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©  Method  of  using  a  thermal  expansion  valve  device,  evaporator  and  flow  control  means  assembly, 
and  refrigerating  machine. 

©  The  expansion  valve  103  of  the  refrigerating 
machine  is  controlled  by  the  difference  between  the 
pressure  in  a  bulb  104  containing  a  fixed  amount  of 
fluid  and  the  pressure  in  the  evaporator  2.  The  bulb 
is  mounted  in  the  discharge  pipe  1  of  the  evaporator 
and  is  heated  by  a  resistor.  In  the  absence  of 
droplets  of  liquid  refrigerant  in  the  flow  through  the 
discharge  pipe,  i.e.  when  the  refrigerant  flow  rate 
tends  to  become  too  low  with  respect  to  the  cold 
demand,  the  resistor  heats  up  the  fluid  in  the  bulb, 
the  pressure  in  the  bulb  increases  and  moves  the 

^expansion  valve  to  a  more  opened  position.  As  soon 
^ a s   droplets  hit  the  bulb  in  the  discharge  pipe,  said 

droplets  cool  down  the  bulb  despite  the  heating 
<v>  effect  of  the  resistor  and  the  expansion  valve  is 
Oi  moved  to  a  more  closed  position.  Thus,  the  flow  rate 
qq  control  uses  variations  in  heat  transfer  coefficients  in 
Psthe  discharge  pipe  rather  than  superheat  tempera- 
Wture  in  the  discharge  pipe.  The  evaporator  may  be 
q   small-sized  because  it  does  not  have  to  produce 

n  superheat. 
I l l  
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Method  of  using  a  thermal  expansion  valve  device,  evaporator  and  flow  control  means  assembly,  and 
refrigerating  machine 

This  invention  relates  to  a  method  of  using  a 
thermal  expansion  valve  device  comprising  a  bulb 
at  least  partially  filled  with  a  liquid. 

This  invention  also  relates  to  an  evaporator  and 
flow  control  means  assembly. 

This  invention  further  relates  to  a  refrigerating 
machine. 

As  is  well  known,  refrigerating  machines,  such 
as  used  for  example  for  refrigeration  or  air-con- 
ditioning,  comprise  a  compressor  which  compress- 
es  a  refrigerant  fluid  in  the  gaseous  state.  The  fluid 
is  then  cooled  and  condensed  by  contact  with  a 
so-called  "hot  source"  (less  hot  than  the  gas  com- 
ing  from  the  compressor)  and  the  pressure  of  the 
condensed  fluid  is  then  dicreased  through  an  ex- 
pansion  valve  down  to  a  pressure  low  enough  for 
vaporization  of  the  fluid  by  contact  with  a  so-called 
"cold  source",  whereafter  the  vaporized  gas  is  re- 
turned  to  the  compressor.  During  its  vaporization, 
the  fluid  absorbs  heat  from  the  cold  source,  thus 
creating  the  desired  refrigerating  effect. 

This  type  of  machine  needs  to  be  controlled  so 
as  to  avoid  two  drawbacks  :  if  the  amount  of  heat 
available  at  the  cold  source  is  low,  high  quantities 
of  unevaporated  liquid  may  be  returned  to  the 
compressor;  this  would  damage  the  compressor 
and  anyway  corresponds  to  a  waste  of  energy  in 
the  machine  (the  machine  has  produced  more  cold 
than  necessary)  on  the  contrary  if  the  amount  of 
heat  available  at  the  cold  source  is  high,  the  liquid 
flow  rate  arriving  at  the  evaporator  may  not  be  high 
enough  for  maintaining  the  cold  source  tempera- 
ture  at  the  desired  low  level. 

For  performing  such  a  regulation,  it  is  known  to 
control  the  expansion  valve  and  the  evaporator  by 
using  a  thermal  expansion  valve,  i.e.  an  expansion 
valve  connected  to  a  bulb  partially  filled  with  liquid, 
generally  the  same  liquid  as  the  fluid  used  in  the 
refrigerating  circuit.  A  membrane  has  one  side 
thereof  exposed  to  the  pressure  in  the  bulb  and  an 
other  side  thereof  exposed  to  the  pressure  in  the 
evaporator.  Said  membrane  acts  on  a  valve  flow 
control  means  of  the  expansion  valve,  against  a 
biaising  spring.  The  bulb  is  normally  attached  to 
the  outside  of  the  discharge  pipe  through  which  the 
refrigerant  fluid  leaves  the  evaporator  towards  the 
compressor,  and  the  flow  control  means  opens 
only  when  the  superheat  of  the  gas  is  heating  the 
liquid  in  the  bulb  to  a  point  where  its  pressure 
exceeds  the  pressure  in  the  evaporator  by  the 
amount  of  the  pressure  provided  by  the  spring. 

A  drawback  of  this  type  of  control  is  that  it 
needs  superheat  to  operate.  As  a  matter  of  fact, 
according  to  the  laws  of  thermodynamics,  in  the 

absence  of  superheat,  i.e.  when  there  is  a  mixture 
of  liquid  and  gas  in  the  discharge  pipe,  the  tem- 
perature  in  the  discharge  pipe  is  only  a  function  of 
the  pressure,  and  not  a  function  of  the  percentage 

5  of  liquid  in  the  mixture.  Since  the  pressure  in  the 
bulb  is  only  a  function  of  the  temperature,  the 
pressure  in  the  bulb  would  be  the  same  irrespec- 
tive  of  the  proportion  of  liquid  in  the  dicharge  pipe 
of  the  evaporator  and  no  regulation  could  be  possi- 

70  ble. 
Said  superheat,  as  is  necessary  for  the  regula- 

tion,  means  that  the  evaporator  has  to  be  substan- 
tially  enlarged  and  this  significantly  increases  the 
cost  in  the  superheat  area,  the  coefficient  of  ther- 

75  mal  exchange  is  much  lower  than  in  the  area  where 
the  evaporator  contains  some  liquid. 

In  air-conditioning  systems  called  water-chillers 
-  where  an  intermediary  medium,  i.e.  water,  is 
cooled  and  in  turn  cools  the  air  -  the  size  of  the 

20  evaporator  could  be  roughly  divided  by  half  if  the 
superheat,  normally  5°  C,  could  be  eliminated. 

This  is  not  surprising  as  the  average  tempera- 
ture  difference  between  the  water  and  the  refriger- 
ant  itself  is  no  more  than  5  to  7°C  and  the  heat- 

25  exchanges  with  a  gas  under  a  so  low  temperature 
difference  have  a  very  low  efficiency. 

Since  the  cost  of  such  evaporators  is  20  to  30 
%  of  the  whole  air-conditioning  system,  the  possi- 
ble  cost  savings  are  very  substantial. 

30  Attempts  having  made  to  reduce  the  superheat 
by  electronic  expansion  valves  which  basically 
measure  the  temperatures  of  the  gas  and  of  the 
liquid  at  the  evaporator  to  electronically  control  the 
valve.  However,  such  electronic  expansion  valves 

35  are  very  expensive  and  they  nevertheless  need 
superheat  to  operate,  usually  2-3  °  C,  whereby  no 
substantial  saving  has  been  possible. 

Attempts  have  also  been  made  to  displace  the 
operating  point  of  a  thermal  expansion  valve  using 

40  a  bulb  by  heating  the  bulb  with  separate  heating 
means  such  as  an  electrical  resistor;  such  a  meth- 
od  is  for  instance  found  in  US  patent  4  467  613. 
However,  such  a  method  needs  a  difficult  matching 
of  the  resistor  ohmic  value,  and  this  matching  may 

45  not  be  appropriate  for  various  operating  conditions. 
The  first  object  of  this  invention  is  a  method  of 

using  a  thermal  expansion  valve  device  comprising 
a  bulb  at  least  partially  filled  with  a  liquid,  con- 
nected  to  one  side  of  a  differential  pressure  mea- 

50  suring  device,  an  other  side  of  said  differential 
pressure  measuring  device  being  exposed  to  the 
pressure  in  the  evaporator,  said  differential  pres- 
sure  measuring  device  acting  against  biasing 
means  to  control  the  position  of  flow  controlling 
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means,  said  buib  being  connected  to  a  discharge 
pipe  of  said  evaporator  and  carrying  heating 
means,  and  characterized  by  positioning  said  bulb 
at  least  partially  in  said  discharge  tube. 

A  second  objet  of  this  invention  is  an  evapora- 
tor  and  flow  control  means  assembly  comprising  : 
-  an  evaporator  having  a  refrigerant  inlet  connected 
to  a  thermal  expansion  valve  and  a  refrigerant 
discharge  pipe  provided  with  a  bulb  at  least  par- 
tially  filled  with  a  liquid  ; 
-  a  differential  pressure  measuring  means  having  a 
first  input  connected  to  said  bulb  and  a  second 
input  exposed  to  the  pressure  in  said  evaporator  ; 
-  means  for  positioning  a  flow  control  element  of 
the  thermal  expansion  valve  as  a  function  of  a 
differential  pressure  as  measured  by  the  differential 
pressure  measuring  means  ; 
-  heating  means  connected  to  the  bulb,  character- 
ized  by  the  bulb  being  at  least  partially  mounted  in 
the  discharge  pipe  of  the  evaporator  so  as  to  be  at 
least  partially  exposed  to  refrigerant  flow  in  the 
discharge  pipe. 

A  third  object  of  the  invention  is  a  refrigerating 
machine  comprising  an  evaporator  and  flow  control 
means  assembly  according  to  the  second  object. 

As  soon  as  the  gas  leaving  the  evaporator 
becomes  wet,  i.e.  contains  droplets,  these  droplets 
hit  the  bulb  and  cool  very  quickly  the  liquid  inside 
the  bulb,  thereby  decresing  the  pressure  in  the 
bulb  and  thus  closing  the  flow  control  means.  On 
the  contrary,  as  soon  as  the  gas  leaving  the  evap- 
orator  becomes  dry,  the  cooling  effect  of  the  refrig- 
erant  gas  onto  the  liquid  in  the  bulb  becomes 
much  less  efficient  and  the  electrical  resistor  starts 
heating  the  liquid  in  the  bulb  to  a  temperature 
which  is  over  the  temperature  of  the  refrigerant  gas 
surrounding  the  bulb,  thereby  letting  the  bulb 
"believe"  that  the  gas  be  superheated,  with  the 
result  that  the  flow  control  means  is  open. 

Practically,  and  contrary  to  the  prior  art,  the 
invention  results  in  the  gas  discharged  by  the 
evaporator  very  often  containing  some  liquid  in- 
stead  of  being  fully  evaporated  and  superheated. 

This  has  little  or  no  effect  on  the  efficiency  of 
the  system  since,  in  most  cases,  gas  coming  from 
the  evaporator  is  then  used  to  cool  the  electrical 
motor  driving  the  compressor  and  there  is  a  loss 
created  by  the  fact  of  cooling  the  motor  ;  and  it 
does  not  matter  whether  this  loss  is  achieved  by 
heating  a  dry  gas  and  expanding  its  volume  or  by 
vaporizing  the  liquid  of  a  wet  gas,  because  in  both 
cases  the  volume  to  be  compressed,  and  the  en- 
ergy  necessary  for  compressing  this  volume  of 
gas,  will  be  the  same. 

Besides  allowing  a  very  substantial  cost  im- 
provement,  the  zero  degree  superheat  expansion 
valve  according  to  the  invention  leads  to  some 
remarkable  results. 

Firstly,  its  reaction  time  is  extremely  fast  and 
practically  the  invention  eleminates  hunting.  This  is 
a  result  of  the  fact  that  the  bulb  pressure  equilib- 
rium  is  dictated  by  liquid  phase  on  both  sides  of 

5  the  bulb  wall,  instead  of  gas  on  at  least  one  side 
(usually  the  external  side)  ;  this  increases  transfer 
coefficients  by  many  ten  times. 

This  is  not  true  with  designs  as  shown  in  US 
patent  4  467  613  with  the  bulb  completely  outside 

10  the  discharge  pipe.  In  such  a  case  there  is  a  delay 
in  heat  transfer  which  is  eliminated  by  the  inven- 
tion. 

Furthermore,  this  invention  eliminates  one  of 
the  major  drawbacks  of  the  prior  art  according  to 

75  the  US  patent  4  467  613,  i.e.  operation  uncertain- 
ties.  As  a  matter  of  fact,  it  has  been  found  that 
even  when  the  gas  discharged  by  the  evaporator 
does  not  contain  liquid,  an  outside  bulb  heated  by 
a  resistor  could  act  as  if  the  gas  was  containing  a 

20  lot  of  liquid,  due  to  a  lot  of  heat  being  absorbed  by 
the  pipe  ;  this  occurs  when  there  is  liquid  on  the 
inner  wall  of  the  pipe  ;  such  liquid  may  be  for 
instance  oil  returning  to  the  compressor,  or  remain- 
ing  drops  of  liquid  refrigerant  not  yet  fully  vapor- 

25  ized. 
According  to  the  invention,  these  major 

drawbacks  are  eliminated  and  a  reliable  measure- 
ment  is  possible  due  to  the  fact  that  the  bulb 
receives  its  heat  or  cold  directly  from  the  flow  of 

30  gas  leaving  the  evaporator. 
According  to  a  preferred  feature  of  this  inven- 

tion,  the  bulb  is  thermally  insulated  from  the  dis- 
charge  pipe  so  as  not  to  be  thermally  influenced 
by  the  liquid  along  the  wall  of  the  discharge  pipe. 

35  Such  insulation  may  be  for  instance  a  plastic  ele- 
ment  which  has,  simultaneously,  the  advantage  of 
easily  being  deformed  and  providing  a  good  leak- 
tightness  between  the  bulb  and  the  discharge  pipe, 
although  the  bulb  is  usually  not  perfectly  cylin- 

40  drical. 
There  is  also  a  second  range  of  advantages  of 

the  invention.  Basically,  as  is  well  known,  thermal 
expansion  valves  are  not  appropriate  for  accurately 
controlling  an  evaporator  on  a  very  large  range  of 

45  capacities.  Usually  a  thermal  expansion  valve  does 
not  operate  when  the  refrigerant  flow  rate  is  lower 
than  one  third  of  full  load  if  this  valve  is  appropriate 
for  operating  correctly  at  full  load.  This  implies  that 
two  or  three  valves  of  different  capacities  must  be 

so  used  in  parallel  so  as  to  be  able  to  still  control  the 
refrigerant  liquid  flow  to  the  evaporator  when  the 
system  and  accordingly  the  compressor  have  to 
operate  in  the  1  0  -  30  %  capacity  range. 

The  invention  has  the  unexpected  effect  of 
55  eliminating  this  drawback.  More  specifically,  this 

invention  allows  the  same  valve  to  control  the  re- 
frigerant  system  on  the  whole  range  of  operation, 
usually  from  10  -20  %  to  full  load. 
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More  specifically,  in  a  prefered  embodiment  of 
the  invention,  the  heating  means  are  partially  or 
totally  disconnected  when  the  requested  cooling 
capacity  drops  below  a  certain  value,  for  instance 
50  %  .  Such  disconnection  can  be  actuated  by  the 
capacity  control  of  the  compressor  (the  compressor 
is  provided  with  capacity  control  means  which  op- 
erate,  usually  automatically,  for  matching  the 
amount  of  compressed  fluid  produced  by  the  com- 
pressor  to  the  flow  rate  of  refrigerant  fluid  through 
the  evaporator). 

When  the  heating  means  are  shut  off  (or,  alter- 
natively,  partially  disconnected)  the  bulb  operates 
as  a  standard  bulb,  i.e.  requests  superheat  from 
the  evaporator.  This  is  possible  at  part  load  even  if 
the  evaporator  is  relatively  small-sized  in  view  of  its 
possible  cooling  capacity  at  full  load.  And  now,  with 
the  invention,  nothing  prevents  in  the  construction 
of  the  valve,  to  set  the  spring  so  as  to  double  or 
treble  the  superheat  requested  for  maximum  open- 
ing  of  the  valve,  since,  according  to  the  invention, 
this  superheat  is  given  by  the  heater.  This  gives 
still  a  lot  of  superheat  and  spring  bias  available  at 
part  load,  and  this  makes  the  valve  responsive  for 
much  lower  flow  rates  than  in  the  prior  art,  as  will 
be  explained  in  the  description  hereinafter. 

This  invention  will  be  better  understood  by 
reading  the  description  hereinafter  of  embodiments 
of  the  invention  given  as  non-limiting  examples  in 
relation  with  the  accompanying  drawings,  in  which  : 

-  figure  1  is  a  cross-sectional  view  of  the 
bulb  used  according  to  the  invention,  with  part  of 
the  bulb  being  shown  in  elevation  to  show  the 
heater  resistor  ; 

-  figure  2  is  a  diagram  of  the  refrigeration 
machine  using  the  invention  ; 

-  figure  3  is  a  diagram  showing  the  pressure 
difference  accross  the  membrane  as  a  function  of 
superheat  -  on  negative  abscissa  -  or  liquid  content 
of  the  gas  in  weight  on  the  positive  abscissa  ;  and 

-  figure  4  is  a  diagram  showing  the  amount 
of  opening  of  the  valve  as  a  function  of  the  pres- 
sure  difference  across  the  membrane. 

As  seen  in  figure  2,  an  example  of  a  refrigerat- 
ing  machine  schematically  comprises  a  compres- 
sor  101  compressing  refrigerating  fluid  in  the  gas- 
eous  state  and  discharging  said  fluid  into  a  con- 
denser  102,  in  which  said  fluid  is  condensed.  The 
condensed  fluid  is  then  sent  through  a  duct  18  to  a 
controlled  expansion-valve  103,  in  which  the  refrig- 
erating  fluid  pressure  is  decreased,  and  then, 
through  a  duct  19,  to  an  evaporator  2  in  which  the 
fluid  is  vaporized  and  thus  absorbs  heat.  A  refriger- 
ant  discharge  pipe  1  of  the  evaporator  2  is  con- 
nected  to  an  inlet  of  the  compressor  101.  The 
evaporator  2  comprises  a  refrigerant  pipe  3  in  a 
vessel  4  in  which  water  to  be  cooled  circulates 
between  a  water  inlet  pipe  5a  and  a  water  outlet 

pipe  5b  along  arrows  6  and  7. 
The  expansion  valve  comprises  a  membrane 

10  having  one  side  11  exposed  to  the  pressure  of  a 
bulb  104  which  is  secured  to  the  refrigerant  dis- 

5  charge  pipe  1  of  the  evaporator  and  will  be  de- 
scribed  later,  and  another  side  12  exposed  to  the 
pressure  in  the  discharge  pipe  1  by  an  external 
equalizing  line  13  ;  the  membrane  10  urges  via  rod 
14  a  flow  control  piston  15  away  from  its  seat  16 

10  against  the  biasing  force  of  a  spring  17. 
The  pressure  inside  the  bulb  104  is  transmitted 

to  side  11  of  the  membrane  10  by  a  pressure 
transmitting  means  such  as  a  capillary  9. 

The  bottom  part  of  the  bulb  is  surrounded  by 
75  an  electrical  heating  resistor  20  which  is  conven- 

tionnally  made  on  a  plastic  foil  partly  covered  by 
resistance  material  seen  on  26,  wrapped  around 
the  bulb  ;  it  is  maintained  and  pressed  against  the 
bulb  by  a  cover  41  which  is  conceivably  made  of 

20  plastic.  Electrical  current  is  supplied  to  the  resistor 
20  by  wires  21  and  22. 

The  bulb  is  held  into  the  pipe  1  by  a  metal 
flange  23  having  a  conical  bore  23a  therethrough  in 
which  a  plastic  cone  24  -  made  for  instance  of 

25  PTFE  (polytetrafluoroethylen)  is  pressed  by  flange 
25.  The  plastic  cone  24  has  a  cylindrical  through- 
bore  axially  therethrough,  and  the  bulb  104  and 
wires  21  and  22  are  leak-tightly  mounted  in  said 
cylindrical  through-bore.  The  plastic  cone  deforms 

30  so  as  to  let  the  passage  for  the  electrical  wires  21 
and  22  while  sealingly  separating  the  inside  of  the 
pipe  1  containing  refrigerant  gas  and  liquid  from 
the  ambient  air  outside.  The  plastic  cone  24  main- 
tains  the  bulb  104  in  a  position  in  which  a  major 

35  part,  and  especially  the  bottom  part,  of  the  bulb 
104  extends  inside  the  discharge  pipe  1,  trans- 
versely  thereto,  so  as  to  be  exposed  to  refrigerant 
flow  inside  discharge  pipe  1. 

The  plastic  cone  24  also  provides  to  the  bulb 
40  heat-insulation  against  heat  or  cold  coming  from 

the  walls  of  the  pipe  1  .  This  allows  the  temperature 
inside  the  bulb  to  be  basically  dependant  upon  the 
amount  of  heat  generated  by  the  resistor  and  the 
amount  of  cold  received  by  the  area  27  of  the  bulb 

45  which  is  exposed  to  refrigerant  flow. 
The  system  operates  as  follows  : 

When  the  compressor  101  operates  at  full  load,  the 
resistor  20  is  energized  and  heats  the  liquid  8  in 
the  bulb,  thereby  increasing  the  pressure  in  the 

so  bulb  and  in  a  volume  adjacent  side  11  of  the 
membrane  10  which  in  turn  pushes  against  the 
spring  17  and  opens  the  piston  15  allowing  liquid 
refrigerant  coming  from  condenser  1  02  to  flow  into 
the  evaporator  2. 

55  In  case  the  amount  of  heat  available  from  water 
circulating  in  vessel  4  becomes  insufficient,  the 
refrigerant  fluid  can  no  longer  fully  vaporize  in 
evaporator  2  and  droplets  of  liquid  appear  in  dis- 

4 
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charge  pipe  1.  Only  at  this  stage,  i.e.  when  liquid 
droplets  carried  along  in  pipe  1  start  hitting  the 
area  27  of  the  bulb,  the  bulb  cools  down  and  the 
pressure  in  the  bulb  decreases,  thereby  reducing 
pressure  on  the  membrane  10  and  closing  progres- 
sively  the  piston  15.  It  should  be  noted  that  an 
important  feature  of  the  invention  is  the  close  prox- 
imity  between  the  area  where  heat  is  provided  to 
the  bulb,  the  area  where  cold  is  received  by  the 
bulb  and  the  liquid  contained  in  the  bulb  ;  this 
insures  that  calories  do  not  have  to  travel  through 
lengthy  pieces  of  copper.  Such  travel  limit  the  heat 
transfer  rate,  and  would  (a)  make  the  final  equilib- 
rium  pressure  in  the  bulb  and  hence  the  expansion 
valve  opening  much  more  sensitive  to  secondary 
factors  such  as  ambient  temperature  which  should 
have  no  influence  onto  the  control,  (b)  delay  the 
response  of  the  valve  103  to  a  change  of  con- 
ditions  and  hence  make  it  liable  to  hunt. 

Figure  3  shows  the  results  achieved  with  this 
invention  ;  on  positive  asbcissa,  it  indicates  the 
percentage  in  weight  of  the  liquid  carried  along  by 
the  wet  gas,  the  vertical  line  28  corresponding  to  0 
%  of  liquid  but  the  gas  being  without  superheat  ; 
the  negative  side  of  the  abscissa  shows  the 
amount  of  superheat  ;  the  ordinate  shows  the  dif- 
ferential  pressure  across  the  membrane. 

As  a  numerical  example,  a  bulb  of  approxi- 
mately  15  mm  in  diameter  and  110  mm  in  length  is 
installed  into  a  pipe  having  around  70  mm  in  diam- 
eter  and  actuates  an  expansion  valve  operating  a 
50  ton  air-conditioning  system  ;  the  electrical  resis- 
tor  is  providing  around  25  watts  to  the  bulb  ;  the 
system  is  operated  with  refrigerant  R-22  and  the 
evaporating  temperature  is  set  at  7°  C  ;  the  amount 
of  liquid  in  the  valve  is  limited  so  that  it  is  fully 
vaporized  when  the  differential  pressure  reaches 
around  3  bars  as  shown  at  29  ;  at  that  value,  the 
valve  is  fully  opened  ;  further  superheat  would  not 
open  it  more  ;  the  superheat  at  that  point  is  around 
1°C. 

When  superheat  decreases,  the  differential 
pressure  drops  and  reaches  around  2  bars  when 
superheat  disappears  but  the  gas  is  still  dry. 

When  flow  control  means  15  opens  further,  the 
pressure  continues  to  drop  down  until  it  reaches  a 
value  approximately  equal  to  1  bar  and  the  amount 
of  liquid  carried  along  by  the  gas  in  percentage  of 
weight  reaches  a  value  31  which,  in  this  case,  is 
around  1  percent.  Further  increase  of  liquid  con- 
tent,  which  would  be  artificially  injected  into  the 
pipe  upstream  of  the  bulb,  would  not  decrease  the 
differential  pressure  therefore  the  spring  tension  is 
set  such  that  the  piston  15  is  fully  closed  for  this 
one  bar  difference  across  the  membrane  1  0. 

The  result  is  hence  that  maximum  capacity  is 
now  achieved  with  1  degree  superheat  instead  of 
the  usual  5  or  6  degrees,  thereby  allowing  to 

eliminate  most  of  the  superheat  generating  area  of 
the  evaporator. 

It  is  of  course  possible  to  displace  the  curve  of 
figure  3  toward  the  right  by  increasing  the  power  of 

5  the  resistor  so  as  to  have  the  valve  operate  nearly 
completely  in  the  wet  area  instead  of  having  it 
operate  partly  in  the  superheat  area  ;  this  helps 
increasing  the  cooling  capacity  of  the  evaporator 
but  is  increases  the  amount  of  liquid  which  is  going 

io  through  the  system  without  vaporization. 
According  to  an  advantageous  feature,  at  part 

load,  the  power  generated  by  resistor  20  can  be 
reduced  or  set  to  zero,  thus  allowing  the  thermal 
expansion  valve  to  operate  in  a  conventional  man- 

75  ner. 
Figure  4  explains  the  advantage  obtained 

thereby  : 
It  shows  the  amount  of  opening  of  the  valve  103  in 
ordinate  and  the  pressure  differential  in  abscissa, 

20  the  curve  32  being  the  curve  of  a  conventional 
valve  and  the  curve  33  being  the  curve  of  a  pre- 
ferred  embodiment  of  this  invention. 

Conventionally  a  standard  thermal  expansion 
valve  starts  to  open  when  the  pressure  differential 

25  -given  by  the  superheat  -  reaches  value  shown  in 
34  and  is  fully  opened  for  differential  pressure  35. 

As  the  total  superheat  has  to  be  limited  in 
order  not  to  increase  too  much  the  size  of  the 
evaporator,  the  slope  of  the  curve  32  has  to  be 

30  steep,  whereby  the  sensibility  of  the  opening  to  a 
change  in  the  superheat  is  quite  high  and  the  valve 
operation  is  therefore  not  very  accurate  ;  further- 
more,  when  the  amount  of  superheat  decreases  to 
a  point  where  the  pressure  differential  comes  close 

35  to  value  34,  the  opening  of  the  valve  becomes 
erratic,  one  reason  being  that,  in  most  valves,  the 
piston  1  5  is  not  pressure  balanced  on  its  two  sides 
with  the  result  that  it  tends  to  close  and  remain 
closed  or  to  open  and  remain  open  ;  so  the  valve  is 

40  not  controlling  well  in  the  pressure  differential  area 
near  point  34  corresponding  to  part  load  conditions 
generally  below  35  or  40  %. 

With  the  invention,  the  maximum  superheat 
seen  by  the  bulb  is  no  longer  limited  as  it  is 

45  dictated  by  the  resistor,  not  by  the  superheat  of  the 
evaporator  gas,  and  it  is  possible  to  have  it  operate 
with  a  much  less  steeper  slope  which  allows  a 
much  greater  sensibility  and  the  possibility  of  still 
keeping  large  pressure  difference  across  the  mem- 

50  brane  even  at  low  part  load. 
Such  valve  is  thus  now  able  to  operate  down  to 

20  %  load  or  even  lower  if  needed,  thereby  elimi- 
nating  the  need  to  provide  a  plurality  of  valves 
operating  in  parallel. 

55  It  is  also  possible  to  displace  the  opening  point 
to  the  right  to  a  position  such  as  36  i.e.  to  allow  the 
valve  to  operate  with  more  superheat  than  usual, 
thereby  reducing  the  risk  in  hot  days,  when  the 

5 
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system  has  been  staying  idle,  to  see  the  bulb  open 
the  expansion  valve  and  flood  the  evaporator. 

It  should  be  noted  that  according  to  the  inven- 
tion  :  the  resistor  could  be  mounted  inside  the  bulb 
instead  of  around  the  bulb  ;  the  bulb,  instead  of  5 
being  mounted  vertically,  could  be  mounted  ob- 
liquely  or  horizontally  ;  the  external  equalizer  line 
could  be  replaced  by  a  conventional  internal  equal- 
izer  or  could  be  connected  to  another  portion  of  the 
low-pressure  part  of  the  refrigerating  machine,  i.e.  10 
between  the  expansion  valve  outlet  and  the  com- 
pressor  inlet  ;  the  bulb,  instead  of  being  a  straight 
tube,  could  have  a  different  shape,  and  for  instance 
be  curved  ;  the  resistor  shown  at  the  bottom  of  the 
bulb  could  be  mounted  at  the  upper  part,  the  75 
cooling  area  in  contact  with  the  wet  gas  being  in 
the  lower  part  ;  instead  of  using  the  same  fluid  in 
the  bulb  as  in  the  refrigeration  system,  a  different 
fluid  could  be  used  ;  the  amount  of  liquid  in  the 
bulb  could  be  limited  so  as  to  limit  the  maximum  20 
pressure  on  the  membrane  to  the  value  achieved 
when  liquid  is  fully  vaporized  ;  instead  of  using  an 
electric  heater,  heat  could  be  generated  by  other 
means,  for  instance  a  burner,  and  could  be  brought 
to  the  bulb  by  a  thermal  transfer  means  such  a  25 
heat  tube  ;  other  means  than  a  spring,  such  as 
pressure  of  a  gaz,  could  be  used  to  bias  the 
membrane  ;  the  membrane  could  be  replaced  by 
another  differential  pressure  measuring  device, 
such  as  a  piston  ;  at  part  load,  the  heater  could  be  30 
disconnected  progressively  by  steps  in  relation  to 
the  unloading  of  the  system  so  as  to  go  from  100 
%  heat  to  0  %  in  relation  to  the  refrigeration  load. 
Furthermore,  the  bulb  104  is  not  necessarily  se- 
cured  to  the  discharge  pipe  1  through  a  heat-  35 
insulating  means  (cone  24)  .  Heat  transfer  from 
pipe  1  may  be  at  least  partially  compensated  for 
by  increasing  the  surface  of  the  bulb  104  exposed 
to  the  refrigerant  flow  in  pipe  1  with  respect  to  the 
surface  in  contact  with  the  pipe,  and/or  by  setting  40 
the  ohmic  value  of  the  resistor  and/or  the  bias  force 
of  the  spring  17.  Such  compensations  for  heat- 
transfer  from  pipe  1  to  bulb  104  are  especially 
easy  in  the  evaporators  in  which  the  discharge  pipe 
1  remains  at  a  substantially  constant  temperature,  45 
e.g.  the  evaporators  producing  cold  water  (so- 
called  "chillers"),  wherein  the  discharge  pipe  1 
constantly  has  an  external  temperature  nearly 
equal  to  that  of  water  and  an  internal  temperature 
nearly  equal  to  that  of  refrigerant  fluid,  with  said  so 
temperatures  being  permanently  maintained  within 
a  narrow  range  slightly  above  0  °  C. 

filled  with  a  liquid,  connected  to  one  side  of  a 
differential  pressure  measuring  device,  another 
side  of  said  differential  pressure  measuring  device 
being  exposed  to  the  pressure  of  an  evaporator, 
said  differential  pressure  measuring  device  acting 
against  biasing  means  to  control  the  position  of 
flow  controlling  means,  said  bulb  being  adjacent  to 
a  discharge  pipe  of  said  evaporator  and  carrying 
heating  means,  and  characterized  by  positioning 
said  bulb  at  least  partially  inside  said  discharge 
pipe. 

2.  A  method  according  to  claim  1  ,  wherein  said 
bulb  is  attached  to  said  tube  by  heat  transfer 
isolating  means. 

3.  A  method  of  using  a  thermal  expansion 
valve  according  to  claim  1,  characterized  in  that  at 
part  load  of  the  system,  the  heating  means  are  at 
least  partially  disconnected. 

4.  An  evaporator  anf  flow  control  means  as- 
sembly  comprising  : 
-  an  evaporator  having  a  refrigerant  inlet  connected 
to  a  thermal  expansion-valve  and  a  refrigerant  dis- 
charge  pipe  adjacent  to  a  bulb  at  least  partially 
filled  with  a  liquid  ; 
-  a  differential  pressure  measuring  means  (1  0)  hav- 
ing  a  first  input  (9)  connected  to  said  bulb  (104) 
and  a  second  input  (13)  exposed  to  the  pressure 
inside  the  evaporator  ; 
-  means  (14,  17)  for  pisitioning  a  flow  control  ele- 
ment  (1  5)  of  the  thermal  expansion  valve  (1  04)  as  a 
function  of  a  differential  pressure  as  measured  by 
the  differential  pressure  measuring  means  ; 
-  heating  means  connected  to  the  bulb,  character- 
ized  by  the  bulb  (104)  being  at  least  partially 
mounted  in  the  discharge  pipe  (1)  of  the  evaporator 
so  as  to  be  at  least  partially  exposed  to  refrigerant 
flow  in  the  discharge  pipe. 

5.  An  evaporator  and  flow  control  means  as- 
sembly  according  to  claim  4  in  which  the  bulb  has 
in  the  discharge  pipe  (1)  a  portion  (27)  exposed  to 
refrigerant  flow  and  a  portion  subjected  to  the  heat- 
ing  means  (20). 

6.  An  evaporator  and  flow-control  means  as- 
sembly  according  to  claim  4,  wherein  a  bottom 
portion  of  the  bulb  (104)  is  inside  the  discharge 
pipe  (1). 

7.  A  refrigerating  machine  comprising  an  evap- 
orator  and  flow  control  means  assembly  according 
to  claim  4. 

Claims  55 

1.  A  method  of  using  a  thermal  expansion 
valve  device  comprising  a  bulb  at  least  partially 
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