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[57] ABSTRACT _ 

An apparatus for cooling metal material comprising a 
cooling pipe, each encircling the pass way of to-be 
cooled material of long length dimension, and having 
a slit or holes provided around the inner annular sur 
face of itsinner circumference. An annular nozzle ex 
tends inwardly from the surface of the inner circum 
ference of the pipes. Each nozzle is formed by nozzle 
walls and having at its inner end a cooling water jet 
ting slit for jetting cooling water toward cooled mate 
rial. - 

7 Claims, 6 Drawing Figures‘ 
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APPARATUS FOR COOLING METAL MATERIAL 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 
The present invention relates to an apparatus for 

cooling metal material of long size in such shape as wire 
rod, bar or extruded articles with cooling water jetted 
from a nozzle. 

2. Description of the Prior Art 
In order to obtain desired structure and quality of 

metal material in the shape of a ?nish rolled wire rod 
or bar, or a hot extruded steel product, it is necessary 
to give to such metal material an appropriate cooling 
in the course of its manufacturing operation. 
Taking rolled wire rod for instance, conditions on 

which it is cooled greatly influence the production of 
scale, among the most important of which is the cooling 
speed of rolled wire rod between the finishing stand 
and the winder. Besides, cooling after the finishing 
stand in?uences not only the thickness of scale layer or 
even its formation but also the composition of the so 
cooled material, as mentioned above. However, the 
cooling of such steel product after processed into a 
final shape is publicly known. 

In order to cool such steel material, there have been 
conventionally used pipes of double tubed structure for 
introducing water, the inner tube of which has a wall 
provided with a great number of holes, so that cooling 
water comes out of these holes to cool the material. 
However, the problem with this structure of the con 
ventional cooling pipes, is that as the size of holes is not 
adjustable, steel material of comparatively greater di 
ameter cannot be effectively and sufficiently cooled. 
Also, cooled material slides on the holes of the pipes set 
below the material, so as to cover the holes, reducing 
the water ?ow therefrom. Thus, the material is cooled 
with its upper side being cooled disproportionally more 
than the bottom side, resulting in uneven cooling which 
may affect the quality of the material and scale produc 
tion thereon. Another problem is the bending of the 
cooled material due to irregularity of cooling effect, 
thus resulting in unequality of structure of steel mate 
rial. 

Besides, as the holes of the cooling pipe are directed 
toward the center of the pipe, the cooling may become 
more irregular with cooled material, making the above 
mentioned problems occur more frequently, particu 
larly, when the material deviates from the correct 
course in relation to the pipe. 

SUMMARY OF THE INVENTION 

For the solution of such problems as mentioned 
above with the steel material cooling apparatus of con 
ventional type, it is an object of the present invention 
to provide an apparatus for cooling steel material by 
uniform and stable focusing and application of a lami 
nar jet of cooling water on the material, thereby com 
pletely preventing an irregular cooling effect, and thus 
improving the cooling effect. 
Another object of the present invention is to provide 

an apparatus for cooling steel material efficiently and 
speedily within a limited cooling zone by using a plural 
ity of such apparatuses arranged in series along the pass 
line of the material, each in such manner as to encircle 
the pass line. 
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2 
A further object of the present invention is to provide 

an apparatus for cooling steel material, the use of a 
great number of such apparatuses arranged in series 
making it possible to completely drain waste cooling 
water by utilizing the impact of the jets of cooling water 
hitting each other, with a draining device set at an ap 
propriate position on the line of cooling apparatuses. A 
further object of the present invention is to provide an 
apparatus for cooling steel material, which is capable 
of adjusting the jetting rate of cooling water according 
to the kind, diameter, etc. of cooled material. 
Other and further objects of the present invention 

will become more apparent from the below-mentioned 
embodiments of the present invention by reference to 
the attached drawings. 
A summary of fundamental concepts and objects of 

the present invention are as follows 
The cooling effect is really improved and progressed 

by the present invention by means of the following fea 
tures: 

l. to focus the cooling water (cooling medium) on 
one part of the cooled material; 

2. to make the cooling water flow laminar; 
3. to completely discharge the waste cooling water by 

utilizing the impact of the jets of cooling water hitting 
each other, and to simultaneously supply new cooling 
water; 

4. to utilize the fact that the cooling effect is best 
when the cooling water as applied is focused perpen 
dicular to the cooled material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary sectional view of one embodi 
ment of the cooling apparatus of the present invention. 
FIG. 2 is a side view of the cooling apparatus of FIG. 

1 along the line II — II. 
FIG. 3 is an arrangement of the cooling apparatuses 

of the present invention shown in FIG. I in combina 
tion with a draining device. 
FIG. 4 is a fragmentary sectional view of another em 

bodiment of the cooling apparatus of the present inven 
tion. 
FIG. 5 is a side view of the cooling apparatus of FIG. 

4 along the line VI — VI. 
FIG. 6 is an arrangement of a plurality of the cooling 

apparatuses of the present invention of FIG. 4 arranged 
in series. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The following is detailed explanation of preferred 
embodiments of the present invention by reference to 
drawings. 
As shown in FIG. 1 and FIG. 2, an annular cooling 

pipe 1 is provided in such manner as to encircle the 
pass line of metal material of long size (such as rolled 
wire rod), such pipe having in the inner annular surface 
thereof facing the center of the circle formed thereby 
a slit open wholly round such surface, and also being 
provided with nozzle walls 3 extending in the direction 
of the center of the circle formed by the pipe in such 
manner as to enclose the slit 2, thus forming a tender 
ing section, walls 3 thus constituting an annular nozzle. 
At the inner end or surface of this annular nozzle 5 is 
formed a second-staged, wholly round open slit, from 
which is jetted cooling water at a right angle against the 
entire circumference of the cooled material. 
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The reason that the supply of cooling water is made 
in two stages, that is, from the annular cooling pipe 1 
and then from the annular nozzle 5, that is, by means 
of two stages of slits, so that the variations of dynamic 
water pressure of cooling water 6 in the cooling pipe 
will not directly in?uence the jets of cooling water. 
Thus, dynamic water pressure in the annular nozzle 5 
is made constant, causing no turbulence in the jets of 
cooling water from the slit 4, and ?ow of water from slit 
4 is laminar. 
Cooling water supplying pipes 7 and 8 are connected 

with the annular cooling pipe at two opposite diametric 
positions thereof. This is to make the flow of the cool 
ing water 6 as constant as possible. 
A member 10 fixed by welding or otherwise on one 

wall 3, is screwed on a member 9 fixed on the body of 
the annular cooling pipe 1, so that the interspace of the 
slit can be adjusted by the forward or backward move 
ment of the one wall by the turning of the member 10. 
Thus, it is made possible to adjust the volume of the 

cooling water jetted from the slit 4 according to the 
kind, diameter etc. of cooled material, maintaining the 
cooling condition constantly as desired. Also, by pro 
viding the nozzle wall 3 movable forward and backward 
by the use of the abovementioned screwing mecha 
nism, it is easy to remove from the slit 4 scale which 
tends to block the same. Also it is possible to replace 
a used nozzle with a new one. 

But the present invention is not limited to an adjust 
able mechanism; but the ?xed type is also usable, in the 
present invention so far as the appropriate interspace 
of the slit can be maintained. 
A member 18 is fixed by welding or otherwise on the 

outside of the annular cooling pipe 1 which is con 
structed as mentioned above, and a connecting mem 
ber 12 is ?xed and held with bolt 13 between the mem 
ber and the ?xed member 11 for connecting the annu 
lar cooling pipes one after another in series. Respec 
tively at the rear part and the front part of the cooling 
pipe 1, there are mounted a tubular outlet guide and a 
tubular inlet guide. These guides 15 and 16 are pro 
vided as a pair, and the ends of respective guides facing 
each other have therebetween a space in which jetted 
cooling water contacts the cooled material. The other 
ends of the guides respectively face the ends of guides 
of the adjacent cooling apparatus. These guides 15 and 
16 may be attached to the cooling apparatus or other 
places by any suitable method. These guides 15 and 16 
function as the guide for rolled wire rod, and are so de 
signed as to prevent the burst of cooling water due to 
contact of the rolled wire with the slit 4 and the result 
ing irregularity of cooling effect. For this purpose, the 
inner diameters of the guides 15 and 16 are made 
smaller than that of the slit. 
The rolled wire rod 14 passes through the inlet guides 

16, and is cooled with cooling water from the wholly 
round open slit 4 and passes through the outlet guide 
15 into the adjacent annular cooling apparatus or de 
vice. Thus, it is cooled, as it passes through the cooling 
devices one after another. 
Cooling water jetted from the slit 4 contacts the 

rolled wire rod 14 and is branched in opposite direc 
tions into the outlet guide 15 and the inlet guide 16. 
The so branched jets hit the jets branched from the slits 
ofthe adjacent devices, thus forming a ?ow l9 (herein 
after referred to the hitting ?ow) running nearly per 
pendicularly to the rod in the form ofa disk, which then 
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4 
is discharged from the spaces between the inlet guides 
16 and the outlet guides 15. Thus, the rolled wire rod 
14 is cooled incessantly with ever fresh cooling water. 

In order to prevent scattering of the hitting ?ow 19, 
it is recommended that a scattering prevention cover 
17 should be provided above and between the guides. 
FIG. 3 illustrates the arrangement of the total system 

with annular cooling devices and draining devices. A 
plurality of annular cooling devices 1 are arranged with 
an appropriate distance between adjacent devices 
along the direction of movement of rolled wire rod 14. 
Cooling water is supplied through cooling water sup 
plying pipes 24. One draining device 21 is provided for 
a group of a given number of annular cooling devices, 
ahead of each respective group Water is supplied to the 
device through a water supplying pipe 25. The so con 
structed total cooling system is housed in a draining 
housing 26; the water used for cooling rolled wire or 
rod and for draining, is discharged from an exhaust part 
27. 
FIG. 4 and FIG. 5 illustrate another embodiment of 

the cooling apparatus of the present invention. The up 
paratus shown in these drawings is an variation of the 
apparatus of the two staged slit system shown in FIG. 
1 and FIG. 2. 

In the cooling apparatus shown in FIG. 4 and FIG. 5 
a slit 32 is provided round the inner annular surface of 
the annular cooling pipe 31 facing the center of the cir 
cle formed thereby. A second-staged annular nozzle 35 
constructed with nozzle walls 33 is provided wholly 
round the circumference of slit 32, so that the variation 
of dynamic water pressure of cooling water 36 in the 
annular cooling pipe 31 will not directly in?uence the 
jet of cooling water. A cooling water jetting slit 34 is 
provided at the end or inner surface of annular nozzle 
35. Thus, the dynamic water pressure of the cooling 
water is constant at the outlet of second-staged annular 
nozzle 35. 
Cooling water supplying pipes 37 and 38 are con 

nected with the annular cooling pipe 31 at two opposite 
positions. This is to make the flow of cooling water 36 
in the annular cooling pipe 31 run under as uniform a 
pressure as possible. If a member 40 ?xed by welding 
or otherwise on one nozzle wall 33 and a member 39 
?xed on the annular cooling pipe 31 are threadably en 
gaged, such that nozzle wall 33 may be moved forward 
or backward by turning of the member 40, so that the 
interspace of the slit 34 may be changeable for the ad 
justment of the water supply from the slit 34 according 
to the quality of rolled wire rod or other factors. The 
slit 34 is so constructed that the adjacent slits are posi 
tioned at respective slanting angles of a and a’ to the 
axis of the rolled wire rod, and so that adjacent slits 
face each other. The slanting angles a and a’ may be 
less than 90°, but they are preferred to be between 10° 
and less than 90°, dependent on the speed and the size 
of the rolled wire rod. 
As mentioned above, a pair of the cooling appara 

tuses which are so constructed to jet cooling water at 
slanting angles against the pass line of the rolled wire 
rod 14, are positioned to have the directions of their 
slanting angles opposite. as shown in FIG. 4. The 
method of positioning the cooling apparatus is such 
that a member 41 is ?xed by welding or otherwise to 
the annular cooling pipe. A connecting member 42 is 
?xed and held by a bolt between the member 41 and 
a ?xing member 44. In a like manner. another cooling 
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apparatus is positioned on the same member 42 at a 
certain distance from the already positioned cooling 
apparatus. 
Furthermore, tubular guides 45 and 46, 45a and 46a 

are placed between adjacent annular cooling pipes 31, 
so as to guide the progress of rolled wire rod. The rolled 
wire rod 14 enters through an inlet guide 46 into an an 
nular cooling pipe 31, is cooled with cooling water 
from circumferential slit 34, and is sent through an out 
let guide 45 to another annular cooling pipe 31, thus 
cooling is made successively. 
Cooling water supplied at a certain angle from a pair 

of the slits 34 facing each other, contacts the rolled 
wire rod 14, passes through one of the inlet guide 46a 
and the outlet guide 45, contacts the flow from the ad 
jacent cooling apparatus to change the direction 
thereof to substantially perpendicular to its original di 
rection to form a hitting flow 48, which is ?nally dis 
charged from space between the inlet guide 46a and 
the outlet guide 45. This occurs with each of the ?ows. 
Thus, rolled wire rod is cooled with cooling appara 
tuses by groups, each consisting of two devices, and 
with ever fresh cooling water. 

In order to prevent scattering of the hitting ?ow, a 
cover 47 may be provided over the guides. 
The flow to the delivery side of the cooled material 

from the cooling apparatus in the entry side of the 
cooled material is generally larger and stronger than 
the flow to entry side of the cooled material from the 
cooling apparatus in the delivery side of the cooled ma 
terial, due to the effect of the moving material “carry 
ing” a portion of the water, such effect being in propor 
tion to the delivery speed of the cooled material, refer 
ring to FIG. 4. The hitting ?ow appears in the position 
whereat the opposing ?ow are balanced. The balanced 
position varies according to the speed of the cooled 
material, the angle a and a’, the volume and pressure 
of the cooling water from the cooling apparatus, the 
position of the cooling apparatus, and the desired cool~ 
ing rate. 
When the angle a and a’ is equal 90", that is perpen 

dicular to the cooled material, as shown in FIG. 1, the 
hitting ?ow appears to the left of the center position be 
tween opposing cooling devices. 
When the angles a and a’ are properly preset, the hit 

ting flow appears nearly in the center position between 
opposing cooling devices. 
The preset of the angle a and a’ is made by the com 

bination of a and a’ to be preset, for example a = 45° 
and a’ = 90°. 

In the final cooling apparatus of the system, the angle 
may be preset to small angle in order to achieve a wip 
ing effect. 

In general, the angle a of the cooling apparatus in the 
delivery side of the cooled material is preset to a 
smaller angle than the angle a’ of the cooling apparatus 
in the entry side of the cooled material in order to 
achieve the proper hitting ?ow, i.e. a S a’. 
Considering the discharge of water by the hitting flow 

from the center position between adjacent pairs of 
cooling apparatuses, and with a plurality of pairs of 
cooling devices, the angle a’ may equal to l80° - a. 
FIG. 6 illustrates the arrangement of the total system 

of annular cooling apparatuses, grouped by pairs of 
cooling devices, arranged in a series in the direction of 
movement of the rolled wire rod. Cooling water is sup 
plied from cooling water supplying pipes 49. 
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The thus constructed total system is housed in a 

draining housing 50; and waste water is discharged 
from an exhaust port 51. In case the cooling apparatus 
are arranged as mentioned above, the cooled material 
recuperates the surface temperature by the inner 
higher temperature in the space between two of the so 
arranged cooling devices. Alternation between cooling 
and recupuration of the surface temperature, makes 
the effect of cooling uniform. 
Moreover, in FIG. 1 and FIG. 2, there is shown a slit 

provided wholly round the surface of the inner circum 
ference of each cooling pipe. According to the present 
invention, however, mere holes or separate slits may be 
provided over the surface of the inner circumference of 
the cooling pipe, instead of such single slit as men 
tioned above, provided that the number of holes or slits 
is sufficient to insure constant dynamic water pressure 
and a laminar ?ow. 
What is claimed is: 
1. An apparatus for cooling longitudinally moving 

metal material, said apparatus comprising: 
a circular cooling pipe positioned to coaxially sur 
round the path off movement of said material, said 
cooling pipe being supplied at the interior thereof 
with a cooling medium; 

said cooling pipe having around the inner annular 
surface thereof opening means to allow passage 
therefrom of said cooling medium; 

an annular nozzle provided n said inner annular sur 
face of said cooling pipe, said annular nozzle being 
formed of disk-shaped walls having central open 
ings therethrough, said walls being operatively con 
nected at the outer annular edges thereof to said 
cooling pipe at opposite sides of said opening 
means; and 

the inner annular edges of said walls being spaced to 
form therebetween annular slit means for directing 
and focusing a single laminar jet of said cooling me 
dium against said material. 

2. An apparatus as claimed in claim 1, further com 
prising means for adjustably moving one of said walls 
toward and away from the other of said walls to thereby 
adjust the size of said slit means. 

3. An apparatus as claimed in claim 1, wherein said 
slit means is positioned for directing said jet of cooling 
medium against said material in a plane perpendicular 
to the axis of said path of movement of said material. 

4. A cooling system comprising a plurality of the 
cooling apparatuses as claimed in claim 1, said plurality 
of cooling apparatuses being connected in series with 
a coextensive and coaxial path of movement of said 
material. 

5. A system as claimed in claim 4, wherein said slit 
means of each of said cooling apparatuses is positioned 
for directing said jet of cooling medium against said 
material in a plane perpendicular to the axis of said 
path of movement of said material and for causing said 
jet upon contacting said material to split into opposite 
branch jets ?owing in opposite directions coaxial to 
said axis of said path of movement of said material; and 
further comprising means positioned between adjacent 
of said apparatuses for causing the opposite branch jets 
moving toward each other from said adjacent appara 
tuses to impact and to form a hitting ?ow moving radi 
ally outwardly from said axis in the form of a disk. 
. 6. A system as claimed in claim 4, wherein adjacent 
of said cooling apparatuses are grouped to form a cool 
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ing pair, said slit means of each of said cooling appara 
tuses of each cooling pair is positioned for directing 
said jet of cooling medium against said material at an 
angle to the axis of said path of movement of said mate 
rial, the jets from said slit means of each cooling pair 
being directed toward each other. 

7. A system as claimed in claim 6, further comprising 

LII 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
means positioned between the pair of cooling appara 
tuses of each said cooling pair for causing the oppo 
sitely moving jets from said pair of cooling apparatuses 
to impact and to form a hitting ?ow moving radially 
outwardly from said axis in the form of a disk. 

>l‘ * * * * 


