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Description 

[0001]  The  present  invention  relates  to  a  plate-type 
heat  exchanger  for  liquids,  specifically  water,  being  of 
the  type  which  is  used  in  so-called  compound  boilers 
used  at  one  time  for  space  heating  and  dispensing  heat- 
ed  water. 
[0002]  It  also  relates  to  the  heat  exchanging  plates 
forming  such  exchangers. 
[0003]  It  is  known  that  in  compound  systems,  a  boiler 
is  arranged  to  heat  the  water  in  a  closed  primary  circuit, 
which  water  is  circulated,  usually  by  means  of  low-head 
pumps,  through  the  heating  system  and  simultaneously 
supplied  to  the  primary  branch  of  a  heat  exchanger  hav- 
ing  a  secondary  branch  connected  to  the  water  supply. 
[0004]  The  output  of  the  secondary  branch  is  connect- 
ed  to  the  home  hot-water  distribution  network. 
[0005]  A  heat  exchanger  for  such  an  application  is  to 
meet  several  conflicting  requirements: 

it  should  be  quite  compact,  possess  high  ex- 
change  efficiency,  and  produce  limited  pressure  drops, 
especially  across  the  primary  circuit. 
[0006]  In  addition,  it  should  ensure,  especially  in  the 
secondary  or  "sanitary"  circuit,  because  intended  for  de- 
livering  drinking  water,  a  liquid  flow  which  is  as  uniform 
as  possible  and  can  ensure  an  evenly  distributed  forma- 
tion  of  calcareous  deposits,  as  are  unavoidable  or  only 
avoidable  through  the  use  of  expensive  softening  equip- 
ment. 
[0007]  The  liquid  flow  through  the  sanitary  circuit  is  to 
also  ensure  effective  and  full  removal  of  scale  on  the 
occasion  of  periodical  servicing,  that  should  desirably 
be  kept  to  a  minimum. 
[0008]  Plate  heat  exchangers  have  been  known  for 
this  kind  of  application  which  are  formed  by  a  plurality 
of  identical  plates  juxtaposed  and  attached  to  one  an- 
other  to  form  a  bank  of  chambers  consisting  of  first  and 
second  sets  of  adjacent  chambers  to  one  another,  with 
the  chambers  of  one  set  being  communicated  together 
through  two  sets  of  input  and  output  openings,  respec- 
tively,  and  with  each  chamber  in  the  first  set  intervening 
between  two  chambers  in  the  second  set  excepting  the 
end  chambers  in  the  bank. 
The  plates  are  generally  rectangular  in  shape,  designed 
for  upright  installation,  and  have  a  plurality  of  raised  ribs 
on  the  plate  face,  which  ribs  are  formed  by  deep  drawing 
and  generally  arranged  in  a  chevron  pattern  along  the 
direction  of  greater  length  or  in  a  diagonal  pattern. 
[0009]  The  plates,  which  are  identical  with  one  anoth- 
er,  are  juxtaposed  to  one  another  with  the  rib  elevation 
pointing  in  the  same  direction  throughout,  but  the  chev- 
ron  pattern  pointing  alternately  in  one  and  the  opposite 
directions. 
[0010]  Thus,  chambers  are  obtained  which  are  iden- 
tical  with  one  another  and  formed  by  two  parallel  walls 
held  apart  by  the  rib  height,  the  tips  of  the  ribs  bearing 
on  an  adjacent  plate  in  a  discontinuous  fashion  broken 
at  the  crossovers  of  the  ribs  located  on  opposite  walls. 

[0011]  The  ribs  form  a  plurality  of  V-shaped  channels 
communicated  to  one  another  at  the  crossovers  with  op- 
posite  ribs  to  produce  a  grid-like  labyrinth  which  pro- 
vides  a  flow  path  in  a  direction  generally  corresponding 

5  to  the  symmetry  axis  of  the  V-shaped  ribs  for  a  liquid 
admitted  into  the  chambers. 
[0012]  The  ribs  perform  multiple  functions:  additional- 
ly  to  stiffening  the  plates,  which  should  be  made  thin  for 
a  good  heat  transfer,  consistent  with  the  requirements 

10  of  operation  under  a  pressure,  they  are  effective  to  in- 
crease  the  transfer  area,  somewhat  spread  the  flow  over 
the  entire  chamber  cross-section,  and  induce  a  turbu- 
lent  motion  in  the  liquid  admitted  into  the  exchanger, 
which  ensures  good  transfer  efficiency. 

is  [0013]  Heat  exchangers  of  this  kind  are  disclosed  in 
US  4,249,597  (Van  P.  Carey)  and  CA  1  1  89  852  (Federer 
J.  A.  et  al.). 
[0014]  Exchangers  of  this  type  are  beset  with  draw- 
backs  and  inherent  limitations  which  have  limited  their 

20  spreading. 
[0015]  With  the  chambers  formed  by  the  plates  being 
identical,  the  two  hydraulic  circuits  formed  by  the  ex- 
changer,  which  only  differ  by  the  size  of  the  liquid  inlet/ 
outlet  opening,  are  identical  and  present  the  same  out- 

25  flow  cross-section. 
[0016]  For  a  given  flow  rate,  they  produce  the  same 
pressure  drops. 
[0017]  In  a  condition  of  different  flow  rates,  with  the 
flow  in  the  primary  circuit  being  the  larger,  as  is  normally 

30  the  case  with  such  exchangers,  considerable  pressure 
drops  occur  across  the  primary  circuit  which  are  larger 
than  across  the  secondary  circuit. 
[0018]  For  example,  across  an  exchanger  having  di- 
mensions  in  the  range  of  80  x  1  80  x  35  mm  and  including 

35  1  2  chambers  with  a  flow  rate  of  1  300  l/h  across  the  pri- 
mary,  the  pressure  drop  would  be  about  0.5  bar,  and 
with  a  corresponding  flow  rate  of  600  l/h  through  the  san- 
itary  circuit,  the  pressure  drop  across  the  sanitary  circuit 
would  be  about  0.22  bar. 

40  [0019]  Whereas  the  pressure  drop  across  the  sanitary 
circuit  is  negligible  compared  to  the  normal  conditions 
of  water  supply  from  the  distribution  network  (3  to  6  bar), 
the  pressure  drop  across  the  primary  is  specially  trou- 
blesome  and  cost-intensive  and  requires  that  circulation 

45  pumps  of  adequate  head  and  power  be  used  in  the  pri- 
mary. 
[0020]  Further,  the  dimensions  specified  for  the  ex- 
changer  bring  out  a  second  important  criticalness. 
[0021]  Assuming  for  the  thickness  of  the  plates,  made 

so  of  stainless  steel,  an  illustrative  value  of  0.4  mm,  the 
thickness  of  the  chambers,  i.e.  the  free  distance  be- 
tween  plates,  would  be  in  the  2  to  3  mm  range. 
[0022]  The  formation  of  calcareous  deposits  over  the 
walls  of  the  sanitary  circuit  not  only  reduces  transfer  ef- 

55  ficiency  quite  significantly  but  may  result  in  the  circuit 
being  partly  and  selectively  occluded  in  dependence  on 
an  uneven  distribution  of  the  flow  through  the  exchanger 
being  augmented  by  scale  and  quickly  resulting  in  an 
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inefficient  exchanger. 
[0023]  Treating  the  exchanger  with  an  acid  to  descale 
it  is  made  difficult  by  that  even  in  this  case  the  acid  flow 
tends  to  act  on  the  paths  of  easiest  passage,  leaving 
dead  pockets  of  unremoved  scale.  s 
[0024]  These  limitations  are  obviated  by  the  plate- 
type  heat  exchanger  of  this  invention,  wherein  a  high 
transfer  efficiency  is  ensured  by  a  primary  circuit  exhib- 
iting  low  pressure  drops  and  a  secondary  circuit  of  in- 
creased  length  having  a  constrained  flow  path  which  is  10 
smooth  and  free  of  stagnation  areas  and  ensures  re- 
duced  formation  of  calcareous  deposit,  longer  service 
life  and  more  effective  service  interventions. 
[0025]  These  results  are  obtained  by  the  plate-type 
heat  exchanger  of  this  invention  being  implemented  with  15 
two  different  types  of  juxtaposed  plates,  a  first  type  be- 
ing  provided  with  raised  ribs  intended  to  contact  a  flat 
surface  of  a  plate  of  the  second  type  to  form  a  first  type 
of  labyrinth  chamber  which  ensures  a  fixed  path  for  the 
flow  through  the  sanitary  circuit  with  greater  length  and  20 
smaller  cross-section  than  the  primary  circuit,  while  by 
placing  a  plate  of  the  second  type  next  to  that  of  the  first 
type,  on  the  opposite  face  from  that  with  the  raised  ribs, 
a  second  type  of  chamber  is  formed  which  ensures  in- 
creased  flow-through  cross-section  and  decreased  flow  25 
path  length  for  the  primary  circuit  flow. 
[0026]  Both  plate  types  are  provided  with  a  second 
plurality  of  ribs  intended  for  juxtaposition,  preferably  but 
not  necessarily  with  the  same  orientation,  which  in- 
crease  the  transfer  area  to  form  a  labyrinth  across  a  per-  30 
pendicular  cross-section  to  the  plane  of  the  plates  which 
ensures  a  flow  cross-section  with  no  abrupt  changes, 
and  hence  with  no  major  pressure  drops  either  in  the 
primary  or  the  secondary  circuit,  while  still  generating 
the  required  turbulent  flow  due  to  the  change  in  direction  35 
imparted  to  the  flow. 
[0027]  According  to  a  further  aspect  of  the  present  in- 
vention,  the  second  plurality  of  ribs  comprise  at  least 
two  sets  of  ribs,  a  first  set  of  ribs  which  extend  along  a 
transverse  direction  to  the  flow  direction  through  the  lab-  40 
yrinth  of  the  first  chamber  type,  and  a  second  set  of  ribs 
which  extend  along  the  flow  direction  through  the  laby- 
rinth  of  the  first  chamber  type. 
[0028]  The  first  set  of  ribs  is  arranged  proximate  to 
the  inlet  of  the  sanitary  circuit  and  cause,  in  relation  to  45 
a  corresponding  sanitary  outlet  section  of  equal  length, 
greater  turbolence  which  enhances  the  efficiency  of 
heat  transfer  in  the  exchanger  area  with  the  largest  tem- 
perature  differential,  for  a  modest  increase  in  the  overall 
pressure  drop  due  to  uneven  distribution  of  the  load  so 
losses. 
[0029]  According  to  a  further  aspect  of  the  present  in- 
vention,  the  plates,  of  generic  rectangular  shape,  have 
a  rim  or  frame  whose  sides  of  grater  lenght  at  least  are 
slighty  convex.  55 
[0030]  Preferably  all  the  sides  are  convex  and  radi- 
used  each  to  the  other  and  suitably  slanted  as  to  the 
plane  of  the  plate,  so  as  to  form  a  conoidal  surface,  rath- 
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er  than  pyramidal. 
[0031]  This  surface  provides  a  precise  matching 
among  plates  and  assures  a  perfect  brazing  of  the 
plates  among  them. 
[0032]  According  to  a  further  aspect  of  the  present  in- 
vention  the  arrangement,  in  the  two  plate  types,  of  the 
several  sets  of  ribs  of  the  second  plurality  is  set  so  as 
to  leave  between  adjacent  sets  a  flat  zone  or  portion  of 
the  plate,  each  provided  or  not  with  a  rib  of  the  first  plu- 
rality. 
[0033]  By  this  arrangement  the  two  plate  types  can 
be  combined  to  obtain  a  whole  family  of  heat  exchang- 
ers  having  differing  features  and  performances,  suitable 
for  differing  applications  and  meeting  differing  require- 
ments. 
[0034]  The  features  and  advantages  of  the  invention 
will  be  more  clearly  apparent  from  the  following  descrip- 
tion  of  a  preferred  embodiment  of  the  invention,  and 
from  the  accompanying  drawings,  in  which: 

Figure  1  is  a  front  view  of  a  plate  of  a  first  type  used 
in  the  making  of  a  heat  exchanger  according  to  this 
invention; 
Figure  2  is  a  cross-section  along  l-l  in  Figure  1  of 
the  plate  of  Figure  1  ; 
Figure  3  is  a  cross-section  along  ll-ll  in  Figure  1  of 
the  same  plate; 
Figure  4  is  a  cross-section  along  Ill-Ill  in  Figure  1  of 
the  same  plate; 
Figure  5  is  a  front  view  of  a  plate  of  a  second  type 
used  in  the  making  of  a  heat  exchanger  according 
to  this  invention; 
Figure  6  is  a  cross-section  along  IV-IV  in  Figure  5 
of  the  plate  of  Figure  5; 
Figure  7  is  a  cross-section  along  V-V  in  Figure  5  of 
the  same  plate; 
Figure  8  is  a  cross-section  along  VI-VI  in  Figure  5 
of  the  same  plate; 
Figure  9  is  a  cross-section  along  l-l  in  Figure  1  and 
IV-IV  in  Figure  5  of  an  exchanger  made  by  alternate- 
ly  juxtaposing  plates  of  the  first  and  second  types; 
Figure  10  is  a  cross-section  along  ll-ll  in  Figure  1 
and  V-V  in  Figure  5  of  the  exchanger  of  Figure  9; 
Figure  11  is  a  cross-section  along  Ill-Ill  in  Figure  1 
and  VI-VI  in  Figure  5  of  the  exchanger  of  Figure  9; 
Figure  12  is  a  viewtaken  in  the  plane  VI  I  -VI  I  in  Fig- 
ure  1  of  a  section  of  the  flow  channel  formed  by  su- 
perimposing  a  plate  of  the  second  type  on  a  plate 
of  the  first  type,  as  cut  away  along  the  flow  direction; 
Figure  13  is  a  sectional  view  taken  in  the  plane  VIII- 
VIII  in  Figure  1  across  the  flow  direction  showing  a 
section  of  the  flow  channel  formed  by  superimpos- 
ing  a  plate  of  the  second  type  on  a  plate  of  the  first 
type;  and 
Figure  1  4  is  a  space  vs.  temperature  diagram  of  the 
behavior  of  a  heat  exchanger. 
Figure  15  is  a  front  view  of  an  alternative  embodi- 
ment  for  the  plate  of  the  first  type. 
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Figure  16  is  a  front  view  of  an  alternative  embodi- 
ment  for  the  plate  of  the  second  type. 

[0035]  With  reference  to  Figures  1  to  4,  a  first  plate 
type  1  consists  of  an  element,  generally  rectangular  in 
shape  (more  properly,  according  to  an  aspect  of  the  in- 
vention,  having  convex  sides,  at  least  the  longer  ones, 
which  has  four  circular  openings  2,  3,  4,  5  arranged 
proximate  to  the  apices  of  the  rectangle,  and  a  slightly 
cone-shaped  rim  or  frame  6  deep  drawn  from  a  flat 
sheet,  preferably  of  stainless  steel,  from  which  the  plate 
is  formed. 
[0036]  Also  deep  drawn  from  the  plate  1  are  two  bear- 
ing  collars  16,  7,  raised  with  reference  to  the  view  of 
Figure  1,  which  respectively  surround  the  openings  3 
and  4,  and  two  recessed  bearing  collars  8,  9  which  re- 
spectively  surrounds  the  openings  2,  5.  These  aspects 
of  the  plate  of  Figure  1  are  conventional  and  known. 
[0037]  According  to  the  invention,  the  plate  1  is  also 
provided  with  a  first  plurality  of  straight  parallel  ribs  10, 
11,12,  1  3  extending  crosswise  to  the  direction  of  greater 
spread  of  the  plate  1  ,  and  therefore,  horizontal  in  Figure 
1. 
[0038]  The  ribs,  being  raised  above  the  plate  surface 
as  viewed  in  Figure  1  ,  are  alternately  offset  from  one 
another,  with  one  end  in  contact  with  opposite  walls  of 
the  frame  6  and  the  other  end  away  from  the  frame. 
[0039]  It  can  be  appreciated  that,  on  laying  a  flat  sur- 
face  onto  the  ribs  10,  11,  12,  13,  with  the  surface  span- 
ning  the  full  width  of  the  plate  1  ,  a  labyrinth  or  more  prop- 
erly  a  meander  path  will  be  created  which  extends  in  the 
plane  of  the  plate  and  is  schematically  indicated  by  the 
dash  line  14. 
[0040]  This  meander  constitutes  a  flow  passage  for  a 
liquid  admitted  into  the  labyrinth,  such  as  through  the 
opening  5,  and  discharged  through  the  opening  2. 
[0041]  The  flow  passage  has  a  much  greater  length 
than  the  height  of  the  plate,  and  an  outflow  cross-section 
which  is  defined  by  the  height  of  the  ribs  10,  11,  12,  13 
and  their  mutual  spacing. 
[0042]  The  plate  1  is  also  provided,  additionally  to  the 
first  plurality  of  ribs  10,  11,  12,  13,  with  a  second  plurality 
of  ribs,  which  are  also  raised  from  the  plate  plane  and 
have  preferably,  but  not  necessarily,  a  smaller  height 
than  the  ribs  of  the  first  plurality. 
[0043]  The  ribs,  being  generally  elongate  and  laid  par- 
allel  to  one  another,  are  collectively  denoted  as  sets 
thereof  by  the  references  15,  17,  18,  19,  20,  and  as 
clearly  shown  in  Figure  1  ,  arranged  in  the  outflow  chan- 
nel  defined  by  the  ribs  10,  11,  12,  13  along  a  variable 
direction  with  respect  to  the  main  direction  of  a  liquid 
flow  through  the  channel. 
[0044]  In  particular,  the  ribs  15,  17  are  elongate  and 
arranged  crosswise  to  the  flow  direction,  the  ribs  1  9,  20 
are  elongate  and  arranged  substantially  along  the  flow 
direction,  and  the  V-shaped  ribs  18  are  arranged  partly 
along  the  flow  direction  and  partly  across  it. 
[0045]  Basically,  the  second  plurality  of  ribs  serve,  as 

explained  hereinafter,  the  dual  function  of  increasing  the 
area  of  heat  transfer  between  two  fluids  separated  by 
the  plate  1  ,  and  of  producing  a  convenient  turbulence  in 
the  flows  of  the  two  fluids  for  a  more  efficient  transfer  of 

5  heat. 
[0046]  Figures  5  to  8  show  a  second  type  of  plate  21 
of  the  heat  exchanger  according  to  the  invention. 
[0047]  The  plate  21  ,  having  a  generally  rectangular 
shape  identical  with  that  of  the  plate  1  ,  is  also  provided 

10  with  four  openings  22,  23,  24,  25  identical  with  the  open- 
ings  2,  3,  4,  5  in  the  plate  1  and  arranged  in  the  same 
pattern,  a  drawn  rim  26  identical  with  the  rim  6,  and  bear- 
ing  collars  27,  28,  29,  30  which  surround  the  homolo- 
gous  openings  22,  23,  24,  25  of  the  openings  2,  3,  4,  5, 

is  respectively. 
[0048]  Unlike  the  collars  16,  7,  the  homologous  col- 
lars  28,  30  are  recessed  below  the  plane  of  the  plate  21  , 
and  the  collars  27,  29,  being  the  homologs  of  the  collars 
8,  9,  are  raised  above  the  plane  of  the  plate  21  . 

20  [0049]  The  plate  21  is  also  provided  with  a  plurality  of 
raised  ribs,  identical  in  pattern  and  shape  with  the  ribs 
of  the  second  plurality  of  ribs  on  the  plate  1  . 
[0050]  These  ribs  are  collectively  denoted  as  sets 
thereof  by  the  references  31  ,  32,  33,  34,  35,  respectively 

25  corresponding  to  the  sets  15,  17,  18,  19,  20. 
[0051]  Unlike  the  plate  1,  the  plate  21  has,  between 
sets  of  ribs  31,  32,  34,  35,  a  continual  flat  surface  for 
receiving  the  first  plurality  of  ribs  10,  11,  12,  13  of  the 
plate  1  thereon. 

30  [0052]  Alternatively,  as  explained  hereinafter,  the 
plate  21  may  also  be  provided  with  a  plurality  of  parallel 
ribs  being  the  homologs  of  the  ribs  10,  11,12,  13  and 
recessed  from  the  plate  21  rather  than  raised,  in  this 
case. 

35  [0053]  The  combined  elevation  of  the  collars  16,  7  of 
the  plate  1  and  depression  of  the  collars  28,  30  of  the 
plate  21  are  equal  to  the  height  or  elevation  of  the  ribs 
10,  11,  12,  13. 
[0054]  Likewise,  the  combined  depression  of  the  col- 

40  lars  8,  9  of  the  plate  1  and  elevation  of  the  collars  27, 
29  of  the  plate  21  are  equal  to  the  height  or  elevation  of 
the  ribs  10,  11,  12,  13. 
[0055]  It  can  therefore  be  appreciated  that,  as  clearly 
illustrated  by  the  sectional  views  of  Figures  9,  10,  11, 

45  the  superimposition  of  a  plate  as  the  one  of  Fig.  5  on  a 
plate  such  as  1  of  Fig.  1  results  in  a  flattened  chamber 
of  a  first  type  being  formed  which  is  closed  peripherally 
by  the  frame  6,  rearwardly  (as  viewed  in  Figures  1  and 
5)  by  the  plate  1  ,  and  forwardly  by  the  plate  of  Fig.  5. 

so  [0056]  The  chamber  can  be  reached  through  the 
openings  2,  22  and  5,  25,  the  respective  collars  8,  27 
and  9,  29  whereof  being  spaced  apart  from  each  other. 
[0057]  On  the  other  hand,  the  collars  28,  30  of  the 
plate  21  are  brought  to  bear  on  the  corresponding  col- 

55  lars  16,  7  of  the  plate  1,  thereby  shutting  off  the  thus 
formed  chamber  from  access  through  the  openings  3,  4 
in  the  plate  1  or  the  corresponding  openings  23,  24  in 
the  plate  21. 

4 
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[0058]  In  addition,  the  tops  of  the  ribs  10,  11,  12,  13 
will  contact  the  flat  surface  of  the  plate  21  to  form  in  the 
hollow  the  meander  or  flow  channel  described  above. 
[0059]  In  this  flow  channel,  the  sets  of  ribs  15,  17,  18, 
1  9,  20,  respectively  juxtaposed  to  the  sets  of  ribs  31  ,  32, 
33,  34,  35,  form  in  the  flow  channel  a  labyrinth  path 
which  extends  substantially  in  a  perpendicular  plane  to 
the  plane  of  the  plate. 
[0060]  Figure  12,  a  sectional  view  taken  in  the  plane 
VI  I  -  VI  I  in  Figure  1,  shows  in  cross-section  a  section  of 
the  flow  channel  proximate  to  the  openings  5,  25  along 
the  flow  direction,  and  brings  out  that  the  flow  <D  of  a 
liquid  admitted  into  the  channel  is  subjected  to  continual 
changes  of  direction  as  directed  by  the  ribs. 
[0061]  Also,  the  outflow  cross-section  is  variable,  be- 
ing  slightly  narrower  at  the  sections  defined  by  the  rib 
walls. 
[0062]  The  continual  changes  in  direction  and  cross- 
section  impart  considerable  turbulence  to  the  flow  of  the 
liquid  admitted  into  the  chamber. 
[0063]  Figure  1  3,  a  sectional  view  taken  in  the  plane 
VIII-  VIII  in  Figure  1  ,  shows  in  cross-section  a  section  of 
the  flow  channel  proximate  to  the  openings  2,  22  along 
a  substantially  perpendicular  direction  to  the  flow  direc- 
tion,  and  brings  out  that  the  flow  <D  of  a  liquid  admitted 
into  the  channel,  at  this  section  having  a  considerable 
heat  transfer  area,  is  subjected  to  no  continual  changes 
in  direction  or  outflow  cross-section. 
[0064]  In  this  region,  any  pressure  drop  of  a  moving 
fluid  would  be  due  essentially  to  the  fluid  internal  viscos- 
ity  and  the  residual  fluid  turbulence  induced  upstream. 
[0065]  Thus,  the  pressure  drops  would  be  limited. 
[0066]  The  superimposition  of  a  plate  such  as  1  on  a 
plate  such  as  21  (Fig.  5)  results  in  a  chamber  of  a  second 
type  being  formed  which  has  radically  different  features. 
First  of  all,  the  recessed  collars  8  and  9  of  the  plate  1 
will  contact  the  corresponding  raised  collars  27,  29  on 
the  plate  21  ,  thereby  shutting  off  the  chamber  from  ac- 
cess  through  the  openings  2,  22  and  5,  25. 
[0067]  Secondly,  the  raised  ribs  1  0,  1  1  ,  1  2,  1  3  on  the 
plate  1  form  no  labyrinth  within  the  chamber  but  merely 
an  expanded  cross-section  passageway,  and  the  result- 
ant  chamber  constitutes  a  substantially  straight,  short 
flow  channel  between  the  openings  3,  23  and  4,  24  to 
which  the  plate  ribs  impart,  as  shown  in  Figure  11  ,  a  lab- 
yrinth  pattern  extending  in  a  perpendicular  plane  to  the 
plane  of  the  plates. 
[0068]  Here  again,  the  labyrinth  ensures  increased 
heat  transfer  area  and  convenient  turbulence  for  a  fluid 
admitted  into  the  chamber,  at  much  more  limited  load 
losses  even  with  large  flow  rates  because  of  the  much 
shorter  length  of  the  flow  section. 
[0069]  It  can  be  appreciated,  therefore,  that  by  juxta- 
posing  a  plurality  of  plates,  alternately  of  the  first  type 
and  the  second,  as  illustrated  by  the  cross-sections  in 
Figures  9,  10,  11,  duly  brazed  at  the  frame,  the  open- 
ings,  and  other  contacting  parts  such  as  the  ribs  1  0,  11, 
12,  13,  a  plate  exchanger  can  be  provided  which  has 

two  separate  circuits  with  radically  different  features. 
[0070]  The  primary  circuit,  being  formed  by  chambers 
of  the  second  type  in  parallel  with  one  another,  is  char- 
acterized  by  extremely  low  pressure  drops,  while  the 

5  secondary  or  sanitary  circuit,  formed  by  chambers  of  the 
first  type,  is  characterized  by  pressure  drops  which  are 
not  much  higher  and  a  circuit  length  effective  to  ensure 
a  highly  efficient  transfer  of  heat. 
[0071]  Furthermore,  the  constrained  flow  path  of  the 

10  secondary  circuit  prevents  the  local  formation  of  calcar- 
eous  deposit  and  promotes,  where  necessary,  a  more 
effective  descaling  operation  by  forcing  the  descaling 
chemical  through  the  same  constrained  path. 
[0072]  The  heat  transfer  efficiency  is  further  en- 

's  hanced,  at  equal  pressure  drops,  by  the  peculiar  ar- 
rangement  of  the  second  plurality  of  ribs,  which  restrict 
to  some  extent  the  generation  of  turbulence,  and  attend- 
ant  load  losses,  to  a  limited  region  of  the  chambers  prox- 
imate  to  the  secondary  circuit  inlet  and  the  primary  cir- 

20  cuit  outlet. 
[0073]  Without  venturing  too  deeply  into  theoretical 
formulations,  the  diagram  of  Figure  14  may  be  consid- 
ered  which  illustrates  schematically  the  temperature 
variations  of  the  two  fluids,  e.g.  water,  entering  and  ex- 

25  iting  an  exchanger  in  countercurrent  relationship. 
[0074]  Shown  at  T1  1  and  T2I  are  the  inflow  tempera- 
tures  of  the  primary  and  the  secondary  fluids,  respec- 
tively,  and  at  T1  U,  T2U  the  respective  outflow  tempera- 
tures. 

30  [0075]  To  have  a  temperature  of  the  secondary  fluid 
which  closely  approximates  that  of  the  primary  fluid,  us- 
ing  small  size  exchangers,  we  tend  to  use  larger  primary 
than  secondary  fluid  flow  rates,  such  that  the  thermal 
drop  between  the  outgoing  primary  fluid  and  the  incom- 

es  ing  secondary  fluid  is  quite  large  and  larger  than  that  at 
the  outlet. 
[0076]  The  transfer  of  heat  will,  therefore,  be  stronger 
at  the  inlet  than  at  the  outlet,  and  it  is  in  that  region  that 
the  transfer  efficiency  ought  to  be  ensured  to  prevent  a 

40  laminar  flow  from  generating,  especially  at  small  flow 
rates,  temperature  gradients  within  the  fluid  such  as 
would  limit  the  heat  transfer  rate. 
[0077]  For  a  given  amount  of  turbulence  and  attend- 
ant  pressure  drop,  it  is  apparent  that  turbulence  induced 

45  where  the  thermal  drop  is  largest  contributes  more  sig- 
nificantly  to  an  efficient  transfer  of  heat. 
[0078]  This  is  the  effect  achieved  by  the  arrangement 
of  the  second  plurality  of  ribs  as  described  above,  in  sets 
differently  oriented  relative  to  the  flow  direction,  thereby 

so  increasing  the  transfer  area  and  simultaneously  provid- 
ing  an  uneven  distribution  of  the  pressure  drops  and  the 
turbulence  induced  in  the  circuit. 
[0079]  As  an  example,  an  exchanger  including  six  + 
six  plates  of  the  two  types  described  above  and  meas- 

55  uring  approximately  80  x  180  x  35  mm,  being  quite 
equivalent  in  size  to  conventional  exchangers,  for  the 
same  inflow  and  outflow  temperature  as  conventional 
exchangers  and  the  same  secondary  flow  rate  (600  l/h), 
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requires  a  lower  primary  flow  rate  of  1000  l/h  at  load 
losses  of  about  0.05  bar  across  the  primary  circuit  and 
about  0.09  bar  across  the  secondary  circuit. 
[0080]  It  should  be  understood  that  the  foregoing  de- 
scription  only  relates  to  a  preferred  embodiment  of  the 
plate-type  exchanger,  and  that  many  changes  may  be 
made  thereunto  without  departing  from  the  invention 
spirit. 
[0081]  In  particular,  the  plate  1  may  be  provided  with 
raised  ribs  such  as  10,  11  ,  12,  13  which,  instead  of  con- 
tacting  the  flat  surface  of  a  plate  21  overlying  it,  would 
contact  corresponding  recessed  ribs  in  the  plate  21  . 
[0082]  The  height  and  depth  of  these  corresponding 
ribs  would  define  in  this  case  the  spacing  between  the 
juxtaposed  plates  and  the  thickness  of  the  resultant 
chamber. 
[0083]  With  this  thickness  should  obviously  conform 
the  elevation  and  depression  dimensions  of  the  collars 
16,  7  and  28,  29  of  the  plates  1  and  2,  respectively. 
[0084]  The  thickness  of  the  chambers  formed  by  the 
plates  is  essentially  defined  by  the  elevation  and  the  de- 
pression  of  the  collars,  and  may  either  be  the  same  for 
both  chamber  types  formed  by  the  plates  or  be  different, 
to  adjust  the  average  outflow  cross-sections  of  the  pri- 
mary  and  secondary  circuits  for  more  or  less  different 
flow  rates  and  make  the  pressure  drops  across  the  two 
circuits  different. 
[0085]  The  number  of  the  plates  and  the  chambers 
formed  thereby  may  also  be  varied  within  a  broad  range 
to  meet  widely  different  space  and  capacity  require- 
ments. 
[0086]  It  is  also  apparent  that  the  connection  of  the 
exchanger  thus  formed  to  the  primary  and  the  second- 
ary  networks  and  the  closure  of  the  bank  end  plates  are 
conventional  and  may  be  provided  in  a  conventional 
manner. 
[0087]  For  instance,  as  illustrated  by  the  cross-sec- 
tions  of  Figures  9  and  10,  an  end  plate  denoted  by  the 
reference  40  may  be  similar  to  the  plates  of  the  first  type, 
such  as  the  plate  1  ,  but  without  the  openings  2,  3,  4,  5, 
thereby  shutting  off  as  by  contact  and  brazing  the  open- 
ings  23  and  24  in  the  adjacent  plate  41  of  the  second 
type  to  form  in  combination  an  end  chamber  of  the  first 
type. 
[0088]  On  the  opposite  side  of  the  plate  bank,  a  plate 
42  may  be  provided,  as  by  soldering  or  otherwise,  with 
fittings  43,  44,  45,  46  for  connection  to  inlet/outlet  ducts 
of  the  primary  and  secondary  circuits. 
[0089]  As  a  further  example  it  may  be  noted  that 
plates  such  as  1  an  21  may  also  be  coupled  together  to 
form  different  type  of  chambers  for  the  primary  and  sec- 
ondary  flow,  by  superimposing  plates  of  type  1  to  plates 
of  type  21  ,  the  last  one  being  rotated  of  180°  as  to  the 
position  shown  in  fig.  5 
[0090]  In  this  way  opening  2  is  axially  aligned  with 
opening  25  and  likewise  opening  5  is  aligned  with  open- 
ing  22. 
[0091]  Collar  16  is  coupled  to  collar  30  and  likewise 

collar  7  is  coupled  to  collar  28. 
[0092]  By  this  arrangement  of  the  plates  an  exchang- 
er  is  obtained  where  the  ribs  of  the  second  plurality  over- 
lap  in  crossed  fashion. 

5  [0093]  By  having  ribs  of  the  first  and  second  plurality 
of  the  same  height  a  plurality  of  contact  points  between 
adjacent  plates  is  achieved. 
[0094]  The  contat  point  are  distributed  on  the  plate  ex- 
tension  and,  at  equal  plate  thickness  provide  a  higher 

10  pressure  strenght  by  the  exchanger  so  formed. 
[0095]  With  the  same  pair  of  plate  types  exchangers 
can  therefore  be  obtained  which  have  different  perform- 
ances  and  meet  differing  requirements. 
[0096]  In  this  perspective,  as  a  further  example  of 

is  possible  alternatives  embodiments,  it  may  be  noted  that 
the  plates  shown  in  fig  1  and  fig.  5,  can  be  used,  with 
minimal  modifications,  to  manufacture  a  broad  range  of 
heat  exchangers  meeting  the  more  differing  require- 
ments. 

20  [0097]  Figures  1  5  and  1  6  show  two  plates  modified  to 
this  purpose. 
[0098]  Plate  51  of  fig.  15  has  a  ribs  and  openings  ar- 
rangement  equivalent  to  the  one  of  the  plate  1  of  fig.  1  . 
[0099]  The  ribs,  all  having  equal  height  are  of  two 

25  kinds:  afirst  kind  of  ribs,  52,53,54,55  extends  alternately 
from  one  of  the  two  plate  side  walls  1  55,56  having  great- 
er  lenght,  toward  the  opposite  side  wall,  in  a  direction 
substantially  perpendicular  to  the  extension  of  such  side 
walls  so  as  to  form  a  meander  path  in  the  plane  of  the 

30  path. 
[0100]  The  ribs  of  the  second  kind  are  housed  in  this 
meander  path.  They  are  divided  in  a  plurality  of  rib  sets, 
the  ribs  in  each  set  being  parallel  each  to  the  other  and 
extending  in  slanted  direction  as  to  the  plate  side  walls 

35  of  greater  lenght. 
[0101]  Each  rib  set  (possibly  with  the  exception  of  ribs 
surrounding  the  flow  input/output  openings)  form  a  band 
extending  between  opposed  sidewalls  of  greater  lenght 
of  the  plate. 

40  [0102]  In  fig.  15  bands  57,  58,  59,  60,  61  in  top-down  or- 
der  can  be  easily  seen. 
[0103]  The  bands  are  spaced  apart  the  one  from  the 
other  by  a  flat  portion  or  zone  of  the  plate  which  portion 
too  extends  from  a  side  wall  of  greater  lenght  towards 

45  the  opposite  one,  not  necessarily  reaching  it,  as  shown 
for  better  understanding  only. 
[0104]  In  fig.  15  spacing  portions  62,63,64,65  are 
shown. 
[0105]  These  portions  may  be  considered  as  extend- 

so  ing  to  encompass  the  ribs  of  the  first  kind,  52,53,54,55. 
[0106]  In  each  band,  the  ribs  extend  obliquely  with  op- 
posed  slanting  from  band  to  band. 
[0107]  In  a  central  band  59,  where  the  ribs  are  chev- 
ron  shaped,  it  may  be  observed  that  at  least  in  proximity 

55  of  the  spacing  portion  63  the  ribs  of  band  59  have  a  slape 
opposite  to  the  one  of  the  ribs  in  adjacent  band  58. 
[0108]  Likewise,  in  proximity  of  the  spacing  portion 
64,  the  ribs  of  band  59  have  a  slape  opposite  to  the  one 
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of  the  ribs  in  adjacent  band  60. 
[0109]  The  arrangement  of  ribs  52,53,54,55  (of  the 
first  type)  is  not  exactly  symmetrical  relative  to  the  center 
of  the  plate:  it  may  be  observed  that  while  rib  52  is  lo- 
cated  within  the  spacing  portion  62  in  a  position  closer 
to  the  center  of  the  plate,  the  rib  55  is  symetrically  locat- 
ed  with  an  offset  and  a  greater  distance  from  the  plate 
midline  66,  the  offset  being  equal  to  the  rib  width. 
[0110]  The  same  consideration  can  be  made  for  ribs 
53  and  54. 
[0111]  Instead,  the  ribs  bands  57,58  are  substantially 
arranged  in  specular  relation  to  bands  61  ,60  relative  to 
the  midline  66  and  band  59  comprises  two  half  bands 
exactly  specular  as  to  the  midline  66. 
[0112]  The  advantages  resulting  from  this  arrange- 
ment  will  be  explained  in  the  following. 
[0113]  Figure  16  shows  a  second  type  of  plate  67, 
equivalent  to  plate  21  of  fig.  5,  in  the  arrangement  of  ribs 
and  opening. 
[01  1  4]  Plate  67  has  a  size  identical  to  the  one  of  plate 
51  and  comprises  a  plurality  of  second  kind  ribs  band 
68,69,70,71,72  identically  to  bands  57,58,59,60,61  and 
identically  located. 
[0115]  Plate  67  differs  from  plate  51  only  for  the  rea- 
son  that  is  not  provided  with  ribs  of  the  first  kind,  such 
as  52,53,54,55  in  the  spacing  portions  73,74,75,76  cor- 
responding  to  the  spacing  portions  62,63,64,65  of  figure 
15. 
[0116]  Plates  of  the  first  type  only  (figure  15),  of  the 
second  type  only  (figure  16)  or  alternatively  of  the  first 
and  second  type  can  be  used  to  obtain  heat  exchangers 
having  differing  features  and  specifically  meeting  partic- 
ular  use  requirements. 
[0117]  In  particular: 
[0118]  Plates  of  the  first  type  may  be  superimposed 
the  one  to  the  other  to  form  a  bank,  with  a  180°  center 
rotation,  among  adjacent  plates. 
[0119]  In  this  way  the  flat  spacing  portion  62  of  one 
plate,  superimposed  to  another  one,  overlays  and  con- 
tacts  the  top  of  rib  55  of  the  other  plate  and  likewise  the 
flat  spacing  portions  63,64,65  of  the  one  plate  respec- 
tively  overlay  and  contact  the  top  of  ribs  54,53,52. 
[0120]  Thus  a  heat  exchanger  is  obtained  having  a 
primary  and  sanitary  circuit  which  circuits  are  identical 
each  to  the  other  and  have  a  flow  path  in  form  of  a  me- 
ander  in  the  plane  of  the  plates. 
[0121]  It  must  be  noted  that  in  this  case  input  and  out- 
put  of  a  circuit  are  located  on  the  same  side  of  the  plate 
bank,  relative  to  the  midline  77  of  fig.  15. 
[0122]  Within  the  meander  flow  path  the  ribs  of  the 
second  kind  of  two  adjacent  plate  cross  to  form  a  laby- 
rinth. 
[0123]  This  kind  of  exchanger  features  high  pressure 
drops  and  very  high  thermal  transfer  efficiency  (perfect 
flow  countercurrent). 
[0124]  It  is  particularly  suited  for  low  flow  rate  appli- 
cation.  Plates  of  the  second  kind,  may  be  superimposed 
the  one  to  the  other  to  form  a  bank,  with  a  180°  center 

rotation  among  adjacent  plates. 
[01  25]  A  heat  exchanger  is  obtained  having  two  iden- 
tical  primary  and  sanitary  circuits  where  the  fluid  flows 
from  one  opening  of  the  plates  to  the  opening  specular 

5  as  to  the  plate  midline  78. 
[0126]  Theflowturbolence  is  provided  bythe  labyrinth 
formed  by  the  second  kind  ribs,  distributed  in  bands  and 
crossing  each  other. 
[0127]  Thus  kind  of  exchanger  features  very  low  pres- 

to  sure  drops  on  both  the  primary  and  sanitary  circuit  and 
is  particularly  suited  for  high  flow  rates  on  both  circuits. 
[0128]  Plates  of  the  first  and  second  type  may  be  su- 
perimposed  the  one  to  the  other  to  form  a  bank,  with  a 
180°  center  rotation  among  adjacent  plates  as  to  the 

is  showing  of  figure  15,16. 
[01  29]  A  heat  exchanger  is  obtained  having  a  primary 
circuit  completely  different  from  the  sanitary  circuit,  and 
similar  to  the  one  described  with  reference  to  the  use  of 
plates  such  as  those  of  figure  1  and  5. 

20  [0130]  This  exchanger  is  particularly  suited  for  appli- 
cation  where  very  high  thermal  exchange  efficiency 
must  be  obtained  with  a  low  pressure  drop  on  the  pri- 
mary  circuit. 

25 
Claims 

1.  A  plate-type  heat  exchanger  wherein  a  plurality  of 
ribbed  plates  are  juxtaposed  and  secured  to  one  an- 

30  other  to  form  a  bank  of  chambers  consisting  of  first 
and  second  sets  of  mutually  adjacent  chambers, 
the  chambers  of  each  set  being  communicated  to 
one  another  by  two  sets  of  respectively  inlet  and 
outlet  openings,  each  chamber  of  the  first  set  being 

35  placed  between  two  chambers  of  the  second  set  ex- 
cept  the  end  chambers  in  the  bank,  wherein  said 
bank  of  chambers  is  formed  by  alternately  juxtapos- 
ing  plates  of  a  first  type  (1,51)  and  a  second  type 
(21  ,67),  the  plates  of  the  first  type  (1  ,51  )  being  pro- 

40  vided  with  a  first  plurality  of  parallel  ribs 
(10,11,12,1  3,52,53,54,55)  being  offset  from  one  an- 
other  wherein  said  ribs  are  raised  above  one  face 
of  said  plate  (1,51)  and  recessed  below  the  other 
plate  face,  so  that,  on  contacting  a  corresponding 

45  surface  of  a  plate  of  the  second  type  (21  ,67),  they 
form  a  meander  chamber  of  a  first  type  lying  in  the 
plane  of  said  plates  by  juxtaposition  of  a  plate  of  a 
second  type  (21  ,67)  to  the  face  with  raised  ribs  of 
said  first  type  plate  (1  ,51  ),  and  a  chamber  of  a  see- 

so  ond  type  with  no  meander  in  the  plane  of  said  plates 
by  juxtaposition  of  a  plate  of  the  second  type  (21  ,67) 
to  the  face  with  recessed  ribs  of  said  first  type  plate 
(1,51),  both  plate  types  being  provided  with  a  sec- 
ond  plurality  of  ribs  (15,17,18,19,20,31,32,33, 

55  34,35)  arranged  likewise  on  either  plate  types, 
whereby  on  juxtaposing  the  two  plate  types  in  an 
order  whatever  said  second  plurality  of  ribs  form  a 
labyrinth  chamber  extending  perpendicularly  to  the 

7 
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plane  of  said  plates. 

2.  A  heat  exchanger  as  in  claim  1,  wherein  said  sur- 
face  of  contact  with  said  first  plurality  of  ribs  is  the 
flat  surface  of  said  plate  of  the  second  type. 

3.  A  heat  exchanger  as  in  claim  1,  wherein  said  sur- 
face  of  contact  with  said  first  plurality  of  ribs  is  the 
tip  of  a  third  plurality  of  raised  ribs  on  said  second- 
type  plate  projecting  in  the  opposite  direction  from 
that  of  said  first  plurality  of  ribs. 

4.  A  heat  exchanger  as  in  claims  1  ,  2,  3,  wherein  said 
second  plurality  of  ribs  comprises  a  first  set  (17)  of 
elongate  ribs  extending  in  a  transverse  direction  to 
the  direction  of  flow  through  said  meander  chamber. 

5.  A  heat  exchanger  as  in  claim  4,  wherein  said  sec- 
ond  plurality  of  ribs  comprises  a  second  set  (1  9)  of 
elongate  ribs  extending  in  the  direction  of  flow 
through  said  meander  chamber. 

6.  A  plate  (21  ,67)  for  a  plate-type  heat  exchanger  as 
claimed  in  claim  1,  said  plate  (21,67)  having  a  rim 
with  two  opposed  side  walls  (155,56)  of  greater 
length  and  two  opposed  side  walls  of  lesser  length 
and  four  openings  (22,23,24,25)  located  at  corners 
of  said  plate  (21  ,67),  wherein  said  plate  comprises: 

-  a  plurality  (57,58,59,60,68,69,70,71  ,72)  of  sets 
of  ribs  extending  in  juxtaposition  one  another, 
each  set  forming  a  band  of  ribs  extending  be- 
tween  said  opposed  side  walls  of  greater  length 
(155,56)  at  least  one  of  said  bands  being 
spaced  from  adjacent  bands  by  a  spacing  flat 
portion  (62,63,64,65,73,74,75,76)  of  said  plate 
extending  from  a  side  wall  of  greater  length 
(1  55,56)  towards  the  opposite  one,  said  ribs  be- 
ing  slanted  relative  to  the  direction  of  said 
greater  length  side  walls  (1  55,56),  wherein  said 
ribs  are  raised  above  one  face  of  said  plate 
(21,67)  and  recessed  below  the  other  plate 
face. 

7.  A  plate  (51  )  as  claimed  in  claim  1  ,  comprising  a  plu- 
rality  of  ribs  (52,53,54,55)raised  above  one  face  of 
said  plate  and  recessed  below  the  other  face  plate, 
each  rib  extending  in  one  of  said  flat  portions 
(62,63,64,65)  spacing  said  rib  bands,  alternately 
from  one  or  the  other  of  said  side  walls  (1  55,56)  of 
greater  length  to  section  of  said  flat  portion  interme- 
diate  to  said  side  walls  of  greater  length,  so  as  to 
form  a  meander  path  in  the  plane  of  said  plate. 

8.  A  plate  according  to  claims  6  or  7,  wherein  said  ribs 
of  at  least  a  pair  of  adjacent  bands 
(57,58,59,60,61,68,69,70,71,72)  extend  at  least  in 
proximity  of  said  flat  spacing  portion  with  slanting 

oriented  in  opposite  direction  from  band  to  band, 
and  transverse  to  the  direction  of  the  ribs  in  the  oth- 
er  band  of  the  pair. 

5  9.  A  plate  according  to  claims  6,7,8,  wherein  said  plate 
has  a  rectangular  shape. 

10.  A  plate  according  to  claim  9,  wherein  at  least  said 
two  side  walls  of  greater  length  (1  55,56)  of  said  rim 

10  are  convex  and  form  a  cone-shaped  surface  for 
coupling  of  adjacent  plates. 

Patentanspriiche 
15 

1.  Plattenwarmetauscher,  bei  dem  mehrere  gerippte 
Platten  nebeneinander  liegen  und  aneinander  be- 
festigt  sind,  urn  eine  Reihe  von  Kammern  zu  bilden, 
die  aus  einem  ersten  und  einem  zweiten  Satz  von 

20  gegenseitig  angrenzenden  Kammern  besteht,  wo- 
bei  die  Kammern  jedes  Satzes  durch  zwei  Satze 
von  EinlaB-  bzw.  AuslaBoffnungen  miteinander  in 
Verbindung  stehen,  wobei  jede  Kammer  des  ersten 
Satzes  mit  Ausnahme  der  Endkammern  in  der  Rei- 

25  he  zwischen  zwei  Kammern  des  zweiten  Satzes  an- 
geordnet  ist,  wobei  die  Reihe  der  Kammern  durch 
abwechselndes  nebeneinander  Anordnen  von  Plat- 
ten  eines  ersten  Typs  (1,  51)  und  eines  zweiten 
Typs  (21  ,  67)  gebildet  ist,  wobei  die  Platten  des  er- 

30  sten  Typs  (1,  51)  mit  einer  Vielzahl  von  parallelen 
Rippen  (10,  11,  12,  13,  52,  53,  54,  55),  die  zuein- 
ander  versetzt  sind,  versehen  ist,  wobei  die  Rippen 
iiber  eine  Seite  der  Platte  (1,51)  erhaben  und  unter 
die  andere  Plattenseite  vertieft  sind,  so  dal3  sie 

35  beim  Zusammenbringen  mit  einer  entsprechenden 
Oberflache  einer  Platte  des  zweiten  Typs  (21,  67) 
eine  Kammer  eines  ersten  Typs  mit  schlangenfor- 
migem  Verlauf,  die  in  der  Ebene  der  Platten  liegt, 
durch  nebeneinander  Anordnen  einer  Platte  eines 

40  zweiten  Typs  (21  ,  67)  an  die  Seite  mit  den  erhabe- 
nen  Rippen  der  Platte  des  ersten  Typs  (1,  51)  und 
eine  Kammer  eines  zweiten  Typs  ohne  schlangen- 
formigen  Verlauf  in  der  Ebene  der  Platten  durch  ne- 
beneinander  Anordnen  einer  Platte  des  zweiten 

45  Typs  (21  ,  67)  an  die  Seite  der  vertieften  Rippen  der 
Platte  des  ersten  Typs  (1,  51)  bilden,  wobei  beide 
Plattentypen  mit  einer  zweiten  Vielzahl  von  Rippen 
(15,  17,  18,  19,  20,  31,  32,  33,  34,  35)  versehen 
sind,  die  in  ahnlicher  Weise  auf  beiden  Plattentypen 

so  angeordnet  sind,  wodurch  beim  nebeneinander  An- 
ordnen  der  beiden  Plattentypen  in  einer  beliebigen 
Reihenfolge  die  zweite  Vielzahl  von  Rippen  eine  La- 
byrinthkammer  bildet,  die  sich  senkrecht  zu  der 
Ebene  der  Platten  erstreckt. 

55 
2.  Warmetauscher  nach  Anspruch  1  , 

dadurch  gekennzeichnet, 
da!3  die  Beruhrungsflache  mit  der  ersten  Vielzahl 
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von  Rippen  die  ebene  Flache  der  Platte  des  zweiten 
Typs  ist. 

3.  Warmetauscher  nach  Anspruch  1  , 
dadurch  gekennzeichnet, 
dal3  die  Beruhrungsflache  mit  der  ersten  Vielzahl 
von  Rippen  die  Spitze  einer  dritten  Vielzahl  von  er- 
habenen  Rippen  auf  der  Platte  des  zweiten  Typs 
ist,  die  in  der  entgegengesetzten  Richtung  zu  der- 
jenigen  der  ersten  Vielzahl  von  Rippen  vorsteht. 

4.  Warmetauscher  nach  Anspruch  1  ,  2  oder  3, 
dadurch  gekennzeichnet, 
dal3  die  zweite  Vielzahl  von  Rippen  einen  ersten 
Satz  (17)  von  langlichen  Rippen  aufweist,  der  sich 
in  Querrichtung  zur  Stromungsrichtung  durch  die 
Kammer  mit  schlangenformigem  Verlauf  erstreckt. 

5.  Warmetauscher  nach  Anspruch  4, 
dadurch  gekennzeichnet, 
dal3  die  zweite  Vielzahl  von  Rippen  einen  zweiten 
Satz  (19)  von  langlichen  Rippen  aufweist,  der  in 
Stromungsrichtung  durch  die  Kammer  mit  schlan- 
genformigem  Verlauf  verlauft. 

6.  Platte  (21,  67)  fur  einen  Plattenwarmetauscher 
nach  Anspruch  1  ,  wobei  die  Platte  (21  ,  67)  eine  Ein- 
fassung  mit  zwei  abgewandten  Seitenwanden  (1  55, 
56)  groBerer  Lange  und  zwei  abgewandten  Seiten- 
wanden  kleinerer  Lange  und  vier  in  den  Ecken  der 
Platte  (21  ,  67)  angeordnete  Offnungen  (22,  23,  24, 
25)  aufweist,  mit 
mehreren  Satzen  (57,  58,  59,  60,  68,  69,  70,  71  ,  72) 
von  Rippen,  die  nebeneinanderverlaufen,  wobei  je- 
der  Satz  eine  Reihe  von  Rippen  bildet,  die  sich  zwi- 
schen  den  abgewandten  Seitenwanden  groBerer 
Lange  (155,  56)  erstreckt,  wobei  wenigstens  eine 
Reihe  der  angrenzenden  Reihen  durch  einen  fla- 
chen  Trennabschnitt  (62,  63,  64,  65,  73,  74,  75,  76) 
der  Platte,  der  sich  von  einer  Seitenwand  groBerer 
Lange  (155,  56)  zu  der  entgegengesetzten  er- 
streckt,  auf  Abstand  gesetzt  ist,  wobei  die  Rippen 
bezuglich  der  Richtung  der  Seitenwande  groBerer 
Lange  (155,  56)  schrag  verlaufen,  wobei  die  Rippen 
iiber  eine  Seite  der  Platte  (21  ,  67)  erhaben  und  un- 
ter  die  andere  Plattenseite  vertieft  sind. 

7.  Platte  (51)  nach  Anspruch  6,  mit 
mehreren  Rippen  (52,  53,  54,  55),  die  iiber  eine  Sei- 
te  der  Platte  erhaben  und  unter  die  andere  Platten- 
seite  vertieft  sind,  wobei  sich  jede  Rippe  in  einem 
ersten,  die  Rippenreihen  trennenden  flachen  Ab- 
schnitt  (62,  63,  64,  65)  abwechselnd  von  der  einen 
oder  der  anderen  Seitenwand  (155,  56)  groBerer 
Lange  in  den  Bereich  des  flachen  Abschnitts  zwi- 
schen  den  Seitenwanden  groBerer  Lange  erstreckt, 
urn  so  einen  schlangenformigen  Weg  in  der  Ebene 
der  Platte  zu  bilden. 

8.  Platte  nach  Anspruch  6  oder  7, 
dadurch  gekennzeichnet, 
daB  die  Rippen  wenigstens  eines  Paar  von  angren- 
zenden  Reihen  (57,  58,  59,  60,  61,  68,  69,  70,  71, 

5  72)  sich  wenigstens  in  der  Nahe  des  flachen  Trenn- 
abschnitts  erstrecken,  wobei  ihre  Schrage  von  Rei- 
he  zu  Reihe  in  entgegengesetzter  Richtung  orien- 
tiert  ist,  und  sie  sich  quer  zu  der  Richtung  der  Rip- 
pen  in  der  anderen  Reihe  des  Paares  erstrecken. 

10 
9.  Platte  nach  Anspruch  6,  7  oder  8, 

dadurch  gekennzeichnet, 
daB  die  Platte  rechteckformig  ist. 

is  10.  Platte  nach  Anspruch  9, 
dadurch  gekennzeichnet, 
daB  wenigstens  zwei  Seitenwande  groBerer  Lange 
(155,  56)  der  Einfassung  konvex  sind  und  eine  ko- 
nische  Oberflache  zum  Verbinden  von  angrenzen- 

20  den  Platten  bilden. 

Revendications 

25  1.  Echangeur  de  chaleur  du  type  a  plaques,  dans  le- 
quel  une  pluralite  de  plaques  nervurees  sont  juxta- 
posees  et  fixees  les  unes  aux  autres  pour  former 
une  rangee  de  chambres  comportant  des  premier 
et  second  ensembles  de  chambres  mutuellement 

30  adjacentes,  les  chambres  de  chaque  ensemble 
communiquant  les  unes  avec  les  autres  au  moyen 
de  deux  ensembles  d'ouvertures  respectives  d'en- 
tree  et  de  sortie,  chaque  chambre  du  premier  en- 
semble  etant  placee  entre  deux  chambres  du  se- 

35  cond  ensemble,  sauf  les  chambres  d'extremite  de 
la  rangee,  dans  lequel  ladite  rangee  de  chambres 
est  formee  en  juxtaposant  en  alternance  des  pla- 
ques  d'un  premier  type  (1,51)  et  d'un  second  type 
(21,  67),  les  plaques  du  premier  type  (1,  51)  etant 

40  munies  d'une  premiere  pluralite  de  nervures  paral- 
lels  (10,  11,  12,  13,  52,  53,  54,  55)  decalees  les 
unes  par  rapport  aux  autres,  dans  lesquelles  lesdi- 
tes  nervures  sont  en  relief  par  rapport  a  une  face 
particuliere  de  ladite  plaque  (1,51)  et  sont  en  creux 

45  par  rapport  a  I'autre  face  de  la  plaque,  de  sorte  que, 
lors  du  contact  avec  une  surface  correspondante 
d'une  plaque  du  second  type  (21  ,  67),  elles  torment 
une  chambre  a  meandres  d'un  premier  type  repo- 
sant  dans  le  plan  desdites  plaques  par  juxtaposition 

so  d'une  plaque  d'un  second  type  (21  ,  67)  sur  la  face 
munie  de  rainures  en  relief  de  ladite  plaque  de  pre- 
mier  type  (1  ,  51  ),  et  une  chambre  d'un  second  type 
sans  meandre  dans  le  plan  desdites  plaques  par 
juxtaposition  d'une  plaque  du  second  type  (21  ,  67) 

55  sur  la  face  munie  de  nervures  en  creux  de  ladite 
plaque  de  premier  type  (1  ,  51  ),  les  deux  types  de 
plaque  etant  munis  d'une  deuxieme  pluralite  de  ner- 
vures  (15,  17,  18,  19,  20,  31,  32,  33,  34,  35)  agen- 
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cees  de  maniere  similaire  sur  les  deux  types  de  pla- 
que,  de  sorte  que,  lors  de  la  juxtaposition  des  deux 
types  de  plaque,  quel  que  soit  I'ordre,  ladite  deuxie- 
me  pluralite  de  nervures  forme  une  chambre  a  la- 
byrinthe  s'etendant  perpendiculairement  au  plan 
desdites  plaques. 

2.  Echangeur  de  chaleur  selon  la  revendication  1, 
dans  lequel  ladite  surface  de  contact  avec  ladite 
premiere  pluralite  de  nervures  est  la  surface  plate 
de  ladite  plaque  du  second  type. 

3.  Echangeur  de  chaleur  selon  la  revendication  1, 
dans  lequel  ladite  surface  de  contact  avec  ladite 
premiere  pluralite  de  nervures  est  le  bout  d'une  troi- 
sieme  pluralite  de  nervures  en  relief  sur  ladite  pla- 
que  de  second  type  depassant  dans  le  sens  oppose 
a  celui  de  ladite  premiere  pluralite  de  nervures. 

4.  Echangeur  de  chaleur  selon  les  revendications  1, 
2,  3,  dans  lequel  ladite  deuxieme  pluralite  de  ner- 
vures  comprend  un  premier  ensemble  (17)  de  ner- 
vures  allongees  s'etendant  dans  une  direction 
transversale  par  rapport  a  la  direction  d'ecoulement 
a  travers  ladite  chambre  a  meandres. 

5.  Echangeur  de  chaleur  selon  la  revendication  4, 
dans  lequel  ladite  deuxieme  pluralite  de  nervures 
comprend  un  second  ensemble  (1  9)  de  nervures  al- 
longees  s'etendant  dans  la  direction  d'ecoulement 
a  travers  ladite  chambre  a  meandres. 

6.  Plaque  (21,  67)  pour  un  echangeur  de  chaleur  du 
type  a  plaques  selon  la  revendication  1  ,  ladite  pla- 
que  (21,  67)  ayant  un  rebord  muni  de  deux  parois 
laterales  opposees  (1  55,  56)  de  longueur  superieu- 
re  et  deux  parois  laterales  opposees  de  longueur 
inferieure  et  quatre  ouvertures  (22,  23,  24,  25)  si- 
tuees  aux  angles  de  ladite  plaque  (21  ,  67),  dans  la- 
quelle  ladite  plaque  comprend  : 

plaque. 

7.  Plaque  (51)  selon  la  revendication  1,  comprenant 
une  pluralite  de  nervures  (52,  53,  54,  55)  en  relief 

5  par  rapport  a  une  face  particuliere  de  ladite  plaque 
et  en  creux  par  rapport  a  I'autre  face  de  la  plaque, 
chaque  nervure  s'etendant  dans  I'une  desdites  par- 
ties  plates  (62,  63,  64,  65)  espacant  lesdites  bandes 
de  nervures,  en  alternance  a  partir  de  I'une  ou 

10  I'autre  desdites  parois  laterales  (155,  56)  de  lon- 
gueur  superieure  jusqu'a  la  portion  de  ladite  partie 
plate  intermediate  auxdites  parois  laterales  de  lon- 
gueur  superieure,  de  facon  a  former  un  chemin  a 
meandres  dans  le  plan  de  ladite  plaque. 

15 
8.  Plaque  selon  les  revendications  6  ou  7,  dans  laquel- 

le  lesdites  nervures  d'au  moins  un  couple  de  ban- 
des  adjacentes  (57,  58,  59,  60,  61,  68,  69,  70,  71, 
72)  s'etendent  au  moins  a  proximite  de  ladite  partie 

20  d'espacement  plate  avec  une  inclinaison  orientee 
dans  un  sens  oppose  d'une  bande  a  I'autre,  et  de 
facon  transversale  par  rapport  a  la  direction  des 
nervures  dans  I'autre  bande  du  couple. 

25  9.  Plaque  selon  les  revendications  6,  7,  8,  danslaquel- 
le  ladite  plaque  a  une  forme  rectangulaire. 

10.  Plaque  selon  la  revendication  9,  dans  laquelle  au 
moins  lesdites  deux  parois  laterales  de  longueur 

30  superieure  (155,  56)  dudit  rebord  sont  convexes  et 
torment  une  surface  de  forme  conique  pour  le  cou- 
plage  de  plaques  adjacentes. 

35 

40 

20 

une  pluralite  (57,  58,  59,  60,  68,  69,  70,  71  ,  72) 
d'ensembles  de  nervures  s'etendant  en  juxta- 
position  les  uns  par  rapport  aux  autres,  chaque 
ensemble  formant  une  bande  de  nervures  45 
s'etendant  entre  lesdites  parois  laterales  oppo- 
sees  de  longueur  superieure  (155,  56),  au 
moins  une  desdites  bandes  etant  espacee  de 
bandes  adjacentes  par  une  partie  plate  d'espa- 
cement  (62,  63,  64,  65,  73,  74,  75,  76)  de  ladite  so 
plaque  s'etendant  a  partir  d'une  paroi  laterale 
de  longueur  superieure  (155,  56)  vers  la  paroi 
opposee,  lesdites  nervures  etant  inclinees  par 
rapport  a  la  direction  desdites  parois  laterales 
de  longueursuperieure  (155,  56),  dans  laquelle  55 
lesdites  nervures  sont  en  relief  par  rapport  a 
une  face  particuliere  de  ladite  plaque  (21,  67) 
et  sont  en  creux  par  rapport  a  I'autre  face  de  la 
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