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©  Apparatus  for  intensifying  cooling  in  the  casting  of  metal  objects. 

©  The  invention  relates  to  an  apparatus  for  inten- 
sifying  cooling  in  the  casting  of  metal  objects,  par- 
ticularly  in  vertical  continuous  casting  from  bottom  to 
top,  when  the  nozzle  (12)  of  the  continuous  casting 
machine  is  at  least  at  the  top  surrounded  by  a  cooler 
(11)  ,  which  is  divided  into  two  parts  by  a  separating 
member  (14)  provided  therein.  According  to  the  in- 
vention,  the  cooler  (11)  is  provided  with  at  least  one 
guide  member  (16)  arranged  in  the  cooler  housing 
and/or  connected  to  the  separating  member  (14) 
located  inside  the  cooler,  which  guide  member  is 
installed  essentially  at  the  height  defined  by  the 
solidification  front  (15)  located  in  the  nozzle  (12)  of 
the  continuous  casting  machine.  The  guide  member 
is  formed  for  instance  of  at  least  one  guide  channel 
(16)  arranged  inside  the  cooler  housing,  or  of  at  least 
one  aligning  member  connected  to  the  separating 
member. 
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The  present  invention  relates  to  an  apparatus 
for  intensifying  cooling  in  the  casting  of  metal  ob- 
jects,  particularly  in  essentially  vertical  continuous 
casting  carried  out  from  bottom  to  top. 

In  continuous  vertical  bottom  casting,  known  for 
example  from  the  US  patent  3,746,077,  the  cooling 
of  a  metal  object  is  normally  carried  out  by  using 
the  cooler  of  figure  1,  where  the  cooling  agent  is 
conducted  to  the  bottom  part  of  the  cooler  through 
the  top,  via  the  inlet  located  in  the  vicinity  of  the 
outer  wall  of  the  cooler.  Inside  the  cooler  there  is 
installed  an  intermediate  pipe  so  that  the  cooling 
agent  is  directed  towards  its  outlet  while  rising  up 
in  the  vicinity  of  the  inner  wall  of  the  cooler.  In 
figure  1  ,  the  molten  metal  is  conducted  to  a  nozzle 
1  ;  in  the  nozzle,  at  the  height  2,  there  is  formed  a 
solidification  front,  where  the  molten  metal  turns 
solid.  In  the  cooler  3,  the  cooling  agent  is  con- 
ducted,  by  means  of  the  intermediate  pipe  4,  first 
downwards,  through  its  inlet,  to  the  bottom  part  of 
the  cooler,  and  further  back  up,  to  the  top  part  of 
the  cooler,  to  be  discharged  from  the  cooler.  It  is 
apparent  that  the  heat  content  discharged  from  the 
nozzle  1  is  at  its  highest  essentially  at  the  solidi- 
fication  front  2,  because  metal,  in  the  course  of 
solidification,  changes  state  and  thus  emits  heat 
according  to  its  temperature  in  the  change  of  state. 

While  using  the  prior  art  cooler  of  figure  1  for 
instance  in  the  casting  of  wire,  where  the  casting  is 
carried  out  at  essentially  high  velocities,  the  in- 
crease  in  the  temperature  of  the  cast  wire  is  ob- 
served  as  a  function  of  time.  While  casting  for 
instance  copper  wire  at  the  rate  of  6  m/min,  the 
surface  temperature  of  the  wire  may,  after  cooling, 
be  over  500  °C.  Such  an  increase  in  the  wire 
temperature  generally  causes  the  wire  to  break, 
which  essentially  decreases  the  operation  grade. 
Reasons  for  the  increase  in  the  temperature  are  for 
example  the  thermal  expansion  of  the  lower  part  in 
the  cooler,  which  creates  a  gap  in  the  threading 
between  the  nozzle  and  the  cooler.  Moreover,  a 
high  melting  heat  capacity  at  high  casting  velocities 
brings  about  an  increase  in  the  temperature  of  the 
water  surface  in  the  cooler,  so  that  an  insulating 
steam  bubble  is  created  on  the  cooling  surface  of 
the  cooler. 

The  object  of  the  present  invention  is  to  elimi- 
nate  some  of  the  drawbacks  of  the  prior  art  and  to 
achieve  a  new,  improved  apparatus,  which  is  more 
secure  in  operation,  so  that  the  cooling,  particularly 
in  continuous  vertical  upward  casting,  is  made  effi- 
cient  also  at  essentially  high  casting  velocities.  The 
essential  novel  features  of  the  invention  are  appar- 
ent  from  the  appended  patent  claims. 

According  to  the  invention,  the  flow  path  of  the 
cooling  agent,  flowing  in  the  cooler  of  a  continuous 
casting  machine  in  casting  from  bottom  to  top,  is 
changed  by  means  of  at  least  one  guide  member, 

particularly  at  the  height  defined  by  the  solidifica- 
tion  front  of  the  apparatus,  so  that  the  cooling, 
particularly  at  this  height  at  least,  is  advantageously 
intensified.  At  the  same  time,  this  prevents  the 

5  temperature  of  the  cast  object  from  rising,  and 
consequently  the  created  product  from  breaking. 

The  guide  member  or  members  of  the  inven- 
tion  can  advantageously  be  placed  in  the  housing 
of  the  cooler,  and/or  in  a  separating  member  defin- 

io  ing  the  flow  direction  of  the  cooling  agent,  which 
enables  the  flowing  of  the  cooling  agent  first  from 
the  top  part  of  the  cooler  down  to  the  bottom,  and 
then  further  back  up.  When  placing  the  guide 
member  or  members  in  the  cooler  housing,  these 

75  members  form  channels  for  guiding  the  cooling 
agent  to  essentially  near  to  the  surface  to  be  cool- 
ed.  Thus  the  cooling  can  be  intensified,  also  and 
essentially  as  regards  the  section  located  above 
the  height  defined  by  the  solidification  front. 

20  In  order  to  install  the  guide  member  of  the 
present  invention  in  the  separating  member  of  the 
cooling  agent,  the  bottom  part  of  the  separating 
member  can  be  provided  with  the  said  guide  mem- 
ber,  for  directing  the  cooling  agent  in  an  advanta- 

25  geous  fashion  towards  the  surface  of  the  cooler 
located  essentially  at  the  height  of  the  solidification 
front.  For  an  advantageous  aligning  of  the  cooling 
agent,  it  is  also  possible  to  arrange  a  groove  in  the 
cooler  housing,  essentially  at  the  height  of  the 

30  solidification  front,  which  groove  advantageously 
expands  the  cooling  surface  at  this  most  critical 
point. 

By  employing  the  guide  member  or  members 
of  the  invention,  the  cooling  agent  is  advantageous- 

35  ly  made  to  flow  past  the  most  critical  point  as 
regards  vertical  continuous  casting,  so  that  essen- 
tially  the  total  cooling  capacity  of  the  cooling  agent 
can  be  made  use  of.  Thus  it  is  possible  to  increase 
casting  velocities  from  the  current  state  without 

40  causing  an  increase  in  the  temperature  of  the  cast 
product  and  a  consequent  danger  of  breaking. 

In  the  following  the  invention  is  explained  in 
more  detail  with  reference  to  the  appended  draw- 
ings,  where 

45  figure  1  is  a  schematical  side-view  illustra- 
tion  of  a  prior  art  cooler  of  a  casting 
machine  applying  vertical  continu- 
ous  casting  from  bottom  to  top, 

figure  2  is  a  schematical  side-view  illustra- 
50  tion  of  a  preferred  embodiment  of 

the  invention,  where  the  guide  mem- 
ber  of  the  cooling  agent  is  located  in 
the  cooler  housing, 

figure  3  is  a  schematical  side-view  illustra- 
55  tion  of  another  preferred  embodi- 

ment  of  the  invention,  where  the 
guide  member  of  the  cooling  agent 
is  located  in  the  separating  member, 
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figure  4  is  a  schematical  side-view  illustra- 
tion  of  a  third  preferred  embodiment 
of  the  invention,  where  the  guide 
member  of  the  cooling  agent  is  lo- 
cated  in  the  separating  member  and 
in  the  cooler  housing. 

Figure  1  was  already  explained  in  the  descrip- 
tion  of  the  prior  art. 

In  figure  2,  the  cooler  11  is  arranged  around  a 
nozzle  12,  so  that  at  least  the  top  part  of  the  nozzle 
12  is  cooled.  The  cooling  agent,  such  as  water,  is 
brought  into  the  cooler  11  through  the  inlet  13 
located  at  the  top  end  of  the  cooler.  In  the  cooler 
11,  the  cooling  agent  flows,  in  the  direction  of  the 
arrows  of  figure  2,  first  downwards  in  the  space 
between  the  outer  wall  of  the  cooler  11  and  the 
separating  member  14  arranged  inside  the  cooler. 
Thereafter  the  cooling  agent  is  conducted,  accord- 
ing  to  the  invention,  to  the  height  of  the  solidifica- 
tion  front  15  in  the  nozzle  12,  to  an  essentially 
horizontal  guide  channel  16  provided  in  the  hous- 
ing  of  the  cooler  1  1  ,  so  that  the  cooling  agent  flows 
to  essentially  near  to  the  inner  surface  of  the  cooler 
11.  Consequently  the  cooling  agent  meets  the  in- 
ner  wall  of  the  cooler  1  1  essentially  at  the  hottest 
point,  which  advantageously  improves  the  efficien- 
cy  of  the  cooling.  The  guide  16  is  further  con- 
nected  to  another  guide  channel  17,  which  is  es- 
sentially  parallel  to  the  vertical  inner  wall  of  the 
cooler  11.  In  addition  to  the  fact  that  the  guide 
channels  16  and  17  bring  the  cooling  agent  essen- 
tially  nearer  to  the  hottest  point  of  the  cooler  hous- 
ing,  the  surface  of  the  cooler  housing  11  that  is  in 
contact  with  the  cooling  agent  is  also  essentially 
expanded  at  the  hottest  point.  This  brings  about  a 
further  essential  improvement  in  the  cooling  power 
of  the  cooler  1  1  . 

Through  the  guide  channel  17,  the  heated  cool- 
ing  agent  rises  in  the  space  between  the  inner  wall 
of  the  cooler  11  and  the  separating  member  14,  to 
be  discharged  from  the  cooler  11  via  the  outlet  18. 
The  number  of  guide  channels  16  and  17  in  one 
cooler  11  may  vary  depending  on  the  use  of  the 
apparatus  of  the  invention,  so  that  there  are  either 
one  or  several  of  them. 

In  figure  3,  around  the  nozzle  21  there  is  ar- 
ranged  the  cooler  22,  where  the  flowing  direction  of 
the  cooling  agent  is  indicated  with  arrows  in  similar 
fashion  as  in  figure  2.  The  cooling  agent  is  fed  into 
the  cooler  22  through  the  inlet  23,  and  the  cooling 
agent  flows,  in  the  space  between  the  outer  wall  of 
the  cooler  1  1  and  the  separating  member  24,  to  the 
bottom  part  of  the  cooler.  According  to  the  inven- 
tion,  in  the  bottom  part  of  the  separating  member 
24,  essentially  at  the  height  of  the  solidification 
front  25  located  in  the  nozzle  21,  there  is  installed 
at  least  one  guide  or  aligning  member  26  for  guid- 
ing  the  cooling  agent  towards  the  inner  wall  of  the 

cooler,  advantageously  at  the  point  in  the  wall 
which  requires  most  intensive  cooling.  The  heated 
cooling  agent  is  further  conducted,  through  a  flow 
space  formed  by  the  separating  member  24  and 

5  the  inner  wall  of  the  cooler,  to  the  outlet  27.  By 
employing  the  guide  member  26  of  the  invention,  a 
higher  flow  rate  and  thus  a  better  cooling  capacity 
is  obtained  for  the  cooling  agent.  Likewise  the 
turbulence  of  the  cooling  agent  is  increased,  so 

io  that  the  creation  of  a  steam  bed  on  the  cooler 
surface  is  advantageously  prevented. 

In  the  embodiment  of  figure  4,  the  cooler  31  is 
installed  around  the  top  part  of  the  nozzle  32.  The 
cooling  agent  is  fed  in  through  the  inlet  33  pro- 

15  vided  in  the  top  part  of  the  cooler,  and  the  cooling 
agent  flows  in  the  space  in  between  the  outer  wall 
of  the  cooler  and  the  separating  member  34  to  the 
bottom  part  of  the  cooler  31  .  In  order  to  direct  the 
cooling  agent  towards  the  inner  wall  of  the  cooler, 

20  in  the  bottom  part  of  the  separating  member  34, 
essentially  at  the  height  of  the  solidification  front  35 
located  in  the  nozzle  32,  there  is  connected,  ac- 
cording  to  the  invention,  at  least  one  guide  or 
aligning  member  36,  which  guides  the  cooling 

25  agent  to  at  least  one  groove  37  formed  in  the  inner 
wall  of  the  cooler  housing  in  an  essentially  per- 
pendicular  position.  Owing  to  the  effect  of  the 
guide  member  36  and  the  groove  37,  the  pressure 
energy  contained  in  the  cooling  agent  is  changed 

30  into  kinetic  energy.  Thus  the  cooling  capacity  of 
the  cooling  agent  is  improved  at  the  same  time  as 
the  formation  of  an  insulating  steam  bed,  which 
would  reduce  the  cooling  efficiency,  is  prevented. 
The  cooling  agent  heated  in  the  bottom  of  the 

35  cooler,  essentially  at  the  hottest  point  thereof,  is 
discharged  from  the  cooler  31  through  the  outlet  38 
provided  in  the  top  part  of  the  cooler. 

The  above  drawings  2  -  4  illustrate  preferred 
embodiments  of  the  invention,  each  provided  with  a 

40  guide  member  of  a  different  form,  but  it  is  naturally 
clear  that  when  necessary,  these  various  forms  of 
the  guide  members  can  be  applied  simultaneously 
in  one  and  the  same  cooler. 

45  Claims 

1.  An  apparatus  for  intensifying  cooling  in  the 
casting  of  metal  objects,  particularly  in  vertical 
continuous  casting  from  bottom  to  top,  when 

50  the  nozzle  (12,  21,  32)  of  the  continuous  cast- 
ing  machine  is  at  least  in  the  top  part  sur- 
rounded  by  a  cooler  (11,  22,  31)  divided  into 
two  parts  by  a  separating  member  (14,  24,  34) 
arranged  therein,  characterized  in  that  the 

55  cooler  (11,  22,  31)  is  provided  by  at  least  one 
guide  member  (16,  26,  36)  installed  in  the 
cooler  housing  and/or  connected  to  the  sepa- 
rating  member  (14,  24,  34)  provided  inside  the 
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cooler. 

2.  The  apparatus  of  claim  1,  characterized  in 
that  the  guide  member  (16,  26,  36)  is  installed 
essentially  at  the  height  defined  by  the  solidi-  5 
fication  front  (15,  25,  35)  located  in  the  nozzle 
(12,  21,  32). 

3.  The  apparatus  of  claim  1  or  2,  characterized 
in  that  the  guide  member  is  formed  of  at  least  10 
one  guide  channel  (16,  17)  arranged  inside  the 
cooler  housing. 

4.  The  apparatus  of  claim  1  or  2,  characterized 
in  that  the  employed  guide  member  (26)  is  at  is 
least  one  aligning  member  connected  to  the 
separating  member  (24). 

5.  The  apparatus  of  claim  1  or  2,  characterized 
in  that  the  guide  member  is  formed  of  at  least  20 
one  aligning  member  (36)  connected  to  the 
separating  member  (34),  and  of  at  least  one 
groove  (37)  formed  in  the  cooler  housing. 
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