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the  use  of  a  refrigeration  apparatus  driven  by 
electrical  power  and  comprising  compressors, 
evaporators,  condensers  and  pumps  in  a  circuit  of 
refrigerant,  if  reciprocating  plunger  compressors 

5  are  used  with  a  capacity-dependent  proportional 
control  and  adjustment  of  the  velocity  of  motion 
of  said  reciprocating  plunger  compressors  and  of 
ventilators  and  pumps,  and  consequently  of  the 
velocity  head  of  the  circuit  is  obtained  by  means 

10  of  a  frequency  transforming  device  and  with  an 
independently  operating  closed  oil-pump  with  a 
separate  drive,  serving  for  the  lubrication  of  the 
reciprocating  plunger  compressor. 

The  refrigeration  apparatus  according  to  the 
15  present  invention  comprises  (a)  a  closed  cooling 

circuit  including  an  evaporator,  a  condenser,  a 
reciprocating  plunger  compressor,  driven  by  an 
electro  motor,  a  heat  exchanger,  interposed 
between  the  compressor  and  the  evaporator,  for 

20  exchanging  heat  between  the  refrigerant  supply 
and  return  lines  of  the  evaporator,  and  valves  in 
the  circuit  for  adjusting  the  refrigerant  flow; 

(b)  a  ventilator  and  pumps,  and  associated  to 
the  evaporator  and  the  condenser  respectively, 

25  and  operated  through  a  servo  drive  for  adjusting 
the  evaporator  and  condenser  capacity, 

(c)  control  means,  comprising  a  temperature 
sensor  in  the  evaporator,  a  pressure  sensor  for 
detecting  the  refrigerant  pressure  in  the  circuit, 

30  and  a  frequency  inverter  for  driving  the  electro 
motor  and  the  servor  drive  at  a  variable  speed  as 
a  function  of  the  sensed  temperature  and 
pressure  values,  and 

(d)  a  separate  lubrication  circuit  with  an  exter- 
35  nally  situated  oil  pump,  which  is  driven  by  a 

separate  electrical  drive,  which  maintains  an  even 
pressure  of  lubricant  oil  at  varying  speeds  of 
movement  of  the  reciprocating  plunger  com- 
pressor. 

40  The  control  means  comprises  a  microprocessor 
for  assembling  the  data  supplied  by  the  sensors, 
and  transmitting  corresponding  control  data  to 
the  frequency  inverters. 

As  a  result  of  this  adjustment  of  the  velocity  of 
45  motion  being  effected  by  the  frequency-trans- 

forming  devices,  a  proportional  reduction  of  the 
energy  consumed  can  be  reached. 

The  method  and  the  unit  are  further  described 
with  a  review  of  the  enclosed  figures  1  and  2, 

so  showing  schematic  drawings  of  functional 
embodiments  of  an  installation  consisting  of 
several  units  of  refrigeration  equipment  accord- 
ing  to  the  present  invention. 

Larger  as  well  as  smaller  equipment  can  be 
55  operated  according  to  the  present  invention. 

In  figure  1,  a  unit  as  designed  according  to  the 
invention  is  shown  schematically,  wherein  the 
reciprocating  plunger  compressors  (1),  the 
evaporators-ventilators  (2),  pumps  (3)  and  the 

so  condenser-ventilator  (4)  and  pumps  (5)  are  indi- 
cated,  provided  with  frequency-transforming 
devices  (6),  operating  as  adjusting  instruments 
for  the  velocity  head  of  reciprocating  plunger 
compressors,  pumps  and  ventilators,  and  being 

65  controlled  by  the  control  means  (7). 

Description 

The  invention  relates  to  an  apparatus  for  refrig- 
eration  by  means  of  an  electrically  driven  compi- 
lation  of  components,  comprising  compressors, 
evaporators,  condensers  and  pumps  in  a  circuit 
for  evaporable  refrigerant. 

The  technology  of  cooling  has  developed  con- 
siderably  during  the  past  years,  and  it  has  got  an 
ever  increasing  significance  for  domestic  pur- 
poses,  air-conditioning  for  dwellings,  for  indus- 
trial  processes,  for  the  preservation  of  food  and  of 
products  from  agriculture  and  stock  breeding,  as 
well  as  for  medical  and  pharmaceutical  applica- 
tions. 

On  the  other  hand,  the  energy  consumption 
because  of  idle-run  is  generally  too  high  and 
substantial  savings  of  same  are  desirable  in  this 
technology. 

The  known  processes  and  aggregates  became 
more  efficient  and  more  practical  for  the  cus- 
tomer,  however  the  consumption  of  energy  did 
not  decrease  in  a  mentionable  way,  because  the 
opinion  was,  that  only  an  improvement  of  the 
output  yield  would  render  the  necessary  savings. 

However,  it  has  appeared  that  this  was  an 
erroneous  assumption. 

Most  of  the  compressors  used  in  prior  art  are  of 
the  centrifugal  or  rotary  type. 

The  continuous  rotatory  motion  of  com- 
pressors,  ventilators  and  pumps  in  the  known 
aggregates  results  in  an  unnecessary  high  energy 
consumption,  also  in  uncharged  or  little-charged 
conditions,  even  if  the  output  yield  is  regarded  to 
be  reasonable. 

In  the  DE—  A—  2  451  361  a  process  of  control  of 
a  compressor-driven  refrigerator  unit  was 
described,  in  which  the  temperature  of  the 
liquefied  refrigerant  is  controlled  by  varying  the 
rotatory  speed  of  at  least  one  of  the  motors  of  the 
cooling  device. 

This  may  be  the  speed  of  the  motor  of  the 
ventilator  or  of  the  compressor,  or  both.  Circuit 
pressure  valves  are  additionally  used  for  adjust- 
ing  the  compressor  speed. 

An  improvement  of  pressure  difference  over 
the  expansion  valve  is  obtained,  but  a  continuous 
control  of  capacity  and  of  yield  efficiency 
(refrigerating  capacity/power)  cannot  be  obtained 
by  this  method. 

US  —  A—  4  257  238  disclosed  the  possibility  of 
varying  speed  of  a  reciprocating  plunger  com- 
pressor  by  frequency  changes,  but  only  a  vari- 
ation  in  standard  speeds  was  possible,  because 
no  solution  for  the  kind  of  drive  and  of  lubrication 
has  been  discerned. 

US—  A—  3  803  863  disclosed  a  refrigeration 
apparatus  with  a  control  system  including  means 
for  sensing  inlet  and  outlet  temperatures.  A  fre- 
quency  inverter  is  used  for  controlling  the  motor 
drive  but  no  arrangement  for  lubrication  at  diffe- 
rent  speeds  has  been  discerned. 

It  has  now  been  found,  that  a  considerable 
saving  of  energy  consumption  together  with  an 
increase  of  the  output  yield  can  be  obtained  with 
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mined  by  the  unit  requiring  the  largest  tempera- 
ture  range. 

The  other  units  are  being  reduced  by  means  of 
an  electronically  controlled  valve  (12)  adjusting 

5  the  flow  of  gas  and  liquid. 
The  speed  of  rotation  of  the  ventilators  is  also 

adjusted. 
Next  to  the  evaporators,  effective  heat  exchan- 

gers  (15)  are  put  up  between  the  pipe  for  liquid 
10  and  the  suction  pipe,  so  that  with  the  reduction 

handling  no  extra  losses  will  occur  between  the 
evaporator  and  the  compressor. 

In  case  the  temperature  steps  I,  II  and  III  rang- 
ing  are  diverging  considerably,  several  recipro- 

15  eating  plunger  compressors  (1)  are  situated  in 
succession,  operating  stepwise. 

Each  of  the  compressors  with  accessory 
adjustment  for  the  electromotor  speed  deals  with 
a  defined  temperature  range. 

20  For  the  compressors  combinations,  operating 
stepwise  with  adjustment  of  speed,  the  entire 
sysystem  comprises  the  following: 

a.  one  only  suction  pipe  for  each  temperature 
range. 

25  b.  one  only  conduit  pipe  for  hot  gas,  also 
appropriate  for  thawing  and  heat  recovery, 

c.  one  only  conduit  pipe  for  the  liquid. 
The  adjustment  of  the  velocity  head  results  iii 

the  effect,  that  the  nominal  charge  will  be 
30  regularly  intercepted,  so  that  higher  evaporation 

temperatures  and  lower  condensation  tempera- 
tures  will  occur  in  average. 

Said  nominal  charge  will  be  considerably 
lower  than  the  peak  charge,  resulting  in 

35  diminishing  losses,  on  an  average  occurring  by 
motion  of  parts  (plungers,  gearing  etc.)  and  by 
resistance  (of  gas  and  liquid  in  conduit  pipes, 
valves,  stop-cocks,  etc.). 

Wear  and  average  noise  are  also  reduced. 
40  In  this  system  there  is  a  possibility  of  an 

electronically  controlled  operation  of  gas-liquid 
and  expansion-valves. 

The  putting  into  practice  of  the  thawing  by  hot 
gas  not  only  results  in  savings  because  no  elec- 

45  trical  thawings  will  be  necessary,  but  also  nearly 
always  a  clean  evaporator  is  obtained,  because 
the  evaporator  can  be  defrosted  within  short 
intervals  of  time. 

Several  times  per  24  hours  the  entire  unit  is 
so  still  being  de-iced  by  the  low  cost  heat  available 

from  hot  gas. 
In  this  system,  peak  charges  and  non-activity 

periods  are  made  commensurate  and  can  be 
bridged  over. 

55  Peak  values  by  switching-on  and  high  values 
of  current  at  start-run  will  be  avoided  with  this 
system,  whereby  in  most  cases  lower  costs  of 
connection  with  the  utilities  network  can  be 
obtained. 

60  Cooling  of  rooms  with  the  aid  of  this  system  is 
very  attractive. 

Repair  of  interferences  can  be  carried  out  in  a 
fast  manner,  because  of  the  central  recording 
system  and  trouble  signalling,  so  that  damage 

65  will  remain  restricted. 

In  the  unit  one  or  several  reciprocating  plunger 
compressors  (1)  are  used,  preferably  of  the  open 
or  indirectly  driven  type. 

The  electromotor  (8)  of  reciprocating  plunger 
compressor  (1)  is  adjusted  by  the  frequency- 
transforming  appliance  (6)  operating  as  an 
adjustment  device,  for  controlling  the  speed  of 
rotation  of  the  motor. 

The  control  is  effected  by  measurement  of  the 
temperature  with  sensor  (9)  and  of  pressure  with 
pressure  instrument  (10). 

It  is  essential  that  the  oil  pump  is  indepen- 
dently  operating,  providing  appropriate  lubrica- 
tion  at  all  speeds. 

In  the  unit  of  the  invention  an  externally  situ- 
ated  hermetically  closed  oil  pump  (11)  is  linked 
with  its  own  separate  electrical  drive,  which 
maintains  an  even  pressure  of  lubricant  oil  at 
varying  speeds  of  fluids,  which  are  effected  by 
the  reciprocating  plunger  compressor(s). 

Adjustment  of  power  input,  adapted  to 
capacity  required,  is  also  possible  for  the  other 
components  of  the  unit. 

For  apparatus  of  larger  capacities  the  speed  of 
the  evaporator-ventilators,  the  condenser-ven- 
tilators  and  the  pumps  is  adjusted  by  the  adjust- 
ing  device  (6)  in  the  same  way. 

The  unit  is  provided  with  a  microprocessor 
control  (7),  into  which  the  following  measured 
data  from  the  system  are  supplied: 

a.  several  temperatures  of  sensor  (9). 
b.  several  pressures  of  sensor  (10). 
c.  the  energy  input  of  the  reciprocating  plunger 

compressors  (1),  the  ventilators  (2)  and  (4),  and 
of  the  pumps  (3)  and  (5),  by  means  of  the 
measurement  of  the  current  at  the  adjusting 
device  (6)  of  the  speed  of  rotation  of  the  motor. 

d.  the  position  of  several  electronically  con- 
trolled  valves  (12)  and  of  servo  drives  (13). 

The  measured  data  supplied  are  compared  and 
checked. 

By  a  step  by  step  modification  of  the  different 
adjustment  data  the  most  efficient  values  of  the 
energy  measurements  are  being  determined. 

The  adjustment  is  obtained  by  a  control  of  the 
adjusting  devices  (6)  of  the  speed  of  rotation,  the 
electronically  controlled  valves  (12)  and  the 
servo  drives  (13). 

Furthermore  reproduction  of  temperatures, 
pressures  and  energy  consumption,  calling 
attention  to  considerable  deviations  and  inter- 
ferences  within  the  system,  and  a  central 
recording  of  data  and  of  interferences  can  be 
installed. 

Figure  2  shows  a  diagram  of  equipment  of 
several  cooling  units. 

In  figure  2,  the  reciprocating  plunger  com- 
pressor  (1)  is  connected  with  one  or  several 
evaporator  units  (14),  each  operating  within  a 
defined  range  of  evaporation  temperature,  and 
one  or  several  condenser  units  (16),  operating 
within  a  defined  range  of  condensation  tempera- 
ture. 

If  several  units  are  used  within  the  same 
temperature  range,  the  capacity  will  be  deter- 
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(b)  Pumpen  oder  Ventilatorvorrichtungen  (2), 
(3),  (5),  verbunden  mit  dem  Verdampfer  (14)  und 
dem  Kondensor  (16),  und  betrieben  durch  einen 
Servo-Antrieb  (13)  zur  Regelung  der  Leistung  des 
Verdampfers  und  des  Kondensors, 

(c)  Reglervorrichtung  (7),  bestehend  aus  einem 
Temperatursensor  (9)  im  Verdampfer,  einem 
Drucksensor  (10)  zur  Messung  des  Kuhlmitteldruk- 
kes  im  Kreislauf,  und  einem  Frequenzumwandler 
(6)  fur  den  Antrieb  des  Elektromotors  (8)  und  des 
Servo-Antriebs  (13)  bei  variabler  Geschwindigkeit 
als  Funktion  der  gemessenen  Temperatur-  und 
Druckwerte,  und 

(d)  einem  separaten  Schmiermittelkreislauf  mit 
ausserhalb  angebrachter  Oelpumpe  (11),  welche 
durch  einen  getrennten  elektrischen  Antrieb  ange- 
trieben  wird,  der  einen  gleichmassigen  Schmierol- 
druck  bei  wechseinden  Geschwindigkeiten  der 
Bewegung  des  Hubkolbenverdichters  (1)  aufrecht 
erhalt. 

2.  Kuhlanlage  gemass  Anspruch  1,  dadurch 
gekennzeichnet,  dass  die  Reglervorrichtung  (7) 
besteht  aus  einem  Mikroprozessor  zur  Aufnahme 
der  Daten,  die  von  den  Sensoren  (9),  (10)  geliefert 
werden,  undzurWeitergabevon  korrespondieren- 
den  Reglerwerten  an  die  Frequenzumwandler  (6). 

Revendications 

Also  with  installations  having  several  units  and 
different  temperature  ranges  to  cover,  the  system 
of  conduit  pipes  is  a  very  simple  one. 

The  control  and  adjustment  of  the  condenser- 
ventilator  (4)  makes  the  use  of  an  extra  ventilator 
for  room  conditioning  directly  from  the  condenser 
superfluous. 

The  total  system  renders  a  very  considerable 
saving  of  energy. 

The  system  can  find  a  broad  field  of  applications, 
such  as  cooling  of  refrigerated  storage-cells, 
closed  and  open  refrigerators  in  supermarkets, 
equipment  for  alimentary  technology,  storage 
possibilities  in  harbours,  transport  and  haulage, 
refrigerated  transport,  cooling  of  dwellings,  living 
rooms  and  offices,  etc. 

Claims 

1.  A  refrigeration  apparatus  comprising: 
(a)  a  closed  cooling  circuit,  including  an 

evaporator  (14),  a  condenser  (16),  a  reciprocating 
plunger  compressor  (1  )  driven  by  an  electro  motor 
(8),  a  heat  exchanger  (15)  interposed  between  the 
compressor  (1)  and  the  evaporator  (14),  for 
exchanging  heat  between  the  refrigerant  supply 
and  return  lines  of  the  evaporator  and  valves  (12) 
in  the  circuit  for  adjusting  the  refrigerant  flow, 

(b)  pump  or  ventilator  means  (2),  (3),  (5)  asso- 
ciated  to  said  evaporator  (14)  and  condenser  (16) 
and  operated  through  a  servo  drive  (13)  for 
adjusting  the  evaporator  and  condenser  capacity, 

(c)  control  means  (7)  comprising  a  temperature 
sensor  (9)  in  the  evaporator,  a  pressure  sensor  (10) 
for  detecting  the  refrigerant  pressure  in  the  circuit, 
and  a  frequency  inverter  (6)  for  driving  the  electro 
motor  (8)  and  the  servo  drive  (13)  at  a  variable 
speed  as  a  function  of  the  sensed  temperature  and 
pressure  values,  and 

(d)  a  separate  lubrication  circuit  with  an  exter- 
nally  situated  oil  pump  (11)  which  is  driven  by  a 
separate  electrical  drive  which  maintains  an  even 
pressure  of  lubricant  oil  at  varying  speeds  of 
movement  of  the  reciprocating  plunger  com- 
pressor  (1). 

2.  A  refrigeration  apparatus  according  to  Claim 
1,  characterized  in  that  the  control  means  (7) 
comprises  a  microprocessor  for  assembling  the 
data  supplied  by  the  sensors  (9),  (10)  and  transmit- 
ting  corresponding  control  data  to  the  frequency 
inverters  (6). 

Patentanspriiche 

1.  Kuhlanlage  bestehend  aus: 
(a)  einem  geschlossenen  Kuhlkreislauf  mit 

einem  Verdampfer  (14),  Kondensor  (16),  Hubkol- 
benverdichter  (1),  angetrieben  durch  einen  Elek- 
tromotor  (8),  einem  Warmeaustauscher  (15), 
welcher  zwischen  dem  Verdichter  (1)  und  dem 
Verdampfer  (14)  angebracht  ist,  zum  austauschen 
von  Warme  zwischen  der  Kuhlmittelzufuhr  und 
den  Ruckflussleitungen  des  Verdampfers,  und 
Sperrventilen  (12)  im  Kreislauf  zur  Regelung  der 
Kuhlmittelstromung, 

10 

15 

20 

25 

30  1.  Un  dispositif  de  refrigeration,  comprenant: 
(a)  un  circuit  frigorifique  delimite,  y  compris  un 

evaporateur  (14),  un  condenseur  (16),  un  compres- 
seur  a  piston  plongeur  (1)  entraine  d'un  moteur 
electrique  (8),  un  echangeur  de  chaleur  (15), 

35  interpose  entre  ledit  compresseur  (1)  et  ledit 
evaporateur  (14),  en  echange  de  la  chaleur  entre 
I'affluence  du  refrigerant  et  les  conduites  de  reflux 
de  I'evaporateur,  et  des  soupapes  (12)  dans  le 
circuit  pour  le  reglage  du  courant  de  fluide  de 

40  refroidissement, 
(b)  un  mecanisme  de  pompage  ou  de  ventilateur 

(2),  (3),  (5),  assemble  a  I'evaporateur  (14)  et  au 
condenseur  (16),  et  anime  par  une  servo-com- 
mande  (13)  pour  le  reglage  de  la  capacite  de 

45  I'evaporateur  et  du  condenseur, 
(c)  un  dispositif  de  reglage  (7)  comprenant  une 

mesure  thermometrique  (9)  dans  I'evaporateur, 
une  mesure  de  tension  de  compression  (10)  pour 
detection  de  la  pression  du  refrigerant  dans  le 

so  circuit,  et  un  convertisseur  de  frequence  (6)  pour 
animer  le  moteur  electrique  (8)  et  Is  servocom- 
mande  (13)  a  vitesse  variable,  comme  fonction  de 
la  temperature  mesuree  et  de  la  pression,  et 

(d)  un  circuit  de  lubrification  independante  com- 
55  prenant  une  pompe  a  huile  (1  1  )  situee  a  I'exterieur, 

actionnee  par  une  traction  electromotrice  separee, 
qui  maintient  une  pression  egale  de  I'huile  lubri- 
f  iant  aux  vitesses  variees  du  mouvement  de  va-et- 
vient  du  compresseur  a  piston  plongeur  (1). 

60  2.  Un  dispositif  de  refrigeration  selon  la  revendi- 
cation  1,  caracterise  en  ce  que  le  dispositif  de 
reglage  (7)  comprend  un  micro-ordinateur  pour  la 
recueil  des  donnees  fournies  par  les  mesures  (9), 
(10),  et  pour  la  transmission  des  commandes  aux 

65  convertisseurs  de  frequence  (6). 

30 
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