
J »  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0   2 2 0   8 2 4  
B 1  

m)  Publication  number: 

EUROPEAN  PATENT  SPECIFICATION 

ft  mt.  civ  F25B  9 / 0 0  Date  of  publication  of  the  patent  specification: 
23.08.89 

Application  number:  86307181.7 

Date  of  filing:  18.09.86 

Refrigeration  apparatus. 

©  Priority:  19.10.85  GB  8525817  @  Proprietor:  LUCAS  INDUSTRIES  public  limited  company, 
Great  King  Street,  Birmingham,  B19  2XF  West 
Midlands(GB) 

@)  Date  of  publication  of  application  : 
06.05.87  Bulletin  87/19 

@  Inventor:  Lewis,  Geoffrey  Arthur,  17  St.  Bernards  Road, 
Solihull  West  Midlands.  B92  7AU(GB) 

@  Publication  of  the  grant  of  the  patent; 
23.08.89  Bulletin  89/34 

@  Representative:  Cuddon,  George  Desmond  et  al, 
MARKS  &  CLERK  Alpha  Tower  Suffolk  Street 

@  Designated  Contracting  States  :  Queensway,  Birmingham  B1  1TT(GB) 
DE  FR  GB  IT 

@  References  cited: 
DE-A-3044427 
US-A-3  991586 
US-A-4  397155 

m  

CM 
00 

o  
CM 
CM 

Q  Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give  notice  to 
the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in  a  written  reasoned 

<%  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent 
j"J  convention). 

ACTORUM  AG 



EP  0  220  824  B1 

Description 

This  invention  relates  to  a  refrigeration  appara- 
tus  of  the  general  type  shown  in  US-A-3991586  and 
includes  a  compressor  for  cyclically  varying  the 
pressure  of  a  gas  volume,  and  a  regenerator 
through  which  a  part  of  the  gas  is  repeatedly  trans- 
ferred  in  alternate  directions.  Heat  is  exchanged 
between  the  gas  and  the  regeneration  during  these 
transfers.  Gas  transfer  is  effected  by  a  recipro- 
cating  element,  this  element  being  commonly  known 
as  a  displacer.  The  aforesaid  prior  art  seeks  to  im- 
prove  refrigeration  efficiency  by  energising  the 
displacer  in  synchronism  with  the  compressor. 

The  apparatus  described  hereafter  provides  an 
arrangement  by  means  of  which  power  consumption 
may  be  reduced,  and  cooling  efficiency  thereby  in- 
creased. 

It  is  necessary  that  the  displacer  shall  have,  for 
a  given  volume,  a  large  surface  area,  and  at  the 
same  time  shall  not  restrict  gas  flow  unacceptably. 
It  is  common  practice  to  provide  a  matrix  of  wire 
gauze  or  small  tubes  within  the  displacer,  a  part  of 
the  gas  passing  through  the  matrix  during  each 
transfer.  However,  since  the  viscosity  of  a  gas  in- 
creases  with  its  temperature  the  flow  resistance  of 
the  usual  type  of  the  matrix  is  less  at  the  colder  end 
and  greater  at  the  hotter  end  of  the  displacer.  In 
one  of  its  aspects  the  present  invention  includes 
provision  of  a  matrix  which  is  graduated  lengthwise 
of  the  displacer  so  as  to  provide  the  largest  effec- 
tive  surface  area  consistent  with  an  acceptable 
flow  resistance  at  a  plurality  of  locations  along  the 
displacer. 

It  is  also  required  that  the  compressor  and  dis- 
placer  shall  operate  in  a  predetermined  phase  rela- 
tionship,  and  in  a  further  embodiment  the  present  in- 
vention  provides  an  arrangement  in  which  energisa- 
tion  of  the  compressor  is  dependent  on  an  operating 
position  of  the  displacer. 

According  to  the  invention  a  refrigeration  appa- 
ratus  comprising  a  compressor,  a  bore  having  cold 
and  ambient  temperature  ends  and  which  communi- 
cates  at  one  end  with  said  compressor,  a  displacer 
plunger  freely  axially  slidable  in  said  bore,  said 
plunger  having  therein  a  regenerator  matrix  through 
which  a  working  fluid  is  constrained  to  flow  as  a  re- 
sult  of  axial  movement  of  sais  plunger,  said  matrix 
comprising  a  plurality  of  heat  exchange  elements 
which  are  graded  lengthwise  of  the  plunger  so  ae  to 
have  a  larger  total  surface  area  at  the  colder  end 
of  said  matrix  than  at  the  warmer  end  thereof. 

An  embodiment  of  the  invention  will  now  be  de- 
scribed  by  way  of  example  only  and  with  reference 
to  the  accompanying  drawings  in  which: 

Figure  1  is  a  diagram  of  a  refrigeration  appara- 
tus,  and 

Figure  2  shows  the  time  relationship  of  operating 
conditions  of  the  apparatus  of  Figure  1  . 

Figure  1  shows  a  modified  Ericcson  cycle  refrig- 
erator  which  comprises  a  compressor  1  0  for  a  work- 
ing  fluid  which  in  the  present  example  is  helium.  The 
compressor  1  0  has  a  piston  1  1  movable  by  a  coil  1  2 

which  is  located  in  the  field  of  a  permanent  magnet 
13.  The  coil  is  energisable  by  current  supplied  from 
a  control  circuit  14.  The  compressor  10  is  connected 
through  a  60cm  long  pipe  15  to  a  cooling  probe  16, 

5  which  is  shown  to  an  enlarged  scale. 
The  probe  16  comprises  a  housing  20  having  a 

stepped  bore  21  to  which  the  pipe  15  is  connected 
and  from  which  a  thin-walled  tube  22  extends  axially. 

The  end  of  the  tube  22  remote  from  the  housing 
10  20  is  closed  by  a  plug  23.  The  tube  22  defines  a  bore 

in  which  a  displacer  plunger  24  is  axially  slidable. 
The  plunger  24  has  a  through  bore  25.  An  end  cap 
26  is  secured  in  the  plunger  24  and  has  axial  and 
transverse  passages  38  which  communicate  with 

15  the  bore  25  and  open  on  to  the  circumference  of  the 
cap  26.  The  cap  26  is  slideable  in  the  plug  23  with  a 
diametral  clearance  of  the  order  of  0.1mm.  The  end 
27  of  the  plunger  24  remote  from  the  cap  26  has  a 
substantial  diametral  clearance  within  the  tube  22. 

20  Adjacent  this  latter  end  and  over  the  length  L  the 
plunger  has  a  diametral  clearance  of  the  order  of 
0.015mm.  Over  the  remainder  of  its  length  the  plung- 
er  24  has  a  diametral  clearance  of  the  order  of 
0.25mm.  A  transverse  bore  28  connects  the  bore 

25  25  with  an  annular  passage  29  provided  by  the 
clearance  around  the  end  27,  and  hence  with  the 
pipe  15.  A  rod  30  is  secured  to  the  end  27  and  pass- 
es  through  a  wall  31  into  a  cylindrical  chamber  32. 
The  rod  30  terminates  in  a  damper  piston  33  which  is 

30  slidable  in  the  chamber  32  with  a  diametral  clearance 
of  between  0.038  and  0.046  mm.  The  piston  33  has  a 
blind  bore  34  which  can  pass  over  a  stem  35  which 
is  sealingly  mounted  in  the  body  20  so  as  to  be  elec- 
trically  insulated  therefrom.  The  value  of  electrical 

35  capacitance  between  the  piston  33  and  stem  35  is 
dependent  on  the  axial  position  of  the  plunger  24, 
and  this  capacitance  is  sensed  by  the  circuit  14 
through  wires  36.  A  plastics  buffer  37  surrounds 
the  stem  35. 

40  The  bore  of  the  plunger  24  is  filled  with  a  heat  re- 
generator  matrix.  It  is  desirable  that  the  smallest 
possible  temperature  difference  shall  exist  between 
the  working  fluid  and  the  elements  which  comprise 
the  matrix.  For  this  purpose  the  matrix  should 

45  present  the  largest  possible  surface  area  to  the 
working  fluid,  that  is  it  should  comprise  a  large 
number  of  elements  of  small  cross-section.  Such  a 
matrix  will,  however  result  in  increased  resistance 
to  fluid  flow,  this  resistance  increasing  with  in- 

50  creased  viscosity  of  the  working  fluid. 
In  a  typical  Ericsson  cycle  refrigerator  in  which 

helium  is  the  working  gas  the  temperature  at  the  cold 
end  26  of  the  plunger  24  is  less  than  70°K,  and  may 
exceed  300°K  at  the  hotter  end  27.  The  viscosity  of 

55  helium  is  given  by 
t\  =  AT  1-5/(T+B)  poise 
and  the  thermal  conductivity  K  by 
K  -f.CVAT.  i-5/(T+B)  watt/cm.°C 
where  f  =  2.3 

60  A  =  1.47x10-5 
B  =  80 
CV=  specific  heat  at  constant  pressure 
T  =  gas  temperature  in  °K. 

When  T  =  70°K,  r\  =  5.74  x  10-s  poise,  and 
65  K  =  4.1  7  x  1  0-4  watt/cm.°C 
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When  T  =  300°C,  r\  =  2  x  1  0-4  poise,  and 
K=  1.47  x  10-3  watt/cm.°C 

In  the  particular  example  the  matrix  comprises  a 
plurality  of  spherical  glass  beads  40.  For  a  given 
volume  of  such  beads  the  total  surface  area  in- 
creases  inversely  as  the  bead  diameter.  More- 
over,  smaller  beads  reduce  the  length  of  the  heat 
conduction  path  through  the  working  fluid.  The  tem- 
perature  difference  between  the  fluid  and  the 
beads  rises  as  the  square  of  the  bead  diameter,  and 
falls  with  increasing  thermal  conductivity  of  the  glu- 
id.  Though  for  the  foregoing  reasons  it  is  advanta- 
geous  to  reduce  the  bead  diameter,  such  a  reduc- 
tion  will  increase  flow  resistance  inversely  as  the 
square  of  the  bead  diameter.  Flow  resistance  also 
increases  with  increased  viscosity  of  the  fluid 
which  itself  increases  with  temperature.  The  in- 
crease  of  viscosity  with  temperature  renders  it  de- 
sirable  to  use  beads  of  larger  diameter  adjacent  the 
hot  end  27.  Through  ideally  the  bead  diameters 
would  increase  continuously  from  the  end  26  to  the 
end  27,  it  is  more  convenient  to  divide  the  bore  25 
of  the  plunger  24  into  a  plurality  of  zones,  as  shown 
in  Figure  1  ,  by  means  of  wire  gauze  discs  41  ,  each 
of  the  zones  so  obtained  being  filled  wi  th  beads  40 
of  an  appropriate  size.  In  the  example  shown  three 
such  zones  are  provided. 

In  a  particular  example  0.0004  grams  of  helium 
are  required  to  pass  through  a  bead  matrix  of  0.23 
cm3  volume  and  2.25  cm  long  in  a  time  of  0.01  sec- 
onds,  the  cold  and  ambient  end  temperatures  being 
70°K  and  300°K  respectively.  The  absolute  gas 
pressure  is  10?  dyn/cm2,  and  its  specific  heat  at 
constant  pressure  Cp  is  5.226  joules/gram  °C.  If 
the  difference  in  temperature  between  the  gas  and 
bead  matrix  is  not  to  exceed  1°C  at  the  colder  end,  it 
can  be  shown  that  the  required  bead  diameter  at  the 
colder  end  is  0.0135cm.  If  the  gas  pressure  loss  per 
unit  length  at  the  hotter  end  of  the  matrix  is  not  to  ex- 
ceed  that  at  the  colder  end,  the  diameter  of  the 
beads  at  the  ambient  temperature  end  must  be  in- 
creased  to  0.052cm. 

Figure  2  shows  changes  in  operating  conditions 
of  the  apparatus,  plotted  on  the  same  horizontal 
time  scale,  the  magnitude  of  the  changes  in  these 
operating  conditions  being  indicated  where  appro- 
priate. 

When  the  pressure  in  the  pipe  is  at  its  rest  value 
of  10  megadynes/cm2  (Figure  2(d)  the  plunger  24  is 
in  the  position  shown  in  Figure  1  . 

The  circuit  14  is  responsive  to  signals  from  a  tem- 
perature  probe  42  in  a  zone  43  cooled  by  the  refrig- 
erator.  The  circuit  14  generates  trigger  pulses  P  as 
shown  at  (a)  in  Figure  2,  the  interval  between  these 
pulses  increasing  as  the  temperature  in  the  zone  43 
approaches  its  desired  level.  If  the  plunger  24  is  at 
or  adjacent  an  end  of  its  travel  where  the  cap  26  is 
close  to  the  plug  23,  the  capacitance  sensed  by  the 
stem  35  provides  a  first  signal  level  S1  on  the  line  36 
and  the  circuit  14  responds  to  the  signals  S1  and  P 
to  energise  the  coil12  by  applying  a  positive  voltage 
V  thereto,  as  shown  at  (b)  in  Figure  2.  In  response 
to  the  positive  voltage  V  the  piston  1  1  initially  moves 
to  compress  the  gas,  as  shown  at  (c).  The  first  0.2 
cm  of  this  movement  is  rapid  and  then  reduces  to  a 

lower  value  after  the  gas  reaches  the  pressure  of 
16  megadynes/cm2  shown  at  (d).  Thereafter  the  pis- 
ton  1  1  moves  relatively  slowly  to  maintain  a  constant 
pressure  as  the  gas  density  increases  in  response 

5  to  a  temperature  drop. 
The  increased  pressure  acts  on  the  effective  di- 

ameter  of  the  rod  30,  urging  the  plunger  24  down- 
wardly,  as  viewed  in  Figure  1  .  Downward  movement 
of  the  plunger  24  causes  gas  to  pass  through  the 

10  matrix  of  beads  40  to  the  end  23.  During  this  pas- 
sage  heat  is  transferred  to  the  beads  40  in  the  ma- 
trix,  cooling  the  gas  and  producing  a  small  but  toler- 
able  increase  in  the  matrix  temperature. 

As  shown  at  Figure  2(e)  the  velocity  of  the  plung- 
15  er  24  increases  exponentially  to  a  value  of  about  20 

cm/sec  and  subsequently  stays  at  a  substantially 
constant  value  when  the  pressure  difference 
across  the  damper  piston  33  in  combination  with  a 
small  pressure  difference  across  the  matrix,  has  in- 

20  creased  to  a  balancing  value.  After  approximately 
0.28  cm  of  movement,  as  indicated  at  Figure  2  (f)  a 
second  level  S2  of  the  capacitance  signal  on  lines 
36  (Figure  1)  causes  the  polarity  of  the  voltage  on 
the  coil  12  to  be  reversed  (Figure  2(a))  and  the  pis- 

25  ton  1  1  is  urged  to  allow  the  gas  to  expand  to  a  pres- 
sure  of  6  megadynes/cm2  (Figure  2(d)).  During  this 
expansion  the  gas  temperature  falls  and  heat  can 
flow  to  the  gas  from  the  zone  43.  The  reduced  net 
downward  pressure  on  the  plunger  24  and  the  pres- 

30  sure  difference  across  the  damper  piston  33  com- 
bine  to  urge  the  plunger  24  upwards,  returning  gas 
from  the  end  23  to  adjacent  the  end  27  of  the  plung- 
er.  Heat  is  transferred  to  the  gas  from  the  matrix 
beads  40  during  its  return  through  the  regenerator. 

35  Any  heat  transferred  to  the  gas  from  the  zone  43 
passes  to  the  end  27  and  is  then  lost  by  way  of  the 
housing  20.  As  indicated  above  the  temperature  dif- 
ference  between  the  gas  and  the  bead  matrix  is 
very  small,  being  or  the  order  of  1  CC. 

40  The  above-described  phases  of  compression, 
cooling,  expansion  and  heating  comprise  a  single  cy- 
cle  which  takes  place  in  time  Ta  (Figure  2(a)). 
A  dwell  time  Td  then  occurs  until  the  next  initiating 
pulse,  the  total  time  Ta  +  Td  between  pulses  P  in- 

45  creasing  as  the  sensed  temperature  in  the  zone  43 
falls.  When  the  sensed  temperature  is  at  or  below 
its  desired  value  the  pulses  P  in  Figure  2  (a)  are  not 
generated  and  the  coil  12  is  not  energised  in  either 
direction.  During  the  dwell  times  Td  the  plunger  24 

50  is,  of  course,  stationary,  and  in  the  upper  position 
shown  in  Figure  1,  so  that  the  first  signal  level  S1  is 
maintained.  With  the  plunger  24  stationary  the  tem- 
perature  of  each  part  of  the  plunger  24  is  substan- 
tially  the  same  as  that  of  the  immediately  adjacent 

55  part  of  the  tube  22.  When  the  plunger  24  moves 
downwards,  the  temperature  gradient  along  the  re- 
generator  16  results  in  the  aforesaid  parts  of  the 
plunger  24  being  raised  in  temperature  by  the  parts 
of  the  tube  22  to  which  they  are  now  adjacent.  The 

60  amount  of  heat  so  transferred  will  increase  with  the 
total  amount  of  time  in  which  the  plunger  is  at  its 
downward  end.  Continuous  movement  of  the  plung- 
er  24  will  thus  tend  to  result  in  stepwise  transfer  of 
heat  towards  the  end  23,  and  thereby  to  reduce  the 

65  net  cooling  effect  of  the  apparatus.  This  effect  is 
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minimised  by  providing  that  the  dwell  times  are  as 
long  as  is  consistent  with  obtaining  the  desired  tem- 
perature  in  the  zone  43. 

During  operation  of  the  apparatus  some  gas  may 
lead  past  the  piston  1  1  ,  tending  to  reduce  the  mean  5 
pressure  of  the  gas  in  the  working  volume.  As 
shown  diagrammatically  in  Figure  1  the  compressor 
10  has  a  sealed  housing  which  encloses  both  the  pis- 
ton  11  and  its  electrical  actuator  12,  13  and  this  hous- 
ing  is  filled  with  helium.  If  the  mean  pressure  falls  10 
below  an  acceptable  level  the  compressor  10  is  en- 
ergised  during  a  dwell  time  Td  so  as  temporarily  to 
lower  the  mean  pressure  still  further,  and  cause 
gas  to  leak  back  past  the  piston  1  1  and  thereby  re- 
store  the  system  pressure.  This  operation  is  indicat-  15 
ed  at  R  in  Figure  2  (b)  and  (c).  It  will  be  understood 
that  since  the  plunger  24  is  in  its  upper  position  dur- 
ing  each  dwell  time  Td,  the  recharging  operation 
does  not  affect  the  refrigeration  cycle. 

Clearance  between  the  stem  30  and  the  wall  31  is  20 
such  that  slight  leakage  into  the  chamber  32  can  oc- 
cur.  This  ensures  that  the  mean  pressure  in  the 
chamber  32  is  equal  to  the  mean  pressure  in  the  pipe 
15  during  a  dwell  time  Td. 

In  an  alternative  embodiment  a  plurality  of  wire  25 
gauze  discs,  which  lie  in  planes  normal  to  the  long 
axis  of  the  plunger  24,  may  be  substituted  for  the 
beads  40.  The  diameters  of  the  wires  and  their 
spacing  is  varied  progressively  along  the  length  of 
the  matrix  so  as  to  provide  a  larger  surface  area  30 
and  a  reduced  resistance  to  flow  of  the  working  flu- 
id  as  the  ambient  end  is  approached. 

Alternatively  the  matrix  may  comprise  bundles  of 
fibres,  for  example  glass  fibres,  of  progressively 
reducing  diameters  and  separated  by  discs  41  in  the  35 
same  manner  as  for  the  beads  40. 

which  respectively  comprise  beads  substantially 
the  same  size. 

5.  An  apparatus  as  claimed  in  any  preceding  claim 
in  which  said  compressor  (10)  comprises  a  piston 
(11),  and  an  reversibly  energisable  electromagnetic 
actuator  (12)  coupled  to  said  piston  (11). 

6.  An  apparatus  s  claimed  in  claim  5  which  in- 
cludes  a  device  (35)  for  generating  as  first  signal 
(51)  when  said  plunger  (24)  is  at  a  predetermined  po- 
sition  of  its  axial  movement,  and  a  circuit  (14)  re- 
sponsive  to  said  first  signal  (S1)  for  energising  said 
actuator  (12). 

7.  An  apparatus  as  claimed  in  claim  6  which  in- 
cludes  means  (42)  for  generating  a  further  signal 
(P)  when  said  cold  end  (23)  of  said  bore  (21,  22)  is 
above  a  predetermined  temperature,  said  circuit 
(14)  energising  said  actuator  (12)  only  in  the  pres- 
ence  of  said  first  (S1  )  and  further  (P)  signals. 

Patentanspruche 

1.  Kuhlvorrichtung  mit  einem  Kompressor  (10),  ei- 
ner  Bohrung  (21  ,  22)  mit  je  einem  kalten  und  einem 
Ende  mit  Umgebungstemperatur,  wobei  die  Bohrung 
an  einem  Ende  mit  dem  Kompressor  (1  0)  in  Verbin- 
dung  steht,  einem  frei  axial  in  der  Bohrung  (21)  ver- 
schieblichen  Verdrangerkolben  (24),  der  mit  einer 
Warmespeicher-Masse  gefiillt  ist,  die  als  Ergebnis 
der  axialen  Bewegung  des  Kolbens  (24)  zwangswei- 
se  von  einer  Arbeitsflussigkeit  durchstromt  wird, 
wobei  die  Warmespeichermasse  eine  Vielzahl  von 
Warmeaustauschelementen  (40)  enthalt,  dadurch 
gekennzeichnet,  daB  die  Warmeaustauschelemente 
(40)  langs  des  Kolbens  (24)  so  abgestuft  sind,  daB 
sie  am  kalteren  Ende  der  Warmespeichermasse  ei- 
ne  groBere  Gesamt-Oberflache  haben  als  im  warme- 
ren  Ende. 

2.  Vorrichtung  nach  Anspruch  1,  wobei  die  War- 
meaustauschelemente  (40)  eine  Vielzahl  von  Draht- 
gaze-Scheiben  umfassen,  die  quer  im  Kolben  liegen. 

3.  Vorrichtung  nach  Anspruch  1,  wobei  die  War- 
meaustauschelemente  (40)  ein  Vielzahl  von  kugeli- 
gen  Perlen  umfassen,  deren  Durchmesser  mit  wach- 
sendem  Abstand  von  kalteren  Ende  der  Warmespei- 
chermasse  zunimmt. 

4.  Vorrichtung  nach  Anspruch  3,  wobei  die  Per- 
len  in  mehreren  Gruppen  angeordnet  sind,  die  Per- 
len  von  im  wesentlichen  gleichen  Abmessungen  ent- 
halten. 

5.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  wobei  der  Kompressor  (10)  einen  Kol- 
ben  (11)  aufweist  sowie  ein  umkehrbar  erregbares, 
mit  dem  Kolben  (11)  verbundenes  elektromagneti- 
sches  Betatigungsglied  (12). 

6.  Vorrichtung  nach  Anspruch  5,  mit  einem  Mittel 
(35)  zum  Erzeugen  eines  ersten  Signals  (S1)  dann, 
wenn  der  Kolben  (24)  in  einer  vorbestimmten  Lage 
wahrend  seiner  Axialbewegung  ist,  sowie  mit  einem 
Schaltkreis  (14),  mit  dessen  Hilfe  auf  das  erste  Si- 
gnal  (S1)  hin  das  Betatigungsglied  (12)  erregt  wird. 

7.  Vorrichtung  nach  Anspruch  6,  mit  Mitteln  (42) 
zum  Erzeugen  eines  weiteren  Signals  (P)  dann, 
wenn  das  kalte  Ende  (23)  der  Bohrung  (21  ,  22)  ober- 
halb  einer  vorbestimmten  Temperatur  liegt,  wobei 

Claims 
40 

1.  A  refrigeration  apparatus  comprising  a  com- 
pressor  (10),  a  bore  (21,  22)  having  cold  and  ambient 
temperature  ends  and  which  communicates  at  one 
end  with  said  compressor  (10),  a  displacer  plunger 
(24),  freely  axially  slidable  in  said  bore  (21),  said  45 
plunger  (24)  having  therein  a  regenerator  matrix 
through  which  a  working  fluid  is  constrained  to  flow 
as  a  result  of  axial  movement  of  said  plunger  (24), 
said  matrix  comprising  a  plurality  of  heat  exchange 
elements  (40),  characterized  in  that  the  heat  ex-  50 
change  elements  (40)  are  graded  lengthwise  of  the 
plunger  (24),  so  as  to  have  a  larger  total  surface 
area  at  the  colder  end  of  said  matrix  than  at  the 
warmer  end  thereof. 

2.  An  apparatus  as  claimed  in  claim  1  in  which  said  55 
heat  exchange  elements  (40)  comprise  a  plurality  of 
wire  gauze  discs  disposed  transversely  of  said 
plunger. 

3.  An  apparatus  as  claimed  in  claim  1  in  which  said 
heat  exchange  elements  (40)  comprise  a  plurality  of  60 
substantially  spherical  beads,  the  diameter  of  said 
beads  increasing  with  increase  in  distance  from 
said  colder  end  of  the  matrix. 

4.  An  apparatus  as  claimed  in  claim  3  in  which 
said  beads  are  arranged  as  a  plurality  of  groups  65 
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der  Schaltkreis  (14)  das  Betatigungsglied  (12)  nur 
beim  Vorhandensein  des  ersten  (S1)  und  des  wei- 
tern  (P)  Signals  erregt. 

Revendications  5 

1.  Appareil  frigorifique  comprenant  un  compres- 
seur  (10),  un  atesage  (21,  22)  qui  pr6sente  une  extre- 
mite  a  temperature  froide  et  une  extremite  a  tempe- 
rature  ambiante,  et  qui  communique  a  une  extremite  10 
avec  le  compresseur  (10),  un  piston  plongeur  depla- 
ceur  (24)  qui  peut  coulisser  librement  axialement 
dans  I'alesage  (21),  le  piston  plongeur  (24)  posse- 
dant  interieurement  une  matrice  regeneratrice  a  tra- 
vers  laquelle  un  fiuide  de  travail  est  contraint  a  15 
s'ecouler  par  suite  du  deplacement  axial  du  piston 
plongeur  (24),  ia  matrice  comprenant  une  pluralite 
d'6l§ments  d'6change  de  chaleur  (40),  caracte>ise 
en  ce  que  les  element  d'echange  de  chaleur  (40) 
sont  graduels  sur  la  longueur,  du  piston  plongeur  20 
(24),  de  maniere  a  presenter  une  aire  de  surface  to- 
tale  plus  grande  a  I'extremite  plus  froide  de  la  matri- 
ce  qu'a  son  extremite  plus  chaude. 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
les  elements  d'echange  de  chaleur  (40)  compren-  25 
nent  une  pluralite  de  disques  en  toile  metallique  dis- 
poses  perpendiculairement  au  piston  plongeur. 

3.  Appareil  selon  la  revendication  1,  dans  lequel 
les  elements  d'echange  de  chaleur  (40)  compren- 
nent  une  pluralite  de  bourrelets  sensiblement  shpe-  30 
riques,  dont  le  diametre  augmente  avec  leur  distan- 
ce  de  I'extremite  la  plus  froide  de  la  matrice. 

4.  Appareil  selon  la  revendication  3,  dans  lequel 
les  bourrelets  sont  disposes  en  une  pluralite  de 
groupes  qui  comprennent  chacun  des  bourrelets  35 
sensiblement  de  meme  taille. 

5.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  le  compresseur 
(10)  comprend  un  piston  (11),  et  un  actionneur  elec- 
tromagnetique  (12)  excitable  de  maniere  reversible,  40 
accouple  au  piston  (11). 

6.  Appareil  selon  la  revendication  5,  comprenant 
un  dispositif  (35)  pour  produire  un  premier  signal 
(S1)  lorsque  le  piston  plongeur  (24)  se  trouve  a  une 
position  predeterminee  de  son  deplacement  axial,  et  45 
un  circuit  (14)  reagissant  au  premier  signal  (S1)  pour 
exciter  I'actionneur  (1  2). 

7.  Appareil  selon  la  revendication  6,  comprenant 
des  moyens  (42)  pour  produire  un  autre  signal  (P) 
lorsque  I'extremite  froide  (23)  de  I'alesage  (21,  22)  50 
est  a  une  temperature  superieure  a  une  temperatu- 
re  predeterminee,  le  circuit  (14)  excitant  I'actionneur 
(12)  uniquement  en  presence  du  premier  signal  (S1) 
et  de  I'autre  signal  (P). 
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