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mal  expansion  period,  the  first  power  piston  10 
moves  further  downward  and  the  second  power 
piston  12  comes  down  also,  the  space  for  the 
working  fluid  expands  and  its  pressure  goes 

5  down.  During  this  period,  the  Stirling  engine 
outputs  a  power  to  the  exterior  due  to  the  heating 
by  the  heater.  In  the  isochoric  cooling  period,  the1 
first  power  piston  10  moves  upward  from  the 
bottom  dead  point  and  the  second  power  piston 

10  12  moves  to  the  bottom  dead  point,  so  that  the 
volume  of  the  working  gas  at  a  higher  tempera- 
ture  shifts  toward  the  lower  temperature  side, 
with  its  temperature  being  reduced  by  storing 
heat  in  the  regenerator  20.  In  the  isothermal 

is  compression  period,  the  first  power  piston  10 
moves  further  upward  and  the  second  power 
piston  12  moves  upward  also,  so  that  the  space 
for  the  working  fluid  is  compressed  with  the 
accompanying  rise  in  the  pressure.  During  this 

20  period,  the  Stirling  engine  receives  a  power  from 
the  exterior. 

The  difference  between  the  power  output  to  the 
exterior  during  the  isothermal  expansion  and  the 
power  received  from  the  exterior  during  the 

25  isochoric  compression  becomes  the  net  output  of 
the  Stirling  engine  whose  magnitude  is  pro- 
portional  to  the  difference  between  the  tempera- 
tures  of  the  expansion  and  the  compression  and 
to  the  amount  of  the  gas  scaled  in  the  engine.  The 

30  regenerator  20  is  for  storing  the  heat  during  the 
isochoric  cooling  with  the  temperature  difference 
being  maintained  as  well,  and  for  utilizing  the 
heat  by  regenerating  it  during  the  isochoric  heat- 
ing,  which  enables  one  to  attain  a  more  satisfac- 

35  tory  heat  efficiency. 
Now,  in  the  prior  art  Stirling  engine  of  two- 

piston  type,  one  end  of  a  cooler  25,  which  extends 
approximately  perpendicularly  to  the  direction  of 
action  of  the  second  power  piston,  is  joined  to  the 

40  upper  portion  of  a  second  cylinder  24,  and  the 
other  end  of  the  cooler  25  is  joined  to  one  end  of  a 
regenerator  28,  as  shown  by  Fig.  3.  The  other  end 
of  the  regenerator  28  and  the  upper  portion  of  a 
first  cylinder  26  are  connected  with  a  plurality  of 

45  heating  pipes  30,  and  a  combustion  chamber  34  is 
formed  by  providing  a  combustion  duct  32 
around  the  heating  pipes  30.  It  is  arranged  to  heat 
the  working  fluid  in  the  heating  pipes  30  by 
burning  the  combustion  gas  which  is  introduced 

so  through  the  combustion  gas  intake  35  provided 
on  the  combustion  duct  32.  However,  in  the  prior 
art  Stirling  engine  of  the  above  kind,  the  duct 
lengths  of  the  working  fluid  between  the  first 
cylinder  26  and  the  regenerator  28  become 

55  unequal  because  of  the  nonuniformity  in  the 
length  of  the  plurality  of  heating  pipes  30  due  to 
structural  reasons.  Accordingly,  the  flow  amount 
of  the  higher  temperature  fluid  in  the  heated  state 
that  is  in  each  of  the  heat  pipes  30  becomes 

60  nonuniform.  In  addition,  in  the  Stirling  engine  in 
the  above,  where  the  heating  parts  in  the  combus- 
tion  chamber  34,  namely,  the  heating  pipes  30, 
are  expanded  by  heating,  there  will  be  applied  an 
excessive  force  to  each  of  the  joining  sections, 

65  creating  a  cause  for  reading  in  the  life  of  the 

Description 

The  present  invention  relates  to  a  Stirling 
engine  including  a  first  cylinder  and  a  second 
cylinder  with  a  first  power  piston  and  a  second 
power  piston,  respectively,  having  a  fixed  phase 
difference  between  them,  in  which  the  first 
cylinder  and  the  second  cylinder  are  connected 
through  a  heater,  a  regenerator,  and  a  cooler  with 
one  another,  a  fixed  amount  of  working  fluid  is 
sealed  in  the  first  cylinder  and  the  second 
cylinder,  and  the  engine  is  driven  by  heating  and 
cooling  the  working  fluid  by  the  heater  and  the 
cooler,  said  heater  for  heating  the  working  fluid 
comprising  a  plurality  of  heat  exchange  pipes 
attached  to  a  cylinder  head  for  communicating 
said  first  cylinder  with  said  regenerator,  and  a 
burner  for  heating  said  heat  exchange  pipes,  in 
said  cylinder  head  there  is  provided  a  plurality  of 
holes  for  installing  said  plurality  of  heat  exchange 
pipes  arranged  circumferentially  around  the  first 
cylinder  axis. 

Description  of  the  prior  art 
Such  a  Stirling  engine  as  described  in  the 

preamble  of  the  claim  1  is  well-known  from  the 
FR—  A—  1  016  183.  The  connection  of  the  heater 
tubes  at  the  one  end  with  the  cylinder  head  and 
with  the  other  end  with  the  regenerator  leads  to 
thermal  brakes  and  has  the  disadvantage  of  a  low 
thermal  performance  due  to  the  single  passage 
formed  within  the  tubes. 

Generally  speaking,  a  Stirling  engine  is  aimed 
at  realizing  the  Stirling's  cycle  which  is  formed  by 
the  four  processes  of  an  isothermal  compression 
1—  >2,  an  isochoric  cooling  2->3,  an  isothermal 
compression  3->4,  and  an  isochoric  heating  4—  >1, 
as  shown  in  Fig.  1.  As  one  of  the  Stirling  engine 
for  realizing  the  Stirling's  cycle,  there  is  known  a 
two-piston  type  engine  which  is  sketched  in  Fig.  2. 
It  has  a  first  cylinder  14  and  a  second  cylinder  16 
with  a  first  power  piston  10  and  a  second  power 
piston  respectively,  that  are  given  a  phase  differ- 
ence  of  about  90°  between  them.  The  first  cylinder 
14  and  the  second  cylinder  16  are  connected 
through  three  heat  exchangers,  namely,  a  heater 
18,  a  regenerator  20,  and  a  cooler  22.  In  the  inside 
of  the  first  cylinder  14  and  the  second  cylinder, 
there  is  sealed  a  fixed  amount  of  working  fluid 
which  is  heated  or  cooled  by  the  heater  18  or  the 
cooler  22.  The  operation  of  the  above  Stirling 
engine  can  be  described  as  in  the  following.  After 
a  self-sustaining  operation  of  the  engine  is 
realized,  in  the  isochoric  heating  period,  the  first 
power  piston  10  moves  downward  from  the  top 
dead  point,  with  accompanying  heated  expansion 
(the  pressure  going  up)  of  the  expansion  space. 
At  the  same  time,  the  second  power  piston  12 
moves  upward  toward  the  top  dead  point. 

Therefore,  the  volume  of  the  working  fluid 
remains  unchanged,  with  a  shift  of  the  working 
fluid  at  lower  temperature  toward  the  higher 
temperature  side,  in  which  the  working  fluid  is 
heated  to  a  higher  temperature  by  recovering 
heat  from  the  regenerator.  Since,  in  the  isother- 
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Brief  description  of  the  drawings 
Figure  1  is  the  P  —  V  chart  for  the  Stirling  cycle; 
Fig.  2  is  a  fundamental  block  diagram  for  a 

general  Stirling  engine  of  two-piston  type; 
Fig.  3  is  a  simplified  block  diagram  for  a  prior 

art  Stirling  engine  of  two-piston  type; 
Fig.  4  is  an  overall  crosssection  view  of  a 

Stirling  engine  embodying  the  present  invention; 
Fig.  5  is  an  enlarged  crosssection  view  of  the 

heat  exchanger  pipe  section  of  the  Stirling  engine 
shown  in  Fig.  4; 

Fig.  6  is  a  view  of  the  Stirling  engine  shown  in 
Fig.  4  as  seen  in  the  direction  of  the  arrow  VI;  and 

Fig.  7  is  a  plan  view  of  the  manifold  part  of  the 
heat  exchanger  pipe  section  shown  in  Fig.  5. 

device.  This  leads  to  a  reduction  in  the  output 
performance  of  the  engine  as  a  result  of  reduction 
in  the  heat  input,  restrained  by  the  heating  pipes 
with  smaller  amount  of  flow,  of  the  temperature 
of  the  combustion  gas  that  heats  the  heating 
pipes.  Furthermore,  the  distribution  of  the  com- 
bustion  gas  becomes  nonuniform,  preventing  the 
improvement  in  the  heat  exchange  efficiency. 

According  to  the  JP—  A—  58-178852  in  a  Stirling 
engine  a  plurality  of  pillar-like  heating  tubes  are 
disposed  around  the  axis  of  the  cylinder  in  the 
manner  of  protecting  from  a  high  temperature 
cylinder  head  toward  a  combustion  chamber. 

From  "Stirling  Engines"  by  G.  Walker—  Claren- 
don  Press,  Oxford,  1980  (pages  370,  373,  354,  383) 
a  tilted  position  of  the  heating  tube  in  a  burner  is 
well-known  in  connection  with  a  plurality  of  cylin- 
ders. 

Summary  of  the  invention 
An  object  of  the  invention  is  to  provide  a 

Stirling  engine  in  which  the  heat  exchange  effi- 
ciency  still  more  is  improved  and  therefore  the 
output  performance  of  the  engine. 

This  object  is  solved  by  a  Stirling  engine  which 
is  characterized  in  that  a  manifold  section  is 
provided  in  the  cylinder  head  of  the  first  cylinder 
for  communication  of  the  heat  exchange  pipes 
with  the  regenerator,  said  cylinder  head  of  the 
first  cylinder  comprising  a  cylinder  head  portion 
and  a  manifold  portion,  both  connected  to  a 
cylinder  upper  part  the  manifold  section  being 
positioned  between  a  lower  part  of  said  cylinder 
head  portion  and  an  upper  part  of  said  manifold 
portion  the  lower  part  of  said  manifold  portion 
being  in  direct  contact  with  the  working  chamber 
of  the  first  cylinder,  said  heat  exchange  pipes 
being  directly  connected  to  said  working  chamber 
of  the  first  cylinder  through  said  holes  which  are 
arranged  in  the  cylinder  head  portion  and  in  the 
manifold  portion. 

In  such  Stirling  engine  the  heating  temperature 
for  the  heater  can  be  set  at  a  high  value.  Further- 
more  by  the  manifold  section  is  possible  to  obtain 
a  uniform  distribution  of  the  combustion  gas.  The 
Stirling  engine  according  to  the  present  invention 
enables  the  elimination  of  harmful  effects  due  to 
expansion  of  heated  parts. 

By  the  inclined  configuration  of  the  heat 
exchange  pipes  it  is  possible  to  transfer  heat  from 
the  combustion  substance  in  an  efficient  manner. 

Due  to  the  back-flow  of  the  gas  through  the  heat 
exchanger  pipes  the  whole  gas  is  collected  in  the 
manifold  section  by  which  the  length  of  the 
passage  of  the  working  fluid  between  the  first 
cylinder  and  the  regenerator  is  equalized.  Further- 
more  a  fixed  head  clearance  for  the  pipes  is  given 
in  the  combustion  chamber. 

These  and  other  objects  and  advantages  of  the 
present  invention  will  be  more  apparent  from  the 
following  description  of  a  preferred  embodiment, 
taken  in  conjunction  with  the  accompanying 
drawings. 

w 

15 

Description  of  the  preferred  embodiment 
Referring  to  Fig.  4,  a  Stirling  engine  embodying 

the  present  invention  is  shown  with  reference 
20  numeral  40.  The  Stirling  engine  40  includes  a  first 

cylinder  42  fixed  in  the  direction  of  the  gravity  and 
a  second  cylinder  44  which  is  installed  on  the  first 
cylinder  with  a  predetermined  angle  of  inclination 
with  respect  to  the  first  cylinder,  where  a  first 

25  power  piston  46  is  housed  freely  movably  in  the 
first  cylinder  42  and  a  second  power  piston  48  is 
housed  freely  movably  in  the  second  cylinder  44. 
The  angle  subtended  by  the  two  cylinders  is 
chosen  to  permit  the  two  pistons  to  be  drivable 

30  with  a  phase  difference  of  90°.  At  the  top  section 
of  the  section  cylinder  44  there  is  attached  a 
cooler  50  to  which  is  attached  a  regenerator  52. 
The  first  power  piston  46  and  the  second  power 
piston  48  are  joined  to  a  crankshaft  53  through  the 

35  connecting  rods  54  and  56  so  as  to  have  the 
rotation  of  the  crankshaft  53  by  the  movement  of 
the  first  power  piston  46  and  the  second  power 
piston  48. 

At  the  upper  part  of  the  expansion  cylinder  42 
40  there  is  provided  a  heater  58,  and  the  heater  has  a 

combustion  chamber  62  at  the  upper  part  of  the 
expansion  cylinder  42  formed  by  a  heat  insulating 
material  60.  At  the  outer  periphery  in  the  top 
section  of  the  first  cylinder  head  64  there  are 

45  installed  a  plurality  of  heat  exchange  pipes  66 
along  the  circumference  of  a  circle  with  a  tilt 
which  is  predetermined.  There  is  cylinder  upper 
part  68,  cylinder  head  portion  70,  and  a  manifold 
portion  72  which  is  inserted  between  the  cylinder 

50  upper  part  68  and  the  cylinder  head  portion  70,  as 
shown  in  Fig.  5.  In  the  cylinder  head  portion  70 
and  the  manifold  portion  72  there  are  provided  a 
plurality  of  holes  74  and  76  for  installing  the 
plurality  of  heat  exchange  pipes  66  with  a  tilt  of 

55  predetermined  angle.  The  cylinder  head  64  is 
constructed  so  as  to  form  a  manifold  section  78 
under  the  state  in  which  the  heat  exchange  pipes 
66  are  installed,  and  within  each  of  the  heat 
exchange  pipes  66  there  is  provided  a  passage  80 

60  for  the  gas,  formed  by  doubly  turning  the  pipe 
back  on  itself.  One  end  82  of  the  gas  passage  80  is 
opened  to  the  upper  part  of  the  first  cylinder  42, 
while  the  other  end  84  is  opened  to  the  manifold 
section  78  by  turning  back  on  itself.  In  the  mani- 

65  fold  section  78  there  is  provided  a  passage  86  for 
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space  between  the  heat  exchange  pipes  66  and 
88.  Here,  the  duct  resistances  for  the  spaces 
between  the  heat  exchange  pipes  66  and  88  are 
approximately  equal  because  of  the  nearly 

5  equally  spaced  arrangement  of  the  heat  exchange 
pipes  66  and  88.  Accordingly,  the  distribution  of 
the  amount  of  flow  of  the  high  temperature  gas  is- 
nearly  uniform,  heating  all  of  the  heat  exchange 
pipes  66  and  88  in  a  more  uniform  fashion. 

10  Moreover,  the  heat  of  the  high  temperature  gas 
can  be  transferred  to  the  heat  exchange  pipes  66 
in  a  more  efficient  manner  since  the  heat 
exchange  pipes  66  and  88  are  installed  tilted  with 
a  predetermined  angle,  as  was  mentioned  earlier. 

15  When  the  working  fluid  is  heated  and  supplied 
to  the  inside  of  the  first  cylinder  42  through 
heating  of  each  of  the  heat  exchange  pipes  66  and 
88,  the  first  power  piston  46  in  Fig.  4  goes 
downward  to  turn  the  crankshaft  53.  When  the 

20  first  power  piston  46  goes  upward,  the  working 
fluid  is  discharged  from  the  first  cylinder  42  and 
flows  into  the  cooler  50  through  the  regenerator 
52.  As  the  working  fluid  flows  out  to  the  cooler  50 
it  is  cooled  down  by  imparting  heat  to  the  heat 

25  storage  material  that  is  filling  the  regenerator  52. 
In  the  cooler  50  the  working  fluid  is  cooled  further 
and  flows  into  the  second  cylinder  44.  The  work- 
ing  fluid  that  flowed  into  the  side  of  the  second 
cylinder  44  is  compressed  during  the  upward 

30  stroke  of  the  second  power  piston  48,  and  the 
compressed  working  fluid  is  transported  to  the 
side  of  the  regenerator  52.  The  working  fluid 
flows  into  the  heat  exchange  pipes  66  and  88  as 
its  temperature  being  raised  by  depriving  heat 

35  from  the  heat  storage  material  in  the  regenerator 
52,  and  there  it  is  heated  and  expanded  again  by 
the  high  temperature  gas.  Now,  because  of  the 
fact  that  the  top  part  of  the  first  power  piston  46  is 
formed  concave  and  the  bottom  surface  of  the 

40  first  cylinder  head  64  is  formed  convex,  as  was 
described  earlier,  during  the  upward  motion  of 
the  first  power  piston  46  the  working  fluid  that  is 
pushed  out  by  the  first  power  piston  46  flows  in 
the  directions  as  indicated  by  the  arrows  in  Fig.  5. 

45  Therefore,  compared  with  the  prior  art  case  in 
which  the  top  part  of  the  piston  is  formed  flat  or 
as  a  semi-spherical  protrusion,  the  duct 
resistance  in  the  present  case  is  reduced  so  that 
the  discharge  of  the  working  fluid  from  the  first 

so  cylinder  42  can  be  accomplished  more  smoothly. 
It  is  to  be  noted  that  the  present  invention  is  not 

limited  to  the  embodiment  described  in  the  fore- 
going.  Thus,  for  example,  the  top  part  of  the 
compression  piston  may  be  formed  in  concave 

55  shape. 
In  summary,  the  present  invention  is  accom- 

plished  by  providing  a  particular  heat  exchange 
pipe  at  the  position  corresponding  to  the  position 
for  the  passage  to  the  regenerator  that  is  formed 

60  on  the  expansion  cylinder  head  for  a  Stirling 
engine.  Therefore,  the  duct  resistances  for  the 
spaces  in  a  plurality  of  heat  exchange  pipes  that 
are  arranged  in  a  circular  form,  become  nearly 
equal,  which  makes  it  possible  to  uniformize  the 

65  distribution  of  amount  of  flow  of  the  high 

introducing  the  gas  to  the  regenerator  52.  At  the 
position  corresponding  to  the  passage  to  the 
regenerator  86  there  is  installed  a  special  heat 
exchange  pipe  88  with  a  construction  which  is 
different  from  other  heat  exchange  pipes  66. 

In  the  heat  exchange  pipe  88  there  is  provided 
an  inner  heat  exchange  pipe  90,  as  shown  by  Fig. 
5,  and  within  the  inner  heat  exchange  pipe  90 
there  is  provided  a  small  tube  92  which  is  con- 
nected  to  the  first  cylinder  42  by  penetrating 
through  the  passage  to  the  regenerator  86.  In 
addition,  on  the  outside  of  the  inner  heat 
exchange  pipe  90  there  is  provided  an  outer  tube 
94  which  is  connected  to  the  small  tube  92  and 
also  to  the  manifold  78.  Moreover,  there  is  formed 
a  cup-shaped  depression  at  the  top  center  of  the 
first  power  piston  46,  and  a  semispherical  bulge 
64a  is  formed  on  the  bottom  surface  of  the  first 
cylinder  head  64,  that  is,  the  bottom  surface  of  the 
manifold  portion  72,  corresponding  to  the  shape 
of  the  depression  46a. 

With  the  construction  described  as  in  the 
above,  the  working  fluid  which  flows  from  the 
first  cylinder  42  through  one  end  82  of  the  gas 
passage  80  into  the  heat  exchange  pipe  66,  is 
transported  to  the  side  of  the  regenerator  52  from 
the  other  end  84  of  the  gas  passage  80  through 
the  manifold  section  78.  The  working  fluid  which 
flows  from  the  first  cylinder  42  through  the  inside 
of  the  small  tube  96  into  the  special  heat 
exchange  pipe  88,  is  arranged  to  flow  out  to  the 
side  of  the  regenerator  52  through  the  gap 
between  the  inner  heat  exchange  pipe  90  and  the 
outer  tube  94  and  the  manifold  section  78.  As  a 
consequence,  the  length  of  the  channel  for  the 
working  fluid  from  the  first  cylinder  through  the 
heat  exchange  pipes  66  and  88  to  the  regenerator 
52  becomes  uniform,  and  hence  the  amount  of 
flow  of  the  working  fluid  becomes  uniform  also. 
Therefore,  the  temperature  of  the  heat  exchange 
pipes  66  and  88,  too,  becomes  uniform,  so  that  it 
becomes  possible  to  set  the  heating  temperature 
of  the  heat  exchange  pipes  66  and  88  in  the 
combustion  chamber  at  a  high  value,  which 
enables  one  to  improve  the  output  performance 
of  the  engine.  In  addition,  the  heat  exchange 
pipes  66  and  88  are  arranged  to  have  one  of  their 
respective  ends  fixed,  although  the  other  ends  are 
free.  As  a  consequence,  even  when  the  heat 
exchange  pipes  66  and  88  are  expanded  through 
heating,  the  elongation  in  the  direction  of  the  axis 
of  the  heating  pipes  can  be  absorbed,  so  that  the 
expansion  will  give  no  adverse  effects  to  the  other 
parts  of  device. 

Moreover,  in  the  upper  part  of  the  combustion 
chamber  62  there  is  provided  a  burner  98  for 
injecting  the  high  temperature  gas,  and  the 
exhaust  gas  that  is  generated  in  the  combustion 
chamber  62  is  discharged  from  the  exhaust  gas 
pipe  102  through  a  preheater  100.  With  the  above 
construction,  the  high  temperature  gas  generated 
by  the  burning  at  the  burner  98  heats  up  the  heat 
exchange  pipes  66  and  88  as  it  circulates  within 
the  combustion  chamber  62,  and  flows  out  to  the 
side  of  the  preheater  100  by  passing  through  the 
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doubly  folding  on  itself,  one  end  of  which  is 
opened  to  the  upper  part  of  the  first  cylinder  (42) 
and  the  other  end  is  opened  to  the  manifold 
section  (78)  by  turning  back  on  itself,  and  the 

5  manifold  section  (78)  includes  a  passage  (86)  to 
the  regenerator  (52)  for  introducing  the  working 
fluid  to  the  regenerator  (52). 

4.  Stirling  engine  as  claimed  in  claim  4,  in  which 
said  plurality  of  heat  exchange  pipes  (66)  are 

w  arranged  with  approximately  equal  distance  apart 
to  each  other. 

5.  Stirling  engine  as  claimed  in  claim  4,  in  which 
the  heat  exchange  pipe  (88)  installed  at  the 
position  corresponding  to  the  passage  (86)  to  the 

is  regenerator  (52)  comprises  an  inner  heat 
exchange  pipe  (90)  with  a  small  tube  (92)  con- 
ected  to  said  first  cylinder  (42)  by  penetrating 
through  the  passage  (86)  to  the  regenerator  (52), 
and  an  outer  tube  (94)  that  is  prepared  on  the 

20  outside  of  the  inner  heat  exchange  pipe  (90)  and 
connected  to  the  small  tube  as  well  as  to  the 
manifold  section  (78)  to  form  a  fluid  passage  (96) 
by  the  small  tube  and  the  outer  tube. 

6.  Stirling  engine  as  claimed  in  claim  1,  in  which 
25  a  depression  (46a)  is  formed  at  the  top  center  of 

the  first  power  piston  (46),  and  a  protrusion  (64a) 
is  formed  on  the  bottom  surface  of  the  first 
cylinder  head  (64)  to  correspond  to  the  shape  of 
the  depression. 

30  7.  Stirling  engine  as  claimed  in  claim  1  in  which 
a  combustion  chamber  (62)  is  attached  to  the  first 
cylinder  (42),  said  burner  (98)  jetting  a  combust- 
ible  substance  into  said  combustion  chamber. 

35  Patentanspriiche 

1  .  Sterling-Motor  mit  einem  ersten  Zylinder  (42) 
und  einem  zweiten  Zylinder  (44)  sowie  mit  einem 
ersten  Kraftkolben  (46)  bzw.  einem  zweiten  Kraft- 

40  kolben  (48),  wobei  zwischen  diesen  ein  fester 
Phasenunterschied  besteht  und  der  erste  Zylinder 
(42)  und  der  zweite  Zylinder  (44)  fiber  eine  Heiz- 
vorrichtung  (58),  einen  Regenerator  (52)  und 
einen  Kuhler  (50)  miteinander  verbunden  sind 

45  und  ein  fester  Betrag  eines  Arbeitsmediums  im 
ersten  und  zweiten  Zylinder  (42  und  44)  abgedich- 
tet  ist,  wobei  der  Motor  durch  Erwarmen  und 
Kiihlen  des  Arbeitsmediums  in  der  Heizvorrich- 
tung  und  dem  Kuhler  angetrieben  wird  und  die 

so  Heizvorrichtung  (58)  fur  das  Erwarmen  des 
Arbeitsmediums  eine  Vielzahl  von  Warmeaustau- 
schrohren  (66)  umfalSt,  die  an  einem  Zylinderkopf 
(64)  angebracht  sind,  urn  den  ersten  Zylinder  (44) 
mit  dem  Regenerator  (52)  zu  verbinden,  und 

55  wobei  zum  Erwarmen  der  Warmeaustauschrohre 
(66)  ein  Brenner  (98)  vorgesehen  ist  und  im 
Zylinderkopf  (64)  eine  Vielzahl  von  Lochern  (74, 
76)  zum  Anbringen  einer  Vielzahl  von  Warmeaus- 
tauschrohren  (66)  vorgesehen  sind,  welche  Rohre 

60  kreisformig  urn  die  erste  Zylinderachse  ange- 
ordnet  sind,  dadurch  gekennzeichnet,  dalS  in  dem 
Zylinderkopf  (64)  des  ersten  Zylinders  (42)  fur  das 
Verbinden  der  Warmeaustauschrohre  (66)  mit 
dem  Regenerator  (52)  ein  Verteilerabschnitt  (78) 

65  vorgesehen  ist,  daft  der  Zylinderkopf  (64)  des 

temperature  gas  in  the  combustion  chamber.  In 
addition,  the  area  for  heat  exchange  is  increased 
by  providing  a  particular  heat  exchange  pipe  at 
the  position  corresponding  to  the  passage  to  the 
regenerator,  so  that  it  becomes  possible  to 
achieve  a  further  improvement  in  the  heat 
exchange  efficiency.  Furthermore,  the  flow 
resistance  for  the  working  fluid  is  reduced  by 
forming  a  depression  in  the  top  part  of  the  piston 
so  that  it  becomes  possible  to  decrease  the 
pressure  loss  in  the  working  fluid  as  well  as  to 
increase  the  amount  of  exchanged  heat  through 
an  increase  in  the  area  of  heat  exchange. 

Claims 

1.  Stirling  engine  including  a  first  cylinder  (42) 
and  a  second  cylinder  (44)  with  a  first  power 
piston  (46)  and  a  second  power  piston  (48), 
respectively,  having  a  fixed  phase  difference 
between  them,  in  which  the  first  cylinder  (42)  and 
the  second  cylinder  (44)  are  connected  through  a 
heater  (58),  a  regenerator  (52)  and  a  cooler  (50), 
with  one  another,  a  fixed  amount  of  working  fluid 
is  sealed  in  the  first  and  second  cylinder  (42,  44) 
and  the  engine  is  driven  by  heating  and  cooling 
the  working  fluid  by  the  heater  and  the  cooler, 
said  heater  (58)  for  heating  the  working  fluid 
comprising  a  plurality  of  heat  exchange  pipes  (66) 
attached  to  a  cylinder  head  (64)  for  communicat- 
ing  said  first  cylinder  (42)  with  said  regenerator 
(52),  and  a  burner  (98)  for  heating  said  heat 
exchange  pipes  (66),  in  said  cylinder  head  (64) 

•  there  is  provided  a  plurality  of  holes  (74,  76)  for 
installing  said  plurality  of  heat  exchange  pipes 
(66)  arranged  circumferentially  around  the  first 
cylinder  axis,  characterized  in  that  a  manifold 
section  (78)  is  provided  in  the  cylinder  head  (64) 
of  the  first  cylinder  (42)  for  communication  of  the 
heat  exchange  pipes  (66)  with  the  regenerator 
(52),  said  cylinder  head  (64)  of  the  first  cylinder 
(42)  comprising  a  cylinder  head  portion  (70)  and  a 
manifold  portion  (72),  both  connected  to  a 
cylinder  upper  part  (68),  the  manifold  section  (78) 
being  positioned  between  a  lower  part  of  said 
cylinder  head  portion  (70)  and  an  upper  part  of 
said  manifold  portion  (72),  the  lower  part  of  said 
manifold  portion  (72)  being  in  direct  contact  with 
the  working  chamber  of  the  first  cylinder  (42),  said 
heat  exchange  pipes  (66)  being  directly  connected 
to  said  working  chamber  of  the  first  cylinder  (42) 
through  said  holes  (74,  76)  which  are  arranged  in 
the  cylinder  head  portion  (70)  and  in  the  manifold 
portion  (72). 

2.  Stirling  engine  as  claimed  in  claim  1,  in  which 
said  heat  exchange  pipes  (66)  are  installed  in  the 
cylinder  head  (64)  so  as  to  be  inclined  with  a 
predetermined  angle. 

3.  Stirling  engine  as  claimed  in  claim  1,  in  which 
said  cylinder  head  (64)  of  the  first  cylinder  (42)  is 
constructed  so  as  to  form  the  manifold  section 
(78)  underneath  the  locus  in  which  the  heat 
exchange  pipes  (66)  are  installed  in  each  of  said 
heat  exchange  pipe  there  being  provided  a 
passage  (80)  for  the  working  fluid  formed  by 
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dre  (42)  et  un  deuxieme  cylindre  (44)  respec- 
tivement  dotes  d'un  premier  piston  moteur  (46)  et 
d'un  deuxieme  piston  moteur  (48)  ayant  entre  eux 
un  decalage  fixe  de  phase,  dans  lequel  le  premier 

5  cylindre  (42)  et  le  deuxieme  cylindre  (44)  sont 
relies  I'un  a  I'autre  par  l'intermediaire  d'un 
rechauffeur  (58),  d'un  recuperateur  (52)  et  d'un, 
refroidisseur  (50),  une  quantite  fixe  de  fluide  de 
travail  est  scellee  dans  le  premier  et  le  deuxieme 

w  cylindres  (42,  44)  et  le  moteur  est  entrame  par 
rechauffage  et  refroidissement  du  fluide  de  travail 
par  le  rechauffeur  et  le  refroidisseur,  ce  rechauf- 
feur  (58)  destine  a  rechauffer  le  fluide  de  travail 
comprenant  une  pluralite  de  tubes  (66)  d'echange 

15  de  chaleur  fixes  a  une  culasse  (64)  pour  faire 
communiquer  le  premier  cylindre  (42)  avec  le 
recuperateur  (52),  et  un  bruleur  (98)  pour  chauffer 
les  tubes  (66)  d'echange  de  chaleur,  cette  culasse 
(64)  etant  percee  d'une  pluralite  de  trous  (74,  76) 

20  pour  le  montage  de  cette  pluralite  de  tubes  (66) 
d'echange  de  chaleur  disposes  circonferentielle- 
ment  autour  de  I'axe  du  premier  cylindre,  caracte- 
rise  en  ce  qu'une  longueur  de  tubulure  (78)  est 
prevue  dans  la  culasse  (64)  du  premier  cylindre 

25  (42)  pour  faire  communiquer  les  tubes  (66) 
d'echange  de  chaleur  avec  le  recuperateur  (52), 
cette  culasse  (64)  du  premier  cylindre  (42)  com- 
prenant  une  partie  (70)  formant  culasse  et  une 
partie  (72)  formant  tubulure,  reliees  toutes  deux  a 

30  la  partie  superieure  (68)  du  cylindre,  la  longueur 
de  tubulaire  (78)  etant  placee  entre  la  base  de  la 
partie  (70)  formant  culasse  et  le  sommet  de  la 
partie  (72)  formant  tubulure,  la  base  de  cette 
partie  (72)  formant  tubulure  etant  en  contact 

35  direct  avec  la  chambre  de  travail  du  premier 
cyiindre  (42),  les  tubes  (66)  d'echange  de  chaleur 
etant  raccordes  directement  a  la  chambre  de 
travail  du  premier  cylindre  (42)  par  l'intermediaire 
des  trous  (74,  76)  qui  sont  formes  dans  la  partie 

40  (70)  formant  culasse  et  dans  la  partie  (72)  formant 
tubulure. 

2.  Moteur  Sterling  suivant  la  revendication  1, 
dans  lequel  les  tubes  (66)  d'echange  de  chaleur 
sont  montes  dans  la  culasse  (64)  de  maniere  a 

45  etre  inclines  d'un  angle  predetermine. 
3.  Moteur  Sterling  suivant  la  revendication  1, 

dans  lequel  la  culasse  (64)  du  premier  cylindre  est 
construite  de  maniere  a  former  !a  longueur  de 
tubulure  (78)  en  dessous  du  lieu  geometrique 

so  dans  lequel  sont  montes  les  tubes  (66)  d'echange 
de  chaleur,  chacun  de  ces  tubes  d'echange  de 
chaleur  etant  dote  d'un  passage  (80)  pour  le  fluide 
de  travail  forme  par  un  double  repli  sur  lui-meme, 
dont  une  extremite  s'ouvre  au  sommet  du  pre- 

55  mier  cylindre  (42)  et  dont  I'autre  extremite 
debouche  dans  la  longueur  de  tubulure  (78)  par 
un  retour  sur  lui-meme,  et  la  longueur  de  tubulure 
(78)  comprend  un  passage  (86)  conduisant  au 
recuperateur  (52)  pour  introduire  le  fluide  de 

60  travail  dans  ce  dernier. 
4.  Moteur  Sterling  suivant  la  revendication  4, 

dans  lequel  la  pluralite  de  tubes  (66)  d'echange  de 
chaleur  sont  montes  a  une  distance  approximati- 
vement  egale  les  uns  des  autres. 

65  5.  Moteur  Sterling  suivant  la  revendication  4, 

ersten  Zylinders  (42)  einen  Zylinderkopfabschnitt 
(70)  und  ein  Verteilerteil  (72)  umfafct,  welche 
beide  mit  einem  oberen  Zylinderteil  (68)  verbun- 
den  sind,  wobei  der  Verteilerabschnitt  (78) 
zwischen  einem  unteren  Teil  des  Zylinderkopfab- 
schnittes  (70)  und  einem  oberen  Teil  des  Vertei- 
lerteils  (78)  angeordnet  ist,  dalS  der  untere  Teil 
des  Verteilerteiles  (72)  in  direkter  Beriihrung  mit 
der  Arbeitskammer  des  ersten  Zylinders  (42) 
steht,  und  daB  die  Warmeaustauschrohre  (66) 
liber  die  genannten  Locher  (74,  76),  die  im  Zylin- 
derkopfabschnitt  (70)  und  im  Verteilerteil  (72) 
angeordnet  sind,  direkt  mit  der  Arbeitskammer 
des  ersten  Zylinders  (42)  verbunden  sind. 

2.  Sterling-Motor  nach  Anspruch  1,  bei  dem  die 
Warmeaustauschrohre  (66)  im  Zylinderkopf  (66) 
so  angebracht  sind,  date  sie  in  einem  vorbestimm- 
ten  Winkel  geneigt  verlaufen. 

3.  Sterling-Motor  nach  Anspruch  1,  bei  dem  der 
Zylinder-kopf  (64)  des  ersten  Zylinders  (42)  so 
aufgebaut  ist,  dal5  er  den  Verteilerabschnitt  (78) 
unterhalb  der  Stelle  bildet,  an  der  die  Warmeaus- 
tauschrohre  (66)  angebracht  sind,  wobei  jedes  der 
Warmeaustrohre  mit  einer  Passage  (80)  fur  das 
Arbeitsmedium  versehen  ist,  die  durch  Doppelfal- 
ten  auf  sich  gebildet  ist,  wobei  ein  Ende  derselben 
zum  oberen  Teil  des  ersten  Zylinders  (42)  offen 
und  das  andere  Ende  zum  Verteilerabschnitt  (78) 
offen  ist,  und  zwar  durch  Umlegen  auf  sich  selbst, 
und  wobei  der  Verteilerabschnitt  (78)  eine  Pas- 
sage  (86)  zum  Regenerator  (52)  umfaRt,  urn  das 
Arbeitsmedium  zum  Regenerator  (52)  zu  bringen. 

4.  Sterling-Motor  nach  Anspruch  4,  bei  dem  die 
genannte  Vielzahl  von  Warmeaustauschrohren 
(66)  nahezu  in  gleichem  Abstand  zueinander 
angeordnet  sind. 

5.  Sterling-Motor  nach  Anspruch  4,  bei  dem  das 
Warmeaustauschrohr  (88),  welches  and  er  Stelle 
entsprechend  der  Passage  (86)  zum  Regenerator 
(52)  angeordnet  ist,  ein  inneres  Warmeaustau- 
schrohr  (90)  mit  einem  kleinen  Rohr  (92),  das 
infolge  eines  Durchdringens  der  Passage  (86)  zum 
Regenerator  (52)  mit  dem  ersten  Zylinder  (42) 
verbunden  ist,  und  ein  aufceres  Rohr  (94)  umfaIXt, 
das  an  der  AulSenseite  des  inneren  Warmeaustau- 
schrohres  (90)  vorgesehen  ist  und  mit  dem  klei- 
nen  Rohr  sowie  mit  dem  Verteilerabschnitt  (78) 
verbunden  ist,  um  durch  das  kleine  Rohr  und  das 
aufSere  Rohr  eine  Stromungsmittelpassage  (96) 
zu  bilden. 

6.  Stirling-Motor  nach  Anspruch  1,  bei  dem  eine 
Vertiefung  (46a)  in  dem  oberen  Zentrum  des 
ersten  Kraftkolbens  (46)  und  ein  Vorsprung  (64a) 
in  der  Bodenflache  des  ersten  Zylinderkopfes  (64) 
ausgebildet  ist,  und  zwar  entsprechend  der  Ver- 
tiefung. 

7.  Sterling-Motor  nach  Anspruch  1,  bei  dem 
eine  Verbrennungskammer  (62)  am  ersten  Zylin- 
der  (42)  angebracht  ist  und  bei  dem  der  Brenner 
(98)  eine  brennbare  Substanz  in  die  Verbren- 
nungskammer  spritzt. 

Revendications 

1.  Moteur  Stirling  comprenant  un  premier  cylin- 
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6.  Moteur  Sterling  suivant  la  revendication  1, 

dans  lequel  un  creux  (46a)  est  forme  au  centre  du 
sommet  du  premier  piston  moteur  (46),  et  une 
saillie  (64a)  est  formee  sur  la  surface  de  fond  de  la 
culasse  (64)  du  premier  cylindre  de  maniere  a 
correspondre  a  la  forme  du  creux. 

7.  Moteur  Sterling  suivant  la  revendication  1, 
dans  lequel  une  chambre  de  combustion  (62)  est 
fixee  au  premier  cylindre  (42),  le  bruleur  (98) 
faisant  gicler  une  substance  combustible  dans 
cette  chambre  de  combustion. 

dans  lequel  ie  tube  (88)  d'echange  de  chaleur 
monte  au  point  qui  correspond  au  passage  (86) 
conduisant  au  recuperateur  (52)  comprend  un 
tube  interieur  (90)  d'echange  de  chaleur,  un  petit 
tube  (92)  etant  raccorde  au  premier  cylinder  (42) 
en  penetrant  dans  le  passage  (86)  conduisant  au 
recuperateur  (52),  et  un  tube  exterieur  (84)  qui  est 
dispose  a  I'exterieur  du  tube  interieur  (90) 
d'echange  de  chaleur  et  est  raccorde  au  petit  tube 
ainsi  qu'a  la  longueur  de  tubulure  (78)  afin  de 
former  pour  Ie  fluide  un  passage  (96)  constitue  du 
petit  tube  et  du  tube  exterieur. 
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