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(54)  Liquid  ring  compressor  

(57)  A  liquid  ring  compressor  (10),  wherein  the  gas 
distribution  is  obtained  by  means  of  a  central  stator  (11), 
which  has  a  frusto  conical  shape,  comprising  at  least  a 
rotor  (12A,  12B),  provided  with  a  plurality  of  radial 
blades  (1  4)  mounted  on  a  shaft  (1  3),  which  is  concentric 
with  the  longitudinal  axis  (25)  of  the  compressor  (10); 
the  configuration  of  the  blade  (1  4)  is  such  that  perform- 
ances,  substantially  higher  than  the  performances  of  the 

traditional  compressors,  can  be  obtained  at  relatively 
high  working  pressures;  finally,  in  order  to  obtain  higher 
working  pressures,  two  rotors  (12A,  12B)  of  the  above 
described  type  are  positioned  one  after  the  other  and  a 
hydraulic  barrage  is  created  between  first  and  second 
stage,  in  order  to  oppose  the  natural  gas  flow  from  the 
second  stage  rotor  (12B),  at  high  pressure,  to  the  first 
stage  rotor  (12A),  at  a  lower  pressure. 
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Description 

In  general,  the  present  invention  refers  to  liquid  ring 
pumps  and,  in  particular,  to  a  liquid  ring  compressor,  of 
the  single-stage  or  two-stage  type,  comprising  at  least 
a  rotor  provided  with  radial  blades. 

The  manufacturing  of  liquid  ring  machines  has  been 
well  known,  said  machines  working  both  as  vacuum 
pumps  and  as  compressors;  a  traditional  liquid  ring  ma- 
chine  comprises  an  inner  fixed  housing,  wherein  a  rotor 
is  mounted,  provided  with  outwardly  extending  radial 
blades;  the  rotor  is  mounted  on  a  rotation  axis  within  a 
body  concentric  with  the  longitudinal  axis  of  the  machine 
inner  housing,  said  body  having  two  eccentricities  which 
give  said  body  an  almost  oval  shape. 

A  certain  amount  of  liquid  is  introduced  inside  said 
housing  and  is  circulated  so  that,  when  the  rotor  rotates, 
the  blades  cause  said  liquid  to  move  thus  creating  a  ring 
which  circulates  in  the  oval  body. 

Since  the  housing  is  in  an  eccentric  position  as  to 
the  rotor,  the  inner  surface  of  said  liquid  ring  moves  in 
the  radial  direction,  alternatively,  towards  the  outer,  as 
to  the  rotor  axis,  and  towards  the  inner  part  of  the  rotor, 
along  a  circular  direction. 

Consequently,  the  liquid,  which  partially  fills  the 
room  between  the  radial  blades  adjacent  to  the  rotor, 
alternatively  expands  (when  it  is  pushed  outwardly  as 
to  the  rotor  axis)  and  is  compressed  (when  it  moves  to- 
wards  the  rotor  inner  part)  along  a  closed  circuit  provid- 
ed  around  the  machine  inner  housing. 

The  gas  to  be  pumped  is  injected  in  the  interstices 
between  the  blades  where  the  liquid  expands  and  said 
expansion  causes  the  gas  to  move  towards  the  so  called 
suction  area  of  the  machine. 

The  subsequent  compression  in  the  interstices  be- 
tween  the  rotor  blades  compresses  the  gas  towards  a 
so  called  compression  area  of  the  machine. 

The  interstices  between  the  blades,  wherein  the 
compression  occurs,  are  connected  with  an  exhaust 
duct,  through  which  the  compressed  gas  comes  out 
from  the  machine. 

Further,  there  are  known  liquid  ring  machines, 
wherein  the  gas  which  leaves  from  a  first  stage  is  direct- 
ed  towards  the  suction  area  of  a  following  stage  in  order 
to  be  compressed  again;  the  gas  coming  out  from  the 
second  stage  can  reach  pressure  values  almost  equal 
to  the  atmospheric  pressure  value. 

A  significant  disadvantage,  typical  of  the  embodi- 
ment  of  all  of  the  known  machines,  is  the  loss  of  energy 
and,  therefore,  the  loss  of  performance  of  the  machine 
itself  due  to  the  friction,  which  is  caused  in  the  fluid  be- 
tween  the  rotating  liquid  ring  and  the  fixed  housing. 

Said  disadvantage  is  partially  overcome  by  using 
one  or  two  rotors,  positioned  one  after  the  other,  which 
are  mounted  between  at  least  one  portion  of  the  liquid 
ring  and  the  inner  surface  of  the  housing,  otherwise  said 
inner  surface  would  be  directly  in  contact  with  said  por- 
tion  of  the  liquid  ring. 

In  fact,  usually  the  rotor  rotates  at  a  reduced  angular 
speed  compared  to  the  rotation  speed  of  the  liquid  ring 
and,  therefore,  the  friction  created  by  the  fluid  on  the 
rotor  blades  is  less  than  the  friction  existing  between  the 

5  liquid  ring  and  the  walls  of  the  fixed  housing. 
However,  the  performance  of  said  machines,  par- 

ticularly  in  the  case  wherein  said  machines  are  used  as 
compressors,  is  always  substantially  low,  especially  in 
case  of  high  working  pressures  and,  at  any  rate,  higher 

10  than  the  atmospheric  pressure. 
In  this  case,  it  would  be  desirable  to  increase  the 

pressure  of  the  carrying  liquid  or  at  least  of  a  portion  of 
said  liquid;  however,  in  order  to  do  so,  it  is  necessary  to 
have  an  auxiliary  pump  (for  instance  a  centrifugal  pump) 

is  with  a  consequent  increase  in  the  production  and  oper- 
ation  costs  of  the  machine  and  a  decrease  in  reliability. 

A  purpose  of  the  present  invention  is,  therefore,  to 
disclose  a  liquid  ring  compressor  which  overcomes  the 
above  mentioned  disadvantages,  and  to  provide  a  liquid 

20  ring  compressor  which  allows  to  obtain  a  high  perform- 
ance,  compared  with  the  known  art,  at  working  pres- 
sures  substantially  higher  than  the  atmospheric  pres- 
sure. 

Another  purpose  of  the  present  invention  is  to  dis- 
25  close  a  high  performance  liquid  ring  compressor  which 

allows  to  obtain  working  pressure  values  as  high  as  ten 
times  the  value  of  the  atmospheric  pressure. 

A  further  purpose  of  the  invention  is  to  provide  a 
liquid  ring  compressor,  wherein  the  technical  character- 

so  istics  are  higher  than  those  of  the  traditional  liquid  ring 
compressors. 

Another  purpose  of  the  invention  is  to  provide  a  liq- 
uid  ring  compressor  which  is  less  expensive  than  the 
traditional  compressors,  which  does  not  require  the  use 

35  of  complex  or  particularly  expensive  technologies  and 
which  allows  to  substantially  reduce  the  energy  losses 
and,  therefore,  the  efficiency  losses  of  the  compressor, 
as  to  the  known  art. 

These  and  other  purposes  are  achieved  by  a  liquid 
40  ring  compressor  as  claimed  in  claim  1,  which  is  taken 

as  reference. 
Advantageously,  the  configuration  of  the  blades  of 

a  rotor,  which  is  used  in  a  compressor  according  to  the 
invention,  has  a  tapering  at  an  angle  of  about  30  de- 

45  grees. 
Said  tapering,  used  in  rotors  of  liquid  ring  machines 

having  a  gas  distribution  through  a  central  stator  with  a 
frusto  conical  shape,  allows  to  obtain  higher  perform- 
ances  than  in  the  known  art  at  working  pressures  of 

so  about  300-400  KPa. 
In  order  to  obtain  higher  pressures  of  about 

700-1100  KPa,  two  rotors  are  positioned  one  after  the 
other,  thus  obtaining  a  two-stage  compressor;  the  rotor 
of  the  first  stage  has  a  smaller  diameter  and  a  bigger 

55  thickness  than  the  rotor  of  the  second  stage,  so  as  to 
obtain  similar  compression  ratios. 

In  said  embodiments,  there  is  also  a  hydraulic  bar- 
rage  between  the  first  and  the  second  stage  to  oppose 
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the  natural  gas  flow  from  the  second  stage  rotor,  at  high 
pressure,  to  the  first  stage  rotor,  at  a  lower  pressure;  this 
is  accomplished  by  transferring  a  portion  of  the  carrying 
liquid  from  a  second  stage  housing  to  an  area  which  is 
intermediate  between  the  first  stage  rotor  and  the  sec- 
ond  stage  rotor. 

It  is  therefore  possible  to  obtain  high  working  pres- 
sures  and  outstanding  performances  of  the  compressor. 

Further  purposes  and  advantages  of  the  present  in- 
vention  will  be  more  apparent  from  the  following  descrip- 
tion  and  from  the  accompanying  drawings,  given  by  way 
of  non-limiting  example,  wherein: 

Figure  1  is  a  longitudinal  section  of  a  two-stage  liq- 
uid  ring  compressor,  according  to  a  known  embod- 
iments; 
Figure  2  shows  an  enlarged  detail  of  a  longitudinal 
section  of  a  single-stage  liquid  ring  compressor,  ac- 
cording  to  the  present  invention; 
Figure  3  is  a  sectional  viewtaken  along  line  Ill-Ill  of 
Figure  2; 
Figure  4  shows  an  enlarged  detail  of  a  longitudinal 
section  of  a  two-stage  liquid  ring  compressor,  ac- 
cording  to  the  present  invention; 
Figure  5  is  a  sectional  view  taken  along  line  V-V  of 
Figure  4; 
Figure  6  is  a  sectional  view  taken  along  line  VI-VI 
of  Figure  4. 

With  reference  to  Figure  1,  the  numeral  10  indi- 
cates,  generally,  a  liquid  ring  compressor  which  com- 
prises  a  drive  section,  indicated  by  numeral  15,  of  a  shaft 
13,  around  which  the  rotors  12A,  12B,  belonging  to  a 
first  and  to  a  second  stage  of  the  compressor  10,  re- 
spectively,  rotate. 

20  indicates  a  process  phase,  during  which  the  gas 
distribution  is  obtained  by  means  of  a  central  stator,  with 
a  frusto  conical  shape,  indicated  by  numeral  1  1  ;  the  gas 
to  be  compressed  flows  from  the  duct  42,  through  a  first 
opening  43  to  the  central  stator  11  (along  the  direction 
of  arrows  G  in  Figure  1). 

In  a  first  exemplifying  and  non-limiting  embodiment 
of  the  present  invention,  the  compressor  10  comprises 
one  single  stage  and  one  single  housing  wherein  the 
rotor  rotates. 

Alternatively,  a  second  exemplifying  and  non-limit- 
ing  embodiment  of  the  present  invention  comprises  a 
two-stage  compressor,  wherein  a  rotor  12A,  positioned 
in  a  first  stage,  is  mounted  on  the  shaft  13  and  rotates 
inside  the  walls  of  a  first  housing  30A;  said  rotor  co-op- 
erates,  together  with  a  service  liquid  ring  (not  shown)  of 
the  first  stage,  in  causing  the  gas  to  flow  from  one  side 
to  the  other  of  the  compressor  1  0  and  simultaneously  in 
compressing  said  gas. 

The  service  liquid  is  introduced  from  the  outside 
through  the  opening  24  (along  the  direction  of  arrow  L) 
and,  then,  it  flows  inside  the  housing  30A  of  the  first 
stage  rotor  12A,  through  a  second  opening  26. 

The  compressed  gas  mixed  with  the  liquid  comes 
out  from  the  first  stage  rotor  12A  through  a  third  opening 
28  and  flows  towards  the  inlet  of  the  second  stage, 
through  afourth  opening  29;  the  second  stage  rotor  1  2B, 

5  which  rotates  inside  the  walls  of  a  second  housing  30B, 
helps,  together  with  the  service  liquid  in  the  second 
stage,  to  compress  again  the  gas  which,  finally,  comes 
out  from  a  fifth  opening  32  in  the  exhaust  duct  33  (along 
the  direction  of  arrow  G1). 

10  The  service  liquid  is  discharged  outside  through  a 
plurality  of  ducts,  indicated  by  numeral  33,  along  the  di- 
rections  of  arrows  L1  . 

Each  one  of  the  rotors  1  2A,  1  2B  of  the  first  and  sec- 
ond  stage  is  concentric  with  the  rotation  axis  25  of  the 

is  shaft  1  3  and  with  the  compressor  body;  the  body,  how- 
ever,  has  not  a  circular  shape  but,  since  it  is  provided 
with  two  eccentricities,  it  has  an  almost  oval  shape. 

Further,  as  is  clearly  indicated  in  Figures  3,  5  and 
6,  each  rotor  12A,  12B  is  provided  with  a  plurality  of  ra- 

20  dial  blades,  indicated  by  numeral  1  4,  which  define  inter- 
stices  and  which  cause  the  rotation  of  the  service  liquid, 
which  fills  at  least  partially  the  housing  30A,  thus  forming 
a  ring  with  a  substantially  constant  thickness,  with  an 
eccentric  shape. 

25  In  the  interstices  between  consecutive  blades  14, 
the  service  liquid  is  pushed  along  the  radial  direction  to- 
wards  the  periphery  during  a  first  turn  portion,  while  dur- 
ing  a  second  turn  portion  the  liquid  is  pushed  towards 
the  centre;  in  this  way,  the  service  liquid  works  as  a  hy- 

30  draulic  piston,  which  continuously  sucks  the  gas  during 
the  first  turn  portion  and  which  compresses  the  gas  dur- 
ing  the  following  turn  portion. 

The  blades  14  are  radial  and  curved  towards  the 
periphery  of  the  rotor  12A,  12B  and  are  one  another 

35  equally  spaced  in  order  to  allow  the  passage  of  the  same 
amount  of  gas. 

The  configuration  and  the  arrangement  of  the  rotors 
12A,  12B  allow  to  reduce  the  viscous  friction  forces, 
which  are  in  effect  at  the  interface  between  the  fluid  and 

40  the  inner  walls  of  the  gas  distribution  cone  of  the  com- 
pressor  10,  and  therefore  to  increase  the  machine  effi- 
ciency. 

In  this  specific  case,  it  has  been  demonstrated  that 
in  practice  the  tapering  of  each  blade  14  of  the  rotors 

45  1  2A,  1  2B  at  an  angle  of  about  30  degrees,  indicated  by 
a  in  Figure  2,  allows  the  achievement  of  machine  effi- 
ciencies  higher  than  the  efficiencies  of  the  traditional  so- 
lutions,  at  working  pressures  around  300-400  KPa;  said 
tapering  can  be  introduced  or,  better,  is  suitable  for  liquid 

so  ring  compressors  which  have  the  gas  distribution  by 
means  of  a  central  stator  (as  is  the  case  of  the  compres- 
sor  of  the  present  invention). 

Further,  said  efficiencies  are  achieved  by  using  the 
following  design  parameters  for  the  rotors  12A,  12B:  the 

55  outer  diameter,  indicated  by  the  letter  D  in  Figure  3,  is 
comprised  within  the  0.16-0.67  m  (meter)  range  of  val- 
ues,  while  the  inner  diameter,  indicated  by  D1,  is  com- 
prised  within  the  0.08-0.335  m  range  of  values;  further, 
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the  length  indicated  by  D2  in  Figure  2  is  comprised  with- 
in  the  0.05-0.2  m  range  of  values,  the  length  indicated 
by  D3  in  Figures  2  and  3  is  comprised  within  the 
0.005-0.01  5  m  range  of  values,  while  the  inner  width  of 
the  rotor  12A,  12B,  indicated  by  D4  in  Figure  2,  is  com- 
prised  within  the  0.08-0.3  m  range  of  values. 

Finally,  the  radiuses  of  curvature  indicated  by  R1 
and  R2  in  Figure  2  are  comprised  within  the  0.1-0.3  m 
and  0.05-0.15  m  ranges  of  values,  respectively. 

In  order  to  obtain  working  pressures  higher  than 
300-400  Kpa  and  therefore  to  achieve  values  of  about 
700-1100  KPa,  two  rotors  12A,  12B,  having  the  same 
above  described  technical  characteristics,  are  posi- 
tioned  one  after  the  other  in  a  typical  embodiment  of  the 
two-stage  compressor  10,  said  embodiment  is  shown, 
in  particular,  in  Figures  4,  5  and  6. 

Said  rotors  12A,  12B  have  two  different  diameters 
and  two  different  width,  so  that  the  first  stage  rotor  12A 
is  characterised  by  having  a  smaller  diameter  D'  and  a 
larger  width  D4'  than  the  corresponding  dimensions,  in- 
dicated  by  D"  and  D4",  of  the  second  stage  rotor  12B. 
Said  differences  are  necessary  to  obtain  similar  gas 
compression  ratios  in  both  rotors  12A,  12B. 

In  the  case  of  the  two-stage  compressor  10,  it  is  fur- 
ther  provided  a  hydraulic  barrage  between  the  first  and 
the  second  stage,  said  barrage  is  formed  by  a  tube,  in- 
dicated  by  numeral  48  in  Figure  4,  suitable  to  circulate 
back  the  service  liquid,  which  is  carried  from  the  second 
stage  rotor  12B  and  is  sent  back  inside  the  first  stage 
housing  30A. 

The  hydraulic  barrage  48  can  be  positioned  either 
inside  or  outside  the  machine  and  said  barrage  is  uti- 
lised  in  such  a  way  that  the  system  can  oppose  the  nat- 
ural  gas  flow  from  the  second  stage  rotor  12B  at  high 
pressure  to  the  first  stage  rotor  1  2A  at  a  lower  pressure. 

In  particular,  the  operation  is  executed  by  sucking 
a  portion  of  the  service  liquid  from  the  second  stage 
housing  30B  (i.e.  from  the  area  at  the  highest  working 
pressure)  and  by  discharging  said  liquid  in  the  interme- 
diate  area,  indicated  by  49  in  Figure  4,  between  the  first 
stage  rotor  12A  and  the  second  stage  rotor  12B;  this 
allows  to  achieve  high  working  pressures  (700-1100 
KPa)  with  outstanding  machine  efficiencies. 

The  characteristics  and  the  advantages  of  the  high 
efficiency  liqu  id  ring  compressor  of  the  present  invention 
have  been  clearly  disclosed  by  the  preceding  descrip- 
tion. 

In  particular,  said  characteristics  and  advantages 
are  as  follows: 

higher  performances  (as  regards  working  pressure 
and  efficiency)  in  comparison  with  the  performanc- 
es  of  similar  known  compressors; 
reduced  costs  in  comparison  with  the  known  art.  It 
is  clear  that  several  changes  can  be  done  to  the 
high  efficiency  liquid  ring  compressor  of  the  present 
invention  without  leaving  from  the  innovative  princi- 
ples  of  the  invention,  it  is  also  clear  that,  in  the  em- 

bodiments  of  the  invention,  the  materials,  the 
shapes  and  the  dimensions  of  the  illustrated  details 
can  be  different  and  these  same  details  can  be  sub- 
stituted  by  technically  equivalent  elements. 

Claims 

1  .  High  efficiency  liquid  ring  compressor  (10),  wherein 
10  the  gas  distribution  is  obtained  by  means  of  a  cen- 

tral  stator  (11),  which  has  a  frusto  conical  shape, 
comprising  at  least  a  rotor  (1  2A,  1  2B),  provided  with 
a  plurality  of  radial  blades  (14)  and  said  rotor  is  con- 
centric  with  a  longitudinal  rotation  shaft  (13)  and 

is  with  the  body  of  the  compressor  (10),  said  blades 
(14)  are  used  to  cause  the  rotation  of  predefined 
amount  of  service  liquid,  which  fills  at  least  partially 
one  or  more  inner  housings  (30A,  30B)  of  the  com- 
pressor  (1  0),  thus  forming  a  ring  with  a  substantially 

20  constant  thickness  and  with  an  eccentric  shape, 
said  blades  (14)  being  curved  towards  the  outward 
portion  of  said  rotor  (12A,  12B)  and  being  one  an- 
other  equally  spaced  in  order  to  allow  the  passage 
of  the  same  amount  of  gas,  characterised  in  that 

25  each  one  of  said  blades  (1  4)  has  at  least  a  tapered 
portion  at  an  angle  substantially  equal  to  30  de- 
grees. 

2.  Compressor  (10)  as  claimed  in  claim  1,  character- 
so  ised  in  that  the  outer  diameter  value  (D)  of  the  rotor 

(12A,  12B)  is  comprised  within  the  0.16-0.67  m 
range  of  values  (including  the  end  values),  while  the 
inner  diameter  (D1)  is  comprised  within  the 
0.08-0.335  m  range  of  values  (including  the  end  val- 

35  ues). 

3.  Compressor  (10)  as  claimed  in  claim  2,  character- 
ised  in  that  the  inner  width  (D4)  of  said  rotor  (12A, 
12B)  has  a  value  which  is  comprised  within  the 

40  0.08-0.3  m  range  (including  the  end  values). 

4.  Compressor  (10)  as  claimed  in  claim  3,  character- 
ised  in  that  each  radius  of  curvature  (R1  ,  R2)  of  the 
blades  (14)  has  a  value  which  is  comprised  within 

45  the  0.05-0.3  m  range  (including  the  end  values). 

5.  Compressor  (10)  as  claimed  in  claim  1,  character- 
ised  in  that  the  working  pressure  is  higher  than  or 
equal  to  300  KPa. 

50 

55 

6.  Compressor  (10)  as  claimed  in  claim  5,  character- 
ised  in  that  the  working  pressure  is  comprised  within 
the  300-700  KPa  range  of  values  (including  the  end 
values). 

7.  Compressor  (10)  as  claimed  in  claim  4,  character- 
ised  by  providing  two  side  by  side  rotors  (1  2A,  1  2B) 
which  define  two  stages,  said  rotors  (1  2A,  1  2B)  hav- 
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ing,  respectively,  two  different  diameters  (D41,  D4") 
and  two  different  widths  (D1,  D"),  wherein  a  first  rotor 
(12A)  belonging  to  the  first  stage  has  a  smaller  di- 
ameter  (D1)  and  a  larger  width  (D41)  in  comparison 
with  the  corresponding  values  (D",  D4")  of  a  second  s 
rotor  (1  2B)  belonging  to  the  second  stage,  so  as  to 
obtain  similar  compression  ratios  in  the  rotors  (1  2A, 
12B). 

8.  Compressor  (10)  as  claimed  in  claim  7,  character-  10 
ised  by  providing  a  hydraulic  barrage  between  the 
first  and  the  second  stage,  said  barrage  being  ob- 
tained  by  using  at  least  a  duct  (48)  which  sucks,  at 
least  partially,  said  predefined  amount  of  service  liq- 
uid  from  an  area  of  the  compressor  (10)  at  maxi-  15 
mum  working  pressure  provided  in  the  second 
stage,  said  duct  then  discharging  said  liquid  in  an 
intermediate  area  (49)  comprised  between  said  first 
rotor  (12A)  and  said  second  rotor  (12B). 

20 
9.  Compressor  (10)  as  claimed  in  claim  8,  character- 

ised  in  that  the  working  pressure  is  higher  or  equal 
to  700  KPa. 

10.  Compressor  (10)  as  claimed  in  claim  9,  character-  25 
ised  in  that  the  working  pressure  is  comprised  within 
the  700-1200  KPa  range  of  values  (including  the 
end  values). 
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