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Description 

This  invention  is  concerned  with  apparatus  for 
the  sensing  of  refrigerant  temperatures  in  refrigerator 
systems  and  particularly  with  apparatus  for  the  con- 
trol  of  refrigerant  loading  in  refrigerator  evaporators. 

The  standard  refrigeration  compressor-operated 
system  consists  of  a  closed  circuit  in  which  cool  low- 
pressure  refrigerant  vapor  from  a  suction  line  enters 
a  compressor  which  compresses  it  to  a  hot  high  pres- 
sure  vapor,  this  hot  vapor  then  flowing  through  a  dis- 
charge  line  to  a  condenser  coil  or  coils  where  it  is 
cooled  below  its  condensing  temperature  and  be- 
comes  liquid.  The  liquid  flows  from  the  condenser 
through  a  return  line  into  a  liquid  receiver,  and  from 
the  receiver  through  a  liquid  line  to  an  indicator  and 
filter/drier,  from  whence  it  passes  to  a  thermostatical- 
ly  controlled  expansion  valve  which  maintains  at  an 
optimum  value  the  flow  of  the  liquid  refrigerant  into  an 
evaporator  coil  or  coils,  in  which  it  evaporates  with 
consequent  temperature  drop  and  cooling  of  the  coils 
and  their  environment;  the  resultant  vapor  passes 
through  the  suction  line  back  to  the  compressor  to 
complete  the  circuit. 

It  is  essential  to  control  the  expansion  valve  (usu- 
ally  called  the  TX  valve)  so  as  to  prevent  any  liquid  re- 
frigerant  from  reaching  the  compressor,  which  would 
damage  it,  and  this  valve  control  usually  consists  of 
a  remote  temperature  sensing  fluid-containing  cylin- 
drical  bulb  connected  by  a  metal  capillary  tube  to  a 
charged  diaphragm  capsule  in  the  valve.  The  capsule 
responds  to  changes  in  temperature  of  the  sensor 
bulb  to  regulate  the  flow  through  the  valve.  Equiva- 
lent  electrical  sensors  have  also  been  developed.  The 
sensor  bulb  or  its  equivalent  normally  is  clamped 
tightly  to  the  suction  line  at  the  exit  from  an  outlet 
manifold  into  which  the  evaporator  coil  or  group  of 
coils  discharge,  so  as  to  sense  the  temperature  of  the 
vapor  at  this  point  (See  e.g.  document  FR-A-  1  178 
599).  The  temperature  characteristic  of  a  vaporizing 
body  of  liquid  is  very  standard  in  that  its  temperature 
will  remain  relatively  constant  at  about  the  respective 
vaporizing  (saturation)  temperature  as  long  as  there 
is  some  liquid  present  to  vaporize,  and  then  will  rise 
relatively  rapidly  when  all  the  liquid  is  gone.  To  ensure 
that  no  liquid  escapes  from  the  evaporatorthe  sensor 
is  set  for  an  operating  temperature  sufficiently  higher 
than  the  saturation  temperature,  and  the  difference 
between  these  two  temperatures  is  known  as  the  su- 
perheat.  As  an  example,  a  quite  usual  range  of  values 
for  the  saturation  temperature  of  such  a  system  is 
about  -7°C  to  about  4.5°C  (20°F  to  40°F),  while  a  quite 
usual  value  for  the  superheat  is  about  5.5°C  (10°F), 
so  that  the  range  of  control  temperatures  for  such 
systems  will  be  -1°C  to  10°C  (30°F  to  50°F). 

In  theory  it  should  be  possible  to  use  a  much  low- 
er  superheat  value,  say  1°C  (2°F),  but  in  prior  art 
practice  it  was  found  that  this  was  not  sufficient  to  en- 

sure  the  complete  absence  of  liquid  refrigerant  from 
the  evaporator  manifold  outlet  and  the  higher  value 
was  therefore  almost  universally  used.  As  the  super- 
heat  value  varies  around  the  predetermined  amount 

5  the  TX  valve  opens  and  closes,  and  in  theory  should 
be  operable  to  maintain  it  quite  accurately  at  that  val- 
ue,  but  in  practice  there  is  a  time  lag  between  the 
sensing  of  the  temperature  by  the  sensor  and  the  op- 
eration  of  the  TX  valve,  which  also  usually  cannot  re- 

10  spond  fast  enough,  resulting  in  a  fluctuating  super- 
heat  value  necessitating  the  higher  amount,  thereby 
reducing  the  efficiency  of  the  system.  There  has 
therefore  been  a  continuing  need  for  a  temperature 
sensor  for  such  systems  which  can  more  accurately 

15  determine  the  temperature  of  the  refrigerant  vapor  in 
the  suction  line  and  thus  improve  the  efficiency. 

In  commercial  refrigerators,  most  evaporators 
consist  of  a  large  number,  often  as  many  as  fifty,  sep- 
arate  "circuit  coils"  connected  in  parallel  so  as  to  ob- 

20  tain  sufficient  cooling  capacity  without  the  individual 
coils  being  of  too  great  length  with  consequent  high 
pressure  drop.  These  circuit  coils  are  arranged  in 
sets,  each  set  having  its  own  expansion  valve  and  a 
common  distributor  interposed  between  the  valve 

25  and  the  coils  of  the  set,  the  purpose  of  the  distributor 
being  to  divide  the  flow  as  equally  as  possible  be- 
tween  individual  small  diameter  feed  pipes  of  equal 
length  leading  from  the  distributor  to  the  respective 
circuit  coil  pipe  inlets.  All  of  the  circuit  coil  pipe  outlets 

30  are  connected  to  a  common  outlet  manifold  or  stand- 
pipe.  Despite  the  care  that  is  taken  to  try  to  make  the 
valve  and  the  distributor  feed  equal  amounts  of  liquid 
refrigerant  to  the  circuit  coils,  and  to  make  all  of  the 
circuit  coils  as  equal  in  length  and  flow  characteristic 

35  as  possible,  it  is  in  practice  always  found  that  liquid 
refrigerant  vaporizes  in  some  of  the  coils  at  a  different 
rate  than  in  the  others,  due  to  variables  such  as  dif- 
ferences  in  the  flow  of  air  over  the  different  coils,  and 
small  differences  in  the  pressure  drop  through  each 

40  coil.  The  consequence  is  that  the  circuit  coil  or  coils 
which  absorb  the  least  amount  of  ambient  heat  allow 
the  liquid  refrigerant  to  flow  further  along  it  or  them 
before  vaporizing,  so  that  it  is  this  coil  or  coils  that 
control  the  TX  valve  and  close  it  down,  starving  the 

45  remainder  of  the  coils  of  liquid  refrigerant  and  exces- 
sively  superheating  the  refrigerant  vapor  in  the 
starved  coils,  and  thereby  reducing  the  cooling  ca- 
pacity  of  the  system.  This  reduction  can  be  as  much 
as  from  about  25  to  35%  of  the  total  capacity. 

so  This  unequal  loading  of  the  evaporator  circuit 
coils  can  usually  be  observed  by  visual  inspection  of 
the  coils  once  the  system  has  been  in  operation  of  a 
short  time,  when  the  starved  circuit  coils  are  less  frost 
coated  toward  the  outlet  end  than  the  others.  This  un- 

55  equal  loading  is  often  mistakenly  attributed  to  unequal 
distribution  of  the  refrigerant  liquid  among  the  coils. 

There  is  disclosed  and  claimed  my  prior  Europe- 
an  Patent  Application  publication  No.  0  354  037,  filed 
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3  August  1  989,  apparatus  for  the  sensing  of  the  tem- 
perature  of  refrigerant  exiting  from  a  refrigeration  sys- 
tem  evaporator  coil  outlet  and  for  the  control  in  accor- 
dance  with  the  sensed  temperature  of  a  controllable  5 
evaporator  valve  feeding  liquid  refrigerant  to  the 
evaporator  coil  inlet  the  apparatus  comprising: 

a  turbulating  and  mixing  device  having  an  inlet 
and  an  outlet  for  refrigerant  and  having  therein  a  re- 
frigerant  flow  path  having  at  least  part  of  a  wall  there-  10 
of  of  heat  conductive  material  for  sensing  the  device 
interior  temperature  through  the  wall  part; 

turbulence  and  mixing  producing  means  in  the 
flow  path  intercepting  the  entire  refrigerant  flow  and 
creating  turbulence  and  mixing  of  the  refrigerant  with  15 
changes  in  the  direction  of  the  entire  refrigerant  flow 
to  ensure  turbulence  and  mixing  of  all  liquid  and  vapor 
refrigerant  phases  present  and  contact  of  only  mixed 
phases  with  the  wall  part;  and 

the  apparatus  being  adapted  to  have  in  heat  20 
conductive  contact  with  tne  wall  part  temperature 
sensing  means  for  sensing  the  device  interior  temper- 
ature  and  for  controlling  the  evaporatorvalve  in  accor- 
dance  with  the  sensed  temperature. 

It  is  therefore  a  principal  object  of  the  present  in-  25 
vention  to  provide  a  new  apparatus  for  the  sensing  of 
refrigerant  temperatures  in  refrigerator  systems,  and 
in  particular  a  new  apparatus  by  which  the  tempera- 
ture  of  the  refrigerant  exiting  from  an  evaporator  coil 
is  sensed  efficiently  by  the  temperature  sensor  con-  30 
trolling  the  TX  valve  for  more  precise  superheat  con- 
trol. 

In  accordance  with  the  present  invention  there  is 
provided  apparatus  for  the  sensing  of  the  tempera- 
ture  of  refrigerant  exiting  from  a  refrigeration  system  35 
evaporator  coil  outlet  and  for  the  control  in  accor- 
dance  with  the  temperature  sensed  by  a  sensing 
means  of  a  controllable  evaporator  valve  feeding  liq- 
uid  refrigerant  to  the  evaporator  coil  inlet,  the  sensing 
means  being  of  the  tupe  comprising  a  fluid-containing  40 
elongated  cylindrical  capsule  in  the  value,  the  appa- 
ratus  comprising: 

a  length  of  pipe  having  an  inlet  and  an  outlet  for 
refrigerant  and  having  therein  a  refrigerant  flow  path 
having  at  least  part  of  a  wall  thereof  of  heat  conduc-  45 
tive  material  for  sensing  the  device  interior  tempera- 
ture  through  the  wall  part; 

the  said  wall  part  having  formed  in  a  portion 
thereof  a  radially  outwardly  opening  longitudinal 
groove  into  which  such  a  cylindrical  bulb  can  be  in-  50 
serted  and  from  which  it  can  be  removed,  the  groove 
wall  being  of  transverse  cross-section  corresponding 
to  that  of  the  wall  of  the  part  of  the  cylindrical  bulb 
which  is  to  be  disposed  in  the  groove,  whereby  the 
cylindrical  bulb  wall  when  within  the  groove  is  in  heat  55 
exchange  contact  with  the  groove  wall,  to  thereby  in- 
crease  the  area  of  heat  conductive  contact  of  the  bulb 
wall  with  the  groove  wall.  In  such  apparatus  the  wall 
part  may  have  at  least  two  circumferentially  spaced 

longitudinal  grooves  of  different  sizes,  in  each  of 
which  a  respective  such  sensing  means  cylindrical 
bulb  can  be  disposed,  and  when  so  disposed  therin 
will  be  in  heat  exchange  contact  withthe  wall  part,the 
wall  of  each  groove  corresponding  in  cross-section  to 
the  cross-section  of  the  part  of  the  respective  cylin- 
drical  bulb  which  is  to  be  disposed  therein,  so  that 
when  within  the  groove  the  area  of  heat  conductive 
contact  of  the  cylindrical  bulb  wall  with  the  respective 
groove  wall  will  be  increased.  Also  in  such  apparatus 
the  groove  wall  may  be  contacted  by  a  cylindrical  bulb 
is  provided  with  a  layer  of  heat  conductive  paste  that 
is  engaged  by  such  a  cylindrical  bulb  when  in  the 
groove  to  improve  the  heat  conduction  from  the  wall 
to  the  cylindrical  bulb  wall. 

Preferably  the  apparatus  including  turbulence 
and  mixing  producing  means  in  the  flow  path  inter- 
cepting  the  entire  refrigerant  flow  and  creating  tubu- 
lence  and  mixing  of  the  refrigerant  with  changes  in 
the  direction  of  the  entire  refrigerant  flow  to  ensure 
turbulence  and  mixing  of  all  liquid  and  vapor  refriger- 
ant  phases  present  and  contact  of  only  mixed  phases 
with  at  least  the  grooved  wall  part  of  the  cylindrical 
bulb. 

It  shall  be  noted  that  the  structures  of  figures  2 
and  3  of  French  patent  1,178,599  are  contrary  to  the 
teachings  of  the  present  invention,  in  that  the  layers 
4  and  16  respectively  between  the  sensing  bulb  12 
and  the  pipe  8  are  of  poorly  conducting  material. 
These  two  figures  also  show  the  well  established 
practice  in  the  prior  art  of  simply  laying  the  bulb  12  on 
the  outer  surface  of  a  pipe,  with  the  consequent  small 
area  of  contact  between  them,  which  the  present  in- 
vention  overcomes.  The  structure  of  figure  4  in  the 
French  patent  is  not  practical  in  commercial  refriger- 
ation  practice  in  that  the  average  sensing  bulb  12  is 
of  minimum  diameter  9.5mm  and  of  length  about  8- 
1  0cm,  whereas  the  pipe  8  is  usually  of  diameter  about 
2.85cm  (absolute  maximum  6.6cm  but  rarely  used),so 
that  the  bulb  cannot  be  placed  in  the  mannersuggest- 
ed. 

Embodiments  of  the  invention  will  now  be  descri- 
bed,  by  way  of  example,  with  reference  to  the  accom- 
panying  schematic  and  diagrammatic  drawings, 
wherein: 

Figure  1  is  a  schematic  diagram  illustrating  a  typ- 
ical  refrigeration  system  and  including  a  device 
that  is  a  first  embodiment  of  the  invention; 
Figure  2  is  a  longitudinal  cross-section  to  a  larger 
scale  of  the  device  of  Figure  1  ; 
Figure  3  is  a  transverse  cross-section  of  the  de- 
vice  of  Figure  2,  taken  on  the  line  3-3  in  Figure  2; 
Figure  4  is  a  transverse  cross-section  similar  to 
Figure  3  through  another  device  of  the  invention; 
Figure  5  is  a  side  elevation  through  a  device  that 
is  a  further  embodiment;  and 
Figures  6  through  8  are  respective  longitudinal 
cross-sections  through  further  embodiments. 

3 
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The  same  or  similar  parts  are  given  the  same  ref- 
erence  in  all  the  figures  of  the  drawing,  wherever  that 
is  possible. 

Referring  now  to  Figure  1  ,  a  typical  refrigeration 
system  to  which  the  apparatus  of  the  invention  can  be 
applied  comprises  a  refrigerant  compressor  1  0  having 
a  suction  inlet  12  and  a  high  pressure  outlet  14,  the 
compressor  feeding  the  hot  compressed  refrigerant 
fluid  via  conduit  15  to  a  condenser  coil  16  having  an 
inlet  18  and  an  outlet  20.  Cooled  refrigerant  from  the 
coil  16  passes  via  conduit  21  to  a  liquid  accumulator 
22,  and  thence  via  conduit  24  through  a  filter/drier  26, 
a  liquid  indicator  28  and  a  common  thermostatically 
controlled  refrigerant  flow  control  TX  valve  30  into  a 
distributor  32,  from  which  it  flows  into  two  parallel- 
connected  circuit  coils  34a  and  34b  of  an  evaporator 
coil.  For  convenience  in  illustration  only  two  circuit 
coils  are  shown,  but  in  practice  there  can  be  as  many 
as  fifty  in  a  single  large  evaporator  coil,  each  circuit 
coil  being  connected  by  a  respective  inlet  pipe  36a 
and  36b  to  the  common  distributor  32.  As  described 
above  in  practice  care  is  taken  to  make  all  of  the  cir- 
cuit  coils  34a,  34b,  etc.,  and  all  of  the  pipes  36c,  36b, 
etc.,  of  the  same  length  and  as  equal  as  possible,  so 
that  the  refrigerant  will  be  distributed  as  equally  as 
possible  among  them. 

Each  circuit  coil  has  an  inlet  38a,  38b  respectively 
and  an  outlet  40a  and  40b  respectively,  the  latter  all 
being  connected  to  a  common  header  pipe  42  (some- 
times  also  called  a  stand-pipe  or  manifold),  the  single 
outlet  44  of  which  is  connected  to  inlet  46  of  a  tabu- 
lator  and  mixing  device  48  of  the  invention.  A  super- 
heat  temperature  sensing  bulb  50  by  which  the  TX 
valve  30  is  controlled  is  tightly  clamped  to  the  exterior 
of  the  device  48  by  a  clamp  51  to  be  in  good  heat  ex- 
change  with  its  interior  through  the  device  wall  and  is 
connected  by  a  capillary  tube  52  to  the  valve  30.  The 
outlet  54  of  the  device  48  is  connected  by  conduit  56 
to  the  pump  inlet  12  to  complete  the  system  circuit. 
The  usual  fans  58  and  60  are  provided  to  circulate  am- 
bient  air  over  the  coils  16  and  34a,  34b  respectively. 
The  numerous  other  circuit  elements,  controls  and  in- 
dicating  devices  that  such  a  system  normally  includes 
do  not  constitute  part  of  this  invention  and  therefore 
do  not  need  to  be  illustrated.  The  direction  of  flow  of 
the  refrigerent  is  indicated  by  the  broken  arrows. 

Referring  now  also  to  Figure  2,  this  particular  de- 
vice  48  is  made  of  metal,  preferably  a  high  conductiv- 
ity  metal  such  as  copper  or  brass,  and  consists  of  a 
first  inner  cylindrical  pipe  62,  provided  at  least  approx- 
imately  at  its  middle  along  its  length  with  a  transverse- 
ly-extending  circular  disc  64  comprising  an  end  bar- 
rier  extending  over  its  entire  cross-sectional  area  and 
dividing  the  interior  of  the  pipe  into  two  separate  in- 
dependent  cylindrical  chambers  66  and  68,  called  for 
convenience  in  terminology  the  first  and  third  cham- 
bers.  In  this  embodiment  the  disc  is  retained  in  posi- 
tion  by  its  entrapment  between  two  radially  inwardly 

extending  circular  ridges  70  produced  by  a  die-form- 
ing  operation  in  the  pipe;  it  may  be  noted  that  the  joint 
between  the  disc  and  the  inner  wall  of  the  pipe  does 

5  not  need  to  be  absolutely  gas  tight.  A  second  outer 
cylindrical  pipe  72  having  a  central  portion  of  largerdi- 
ameter  than  its  two  end  portions  surrounds  the  first 
inner  pipe  62  coaxial  therewith  and  is  sealed  to  the 
pipe  at  both  ends,  thereby  forming  an  annular  cross- 

10  section  second  chamber  74  between  the  two  pipes. 
The  inner  pipe  is  held  securely  within  the  outer  pipe 
between  two  radially  inwardly  extending  circular  ridg- 
es  76  die-formed  in  the  outer  pipe,  and  the  ends  of 
the  outer  pipe  are  reduced  in  diameter  to  the  size  re- 

15  quired  for  the  system  in  which  it  is  inserted,  one  end 
constituting  the  inlet  46  while  the  other  end  consti- 
tutes  the  outlet  54. 

The  fast  flowing  refrigerant  fluid  entering  the 
pipe  62  impinges  strongly  against  the  transverse  bar- 

20  rier  64  and  immediately  becomes  extremely  turbulent 
within  the  first  chamber  66.  The  inner  pipe  has  a  first 
set  of  a  plurality  of  holes  78  distributed  uniformly 
along  the  part  of  its  length  within  the  first  chamber 
66,  and  also  distributed  uniformly  around  its  periph- 

25  ery,  which  holes  direct  the  turbulent  refrigerant  vapor 
in  the  chamber  66,  together  with  any  liquid  entrained 
therein,  forcibly  into  the  chamber  74  against  the  inner 
wall  of  the  outer  pipe  72.  The  inner  pipe  has  another 
set  of  a  plurality  of  holes  80  similarly  uniformly  distrib- 

30  uted  along  the  part  of  its  length  within  the  second 
chamber  68  and  around  its  periphery,  which  holes  di- 
rectthe  highly  turbulent  vaporinthe  chamber  74  back 
into  the  third  chamber  68  and  out  of  the  outlet  54,  the 
abrupt  change  of  direction  of  the  vapor  required  for  its 

35  passage  through  the  second  set  of  holes  80  consid- 
erably  increasing  its  turbulence  in  the  chamber  74. 
The  pipes  62  and  72,  the  barrier  64,  and  the  bores  78 
and  80  therefore  provide  within  the  interior  of  the  de- 
vice  a  direction-changing  flow  path  between  the  inlet 

40  and  the  outlet  that  produces  a  thorough  turbulating 
and  mixing  action  on  the  refrigerant.  The  combination 
of  the  tortuous  path  formed  by  the  successive  cham- 
bers  66,  74,  and  68,  the  abrupt  changes  in  direction 
of  the  fast-flowing  fluid,  the  turbulence  in  the  inner 

45  pipe  chamber  66  because  of  the  impingement  of  the 
fluid  against  the  closed  end,  and  the  turbulence  in  the 
annular  chamber  74  between  the  two  pipes  because 
of  the  said  impingement  against  the  outer  pipe  inner 
wall,  and  its  subsequent  change  of  direction  to  exit 

so  through  the  holes  80,  all  ensuring  that  the  entire  re- 
frigerant  flow  in  the  flow  path,  whether  in  the  liquid 
or  vapor  phase,  is  all  thoroughly  mixed  and  rendered 
turbulent,  and  particularly  without  any  possibility  of 
the  relatively  high  velocity  vapor  phase  being  able  to 

55  flow  through  the  device  separately  from  the  liquid 
phase.  Moreover,  the  vigorous  impingement  of  the 
high  velocity  fluid  against  the  outer  pipe  inner  wall  en- 
sures  that  any  relatively  stagnant  barrier  layer  of  re- 
frigerant,  or  of  the  lubricating  oil  that  is  always  en- 

4 
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trained  therein,  is  thoroughly  disrupted  and  removed 
from  the  inner  wall,  so  that  it  cannot  prevent  the  effi- 
cient  transfer  of  heat  from  the  refrigerant  through  the 
wall  to  the  sensor  bulb  50.  The  bulb  is  therefore  sens-  5 
ing  only  the  temperature  of  a  completely  turbulent 
mixed  and  temperature  averaged  refrigerant  flow  as 
received  from  the  outlet  of  the  header  pipe  42,  and  in 
addition  is  much  more  sensitive  to  changes  in  the  re- 
frigerant  temperature  and  more  accurately  measures  10 
the  device  interior  temperature  which  corresponds  to 
the  averaged  refrigerant  temperature.  This  tabulat- 
ing  and  mixing  function  of  the  device  48  is  effective 
in  this  manner  whatever  the  evaporator  coil  structure 
employed  in  the  system.  15 

Unexpectedly  I  have  found  that  a  device  as  spe- 
cifically  described,  employing  three  successive 
chambers  with  two  abrupt  changes  of  direction 
through  respective  sets  of  holes,  is  more  efficient  in 
providing  for  accurate  measurement  of  the  tempera-  20 
ture  of  the  fluid  refrigerant  than  my  prior  device,  as 
described  and  illustrated  in  Figure  2  of  my  above  iden- 
tified  prior  U.S.  patent  application,  which  employs  two 
successive  chambers  with  only  a  single  abrupt 
change  of  direction  through  a  single  set  of  holes.  An-  25 
other  substantial  commercial  advantage  of  this  em- 
bodiment  is  that  it  is  symmetrical  end  for  end  and 
completely  reversible,  so  that  it  is  immaterial  which 
end  is  employed  as  the  inlet  and  which  is  employed 
as  the  outlet;  the  installer  is  therefore  able  to  instal  it  30 
in  the  line  56  without  having  to  consider  the  direction 
of  refrigerant  flow  through  the  device.  It  was  found 
with  the  prior  art  devices  that  there  was  a  small  but 
noticeable  decrease  in  performance  if  it  had  been  in- 
stalled  reversed,  but  this  cannot  happen  with  this  new  35 
device.  This  device  is  also  described  and  is  specifical- 
ly  claimed  in  our  copending  application  No. 
PCT/CA90/00420,  filed  concurrently  herewith. 

In  accordance  with  this  invention  improved  per- 
formance  is  obtained  by  providing  the  outer  pipe  72  40 
with  a  longitudinal  exterior  groove  82  of  cross-section 
corresponding  to  that  of  the  sensor  bulb  50,  so  that 
there  is  maximum  practical  heat-exchange  surface 
contact  between  the  bulb  and  the  pipe  72,  and  thus 
between  the  interior  of  the  chamber  74  and  the  bulb.  45 
In  practice  sensor  bulbs  as  used  in  refrigeration  sys- 
tems  are  almost  universally  of  cylindrical  shape  and 
circular  cross-section,  and  accordingly  the  groove  82 
is  made  of  semi-circular  cross-section  of  size  such 
that  the  bulb  will  fit  snugly  within  the  groove  and  be  50 
held  firmly  in  place  by  the  band  clamp  51.  It  is  also 
found  in  commercial  practice  that  sensors  are  usually 
either  of  diameter  12.8  mm  (0.5  in)  or  9.5  mm  (0.375 
in),  and  accordingly  the  tube  72  is  provided  with  two 
circumferentically  spaced  grooves  82  and  84  of  these  55 
two  different  diameters,  so  that  the  installer  can 
chose  the  one  appropriate  for  the  size  of  bulb  to  be 
used.  More  than  two  spaced  grooves  can  be  provided 
if  more  than  two  sizes  are  involved.  The  formation  of 

the  groove  or  grooves,  usually  by  a  die-forming  oper- 
ation,  will  result  in  a  small  decrease  in  the  cross- 
section  area  of  the  annular  passage  74,  and  this  can 
readily  be  compensated,  if  required,  by  a  small  in- 
crease  in  diameter  of  the  central  portion  of  the  pipe 
72.  Neither  the  pipe  72  nor  the  bulb  50  are  likely  in 
practice  to  be  manufactured  to  close  tolerances,  and 
to  ensure  even  better  heat  exchange  contact  between 
them  the  wall  of  the  selected  groove  may  be  pre-coat- 
ed  with  a  layer  86  of  heat-conductive  paste,  which  is 
squeezed  between  them  as  the  bulb  is  pressed  into 
the  groove  by  the  band  clamp  51  and  fills  any  air 
space  that  might  otherwise  be  left  between  them. 

In  prior  practice  the  circular  cross-section  bulb 
has  usually  been  clamped  to  the  exterior  of  the  circu- 
lar  cross-section  pipe  with  their  axes  parallel,  and  at 
best  there  is  only  a  line  contact  between  them  where 
their  peripheries  touch  one  another.  In  practice  the 
situation  is  often  much  worse  in  that,  if  the  installer 
does  not  mount  the  bulb  carefully  it  may  be  somewhat 
skewed  relative  to  the  pipe,  with  the  axes  no  longer 
parallel,  whereupon  the  area  of  contact  is  corre- 
spondingly  reduced.  This  can  very  easily  happen 
since  it  has  been  usual  to  attach  the  bulb  by  means 
of  two  longitudinally-spaced  band  clamps,  and  it  is 
comparatively  easy  during  the  installation  of  the  sec- 
ond  clamp  for  the  bulb  to  become  skewed;  and  even 
a  small  amount  of  skew  causes  a  considerable  reduc- 
tion  in  contact  area.  With  a  device  of  the  invention  all 
that  is  required  is  for  the  installer  to  select  which  of 
the  grooves  is  closest  in  size  to  the  bulb  while  able  to 
receive  it,  apply  a  bead  or  layer  of  the  heat  conductive 
paste  material  to  the  wall  of  the  groove,  place  the  bulb 
in  position  in  the  groove  and  clamp  it  firmly  in  place 
using  only  a  single  clamp,  whereupon  accurate  posi- 
tioning  and  alignment  is  immediately  assured. 

The  grooves  82  and  84  can  be  made  of  cross- 
sections  that  are  more  than  semi-circular  to  increase 
the  contact  area,  but  the  bulbs  must  then  be  slid  end- 
wise  into  the  groove,  which  may  be  difficult  in  some 
installations:  such  re-entrant  grooves  are  more  diffi- 
cult  to  manufacture  than  the  open-mouth  semi- 
circular  grooves  illustrated. 

The  devices  of  the  invention  have  the  advantag- 
es  both  to  the  installer,  and  to  the  owners  of  the  ap- 
paratus  in  which  they  are  installed,  that  they  not  only 
produce  an  improvement  in  performance  of  the  sys- 
tem  by  permitting  a  substantial  reduction  in  the  super- 
heat,  but  they  provide  a  pre-established  preferred 
and  easier  installation  location  for  the  sensor  bulb 
that  both  ensures  the  improved  performance  will  be 
obtained  and  also  simplifies  the  installation  proce- 
dure.  Thus,  in  practice  once  the  decision  has  been 
made  to  install  a  device  of  the  invention,  which  is  easi- 
ly  done  with  new  equipment,  and  which  for  retrofitting 
to  old  equipment  involves  the  relatively  simple  proce- 
dure  of  cutting  a  section  from  the  pipe  to  permit  its  in- 
sertion  therein,  the  hitherto  sometimes  difficult  ques- 
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tions  of  proper  location  and  correct  installation  of  the 
sensor  bulb  are  also  readily  and  positively  deter- 
mined. 

The  provision  of  a  groove  in  the  suction  pipe  of  a 
system  for  reception  of  the  sensor  can  with  advan- 
tage  be  applied  to  the  existing  systems  by  providing 
a  special  grooved  section  of  pipe  that  is  installed  at 
each  coil  outlet,  or  as  close  thereto  as  possible.  As 
with  the  other  embodiments,  such  a  device  may  be 
provided  with  two  or  more  circumferentially  disposed 
grooves  of  different  sizes  to  accomodate  different  si- 
zes  of  sensor.  Moreover,  it  is  now  practical  and  feasi- 
ble  to  provide  a  layer  of  heat  conductive  pasty  mate- 
rial  in  the  groove  between  the  pipe  wall  and  the  sen- 
sor.  Such  a  grooved  pipe  increases  the  effectiveness 
of  the  sensor,  as  well  as  its  ease  of  installation,  and 
will  permit  a  reduced  amount  of  superheat,  although 
not  as  much  as  by  the  other  turbulating  and  mixing 
devices  of  the  invention. 

When  the  device  is  used  with  a  system  as  spe- 
cifically  described,  namely  with  multiple  circuit  coils, 
then  in  addition  to  turbulating  and  mixing  the  fluid  flow 
in  each  evaporator  circuit  coil  it  also  performs  a  mul- 
tiple  mixing  function,  whereby  the  fluid  flows  from  all 
of  the  circuit  coils  are  thoroughly  mixed  together,  so 
that  all  of  their  separate  temperatures  are  averaged, 
and  it  is  this  average  circuit  coil  temperature  that  is 
detected  by  the  bulb  50.  Moreover,  this  very  thorough 
turbulence  and  mixing  ensures  that  if  one  or  more  of 
the  circuit  coils  is  not  evaporating  all  of  its  supply  of 
refrigerant,  then  the  small  quantities  of  liquid  reaching 
the  mixing  device  are  immediately  atomized  and  con- 
sequently  easily  vaporized  by  heat  from  the  super- 
heated  vapor  from  the  remaining  coils.  The  supply  of 
refrigerant  to  the  starved  coil  or  coils  can  therefore  be 
increased  until  the  superheated  vapor  they  produce 
is  not  able  to  vaporise  the  liquid  refrigerant  from  the 
underloaded  coil  or  coils. 

The  diameters  of  the  pipes  62  and  72  are  such 
that  the  flow  capacities  of  the  resultant  flow  passag- 
es  are  about  that  of  the  remainder  of  the  suction  tube 
56,  while  the  number  and  size  of  the  apertures  78  and 
80  are  such  that  about  the  same  flow  capacity  is  ach- 
ieved.  These  flow  capacities  can  vary  between  about 
0.5  and  1  .5  times  the  usual  flow  capacity  of  the  suc- 
tion  tube;  it  may  be  preferred  to  reduce  the  flow  ca- 
pacity  of  the  apertures  78  somewhat  below  that  of  the 
apertures  80  and  that  of  the  suction  tube  in  order  to 
obtain  sufficiently  forceful  impingement  of  the  fluid 
against  the  outer  tube  inner  wall. 

In  one  specific  embodiment  intended  for  use  in  a 
system  of  about  1  .5-2.25  Kw  (2-3  h.p.)  the  outer  pipe 
72  is  about  23  cm  (9  ins.)  long  and  3.5  cm.  (1  .375  ins.) 
maximum  outside  diameter;  the  inner  pipe  62  is  about 
1  7  cm  (6.75  ins.)  long  and  2.2  cm  (0.875  in.)  inside  di- 
ameter  and  is  provided  with  the  two  sets  of  uniformly 
spaced  holes,  each  of  which  is  3.1  mm  (0.125  in.)  in 
diameter.  Each  set  consists  of  six  circumferentically- 

spaced  rows,  each  of  seven  holes,  for  a  total  of  forty 
two  holes  for  each  set. 

In  another  specific  embodiment  intended  for  use 
5  in  a  system  of  about  7.5-11.25  Kw  (10-15  h.p.)  the 

outer  pipe  72  is  about  23  cm  (9  ins.)  long  and  6.35  cm. 
(2.5  ins.)  maximum  outside  diameter;  the  inner  pipe 
62  is  about  1  7  cm  (6.75  ins.)  long  and  4.4  cm  (1  .75  in.) 
inside  diameter  and  is  provided  with  the  two  sets  of 

10  uniformly  spaced  holes,  each  of  which  is  6.3  mm  (0.25 
in.)  in  diameter.  Each  set  consists  of  five  circumfer- 
entically-s  paced  rows,  each  of  six  holes,  for  a  total  of 
thirty  holes  for  each  set. 

I  n  practice  if  t  he  system  is  of  power  from  about  30 
15  Kw  (40  H.P.)  and  up  it  is  usual  to  split  the  coils  into  two 

sets  and  to  provide  each  with  a  separate  TX  valve 
controlled  from  its  respective  sensor.  Except  there- 
fore  for  special  installations  it  is  unlikely  that  a  device 
with  an  inner  pipe  62  of  more  than  7.8  cm  (3.125  ins) 

20  O.D.  will  be  required.  It  is  found  in  practice  that  the 
pressure  drop  through  the  devices  of  the  invention  is 
sufficiently  low,  usually  less  than  about  0.07  Kg/sq. 
cm  (1  p.s.i.),  that  it  does  not  produce  any  appreciable 
loss  of  efficiency,  and  any  loss  for  this  reason  is  am- 

25  ply  compensated  by  the  overall  considerably  im- 
proved  efficiencies  that  usually  are  obtained.  The 
drop  is  sufficiently  small  that  it  is  difficult,  if  not  impos- 
sible,  to  detect  with  the  pressure  gauges  that  are 
used  in  standard  refrigeration  service  practice. 

30  Despite  the  lengthy  period  of  time  for  which  these 
problems  have  existed  it  does  not  appear  to  have 
been  understood  how  to  provide  turbulator  means 
and/or  mixing  means  that  will  sufficiently  improve  the 
temperature  detection  and  control  of  the  TX  valve, 

35  and  also  in  multiple  coil  systems  to  average  the  tem- 
peratures  of  the  refrigerant  flows  from  the  large  num- 
ber  of  individual  circuit  coils  for  the  same  purpose. 
Thus,  the  current  commercial  literature  in  the  indus- 
try  of  which  I  am  aware  seems  to  assume  that  all  that 

40  can  be  done  is  to  make  the  lengths  of  the  circuit  coils 
as  equal  as  possible,  to  discharge  all  of  the  circuit 
coils  into  a  common  header  pipe,  and  to  clamp  the 
sensor  bulb  to  the  outside  of  the  outlet  pipe  from  the 
header  pipe,  when  the  temperature  will  be  measured 

45  as  accurately  as  possible  and  the  flows  will  be  mixed 
to  the  maximum  obtainable  extent. 

I  believe  that  this  mistaken  assumption  may  have 
resulted  from  a  lack  of  adequate  appreciation  of  the 
flow  conditions  of  the  refrigerant  fluid  in  the  evapor- 

50  ator  coils  and  the  outlet  pipe  or  manifold.  The  refrig- 
erant  enters  the  coils  as  a  low  volume  liquid  and  is 
evaporated  in  the  confined  spaces  thereof  to  a  high 
volume  vapor,  with  the  result  that  the  exit  speed  of 
the  vapor  is  relatively  high,  to  the  extent  that  in  the 

55  absence  of  the  highly  positive  turbulating  and/or  mix- 
ing  apparatus  of  the  invention,  involving  the  entire  flu- 
id  flow  or  flows,  the  flows  in  the  coils  remain  laminar 
and  any  liquid  particles  remain  entrained  without  mix- 
ing,  while  there  is  little  or  no  opportunity  for  the  flows 
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from  the  different  coils  to  mix  and  average.  Conse- 
quently  there  is  little  opportunity  for  any  small  quan- 
tities  of  liquid  refrigerant  to  be  evaporated  before  the 
temperature  must  be  sensed  by  the  bulb  50.  It  is  es- 
sential  for  the  turbulating  and  mixing  to  be  carried  out 
across  the  entire  cross-section  of  the  flow  path,  since 
any  gaps  will  allow  the  corresponding  portion  or  por- 
tions  of  the  high  velocity  fluid  passing  through  them 
to  remain  laminar  with  liquid  particles  entrained  and 
defeat  the  purpose  of  the  device.  The  situation  would 
not  be  made  much  better  in  the  prior  art  apparatus  by 
placing  the  sensor  bulb  50  further  along  the  suction 
pipe  56,  since  the  flows  will  still  remain  relatively  lam- 
inar  along  the  pipe,  and  any  additional  distance  of  the 
bulb  from  the  evaporator  outlet  and  from  the  TX  valve 
introduces  additional  difficulty  because  of  the  in- 
creased  time  delay  for  operation  of  the  TX  valve. 

As  evidence  of  this  current  lack  of  appreciation  of 
the  problem  there  is  and  has  been  considerable  dis- 
cussion  of  the  best  physical  arrangement  forthe  coils 
to  ensure  that  they  are  equally  loaded,  and  it  has 
been  considered  important  in  prior  refrigeration  sys- 
tems  to  locate  the  sensor  bulb  50  appropriately  on  the 
circumference  of  the  suction  pipe  in  order  to  sense 
the  superheat  temperature  as  accurately  as  possible 
and  operate  with  minimum  superheat.  The  manufac- 
turers  of  TX  valves  in  their  installation  manuals  stress 
the  importance  of  proper  location  of  the  sensor  bulb, 
but  do  not  give  a  definitive  location  for  it.  They  advise 
that  preferably  the  bulb  should  be  fastened  to  a  hor- 
izontal  portion  of  the  suction  line,  and  clamped  at  dif- 
ferent  places  around  its  circumference  depending  on 
the  diameter,  but  the  location  is  finally  chosen  by  the 
installer  depending  upon  what  appears  to  be  suitable 
and/or  practicable  forthat  installation,  often  with  poor 
results.  The  theoretically  ideal  location  is  at  6  o'clock 
on  the  circumference  of  a  horizontal  suction  pipe, 
where  it  should  be  able  to  sense  most  accurately  any 
small  quantity  of  liquid  refrigerant  passing  in  the  pipe, 
and  would  therefore  permit  the  smallest  amount  of 
superheat.  In  practice  this  has  not  been  a  satisfactory 
location  because  of  the  presence  of  lubricant  oil  in  the 
refrigerant,  which  flows  along  the  bottom  of  the  pipe 
and  would  thermally  insulate  the  sensor  bulb  from  the 
refrigerant  fluid.  The  usual  location  for  the  bulb  has 
therefore  been  at  four  or  eight  o'clock  on  the  pipe  cir- 
cumference.  It  is  found  that  with  the  thorough  turbu- 
lence  and  mixing  provided  by  the  devices  of  the  in- 
vention  the  location  of  the  sensor  bulb  around  the  cir- 
cumference  of  the  device  is  no  longer  critical,  and  it 
can  be  placed  at  the  most  convenient  location  from 
the  point  of  view  of  installation  and  subsequent  ac- 
cess  for  service.  It  will  also  be  seen  that  the  sensor 
need  not  be  located  directly  on  the  wall  of  the  mixing 
device  enclosure,  which  is  however  overwhelmingly 
the  preferred  location,  especially  with  the  ease  and 
certainty  of  installation  provided  by  the  grooved  wall, 
but  should  be  located  as  close  as  possible  to  the  de- 

vice  outlet.  In  addition  it  is  now  found  unnecessary  to 
locate  the  sensor  bulb  on  a  horizontal  portion  of  the 
suction  line,  and  the  attitude  of  the  device  has  no  ef- 

5  feet  upon  its  performance. 
The  effectiveness  of  a  device  of  the  invention  can 

readily  be  seen  by  visual  inspection  of  the  evaporator 
coil  before  and  after  its  installation.  Before  installation 
it  is  usually  found  that  the  frost  deposition  on  the  dif- 

10  ferent  circuit  coils  is  non-uniform  with  some  of  them 
completely  frosted  up  to  the  outlet,  while  others  are 
not  frosted  for  a  substantial  distance  back  from  the 
outlet,  showing  that  the  latter  are  starved  of  refriger- 
ant  and  are  working  much  below  their  maximum  cool- 

15  ing  capacity.  Also  the  evaporator  common  outlet 
member  is  only  partially  frosted.  With  the  device  in- 
stalled  all  of  the  circuit  coils  become  more  or  less 
equally  frosted,  as  well  as  the  entire  length  of  the  suc- 
tion  manifold,  indicating  that  all  of  the  circuit  coils  are 

20  now  operating  attheirfull  designed  capacity.  It  is  now 
found  possible  safely  to  reduce  the  amount  of  super- 
heat  from  the  prior  value  of  about  5.5°C  (10°F)  to  as 
low  as  2°C  (4°F).  In  some  installations  the  resultant 
improvement  in  cooling  capacity  of  the  system  can 

25  reach  as  much  as  25-35%,  indicating  that  the  system 
previously  was  operating  at  only  74-80%  of  the  avail- 
able  capacity. 

As  a  specific  example,  in  an  installation  employ- 
ing  compressors  totaling  150  Kw  (200  H.P.)  and  eight 

30  forced  air  evaporator  coils  the  system  prior  to  the  in- 
stallation  of  the  devices  of  the  invention  took3  hours, 
10  minutes  to  cool  the  room  temperature  from  13°C 
(55°F)  to  -19°C  (-2°F).  With  the  devices  installed  the 
time  taken  was  reduced  to  2  hours,  1  0  minutes,  an  im- 

35  provement  of  29%  in  efficiency  or  equivalent  to  in- 
creasing  the  output  of  the  compressors  to  about  193 
Kw  (258  H.P.) 

An  important  advantage  that  has  been  found  to 
follow  from  use  of  the  invention,  demonstrating  its  un- 

40  expected  nature,  is  the  flexibility  that  is  obtained 
upon  installation  in  not  having  to  closely  match  the 
size  of  the  TX  valve  to  the  evaporator  coil  capacity 
without  the  valve  losing  control  of  the  refrigerant  flow. 
The  capacity  of  a  TX  valve  is  determined  both  by  the 

45  size  of  its  flow  aperture  and  the  head  pressure  across 
the  aperture,  and  it  has  been  important  in  prior  art  in- 
stallations  for  this  match  to  be  as  close  as  possible. 
For  example,  one  manufacturer  provides  21  different 
sizes  of  valve  to  cover  the  range  0.5-180  tons,  those 

so  in  the  range  0.5  -  3  tons  being  rated  in  0.5  ton  incre- 
ments,  with  progressively  increasing  intervals  up  to 
the  maximum.  If  the  valve  is  too  large  then  with  the 
high  superheat  values  employed  the  valve  hunts, 
overfeeding  and  underfeeding  the  evaporator  with 

55  resultant  poor  efficiency  and  dangerof  liquid  reaching 
the  compressor  because  of  the  over-large  flow  ca- 
pacity  of  the  valve  while  open.  On  the  other  hand, 
with  the  valve  and  coil  sizes  closely  matched  it  be- 
comes  necessary  to  maintain  the  head  pressure 
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above  a  minimum  value,  since  otherwise  the  valve 
flow  capacity  becomes  too  low.  This  penalizes  the 
system  in  winter  when  the  air  cooled  condensers  are 
very  efficient  and  could  operate  with  lower  head  pres- 
sure;  instead  it  is  necessary  to  maintain  it  artif  ically 
high  by  various  techniques  that  are  available.  This 
means  that  the  power  required  to  compress  the  refrig- 
erant  must  also  be  maintained  at  a  corresponding 
high  uneconomical  value. 

This  loss  of  control  is  easily  observed  in  practice. 
For  example,  if  the  evaporator  fan  stops  for  some  rea- 
son,  perhaps  a  broken  fuse,  or  the  flow  of  product  be- 
ing  cooled  is  interrupted,  the  load  on  the  coil  drops 
suddenly,  faster  than  can  be  controlled  by  the  valve, 
and  liquid  floods  the  compressor,  which  then  be- 
comes  covered  with  frost  when  it  should  be  frost-free. 
The  liquid  refrigerant  washes  out  the  lubricant,  and 
can  cause  valve  breakage  and  damage.  Again,  if  the 
automatic  coil  defrost  system  is  not  operating  satis- 
factorily  and  the  coils  become  coated  with  ice  the 
load  on  each  coil  drops  and  control  can  be  lost;  this 
of  course  is  easily  detected  by  visual  inspection  of  the 
coils. 

Upon  installation  of  a  device  or  devices  of  the  in- 
vention  it  is  found  that  this  close  match  of  load  capaci- 
ties  is  no  longer  necessary  and  an  oversize  valve  can 
be  employed  successfully.  In  a  specific  example,  in  a 
system  with  a  1  .5  ton  evaporatorthe  original  2  ton  rat- 
ed  valve  was  replaced  with  an  8  ton  rated  valve;  ade- 
quate  control  was  maintained  with  the  superheat  val- 
ue  fluctuating  about  0.5°-1°C  (1°-  2°F).  Thus  with  a 
larger  orifice  TX  valve  it  is  no  longer  necessary  to 
keep  the  head  pressure  at  an  artificially  high  value  to 
maintain  adequate  refrigerant  flow  through  the  valve, 
and  instead  it  could  be  allowed  to  drop  to  a  lower  level 
and  still  maintain  proper  superheat  control  with  max- 
imum  evaporator  capacity.  This  not  only  maximizes 
the  efficiency  of  the  system  but  also  provides  the 
possibility  of  reducing  the  number  of  different  sizes  of 
valves  required  for  a  full  range  of  installation  sizes. 

In  commercial  refrigeration  practice  circular 
cross-section  pipes  are  universally  used,  and  pipes  of 
such  cross-section  are  illustrated  for  the  device 
shown  in  Figures  1-3.  However,  the  devices  of  the  in- 
vention  can  also  be  made  using  pipes  of  other  cross- 
sections,  such  as  the  square  cross-section  illustrated 
by  Figure  4. 

Figures  5  through  8  illustrate  the  invention  ap- 
plied  to  the  other  forms  of  device  described  and 
claimed  in  my  above-identified  prior  U.S.  patent  ap- 
plication.  As  described  above,  if  the  sensor  bulb  50  is 
not  mounted  directly  on  the  wall  that  is  impinged  by 
the  turbulent  fluid,  then  it  should  be  installed  as  close 
as  possible  to  the  device  outlet  54  where  the  maxi- 
mum  mixing  has  occured.  In  the  embodiment  of  Fig- 
ure  5  the  external  tube  72  is  provided  with  an  integral 
elongated  neck  portion  72a  constituting  the  outlet  54 
on  which  the  bulb  is  fastened.  In  this  embodiment  the 

interior  of  the  inner  pipe  62  is  completely  filled  with 
metallic  wool  85  as  a  mixing  medium. 

Figure  6  shows  an  embodiment  in  which  the  re- 
5  frigerant  flow  path  is  provided  by  conduits  forming 

two  T-shaped  junctions  88  and  90  connected  by  U- 
shaped  connectors  92a  and  92b;  the  connectors  may 
be  of  smaller  internal  cross-section  diameter  to  pro- 
duce  an  increase  in  flow  velocity  of  the  refrigerant. 

10  The  junction  88  divides  the  refrigerant  flow  from  the 
common  header  42  into  two  separate  approximately 
equal  sub-streams  which  are  rendered  turbulent  by 
their  impact  against  the  transverse  wall  of  the  T 
cross-bar,  the  two  streams  moving  separately  at  high 

15  velocity  in  the  connectors  92a  and  92b  and  being  re- 
combined  with  a  "head-on"  collision  in  the  cross-bar 
of  the  junction  90  back  into  a  single  stream.  This  col- 
lision  of  the  two  turbulent  sub-streams  produces  even 
more  turbulent  mixing  thereof,  so  that  effective  mix- 

20  ing  and  turbulence  takes  place  before  the  refrigerant 
is  delivered  to  the  leg  94  of  the  second  T-shaped  junc- 
tion,  in  the  groove  82  or  84  of  which  the  bulb  50  is  in- 
stalled.  Although  in  this  embodiment  the  refrigerant 
flow  is  divided  into  only  two  separate  streams,  in 

25  other  embodiments  it  may  be  divided  into  more  than 
two,  all  of  which  are  simultaneously  or  sequentially  re- 
combined. 

Figure  7  shows  a  further  embodiment  wherein 
the  device  consists  of  a  container  96  having  an  inlet 

30  98  for  unturbulated,  unmixed  refrigerant  and  an  outlet 
1  00  for  turbulent  mixed  refrigerant,  the  inlet  and  outlet 
being  spaced  from  another  along  the  length  of  the 
container,  and  both  being  disposed  radially  with  re- 
spect  to  the  longitudinal  axis  of  the  container,  so  that 

35  abrupt  changes  in  direction  of  the  fluid  flow  path  are 
produced.  The  interior  of  the  container  is  filled  with  a 
porous  turbulating  and  mixing  medium  85  through 
which  all  of  the  refrigerant  must  pass  in  moving  from 
the  inlet  to  the  outlet.  The  movement  of  the  refrigerant 

40  fluid  through  the  myriad  of  random  interconnected 
channels  in  the  medium  85  ensures  the  necessary 
thorough  turbulence  and/or  mixing  thereof.  Asuitable 
medium  is  for  example  metallic  wools,  foams  or 
screens,  or  other  suitable  metallic  media,  particularly 

45  of  stainless  steel  or  aluminum,  packed  sufficiently 
densely  to  achieve  the  desired  amount  of  turbulence 
and  mixing  without  too  great  a  pressure  drop.  Other 
media  such  as  open-celled  porous  plastic  and  ceram- 
ic  foams  can  also  be  used.  Sensor  bulb  50  is  firmly 

so  clamped  into  the  selected  groove  82  or  84  in  the  heat 
conductive  container  inner  wall,  as  close  as  possible 
to  the  outlet  100.  In  an  example  the  container  96  was 
10cm  (4ins)  in  diameter  and  25cm  (10ins)  long  and 
was  packed  with  stainless  steel  wool.  Advantageous- 

55  ly  the  body  of  wool  is  surrounded  by  at  least  a  single 
layer  of  wire  mesh  to  ensure  that  pieces  of  the  wool 
cannot  break  off  and  enter  the  system. 

Figure  8  shows  an  embodiment  in  which  the  de- 
vice  comprises  a  straight  length  of  pipe  72  the  whole 
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interior  of  which  is  filled  with  closely  wound  wire  mesh 
104,  so  that  again  the  entire  refrigerant  flow  is  inter- 
cepted,  rendered  sufficiently  turbulent  and  mixed  to 
the  necessary  extent.  Because  in  this  embodiment 
the  abrupt  changes  of  direction  in  the  flow  path  take 
place  within  the  interstices  of  the  wire  mesh,  the  de- 
vice  preferably  is  made  much  longer  so  as  to  provide 
a  longer  path  than  with  the  previously  described  tur- 
bulating  and  mixing  devices,  the  sensor  bulb  50  being 
installed,  as  with  the  other  embodiments,  in  the  se- 
lected  groove  82  or  84  as  close  as  possible  to  the  out- 
let  end  54.  As  an  example  of  the  additional  length  re- 
quired  a  device  fitted  in  a  system  with  a  compressor 
of  1  0  H.P.  capacity  employed  a  pipe  72  of  4.0  cm  (1  .6 
in)  outside  diameter,  enclosing  a  tightly  spirally  rolled 
stainless  steel  mesh;  the  pipe  was  45cm  (1  8  in)  long, 
as  compared  with  the  length  of  20-25cm  (8-10  in)  re- 
quired  for  the  device  of  Figure  2.  However,  it  may  also 
be  noted  that  in  another  specific  example  a  device 
was  produced  employing  a  straight  enclosure  be- 
tween  the  inlet  and  the  outlet  consisting  of  a  piece  of 
pipe  25  cm  (10  in)  long  and  4  cm  (1.6  in)  outside  di- 
ameter.  A  piece  of  permanent  aluminum  filter  material 
made  of  woven  aluminum  strands,  as  used  in  air  con- 
ditioning  filters,  measuring  about  25  cm  by  15  cm  (10 
in  by  6  in)  and  6  mm  (0.25  ins)  thick,  was  rolled  tightly 
into  a  cylinder  and  inserted  endwise  into  the  pipe.  The 
device  was  employed  in  a  system  of  about  1  0  H.P.  ca- 
pacity  with  the  sensor  bulb  fastened  to  the  suction 
line  immediately  downstream  of  the  device.  Despite 
its  relatively  short  length  it  still  resulted  in  an  increase 
of  approximately  20%  in  the  cooling  capacity  of  the 
coil. 

Combinations  of  these  different  devices  can  also 
be  employed. 

Claims 

1.  Apparatus  for  use  in  combination  with  a  temper- 
ature  sensing  means  (50)  to  permit  the  sensing 
of  the  temperature  of  refrigerant  exiting  from  a  re- 
frigeration  system  evaporator  coil  outlet  (40a, 
40b)  and  to  permit  the  control  in  accordance  with 
the  temperature  sensed  by  the  said  sensing 
means  (50)  of  a  controllable  evaporator  valve 
(30)  feeding  liquid  refrigerant  to  the  evaporator 
coil  inlet  (38a,  38b),  the  sensing  means  (50)  be- 
ing  of  the  type  comprising  a  fluid-containing  elon- 
gated  cylindrical  bulb  (50)  connected  by  a  metal 
capillary  tube  to  a  charged  diaphragm  capsule  in 
the  valve,  the  apparatus  having  a  length  of  pipe 
(48)  having  an  inlet  (46)  and  an  outlet  (54)  for  re- 
frigerant  and  of  length  and  diameter  to  provide 
therein  a  suitable  refrigerant  flow  path  for  the  re- 
frigerant  entering  the  inlet  (46)  from  the  evapor- 
ator  coil  outlet  (40a,  40b),  the  length  of  pipe  (48) 
having  at  least  part  of  a  wall  (72)  thereof  of  heat 

conductive  material  to  permit  sensing  of  the  tem- 
perature  of  the  refrigerant  through  the  wall  part 
(72); 

5  characterised  in  that  the  said  wall  part  (72) 
has  formed  in  a  portion  thereof  a  radially  out- 
wardly  opening  longitudinal  groove  (82,  84)  into 
which  such  a  sensing  means  bulb  (50)  can  be  in- 
serted  and  from  which  it  can  be  removed,  the  wall 

10  portion  including  the  groove  being  of  transverse 
cross-section  corresponding  to  that  of  the  wall  of 
the  part  of  the  sensing  means  bulb  (50)  which  is 
to  be  disposed  in  the  groove,  whereby  when  the 
cylindrical  bulb  is  within  the  groove  its  wall  is  in 

15  increased  heat  conductive  contact  with  the 
groove  wall  (82,  84). 

2.  Apparatus  as  claimed  in  claim  1  ,  wherein  the  said 
wall  part  (72)  has  at  least  two  circumferentially 

20  spaced  longitudinal  grooves  (82  and  84)  of  differ- 
ent  sizes,  in  each  of  which  a  respective  sensing 
means  bulb  (50)  of  corresponding  diameter  can 
be  disposed,  and  when  so  disposed  therein  will 
be  in  heat  exchange  contact  with  the  wall  part, 

25  the  wall  of  each  groove  (82,  84)  corresponding  in 
cross-section  to  the  cross-section  of  the  part  of 
the  respective  sensing  means  bulb  (50)  which  is 
to  be  disposed  therein,  so  that  when  within  the 
groove  the  area  of  heat  conductive  contact  of  the 

30  sensing  means  bulb  (50)  wall  with  the  respective 
groove  (82,  84)  wall  is  increased. 

3.  Apparatus  as  claimed  in  claim  1  or  2,  wherein  the 
groove  wall  (82,  84)  that  is  to  be  contacted  by  a 

35  sensing  means  bulb  (50)  is  provided  with  a  layer 
(86)  of  heat  conductive  paste  that  is  engaged  by 
such  a  sensing  means  bulb  (50)  when  in  the 
groove  to  improve  the  heat  conduction  from  the 
groove  wall  (72)  to  the  bulb  wall  (50). 

40 
4.  Apparatus  as  claimed  in  any  one  of  claims  1  to  3, 

and  including  turbulence  and  mixing  producing 
means  (104;  78,  80)  in  the  refrigerant  flow  path 
within  the  length  of  pipe  intercepting  the  entire 

45  refrigerant  flow  and  creating  turbulence  and  mix- 
ing  of  the  refrigerant  with  changes  in  the  direction 
of  the  entire  refrigerant  flow  to  ensure  turbulence 
and  mixing  of  all  liquid  and  vapor  refrigerant  phas- 
es  present  and  contact  of  only  mixed  phases  with 

so  at  least  the  grooved  wall  part  (82,  84) 

5.  Apparatus  as  claimed  in  claim  4,  wherein  the  re- 
frigerant  flow  path  is  filled  with  a  body  (104)  of 
porous  turbulating  and  mixing  medium  through 

55  which  the  refrigerant  must  pass  from  the  inlet  (46) 
to  the  outlet  (54). 

6.  Apparatus  as  claimed  in  claim  4,  wherein  the  tur- 
bulence  and  mixing  producing  means  comprises 
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first  (66)  and  second  (74)  passages  having  a  wall 
(62)  in  common  between  them,  the  said  common 
wall  (62)  having  therein  a  plurality  of  bores  (78) 
through  which  the  refrigerant  flows  from  the  first 
passage  (66)  to  the  second  passage  (74),  the 
bores  thereby  producing  an  abrupt  change  in  di- 
rection  of  the  flow  with  impingement  of  the  flow 
against  a  first  surface  of  the  second  passage  (74) 
providing  the  groove  wall  (82,  84)  to  produce  the 
said  turbulence  and  mixing  of  the  flow  in  the  sec- 
ond  passage. 

7.  Apparatus  as  claimed  in  claim  6,  wherein  the  first 
passage  (66)  is  provided  by  a  first  tubular  mem- 
ber  (62),  and  the  second  passage  (74)  is  provided 
by  a  second  tubular  member  (72)  surrounding  the 
first  tubular  member  to  form  an  annular  second 
passage  (74)  between  them,  the  said  bores  (78) 
being  provided  in  the  wall  of  the  first  tubular 
member  (62)  and  directing  the  refrigerant  flow 
against  the  inner  wall  of  the  second  tubular  mem- 
ber  (72). 

8.  Apparatus  as  claimed  in  claim  4,  wherein  the  tur- 
bulating  and  mixing  device  comprises  first  junc- 
tion  means  (88)  dividing  the  refrigerant  flow  into 
two  or  more  separate  streams,  second  junction 
means  (90)  subsequently  combining  the  said 
separate  streams  with  impingement  of  the 
streams  against  one  another  to  create  turbulence 
and  mixing  between  them,  and  conduit  means 
(92a,  92b)  connecting  the  first  and  second  junc- 
tion  means  (88,  90)  for  flow  of  the  separate 
streams  between  them,  the  cylindrical  bulb  (50) 
being  disposed  at  a  grooved  wall  part  (82,  84)  at 
the  second  junction. 

9.  Apparatus  as  claimed  in  claim  8,  wherein  the  first 
junction  means  (88)  divide  the  refrigerant  flow 
into  two  or  more  separate  streams  with  turbu- 
lence  producing  impingement  of  the  streams 
against  a  surface  of  the  junction  means  trans- 
verse  to  the  direction  of  flow  of  the  refrigerant  into 
the  device. 

10.  Apparatus  as  claimed  in  any  one  of  claims  1  to  9, 
and  including  two  turbulating  and  mixing  devices 
(48,  72,  96)  connected  in  series  with  one  another 
to  increase  the  turbulence  and  mixing  of  the  re- 
frigerant  and  improve  temperature  sensing,  the 
downstream  device  having  a  grooved  wall  (82, 
84)  receiving  the  cylindrical  bulb  (50). 

Patentanspruche 

1.  Vorrichtung  zur  Verwendung  in  Verbindung  mit 
einem  Temperaturfuhlmittel  (50),  urn  das  Fuhlen 

der  Temperatur  von  Kaltemittel  zu  ermoglichen, 
das  aus  einem  Verdampferschlangen-Auslali 
(40a,  40b)  eines  Kaltesystems  ausstromt,  und  urn 

5  entsprechend  dervon  dem  Fuhlmittel  (50)  gefuhl- 
ten  Temperatur  die  Steuerung  eines  steuerbaren 
Verdampferventils  (30)  zu  ermoglichen,  uber  das 
dem  Verdampferschlangen-Einlali  (38a,  38b) 
flussiges  Kaltemittel  zugefuhrt  wird,  wobei  das 

10  Fuhlmittel  (50)  von  der  Art  ist,  die  einen  Fluid  ent- 
haltenden,  langlichen,  zylindrischen  Kolben  (50) 
aufweist,  der  fiber  ein  Metallkapillarrohrmit  einer 
belasteten  Membrankapsel  in  dem  Ventil  verbun- 
den  ist,  wobei  die  Vorrichtung  eine  Rohrlange 

15  (48)  mit  einem  Einlali  (46)  und  einem  Auslali  (54) 
fur  ein  Kaltemittel  aufweist,  und  ihre  Lange  und 
ihr  Durchmesser  so  gewahlt  sind,  dali  darin  ein 
geeigneter  Kaltemittel-Stromungsweg  fur  das 
Kaltemittel  vorgesehen  ist,  das  von  dem  Ver- 

20  dampferschlangen-Auslali  (40a,  40b)  uber  den 
Einlali  (46)  zustromt,  wobei  bei  der  Rohrlange 
(48)  mindestens  ein  Wandteil  (72)  aus 
warmeleitendem  Material  ist,  urn  das  Fuhlen  der 
Temperatur  des  Kaltemittels  durch  diesen  Wand- 

25  teil(72)  hindurch  zu  ermoglichen; 
dadurch  gekennzeichnet,  dali  bei  dem 

Wandteil  (72)  in  einem  Bereich  eine  sich  radial 
nach  aulien  offnende  Langsnut  (82,  84)  gebildet 
ist,  in  die  ein  solcher  Fuhlmittel-Kolben  (50)  ein- 

30  gesetzt  werden  kann,  und  aus  der  er  herausge- 
nommen  werden  kann,  wobei  der  Wandbereich, 
der  die  Nut  enthalt,  einen  Querschnitt  aufweist, 
der  dem  Querschnitt  der  Wand  des  Fuhlmittelkol- 
ben-Teils  (50)  entspricht,  der  in  der  Nut  angeord- 

35  netwerden  soil,  wodurch  dann,  wenn  derzylindri- 
sche  Kolben  innerhalb  der  Nut  angeordnet  ist, 
seine  Wand  einen  besseren  Warmeleitungskon- 
takt  mit  der  Wand  der  Nut  (82,  84)  hat. 

40  2.  Vorrichtung  gemali  Anspruch  1,  bei  der  der 
Wandteil  (72)  mindestens  zwei  uber  den  Umfang 
mit  Zwischenraum  angeordnete  Langsnuten  (82 
und  84)  von  verschiedener  Grolie  aufweist,  in  de- 
nen  je  ein  Fuhlmittel-Kolben  (50)  von  entspre- 

45  chendem  Durchmesser  angeordnet  werden 
kann,  der  dann,  wenn  er  darin  angeordnet  ist, 
Warmeaustauschkontakt  mit  dem  Wandteil  hat, 
wobei  die  Wand  jeder  Nut  (82,  84)  im  Querschnitt 
dem  Querschnitt  des  betreffenden  Fuhlmittel- 

50  Kolbens  (50)  entspricht,  der  darin  angeordnet 
werden  soil,  so  dali  dann,  wenn  er  in  der  Nut  an- 
geordnet  ist,  die  Flache  des  Warmeleitungskon- 
takts  der  Wand  des  Fuhlmittel-Kolbens  (50)  mit 
der  Wand  der  betreffenden  Nut  (82,  84)  vergro- 

55  liert  ist. 

3.  Vorrichtung  gemali  Anspruch  1  oder  2,  bei  der 
die  Wand  der  Nut  (82,  84),  mit  der  uber  einen 
Fuhlmittel-Kolben  (50)  ein  Kontakt  hergestellt 
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werden  soil,  mit  einer  Schicht  (86)  aus  warmelei- 
tender  Paste  versehen  ist,  in  die  ein  solcher  Fuhl- 
mittel-Kolben  (50),  wenn  er  in  der  Nut  angeordnet 
ist,  eindringt,  urn  die  Warmeleitung  von  der  Nut- 
wand  (72)  nach  der  Kolbenwand  (50)  zu  verbes- 
sern. 

4.  Vorrichtung  gemali  irgendeinem  der  Anspruche  1 
bis  3,  die  Turbulenz  und  Vermischung  hervorru- 
fende  Mittel  (104;  78,  80)  in  dem  Kaltemittel-Stro- 
mungsweg  innerhalb  der  Rohrlange  umfalit, 
uber  die  das  gesamte  Kuhlmittel  stromt,  und  die 
Turbulenz  und  Vermischung  des  Kaltemittels  mit 
Richtungsanderungen  dergesamten  Kaltemittel- 
stromung  hervorrufen,  urn  Turbulenz  und  Vermi- 
schung  aller  vorhandenen  Flussigkeits-  und 
Dampf  kaltemittel  phasen  und  nur  den  Kontakt 
von  gemischten  Phasen  mit  zumindest  dem  mit 
einer  Nut  versehenen  Wandteil  (82,  84)  sicherzu- 
stellen. 

5.  Vorrichtung  gemali  Anspruch  4,  bei  der  der  Kal- 
temittel-Stromungsweg  mit  einer  Masse  (104) 
aus  einem  porosen,  Turbulenz  und  Vermischung 
hervorrufenden  Medium  gefullt  ist,  durch  das  das 
Kaltemittel  von  dem  Einlali  (46)  bis  zu  dem  Aus- 
lali  (54)  hindurchstromen  muli. 

6.  Vorrichtung  gemali  Anspruch  4,  bei  der  das  Tur- 
bulenz  und  Vermischung  hervorrufende  Mittel 
erste  Durchgange  (66)  und  zweite  Durchgange 
(74)  aufweist,  zwischen  denen  eine  gemeinsame 
Wand  (62)  angeordnet  ist,  wobei  diese  gemeinsa- 
me  Wand  (62)  eine  Vielzahl  von  Bohrungen  (78) 
aufweist,  durch  die  das  Kaltemittel  von  dem  er- 
sten  Durchgang  (66)  nach  dem  zweiten  Durch- 
gang  (74)  stromt,  wodurch  eine  plotzliche  Ande- 
rung  der  Richtung  der  Stromung  hervorgerufen 
wird,  und  die  Stromung  auf  eine  erste  Oberflache 
des  zweiten  Durchgangs  (74),  in  der  die  Nutwand 
(82,  84)  vorgesehen  ist,  auftrifft,  urn  diese  Turbu- 
lenz  und  Vermischung  der  Stromung  in  dem  zwei- 
ten  Durchgang  hervorzurufen. 

7.  Vorrichtung  gemali  Anspruch  6,  bei  der  der  erste 
Durchgang  (66)  durch  ein  erstes,  rohrformiges 
Teil  (62)  verwirklicht  ist,  und  der  zweite  Durch- 
gang  (74)  durch  ein  zweites  rohrformiges  Teil 
(72)  verwirklicht  ist,  das  das  erste  rohrformige 
Teil  umgibt,  urn  einen  ringformigen,  zweiten 
Durchgang  (74)  dazwischen  zu  bilden,  wobei  die 
Bohrungen  (78)  in  der  Wand  des  ersten  rohrfor- 
migen  Teils  (62)  vorgesehen  sind,  und  die  Kalte- 
mittel-Stromung  auf  die  innere  Wand  des  zweiten 
rohrformigen  Teils  (72)  richten. 

8.  Vorrichtung  gemali  Anspruch  4,  bei  der  die  Tur- 
bulenz  und  Vermischung  hervorrufende  Einrich- 

tung  aufweist:  ein  erstes  Verbindungsmittel  (88), 
das  die  Kaltemittelstromung  in  zwei  oder  mehr 
getrennte  Strome  aufteilt,  ein  zweites  Verbin- 

5  dungsmittel  (90),  das  danach  diese  getrennten 
Strome  vereinigt,  wobei  die  Strome  aufeinander 
auftreffen,  urn  Turbulenz  und  Vermischung  her- 
vorzurufen,  und  Rohrleitungsmittel  (92a,  92b), 
die  das  erste  und  das  zweite  Verbindungsmittel 

10  (88,  90)  miteinander  verbinden,  damit  die  ge- 
trennten  Strome  dazwischen  stromen,  wobei  der 
zylindrische  Kolben  (50)  bei  einem  mit  einer  Nut 
versehenen  Wandteil  (82,  84)  bei  der  zweiten 
Verbindung  angeordnet  ist. 

15 
9.  Vorrichtung  gemali  Anspruch  8,  bei  der  das  erste 

Verbindungsmittel  (88)  die  Kaltemittel-Stromung 
in  zwei  oder  mehr  getrennte  Strome  aufteilt,  wo- 
bei  Turbulenz  hervorgerufen  wird  beim  Auftref- 

20  fen  der  Stromung  auf  eine  Oberflache  des  Ver- 
bindungsmittels,  die  quer  zu  der  Richtung  ist,  in 
der  das  Kaltemittel  in  die  Einrichtung  hinein- 
stromt. 

25  10.  Vorrichtung  gemali  irgendeinem  der  Anspruche  1 
bis  9,  die  zwei  Turbulenz  und  Vermischung  her- 
vorrufende  Einrichtungen  (48,  72,  96)  umfalit,  die 
in  Serie  angeordnet  sind,  urn  die  Turbulenz  und 
die  Vermischung  des  Kaltemittels  zu  erhohen, 

30  und  die  Temperaturfuhlung  zu  verbessern,  wobei 
die  stromabwarts  gelegene  Einrichtung  eine  mit 
einer  Nut  versehene  Wand  (82,  84)  aufweist,  die 
den  zylindrischen  Kolben  (50)  aufnimmt. 

35 
Revendications 

1  .  Appareil  susceptible  d'etre  utilise  en  combinaison 
avec  un  moyen  de  detection  de  temperature  (50) 

40  pour  permettre  la  detection  de  la  temperature 
d'un  refrigerant  provenant  d'une  sortie  de  ser- 
pentins  d'evaporation  (40a,  40b)  d'un  systeme  de 
refrigeration  et  permettre  la  commande,  confor- 
mement  a  la  temperature  detectee  par  ledit 

45  moyen  de  detection  (50),  d'une  valve  d'evapora- 
teur  commandable  (30)  acheminant  du  refrige- 
rant  liquide  a  I'entree  des  serpentins  d'evapora- 
tion  (38a,  38b),  le  moyen  de  detection  (50)  etant 
du  type  comprenant  un  ampoule  cylindrique  al- 

so  longee  (50)  contenant  un  f  luide  connectee  par  un 
tube  capillaire  metallique  a  une  capsule  a  dia- 
phragme  chargee  dans  la  valve,  I'appareil  ayant 
un  troncon  de  tube  (48)  presentant  une  entree 
(46)  et  une  sortie  (54)  pour  le  refrigerant  et  ayant 

55  une  longueur  et  un  diametre  tels  qu'il  puisse 
constituer  un  trajet  d'ecoulement  du  refrigerant 
approprie  pour  le  refrigerant  penetrant  par  I'en- 
tree  (46)  depuis  la  sortie  des  serpentins  d'evapo- 
ration  (40a,  40b),  le  troncon  de  tube  (48)  ayant  au 
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moins  une  partie  de  sa  paroi  (72)  qui  est  consti- 
tute  d'un  materiau  conduisant  la  chaleur  pour 
permettre  la  detection  de  la  temperature  du  refri- 
gerant  a  travers  la  partie  (72)  de  la  paroi,  carac-  5 
terise  en  ce  que  ladite  partie  de  paroi  (72)  presen- 
ts  dans  une  de  ses  parties  une  rainure  longitudi- 
nale  (82,  84)  s'ouvrant  radialement  vers  I'exte- 
rieur  dans  laquelle  ladite  ampoule  (50)  du  moyen 
de  detection  peut  etre  introduite  et  d'ou  elle  peut  10 
etre  retiree,  la  partie  de  paroi  comportant  la  rai- 
nure  ayant  une  section  transversale  correspon- 
dant  a  celle  de  la  paroi  de  la  partie  de  I'ampoule 
(50)  du  moyen  de  detection  qui  doit  etre  disposee 
dans  la  rainure  en  sorte  que,  lorsque  I'ampoule  15 
cylindrique  se  trouve  dans  la  rainure,  sa  paroi  soit 
en  contact  conducteur  de  la  chaleur  plus  ample 
avec  la  paroi  de  la  rainure  (82,  84). 

Appareil  selon  la  revendication  1,  dans  lequel  la-  20 
dite  partie  de  paroi  (72)  a  au  moins  deux  rainures 
longitudinales  (82  et  84)  espacees  peripherique- 
ment  et  de  tailles  differentes,  dans  chacune  des- 
quelles  une  ampoule  respective  (50)  du  moyen 
de  detection  de  diametre  correspondant  peut  etre  25 
disposee  et,  lorsqu'elle  est  ainsi  disposee  dans 
cette  rainure,  elle  sera  en  contact  d'echange 
thermique  avec  la  partie  de  la  paroi,  la  paroi  de 
chaque  rainure  (82,  84)  correspondant  en  section 
transversale  a  la  section  transversale  de  la  partie  30 
de  I'ampoule  respective  (50)  du  moyen  de  detec- 
tion  qui  doit  etre  disposee  dans  celle-ci,  de  telle 
sorte  que,  lorsqu'elle  se  trouve  a  I'interieur  de  la 
rainure,  la  surface  de  contact  conductrice  de  la 
chaleur  de  la  paroi  de  I'ampoule  (50)  du  moyen  de  35 
detection  avec  la  paroi  de  la  rainure  respective 
(82,  84)  soit  augmentee. 

Appareil  selon  la  revendication  1  ou  2,  dans  le- 
quel  la  paroi  de  la  rainure  (82,  84)  qui  doit  etre  40 
mise  en  contact  avec  ladite  ampoule  (50)  du 
moyen  de  detection  est  dotee  d'une  couche  (86) 
de  pate  conductrice  de  la  chaleur  qui  vient  en 
contact  avec  ladite  ampoule  (50)  du  moyen  de  de- 
tection  lorsqu'elle  se  trouve  dans  la  rainure  pour  45 
ameliorer  la  conduction  thermique  de  la  paroi  de 
la  rainure  (72)  avec  la  paroi  de  I'ampoule  (50). 

Appareil  selon  I'une  quelconque  des  revendica- 
tions  1  a  3  comprenantdes  moyens  de  production  50 
de  turbulence  et  de  melange  (104;  78,  80)  dans 
le  trajet  d'ecoulement  du  refrigerant  a  I'interieur 
du  troncon  de  tube  interceptant  la  totalite  du  flux 
de  refrigerant  et  creant  une  turbulence  et  un  me- 
lange  du  refrigerant  par  des  changements  de  di-  55 
rection  de  la  totalite  du  chemin  du  refrigerant  pour 
assurer  la  turbulence  et  le  melange  de  toutes  les 
phases  refrigerantes  liquide  et  vapeur  presentes 
et  mettre  en  contact  uniquement  les  phases  mix- 

tes  avec  au  moins  la  partie  de  paroi  rainuree  (82, 
84). 

5.  Appareil  selon  la  revendication  4,  dans  lequel  le 
chemin  d'ecoulement  du  refrigerant  est  rempli 
d'un  corps  (1  04)  d'agent  poreux  susceptible  d'as- 
surer  une  turbulence  et  un  melange  a  travers  le- 
quel  le  refrigerant  doit  passer  de  I'entree  (46)  a  la 
sortie  (54). 

6.  Appareil  selon  la  revendication  4,  dans  lequel  les 
moyens  de  production  de  turbulence  et  de  melan- 
ge  comprennent  un  premier  (66)  et  un  deuxieme 
(74)  passages  ayant  une  paroi  (62)  en  commun 
entre  eux,  ladite  paroi  commune  (62)  comporte 
une  serie  d'alesages  (78)  a  travers  lesquels  le  re- 
frigerant  s'ecoule  du  premier  passage  (66)  au 
deuxieme  passage  (74),  les  alesages  produisant 
de  la  sorte  un  changement  brusque  de  la  direc- 
tion  d'ecoulement  avec  impact  de  I'ecoulement 
contre  une  premiere  surface  du  deuxieme  passa- 
ge  (74)  constituant  la  paroi  rainuree  (82,  84)  pour 
produire  ladite  turbulence  et  ledit  melange  de 
I'ecoulement  dans  le  deuxieme  passage. 

7.  Appareil  selon  la  revendication  6,  dans  lequel  le 
premier  passage  (66)  est  dote  d'un  premier  ele- 
ment  tubulaire  (62)  et  le  deuxieme  passage  (74) 
est  dote  d'un  deuxieme  element  tubulaire  (72)  en- 
tourant  le  premier  element  tubulaire  pour  former 
un  deuxieme  passage  annulaire  (74)  entre  eux, 
lesdits  alesages  (78)  etant  prevus  dans  la  paroi 
du  premier  element  tubulaire  (62)  et  dirigeant  le 
flux  de  refrigerant  contre  la  paroi  interne  du 
deuxieme  element  tubulaire  (72). 

8.  Appareil  selon  la  revendication  4,  dans  lequel  le 
dispositif  de  turbulence  et  de  melange  comprend 
un  premiermoyen  de  jonction  (88)  divisant  I'ecou- 
lement  de  refrigerant  en  deux  ou  plusieurs  flux 
separes,  un  deuxieme  moyen  de  jonction  (90) 
combinant  ensuite  lesdits  flux  separes  en  faisant 
en  sorte  que  ces  flux  se  heurtent  I'un  I'autre  pour 
creer  une  turbulence  et  un  melange  entre  eux,  et 
des  moyens  a  conduite  (92a,  92b)  connectant  le 
premier  et  le  deuxieme  moyens  de  jonction  (88, 
90)  pour  assurer  un  ecoulement  des  flux  separes 
entre  eux,  I'ampoule  cylindrique  (50)  etant  dispo- 
see  dans  une  partie  de  paroi  rainuree  (82,  84)  au 
niveau  de  la  deuxieme  jonction. 

9.  Appareil  selon  la  revendication  8,  dans  lequel  le 
premier  moyen  de  jonction  (88)  divise  le  flux  de 
refrigerant  en  deux  ou  plusieurs  flux  separes 
avec  un  choc  impact  de  turbulence  des  flux 
contre  une  surface  des  moyens  de  jonction  trans- 
versalement  a  la  direction  d'ecoulement  du  refri- 
gerant  dans  le  dispositif. 
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10.  Appareil  selon  I'une  quelconque  des  revendica- 
tions  1  a  9  comprenant  deux  dispositifs  de  turbu- 
lence  et  de  melange  (48,  72,  96)  connectes  en  se- 
rie  I'un  a  I'autre  pour  augmenter  la  turbulence  et  5 
le  melange  du  refrigerant  et  ameliorer  la  detection 
de  la  temperature,  le  dispositif  aval  ayant  une  pa- 
roi  rainuree  (82,  84)  recevant  I'ampoule  cylindri- 
que  (50). 
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