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exchanger  to  be  mounted  in  the  exit  gas  pipe  in 
order  to  separate  the  entrained  material  which 
then  is  returned  and  introduced  into  the  cylindri- 
cal  vessel  somewhere  at  a  safe  radial  distance 

5  from  its  gas  outlet.  The  farther  from  the  vessel 
axis  the  material  is  introduced  the  shorter  the 
distance  available  to  it  for  flowing  counter-cur- 
rently  to  the  hot  gas. 

Consequently,  it  is  the  object  of  the  invention  to 
10  devise  a  heat  exchanger  in  which  hot  gas  and 

pulverulent  material  move  counter-currently  and 
which  provides  improved  separation  so  that  a 
smaller  part  of  the  pulverulent  material  is 
entrained  out  through  the  gas  outlet  pipe. 

15  GB-A-1  066906  discloses  a  heat  exchanger  com- 
prising  a  cylindrical  chamber  having  a  horizontal 
axis,  a  tangential  gas  inlet  at  the  periphery  of  the 
chamber,  at  least  one  gas  outlet  through  an  end 
of  the  chamber  adjacent  to  its  axis  to  produce,  in 

20  use,  a  spiral  gas  flow  from  the  gas  inlet  to  the  gas 
outlet,  at  least  one  material  inlet  for  introducing 
material  into  the  chamber  adjacent  to,  but  radially 
spaced  from,  its  axis,  and  a  material  discharge 
outlet  for  the  discharge  of  material  which  has 

25  been  flung  centrifugally  outwards  through  the 
spiral  gas  flow  to  the  periphery  of  the  chamber, 
and,  according  to  the  invention,  such  a  heat 
exchanger  is  characterised  in  that  the  or  each 
material  inlet  is  so  arranged  that  at  its  introduc- 

30  tion  the  material  already  has  a  velocity  which  is 
substantially  tangential  to,  and  in  the  same  sense 
about  the  axis  as,  the  spiral  gas  flow  into  which 
the  material  is  introduced. 

With  this  arrangement  the  material  is,  at  its 
35  introduction  given  a  tangential  velocity  com- 

ponent  without  being  dependent  on  being  accel- 
erated  by  the  gas,  the  velocity  of  which,  adjacent 
to  the  axis  of  the  chamber  has  a  large  axial 
component  directed  toward  the  gas  outlet.  The 

40  gas  would  otherwise  tend  to  carry  part  of  the 
material  out  through  the  gas  outlet  before  giving 
the  material  a  rotatary  motion  to  fling  the  material 
centrifugally  towards  the  periphery  of  the 
chamber. 

45  The  material  is  preferably  introduced  with  a 
tangential  velocity  component  which  is  sub- 
stantially  the  same  as  that  of  the  rotating  gas  at 
the  point  of  introduction. 

When  the  heat  exchanger  has  only  a  gas  outlet 
so  at  one  axial  end  of  the  chamber,  the  material  may 

be  introduced  close  to  the  other  axial  end.  The 
angular  velocity  component  given  to  the  material 
at  its  introduction  guarantees  a  rotatary  move- 
ment  of  the  material  whereas  the  axial  velocity  of 

55  the  gas  near  to  the  axis  contributes  to  the  distribu- 
tion  of  the  material  across  the  whole  axial  width 
of  the  heat  exchanger  chamber. 

In  a  heat  exchanger  having  a  gas  outlet  at  both 
its  axial  ends  the  material,  distribution  across  the 

60  chamber  may  be  obtained  in  the  same  way  by 
introducing  the  material  in  an  area  between  the 
two  axial  ends  of  the  heat  exchanger  substantially 
in  the  middle  of  the  chamber. 

Any  desired  material  distribution  profile  across 
65  the  axial  width  of  the  chamber  may  be  obtained 

Description 

The  invention  relates  to  a  heat  exchanger  of  the 
kind  used  for  obtaining  heat  exchange  between  a 
pulverulent  solid  material  and  a  gas.  Such  heat 
exchangers  are  used  e.g.  for  preheating  raw 
material  to  be  subjected  to  a  burning  process,  the 
preheating  taking  place  by  use  of  the  hot  exit 
gases  from  the  burning  process. 

Preheating  of  pulverulent  solid  material  can  be 
carried  out  in  a  cyclone  system  which  consists  of 
cylones  with  the  shape  of  an  upright  cylindrical 
vessel  with  a  conical  bottom  ending  in  an  outlet 
for  the  solid  material,  while  the  cylinder  at  its  top 
is  delimited  by  an  annular  top  plate  through  the 
central  part  of  which  an  outlet  pipe  for  the 
gaseous  medium  extends  into  the  cylinder.  Solid 
material  suspended  in  the  gas  is  supplied  via  an 
inlet  pipe  opening  tangentially  into  the  cylinder. 
By  the  circulating  movement  of  the  gas  in  the 
cylindrical  vessel  the  material  is  flung  towards  the 
vessel  wall  where  it  is  stopped  and  slides  down 
onto  the  conical  bottom  and  out  through  the 
material  outlet,  while  the  gas  leaves  the  heat 
exchanger  through  the  central  pipe  at  its  top. 

The  most  significant  heat  exchange  between 
gas  and  material  takes  place  already  in  a  riser 
pipe  where  the  suspended  material  is  entrained 
by  the  gas.  Consequently  it  is  a  co-current  heat 
exchange.  To  obtain  sufficient  heat  exchange 
between  the  two  media  it  is  necessary  to  use  a 
plurality  of  these  co-current  heat  exchangers  in 
series,  typically  four  or  five  stages  for  preheating 
cement  raw  meal  before  the  burning  process. 

As  it  is  known  that  an  improved  heat  utilization 
is  achieved  when  the  heat  exchanging  media 
move  counter-currently,  i.e.  that  the  material  to 
be  preheated  constantly  moves  into  an  increas- 
ingly  hotter  gas,  such  a  flow  pattern  is  desirable. 

From  GB-A-988284  there  is  known  a  heat 
exchanger  by  which  it  is  sought  to  make  pulveru- 
lent  material  and  gas  move  counter-currently  to 
each  other.  This  heat  exchanger  has  the  shape  of 
a  flat  cylindrical  vessel,  mounted  with  the  cylinder 
axis  horizontal.  The  gas  is  introduced  tangentially 
into  the  vessel,  and  follows  a  spiral  path  into  the 
centre  of  the  vessel  at  which  point  it  is  discharged 
through  central  pipes  at  the  vessel  end  surfaces. 
The  pulverulent  material  is  introduced  into  the 
vessel  along  its  axis  and  is  given  a  velocity 
directed  differently  to  that  of  the  gas  being  dis- 
charged  in  order  to  prevent  the  material  from 
being  entrained  by  the  gas  out  of  the  heat 
exchanger.  In  another  construction  the  material  is 
introduced  at  a  distance  from  the  gas  outlet  which 
ensures  that  the  gas  vortex  in  the  vessel  causes  a 
rotating  movement  of  the  material  and  flings  it 
towards  the  vessel  periphery.  Precipitated 
material  is  discharged  from  the  vessel  through  a 
material  outlet  at  the  lowest  lying  part  of  its 
periphery. 

It  is,  however,  evident  that  in  the  heat 
exchanger  known  from  GB-A-988284,  some  ent- 
raining  of  the  pulverulent  material  takes  place  and 
this  requires  a  conventional  separating  heat 
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of  a  scattering  disc  or  a  rotating  scoop  wheel.  A 
scattering  disc  may  be  provided  with  guiding  ribs 
giving  the  material  the  required  tangential  vel- 
ocity  component  with  respect  to  the  axis  and  a 
scoop  wheel  may  rotate  in  the  same  direction  as 
the  gas  in  the  heat  exchanger  chamber. 

Figure  3  shows  an  example  of  a  heat  exchanger 
in  which  the  material  is  introduced  through  a 
number  of  individual  inlets. 

The  material  is  led  through  a  number  of  axial 
pipes  33  each  connected  to  an  individual  material 
inlet  nozzle  36  mounted  on  a  central  pipe  37 
transversing  the  heat  exchanger  chamber  con- 
centrically  to  the  gas  outlet  pipe  or  pipes  32  and 
enclosing  the  pipes  33. 

With  the  above  material  inlet  system  it  is 
possible  to  adapt  the  material  introduction 
through  the  individual  nozzles  to  the  velocity 
profile  of  the  gas  over  the  width  of  the  heat 
exchanger,  e.g.  by  making  the  material  velocity 
correspond  to  the  gas  velocity  at  the  point  of 
introduction  at  least  as  regards  the  tangential 
velocity  components. 

by  providing  a  number  of  individual  material  of  a  sea 
inlets  distributed  across  the  axial  width  of  the  scatterir 
chamber.  9™}n9  * 

The  invention  will  now  be  explained  in  more  ocity  co 
detail,  by  reference  to  the  accompanying  draw-  5  scoop  v\ 
ings,  in  which:-  the  gas 

Figure  1  is  a  diagrammatical  front  view  of  a  heat  Figure 
exchanger  according  to  the  invention  having  a  in  whic 
horizontal  axis;  number 

Figure  2  is  a  side  view  of  the  heat  exchanger  10  The  n 
shown  in  Figure  1;  and,  pipes  32 

Figure  3  is  a  partly  sectional  view  of  another  inlet  no 
heat  exchanger  according  to  the  invention.  transyei 

Figures  1  and  2  show  schematically  a  heat  centrica 
exchanger  comprising  a  cylindrical  chamber  6  15  enclosir 
having  a  tangential  gas  inlet  1  and  a  central  gas  With 
outlet  2  between  which  the  gas  moves  along  a  possible 
spiral  path  as  shown  by  the  dash-dotted  line.  through 
Pulverulent  material  to  be  preheated  by  the  gas  is  profile 
introduced  through  a  pipe  3  forming  an  acute  20  exchanc 
angle  with  the  front  axial  end  of  the  heat  correspi 
exchanger  through  which  end  the  pipe  extends.  introdue 
Furthermore,  the  pipe  is  situated  in  a  plane  velocity 
parallel  with  the  horizontal  axis  of  the  heat 
exchanger.  The  material  introduced,  having  a  25  Claims 
velocity  directed  towards  the  heat  exchanger 
periphery,  is  deflected  by  the  rotating  gas  so  as  to  1  .  A 
follow  a  spiral  path  as  shown  by  the  dotted  line.  chambe 
The  two  spiral  paths  are  thus  in  the  same  sense  gas  inle 
around  the  axis  but  one  moves  radially  inwards  30  least  on 
while  the  other  moves  radially  outwards.  chambe 

It  is  evident  that  gas  and  material  to  some  spiral  g< 
extent  follow  each  other  through  the  spiral  turns.  at  least 
Countercurrent  effects  are  achieved  by  the  materia 
material  being  flung  from  one  turn  in  the  gas  35  spaced 
spiral  to  another,  so  that  it  comes  into  contact  the  disc 
with  increasingly  hotter  gas.  centrifu 

At  its  lowest  lying  part  the  cylindrical  vessel  to  the  p 
extends  into  a  material  outlet  hopper  4  which  that  the 
ends  in  an  outlet  5  for  separated  pulverulent  40  at  its  i 
material.  velocity 

In  the  example  shown  in  Figures  1  and  2,  in  the  s; 
wherein  the  material  is  introduced  through  the  flow  im 
pipe  3,  the  introduced  material  is  given  a  tangen-  2.  A  li 
tial  velocity  component  with  respect  to  the  axis  of  45  has  a  < 
the  chamber  which  has  the  same  direction  as  the  ends,  ai 
sense  of  rotation  of  the  gas.  Through  the  sloping  betwee 
inlet  pipe  the  material  is  further  given  an  axial  3.  A  r 
velocity  promoting  the  distribution  over  the  width  has  a 
of  the  heat  exchanger.  50  materia 

This  axial  distribution  is  also  promoted  by  the  chamb< 
fact  that  the  material  inlet  is  mounted  in  the  axial  outlet, 
end  of  the  cylindrical  chamber  opposite  to  the  4.  A  r 
axial  end  with  the  gas  outlet.  Thus,  the  axial  gas  precedi 
velocity  component,  which  increases  as  the  rotat-  55  the  mai 
ing  gas  approaches  the  axis,  contributes  to  the  width  c 
distribution  of  the  material  across  the  axial  width  5.  A 
of  the  chamber.  Correspondingly,  the  pulverulent  pulveri 
material  in  a  heat  exchanger  of  the  kind  described  exchan 
with  two  gas  outlets,  one  through  each  of  its  axial  so  claims, 
ends,  may  be  introduced  in  the  area  between  the  tangen 
two  ends.  same  e 

The  introduction  of  material  may  be  performed  introdu 
in  a  variety  of  ways,  e.g.  the  material  may  be 
introduced  as  an  axial  jet  which  is  spread  by  way  65 

1.  A  heat  exchanger  comprising  a  cylindrical 
chamber  (6)  having  a  horizontal  axis,  a  tangential 
gas  inlet  (1)  at  the  periphery  of  the  chamber,  at 
least  one  gas  outlet  (2,  32)  through  an  end  of  the 
chamber  adjacent  to  its  axis  to  produce,  in  use, 
spiral  gas  flow  from  the  gas  inlet  to  the  gas  outlet, 
at  least  one  material  inlet  (3,  36)  for  introducing 
material  into  the  chamber  adjacent  to,  but  radially 
spaced  from,  its  axis,  and  a  material  outlet  (5)  for 
the  discharge  of  material  which  has  been  flung 
centrifugally  outwards  through  the  spiral  gas  flow 
to  the  periphery  of  the  chamber,  characterised  in 
that  the  or  each  material  inlet  is  so  arranged  that 
at  its  introduction  the  material  already  has  a 
velocity  which  is  substantially  tangential  to,  and 
in  the  same  sense  about  the  axis  as,  the  spiral  gas 
flow  into  which  the  material  is  introduced. 

2.  A  heat  exchanger  according  to  claim  1,  which 
has  a  gas  outlet  (32)  through  each  of  its  axial 
ends,  and  the  or  each  material  inlet  (36)  is  located 
between  the  two  gas  outlets. 

3.  A  heat  exchanger  according  to  claim  1,  which 
has  a  single  gas  outlet  (2),  and  the  or  each 
material  inlet  (3)  is  located  at  the  axial  end  of  the 
chamber  opposite  to  the  axial  end  with  the  gas 
outlet. 

4.  A  heat  exchanger  according  to  any  one  of  the 
preceding  claims,  in  which  there  are  a  plurality  of 
the  material  inlets  (36)  distributed  across  the  axial 
width  of  the  chamber. 

5.  A  method  of  exchanging  heat  between  a 
pulverulent  material  and  a  gas,  utilising  a  heat 
exchanger  according  to  any  one  of  the  preceding 
claims,  wherein  the  material  is  introduced  with  a 
tangential  velocity  component  substantially  the 
same  as  that  of  the  gas  in  the  point  of  material 
introduction. 
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Revendications Patentanspruche 

1.  Echangeur  de  chaleur,  comprenant  une 
chambre  (6)  cylindrique  ayant  un  axe  horizontal, 
une  admission  (1  )  tangentielle  de  gaz  a  la  periphe- 
rie  de  la  chambre,  au  moins  une  sortie  (2,  32)  de 
gaz  traversant  une  extremite  de  la  chambre  au 
voisinage  de  son  axe  pour  produire,  en  service, 
un  ecoulement  de  gaz  en  spirale,  de  I'admission 
de  gaz  vers  la  sortie  de  gaz,  au  moins  une 
admission  (3,  36)  de  matiere  pour  introduire  de  la 
matiere  dans  la  chambre  au  voisinage  de  I'axe  de 
celle-ci,  mais  a  une  certaine  distance  radiale  de 
cet  axe,  et  une  sortie  (5)  de  matiere  pour  la 
decharge  de  la  matiere  qui  a  ete  projetee  par  la 
force  centrifuge  vers  I'exterieur,  a  travers  I'ecou- 
lement  de  gaz  en  spirale,  vers  la  peripherie  de  la 
chambre,  echangeur  caracterise  en  ce  que  I'ad- 
mission,  ou  chaque  admission,  de  matiere  est 
agencee  de  fagon  qu'a  son  introduction,  la 
matiere  presente  deja  une  vitesse,  qui  est  essen- 
tiellement  tangentielle  a  I'ecoulement  de  gaz  en 
spirale  dans  lequel  la  matiere  est  introduite  et  qui 
va  dans  le  meme  sens  que  cet  ecoulement  de  gaz 
autour  de  I'axe. 

2.  Echangeur  de  chaleur  seion  la  revendication 
1,  qui  a  une  sortie  (32)  de  gaz  traversant  chacune 
de  ses  extremites  axiales,  et  dont  la  ou  chaque 
admission  (3)  de  matiere  est  situee  entre  les  deux 
sorties  de  gaz. 

3.  Echangeur  de  chaleur  selon  la  revendication 
1,  ayant  une  seule  sortie  (2)  de  gaz,  et  dont 
I'admission,  ou  chaque  admission  (3)  de  matiere, 
est  situee  a  I'extremite  axiale  de  la  chambre  a 
I'oppose  de  I'extremite  axiale  comportant  la  sor- 
tie  de  gaz. 

4.  Echangeur  de  chaleur,  selon  I'une  quelcon- 
que  des  revendications  precedentes,  dans  laquel 
il  existe  plusieurs  admissions  (36)  de  la  matiere, 
distributes  sur  la  largeur  axiale  de  la  chambre. 

5.  Procede  pour  realiser  un  echange  de  chaleur 
entre  une  matiere  pulverulente  et  un  gaz,  ce 
procede  utilisant  un  echangeur  de  chaleur  selon 
I'une  quelconque  des  revendications  prece- 
dentes,  dans  lequel  la  matiere  est  introduite  en 
ayant  une  composante  tangentielle  de  vitesse,  qui 
est  sensiblement  la  meme  que  celle  du  gaz  au 
point  d'introduction  de  cette  matiere. 

1.  Warmetauscher  umfassend  eine  zylindrische 
Kammer  (6)  mit  einer  horizontalen  Achse,  einen 
tangentialen  GaseinlaK  (1)  am  Umfang  der  Kam- 
mer,  wenigstens  einen  GasauslafS  (2,  32)  durch 
ein  Ende  der  Kammer  angrenzend  an  ihre  Achse, 
um  bei  der  Verwendung  einen  spiralfdrmigen 
Gasstrom  vom  GaseinlalS  zum  GasauslaS  zu 
erzeugen,  wenigstens  einen  MaterialeinlaS  (3,  36) 
zum  Einbringen  von  Material  in  die  Kammer 
angrenzend  an  ihre  Achse,  jedoch  im  radialen 
Abstand  entfernt  von  ihrer  Achse,  und  einen 
MaterialauslaS  (5)  fur  die  Abgabe  von  Material, 
das  zentrifugal  nach  auBen  durch  den  spriralfor- 
migen  Gasstrom  zum  Umfang  der  Kammer 
geschleudert  wurde  dadurch  gekennzeichnet,  dalS 
der  oder  jeder  Materialeinlafi  so  angeordnet  ist, 
daB  das  Material  bei  seiner  Einbringung  schon 
eine  Geschwindigkeit  aufweist,  die  im  wesent- 
lichen  tangential  zum  und  in  der  gleichen  Rich- 
tung  um  die  Achse  ausgerichtet  ist  wie  der  spiral- 
formige  Gasstrom,  in  den  das  Material  einge- 
bracht  wird. 

2.  Warmetauscher  nach  Anspruch  1,  der  einen 
GasauslaB  (32)  durch  jedes  seiner  axialen  Enden 
besitzt,  wobei  der  oder  jeder  MaterialeinlaB  (36) 
zwischen  den  beiden  Gasauslassen  angeordnet 
ist. 

3.  Warmetauscher  nach  Anspruch  1,  der  einen 
einzigen  GasauslaB  (2)  besitzt,  wobei  der  oder 
jeder  MaterialeinlaS  (3)  am  axialen  Ende  der 
Kammer  gegeniiber  dem  mit  de'm  GasauslalS 
versehenen  axialen  Ende  angeordnet  ist. 

4.  Warmetauscher  nach  einem  der  vorherge- 
henden  Anspriiche,  in  dem  eine  Vielzahl  von 
Materialeinlassen  (36)  quer  iiber  die  axiale  ISreite 
bzw.  Erstreckung  der  Kammer  verteilt  ist. 

5.  Verfahren  zum  Austauschen  von  Warme 
zwischen  einem  pulverformigen  Material  und 
einem  Gas  unter  Verwendung  eines  Warmetau- 
schers  nach  einem  der  vorhergehenden  Ansprii- 
che,  worin  das  Material  mit  einer  tangentialen 
Geschwindigkeitskomponente  eingebracht  wird, 
die  im  wesentlichen  gleich  jener  des  Gases  am 
Punkt  der  Materialeinbringung  ist. 
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