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©  A  refrigeration  compressor. 
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©  An  electric  compressor,  particularly  for  house- 
hold  refrigerators,  comprising  an  outside  casing  (1), 
an  inside  body  (2),  a  cylinder  head  (3),  a  silencer  (4) 
interposed  between  the  cavity  inside  the  compressor 
casing  and  the  gas  inlet  pipe  within  the  cylinder 
head  (3),  wherein  the  silencer  (4)  is  substantially  L- 
shaped,  the  greater  side  containing  the  expansion 
chamber  (5)  and  the  lesser  side  leading  to  the  gas 
admission  port  (7)  in  the  inlet  valve  and  then  to  the 
outlet  pipe  (9)  toward  a  Helmholtz  resonator,  the 
Helmholtz  resonator  being  formed  in  the  compressor 
body. 

The  ratio  between  the  area  of  the  admission 
pipe  (6)  and  the  transverse  section  of  the  chamber 
(5)  must  be  approximately  0.03,  and  the  length  of 
the  chamber  (5)  must  be  approximately  34  mm. 

FIG,  1 
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The  present  invention  relates  to  a  special  form 
of  inlet  pipe  for  cooling  gas  inside  an  airtight  enclo- 
sure  containing  an  electric  compressor,  particularly 
employed  in  refrigerators  for  household  use. 

For  better  illustration  of  the  present  invention  it 
is  assumed  that  the  pipe  operates  in  close  associ- 
ation  with  the  compressor  and  that  it  is  made  of 
injection-molded  or  stamped  plastic.  This  naturally 
does  not  limit  the  invention  to  this  type  of  material 
and  to  this  connection. 

The  fluctuations  of  gas  pressure  inside  dis- 
placement  compressors  particularly  for  household 
refrigerators  are  of  considerable  importance  in  view 
of  their  influence  on  the  efficiency  and  the  level  of 
acoustic  power  emitted  by  the  compressors.  There- 
in  the  cooling  gas  coming  from  the  inlet  pipe 
enters  inside  the  airtight  housing  of  the  compres- 
sor. 

The  body  of  the  compressor  has  an  inlet  pipe 
inside  the  casing  connected  to  the  inlet  valve  via 
various  channels  and  cavities  that  permit  the 
drawn-in  gas  to  be  conveyed  inside  the  cylinder. 

Being  in  contact  with  all  the  hot  surfaces  of  the 
compressor,  the  gas  heats  up  and  reduces  its 
density  during  these  passages. 

This  leads  to  a  reduction  in  the  cylinder  fill  and 
thus  ultimately  to  a  reduction  in  the  cooling  capac- 
ity  of  the  compressor. 

The  basic  mechanisms  regulating  the  dynam- 
ics  of  the  gas  movements  are  as  follows. 

1)  The  mechanism  of  restriction  of  flow  through 
each  "collar"  and  each  connecting  cavity  con- 
stituting  the  system  is  regarded  as  an  opening 
constricting  the  flow  of  gas.  This  effect  is  of 
virtually  static  character  since  the  inertia  of  the 
gas  is  low,  normally  negligible,  in  the  inlet  and 
outlet  passages  which  have  reasonable  dimen- 
sions. 
2)  The  second  mechanism  is  essentially  of  a 
dynamic  nature,  relating  to  the  sudden  opening 
and  closing  of  the  inlet  and  outlet  valves.  The 
sudden  discharge  of  an  amount  of  gas  inside  a 
cavity  of  the  system  causes  an  acceleration  in 
the  mass  of  the  gas  already  existing  in  the 
passages  downstream  of  the  cavity,  thus  permit- 
ting  the  arriving  gas  to  alter  its  thermodynamic 
characteristics  minimally.  The  inertia  of  the  gas 
offers  resistance  to  this  variation  of  motion  and 
results  in  a  pressure  increase  inside  the  cavity. 
Once  this  change  of  state  has  been  established 
the  gas  persists  in  its  motion  (due  to  inertia), 
producing  a  rarefaction  of  gas  in  the  cavity  in 
which  there  was  previously  an  overpressure. 
The  repetition  of  this  process,  as  is  characteris- 
tic  of  reciprocating  displacement  compressors, 
produces  a  vibration  of  the  gas. 

From  the  point  of  view  of  efficiency  alone,  the 
ideal  solution  would  be  the  total  elimination  of  any 

system  of  pipes,  manifolds  and  cavities  that  have 
the  function  of  collecting  the  gas  upstream  and 
downstream  of  the  automatic  valves. 

However,  maximizing  thermodynamic  efficien- 
5  cy  in  this  way  would  accordingly  increase  the  level 

of  acoustic  power  emitted,  particularly  during  in- 
take,  that  is  transmitted  directly  outside  the  casing 
of  the  compressor,  thereby  compromising  the  re- 
quirements  of  quietness. 

io  It  would  therefore  be  desirable,  and  is  the 
object  of  the  present  invention,  to  realize  a  com- 
pressor  that  combines  high  efficiency  with  low 
noise,  and  is  reliable,  economical  and  easy  to 
assemble  while  using  materials  and  techniques 

75  permitted  by  the  state  of  the  art. 
This  object  is  achieved  with  the  device  de- 

scribed,  by  way  of  example  and  nonrestrictively, 
with  reference  to  the  adjoined  figures  in  which: 

Fig.  1  shows  a  view  of  the  inside  of  the 
20  compressor  casing  with  the  device 

shown  from  the  front,  comprising  a 
silencer  interposed  between  the  intake 
of  the  gas  from  outside  of  the  com- 
pressor  and  the  cylinder  head; 

25  Fig.  2  shows  a  front  inside  view  of  the  cover 
of  the  silencer; 

Fig.  3  shows  a  lateral  view  of  the  same  de- 
tail; 

Fig.  4  shows  a  front  inside  view  of  the  body 
30  of  the  silencer; 

Fig.  5  shows  a  lateral  section  of  the  same 
detail. 

The  essential  idea  of  the  invention  is  described 
here  as  follows. 

35  In  order  to  maintain  the  process  of  gas  intake 
within  an  adiabatic  change  (thereby  preserving  the 
cooling  efficiency  of  the  compressor),  the  acoustic 
control  system  is  preferably  made  of  plastic  ma- 
terial. 

40  An  expansion  silencer  is  realized  between  two 
pipes  (having  different  sections)  and  by  a  Helm- 
holtz  resonator  whose  collar  is  positioned  along  the 
pipe  at  the  outlet  of  the  silencer  on  the  side  of  the 
inlet  valve. 

45  Inside  the  silencer  the  spread  of  the  acoustic 
waves  is  subject  to  interference  and  reflection  phe- 
nomena  that  attenuate  their  acoustic  intensity 
(understood  to  be  the  energy  flow  per  unit  of  area). 

Experiments  have  shown  the  transfer  function 
50  of  this  component  (understood  to  be  the  relation 

between  an  acoustic  signal  at  the  input  and  an 
acoustic  signal  at  the  output)  when  the  silencer  is 
subjected  to  an  accidental-type  acoustic  signal,  in 
static  states  and  in  air.  The  silencer  has  been 

55  found  to  be  a  low-pass  acoustic  filter,  equipped 
with  two  resonances  f1  and  f2  (see  Fig.  6).  The 
attenuation  of  the  acoustic  intensity  to  resonant 
frequencies  f1  and  f2  is  obtained  by  means  of  the 
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Helmholtz  resonator. 
It  is  known  that  in  systems  composed  of  sev- 

eral  weakly  coupled  components  (silencer  and  res- 
onator)  the  (generally  complex)  resonant  frequen- 
cies  are  divided  and  shifted  along  the  axis  of  the 
frequencies  of  a  known  range,  so  that  one  fre- 
quency  is  higher  and  one  is  lower  than  the  fre- 
quency  of  the  unmodified  system. 

Thus,  if  a  resonator  is  applied  to  a  cavity  (and 
tuned  to  have  the  same  natural  frequency  as  an 
acoustic  mode  of  the  cavity),  two  new  coupled 
modes  are  produced  whose  natural  frequencies  are 
disposed  on  the  edges  of  the  original  frequency. 
The  separation  between  the  frequencies  is  propor- 
tional  to  the  value  of  the  coupling  parameter. 

To  obtain  good  results  with  this  type  of  cou- 
pling  it  is  necessary  to  optimize  the  volume  of  the 
resonator  in  accordance  with  the  volume  of  the 
cavity  and  also  the  position  of  the  resonator  neck, 
which  must  be  located  near  a  loop  of  the  acoustic 
mode  tending  to  attenuate  to  a  greater  extent.  It  is 
therefore  necessary  to  apportion  these  parameters 
to  obtain  a  reduction  of  acoustic  pressure  to  the 
starting  frequency,  whereby  the  reduction  should 
be  considerable  but  not  excessive  so  as  not  to  be 
compensated  by  a  considerable  increase  of  acous- 
tic  pressure  to  the  two  new  frequencies  that  will  be 
produced. 

It  is  furthermore  stressed  that  there  is  no  flow 
of  gas  through  the  resonator  cavity.  Since  there  is 
thus  no  variation  in  the  gas  temperature  due  to  the 
interposed  cavity,  the  efficiency  characteristics  of 
the  thermodynamic  cycle  are  maintained  un- 
changed. 

The  gas  entering  the  compressor  and  coming 
from  the  inlet  pipe  is  not  dispersed  in  the  casing  to 
be  then  drawn  into  the  inlet  pipe  present  in  the 
compressor  body,  but  is  immediately  "intercepted" 
and  directed  toward  the  head  without  being  allowed 
to  spread. 

For  this  purpose  a  silencer  is  designed  and 
mounted  for  guiding  the  path  of  the  gas  and  con- 
necting  on  one  side  the  area  facing  the  gas  entry 
port  in  the  casing,  and  on  the  other  side  the  inlet 
port  in  the  cylinder  head.  The  separation  which  the 
flow  of  gas  thus  undergoes  and  the  particular  path 
that  develops  achieve  the  result  of  preventing  the 
gas  from  overheating  and  of  blocking  the  intake 
noise  within  the  pipe. 

The  features  of  the  invention  are  specified  in 
the  claims  that  follow. 

Referring  to  the  figures  we  can  see  the  follow- 
ing  components: 

1)  compressor  casing 
2)  compressor  body 
3)  cylinder  head 
4)  silencer,  seen  from  its  cover 
5)  expansion  chamber  of  silencer 

6)  gas  entry  pipe  into  chamber  5 
7)  gas  admission  port  in  inlet  valve 
8)  gas  outlet  pipe  from  chamber  5 
9)  outlet  pipe  to  Helmholtz  resonator 

5  Connected  to  head  3  of  the  compressor  cylinder  is 
intake  silencer  4  made  of  plastic  material,  with  gas 
entry  port  6  and  gas  outlet  pipe  8  from  chamber  5, 
followed  by  port  7  toward  the  gas  inlet  valve  in  the 
head. 

io  The  cooling  gas  in  pipe  6  enters  chamber  5 
inside  silencer  4. 

The  silencer  is  interposed  between  the  cavity 
inside  the  compressor  casing  and  the  gas  inlet 
pipe  within  cylinder  head  3,  and  is  substantially  L- 

15  shaped,  whereby  the  greater  side,  widened  at  the 
center  and  virtually  box-shaped,  contains  expan- 
sion  chamber  5  and  gas  admission  pipe  6  into  the 
chamber,  and  the  restriction  of  the  lesser  side 
constitutes  gas  outlet  pipe  8  from  chamber  5. 

20  After  the  restriction  the  lesser  side  leads  first  to 
gas  admission  hole  7  in  the  inlet  valve  and  then  to 
outlet  pipe  9  toward  a  Helmholtz  resonator,  consist- 
ing  of  a  suitable  cavity  formed  within  the  compres- 
sor  body. 

25  Expansion  chamber  5  can  have  different  forms, 
but  preferably  has  two  substantially  parallel  plane 
opposing  walls  and  two  curved  opposing  walls  with 
the  same  direction  and  with  substantially  the  same 
angle  of  curvature. 

30  Chamber  5  can  also  have  different  forms  pro- 
vided  that  the  following  proportions  are  maintained 
between  some  critical  dimensions. 

The  ratio  between  the  area  of  admission  pipe  6 
and  the  transverse  section  of  chamber  5  must  be 

35  approximately  0.03. 
Furthermore  the  length  of  cavity  5  must  be 

approximately  34  mm. 
In  order  to  maintain  the  process  of  gas  intake 

within  an  adiabatic  change  (thereby  preserving  the 
40  cooling  efficiency  of  the  compressor),  the  silencer 

is  preferably  made  of  plastic  material. 
It  is  understood  that  what  has  been  said  and 

shown  with  reference  to  the  adjoined  drawings  is 
intended  only  to  exemplify  the  invention,  and  that 

45  numerous  variants  and  modifications  may  be  pro- 
duced  without  departing  from  the  present  invention. 

Claims 

50  1.  An  electric  compressor,  particularly  for  house- 
hold  refrigerators,  comprising  an  outside  cas- 
ing  (1),  an  inside  body  (2),  a  cylinder  head  (3), 
a  silencer  (4)  interposed  between  the  cavity 
inside  the  compressor  casing  and  the  gas  inlet 

55  pipe  within  the  cylinder  head  (3),  characterized 
in  that  in  the  chamber  (5)  inside  the  silencer 
(4)  the  ratio  between  the  area  of  the  admission 
pipe  (6)  and  the  transverse  section  of  the 
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chamber  (5)  must  be  approximately  0.03,  and 
the  length  of  the  chamber  (5)  must  be  approxi- 
mately  34  mm. 

2.  The  compressor  of  claim  1,  characterized  in  5 
that  the  silencer  (4)  is  substantially  L-shaped, 
whereby  the  greater  side  contains  the  expan- 
sion  chamber  (5)  and  the  gas  admission  pipe 
(6)  into  the  chamber,  and  the  lesser  side  con- 
stitutes  the  gas  outlet  pipe  (8)  from  the  cham-  10 
ber  (5). 

3.  The  compressor  of  claim  2,  characterized  in 
that  the  lesser  side  leads  first  to  the  gas  ad- 
mission  port  (7)  in  the  inlet  valve  and  then  to  is 
the  outlet  pipe  (9)  toward  a  Helmholtz  resona- 
tor. 

4.  The  compressor  of  claim  3,  characterized  in 
that  the  Helmholtz  resonator  is  formed  within  20 
the  compressor  body. 

5.  The  compressor  of  claim  4,  characterized  in 
that  the  expansion  chamber  (5)  has  two  sub- 
stantially  parallel  plane  opposing  walls  and  two  25 
curved  opposing  walls  with  the  same  direction 
and  substantially  the  same  angle  of  curvature. 

6.  The  compressor  of  the  preceding  claim,  char- 
acterized  in  that  the  silencer  (4)  has  a  con-  30 
structional  form  substantially  as  shown  in  Figs. 
2,  3,  4,  5. 

7.  The  compressor  of  any  of  the  above  claims, 
characterized  in  that  the  silencer  (4)  performs  35 
the  function  of  reducing  noise  within  an  ad- 
iabatic  change. 

4 
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FIG,  1 
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