially to 
the ingot as shown in Figure 4. It is also advis 
able to stagger the nozzles on two or more levels 
as shown in Figure 2. In this manner a rotary 
circulatory motion of the cooling water is set up 
in the lower water jacket which again, as in the 
upper water jacket, reduces the formation of 
steam bubbles and sweeps off those which tend 
to form, thus promoting even and rapid cooling. 
The rotary circulation induced by the nozzles 
extends downwardly substantially to the bottom 
of the water jacket and the tapered form of the 
midsection 2 increases the velocity of the down 
wardly flowing water. The heated water is re 
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section 20, and a packing ring 32 is mounted in 
the channel. Studs 33 are threaded into the sup 
porting flange 34 of the upper jacket and extend 
through slots in the lugs 35 mounted on the side 
wall of the section 20. By setting up on the nuts 
36 the packing ring is pressed against the bot 
tom plate of the upper jacket to provide a water 
tight seal. 

It is important also to provide a satisfactory 
packing at the bottom of the lower water jacket 
to prevent leakage of water around the surface 
of the ingot. For this purpose I provide a cylin 
drical rubber packing or gasket 37 which is 
located between the flange 38 of the ring 23 and 
an inner ring 39 in such manner that the upper 
edge of the packing is bent inwardly and held 
against the surface of the ingot. The ring 39 is 
held in fixed position by a plurality of bolts 40 
threaded into the ring 23 and extending through 
lugs formed in ring 39. The packing may be 
adjusted against the ingot by gland ring 4f hav. 
ing lugs 42 at intervals engaged by studs 43. By 
setting up on nuts, 44, the packing may be forced 
upwardly and inwardly, so that it may be ad 
justed for wear, and to apply the necessary pres 
Sure to prevent leakage. 
The apparatus is operated in a manner gen 

erally similar to that described in the Junghans 
patents previously referred to, molten metal pref 
erably being continuously supplied to the open 
upper end of the mold through a tube 45, the 
orifice of which is below the surface of the molten 
metal. At the same time the solidified ingot is 
Withdrawn continuously from the lower end of 
the mold, the rate of withdrawal being controlled 
by power driven rollers (not shown) which en 
gage the ingot. 

It will be understood that the invention may 
be variously modified and embodied within the 
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scope of the subjoined claims. 
I claim as my invention: 
i. A mold for continuous casting machines, 

comprising, a mold liner and a Water jacket sur 
rounding said mold liner, the outside wall of said 
Inold liner having inclined grooves formed 
therein, said water jacket having a cooling cham 
ber immediately surrounding said mold liner, and 
a distributing chamber surrounding said cooling 
chamber, said distributing chamber being sepa 
rated from said cooling chamber by a partition 
having slots therein providing communication 

75 between said chambers, said slots being formed 
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at an angle such as to discharge jets of cooling 
Water substantially tangentially to said mold 
liner and in the direction of the upward inclina 
tion of said grooves. 

2. A mold for continuous casting machines, 
comprising, a mold liner and a Water jacket Sur 
rounding said mold liner, a second water jacket 
below said mold liner, the water in said second 
water jacket being applied directly to the ingot, 
and a plurality of pipes through which water 
may flow from the first water jacket to the Sec 
ond Water jacket, said pipes terminating in nozzles 
directed so as to discharge jets of Water sub 
stantially tangentially to the wall of said ingot. 

3. A mold for continuous casting machines, 
comprising, a mold liner and a water jacket Sur 
rounding said mold liner, a second water jacket 
below said mold liner, the water in said second 
water jacket being applied directly to the ingot, 
a plurality of pipes through which water may 
flow from the first Water jacket to the second 
water jacket, said pipes terminating in nozzles 
directed so as to discharge jets of Water substan 
tially tangentially to the wall of said ingot, and a 
riser connected to the bottom of said second wa 
ter jacket and extending upwardly a distance 
at least sufficient to maintain a full head of water 
in said second water jacket, the Water in said 
second Water jacket being maintained in rotary 
circulation by the jets discharged from said 
nozzles, 

4. A mold for continuous casting machines, 
comprising, a mold liner and a water jacket sur 
rounding said mold liner, a second water jacket 
below said mold liner, the water in said second 
water jacket being applied directly to the ingot, 
and means for inducing a rotary circulating mo 
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6 
tion of the cooling water in said second water 
jacket around the ingot, and simultaneously in 
ducing motion of Such water lengthwise of the 
ingot, said second water jacket having a portion 
thereof tapered downwardly and inwardly and 
serving to progressively increase the velocity of 
the cooling water moving therethrough. 

5. A mold for continuous casting machines, 
comprising, a mold liner and a water jacket sur 
rounding said mold liner, a second water jacket 
below said mold liner, the water in said second 
water jacket being applied directly to the ingot, 
a plurality of nozzles in said second water jacket 
directed to discharge jets of water substantially 
tangentially to the Wall of said ingot at a point 
near the upper end of said jacket, and an outlet 
opening near the bottom of Said jacket, said sec 
ond water jacket having a portion thereof ta 
pered downwardly and inwardly and serving to 
progressively increase the velocity of the cooling 
water moving therethrough. 

HENRY W. SPOONER, 
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