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©  An  air  filtering  device  and  related  method  for  the 
removal  of  liquids  and  particulate  matter  from  an  air 
stream  such  as  may  be  used  in  an  aircraft  envi- 
ronmental  control  system.  The  invention  is  com- 
prised  of  an  inertial  separator  (29)  and  a  combination 
coalescer  (14)  and  HEPA-rated  filter  (15)  preferably 
all  located  in  the  same  housing.  Air  entering  the 
housing  flows  into  an  inertial  separator  (25)  which 
removes  most  of  the  entrained  liquid  from  the  air. 
Substantially  all  of  the  remaining  liquid  is  eliminated 
by  the  coalescing  element  (14)  with  the  coalescer 
functioning  at  least  in  part  as  an  evaporator  due  to 
the  low  saturation  level  of  the  air  flowing  from  the 
inertial  separator.  Biological  and  other  particulate  re- 
moval  is  accomplished  by  the  subsequent  passing  of 
the  air  through  the  HEPA-rated  (15)  filter  medium. 
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METHOD  FOR  GAS-LIQUID  SEPARATION  AND  FILTRATION 

The  present  invention  relates  generally  to  de- 
vices  and  methods  for  the  filtration  of  air  or  other 
gaseous  streams,  this  device  and  method  being 
particularly  directed  toward  the  removal  of  liquids 
and  particulate  matter  from  the  aforementioned 
streams. 

In  many  applications,  it  is  desirable  to  use  as  a 
feed  stream  air  or  other  gaseous  mixture  that  is 
substantially  free  of  any  entrained  liquids  as 
aerosols  and  particulate  matter,  the  presence  of 
these  impurities  often  substantially  affecting  the 
efficiency  of  a  device  using  this  feed  stream.  By 
way  of  example,  consider  an  oxygen  concentrator, 
one  of  the  principle  elements  in  an  oxygen  genera- 
tion  system  used  aboard  some  aircraft.  If  the  air 
entering  this  concentrator  is  contaminated  by  liquid 
aerosols,  concentrator  efficiency  may  be  lowered 
by  as  much  as  thirty  percent.  Liquid  aerosols  are 
also  suspected  of  causing  the  molecular  sieve 
used  in  oxygen  generation  beds  to  disintegrate, 
resulting  in  early  system  failure. 

In  view  of  the  problems  which  may  be  encoun- 
tered  when  liquid  aerosols  are  present,  it  has  be- 
come  common  practice  to  attempt  to  remove  liquid 
aerosols  by  first  employing  the  use  of  a  separator, 
this  device  having  the  ability  to  remove  the  bulk  of 
liquid  aerosols  entrained  in  the  entering  air  or  gas 
stream.  The  finer  aerosols,  which  follow  the  stream- 
lines  of  the  gas  and  are  not  removed  efficiently  by 
this  means,  are  conducted  to  a  coalescing  medium. 
The  coalescer  is  typically  located  a  varying  dis- 
tance  downstream  from  the  separator.  On  contact 
with  the  coalescer,  the  fine  aerosols  form  droplets 
on  the  medium.  To  the  extent  any  of  these  droplets 
become  large  enough  to  be  influenced  by  gravita- 
tional  forces,  such  droplets  fail  into  a  sump  which 
may  be  drained  as  required. 

It  is  also  common  in  aircraft  systems  to  have 
an  ultra-fine  filter  medium,  such  as  a  HEPA-rated 
filter  for  particulate  removal  located  downstream 
from  the  coalescing  medium.  These  types  of  filters 
will  also  fail  or  operate  at  a  reduced  level  of  effi- 
ciency  if  contaminated  by  liquid  aerosols.  To  pre- 
clude  possible  contamination,  there  is  a  minimum 
recommended  spacial  separation  to  be  used  be- 
tween  the  coalescer  and  HEPA-rated  filter.  Alter- 
natively,  others  have  placed  two  HEPA-rated  filters 
in  series  and  spaced  so  as  to  prevent  liquid  car- 
ryover  by  the  airstream. 

Moreover,  the  previously  described  problems 
associated  with  the  presence  of  liquid  aerosols  can 
become  exacerbated  if  the  gas  being  conducted 
from  the  separator  to  the  coalescing  medium  en- 
counters  an  environment  which  cools  the  gas  to  its 
dew  point.  This  cooling  can  result  not  only  in  the 

formation  of  additional  aerosols,  but  can  also  result 
in  liquid  aerosols  passing  through  the  coalescing 
medium  while  still  in  the  liquid  phase,  an  effect 
which  is  undesirable  in  certain  applications,  such 

5  as  the  aircraft  environment  described  previously. 
Compounding  the  problems  evident  in  the  ap- 

proaches  and  systems  described  above,  space  and 
weight  efficiency  are  of  considerable  importance  in 
aircraft  applications. 

10  The  present  invention  provides  a  gas-liquid 
separating  and  filtering  apparatus  comprising  a 
housing,  said  housing  having  a  separate  gas  inlet 
and  gas  outlet;  means  for  gas-liquid  separation 
located  within  said  housing;  means  for  removing 

75  the  separated  liquid  from  said  housing;  and  an 
annular  separating  and  filtering  device  downstream 
from  said  separating  means  and  within  said  hous- 
ing  comprising  a  coalescing  medium  and  a  par- 
ticulate  filter  in  close  proximity  to  and  downstream 

20  from  said  coalescing  element. 
The  invention  further  provides  a  method  for 

gas-liquid  separation  and  removal  of  particulate 
matter  comprising  the  steps  of  separating  substan- 
tially  ail  liquid  aerosols  above  about  25  microns  in- 

25  diameter;  draining  said  separated  liquid  aerosols; 
coalescing  the  remaining  liquid  aerosols;  evaporat- 
ing  liquid  from  said  coalescing  element;  and  filter- 
ing  said  particulate  matter  from  said  gas  stream. 

Preferred  embodiments  of  the  invention  allow 
30  the  removal  of  all  liquid  aerosols  contained  in  an  air 

stream  with  an  extremely  high  degree  of  efficiency 
while  minimizing  not  only  the  space  required  for 
installation  of  a  device  embodying  the  invention  but 
also  the  weight  of  the  device.  In  particular,  embodi- 

35  ments  of  the  invention  may  remove  liquid  aerosols 
to  such  a  degree  so  as  to  permit  the  location  of  a 
coalescing  medium  in  close  proximity  to  a  par- 
ticulate  filter  medium,  this  arrangement  saving 
space  without  sacrificing  any  liquid  removal  effi- 

40  ciency.  Embodiments  of  the  invention  may  also 
allow  reduction  in  dry  bulb  temperature  of  a  gas 
stream  (or  increase  in  relative  humidity)  that  is 
experienced  when  effluent  gas  or  air  from  a  sepa- 
rator  is  conducted  to  a  coalescing  medium. 

45  FIGURE  1  is  a  top  view  of  an  inertial  separa- 
tor,  the  separating  means  used  in  the  preferred 
embodiment  of  the  invention; 

FIG.  2  shows  a  cross-sectional  view  of  the 
preferred  embodiment  taken  along  line  2  —  2  of 

50  FIG.  1; 
FIG.  3  is  an  enlarged  fragmentary  view  of 

the  cover  fastening  means;  and 
FIG.  4  illustrates  a  sectional  view  of  the 

coalescing  medium,  particulate  filter,  and  perfo- 
rated  support  core  assembly,  taken  along  line  4  —  

2 
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4  of  FIG.  2. 
Although  the  structures  with  which  this  inven- 

tion  is  concerned  may  be  operated  in  many  dif- 
ferent  spatial  orientations,  for  the  sake  of  conve- 
nience  and  clarity  of  description  reference  will  be 
made  hereinafter  to  the  top  or  bottom  of  the  var- 
ious  structural  elements,  meaning,  the  top  and  bot- 
tom  as  they  are  oriented  in  FIG.  2.  Also,  while  the 
apparatus  is  useful  for  the  separation  and  filtration 
of  liquids  from  any  gaseous  stream,  the  invention 
realizes  its  greatest  advantage  in  the  separation 
and  filtration  of  an  air-water  stream  and  therefore 
the  preferred  embodiment  will  be  described  as 
such.  However,  it  should  be  noted  that  I  do  not 
intend  to  limit  the  invention  to  this  embodiment.  On 
the  contrary,  I  intend  to  cover  all  alternatives,  modi- 
fications  and  equivalents  as  may  be  included  within 
the  spirit  and  scope  of  the  invention  as  defined  by 
the  appended  claims. 

Turning  first  to  FIG.  2,  there  is  shown  an  air- 
water  separating  and  filtering  device  embodying 
the  present  invention  comprising  a  housing  with  a 
separate  air  inlet  11  and  air  outlet  12  ,  within  this 
housing  an  annular  coalescing  and  filtering  device 
comprising  a  coalescing  medium  14,  a  particulate 
filter  15,  perforated  support  core  16  and  means  for 
removing  the  coalesced  liquid  from  the  housing  17. 
The  housing  is  comprised  of  a  body  20  and  a  base 
21  .  The  base  21  is  detachably  secured  to  the  body 
by  fastening  means,  for  example,  a  V-band  and 
bolt  22. 

The  body  20  is  divided  into  two  main  cham- 
bers,  an  upper  30  and  a  lower  chamber  31.  The 
upper  chamber  30  has  an  air  inlet  11  located 
tangential  to  the  side  wall  of  the  chamber  30.  The 
two  chambers  are  connected  by  a  passageway  26 
located  within  the  body  20. 

The  upper  chamber  30,  shown  in  FIG.  1,  is 
essentially  cylindrical,  being  defined  by  the  upper 
wall  23,  side  wall  24  and  chamber  partition  28.  This 
partition  is  comprised  of  the  aforementioned  pas- 
sageway  26,  the  balance  consisting  of  any  material 
impervious  to  air  and  liquids.  Within  this  chamber 
30  is  housed  an  inertial  separator  of  known  design 
and  construction.  The  dimensions  of  the  chamber 
30  are  dependent  upon  the  design  parameters  of 
the  separator  and,  more  generally,  on  the  design  of 
the  environmental  control  system  itself.  A  means 
for  draining  the  separated  liquid  aerosols  29  from 
the  upper  chamber  is  also  provided. 

The  separated  air  leaves  the  upper  chamber 
by  way  of  the  passageway  26  and  flows  into  the 
lower  chamber  31.  The  lower  chamber  is  similarly 
cylindrical  in  design.  The  content  of  this  chamber 
is  comprised  of  a  coalescing  medium  14,  a  par- 
ticulate  filter  15  downstream  from  and  in  close 
proximity  to  the  coalescing  medium  14  and  a  per- 
forated  support  core  1  6. 

In  this  embodiment,  the  coalescing  element  is 
cylindrically  shaped  and  located  so  as  to  form  an 
annular  space  between  its  outer  surface  and  the 
inner  wail  of  the  lower  chamber  34.  The  particular 

5  coalescing  medium  chosen  is  not  essential  to  the 
invention,  however,  it  is  contemplated  that  the  me- 
dium  be  both  hydro-phobic  and  oleo-phobic  so  that 
it  resists  wetting.  An  example  of  such  a  medium 
would  be  a  graduated  pore  Profile®  medium  having 

10  the  properties  described  above. 
The  particulate  filter  15  is  also  cylindrically 

shaped  and  is  located  in  close  proximity  to  the 
coalescing  medium  14.  The  term  "in  close  proxim- 
ity  to"  is  defined,  for  the  purposes  of  this  invention, 

75  as  placing  the  filter  15  adjacent  to  the  coalescer  14 
or  at  any  distance  from  the  coalescer  up  to  and 
including  the  minimum  recommended  spatial  sepa- 
ration  for  prevention  of  liquid  carryover.  Regarding 
the  composition  of  the  filter  15,  the  preferred  em- 

20  bodiment  uses  a  HEPA-rated  medium,  this  being 
the  acronym  for  High  Efficiency  Particulate  Airfilter. 
This  type  of  filter  may  be  for  example,  a  glass  fiber 
membrane  having  intimately  distributed  pores  ca- 
pable  of  filtering  large  volumes  of  particulate  matter 

25  from  air  passing  therethrough.  It  is  contemplated 
that  the  medium  be  pleated  for  high  surface  area 
removal  and  operating  efficiency.  An  alternate  type 
of  filter  that  may  be  used  successfully  in  this 
application  is  a  graduated  pore  Profile®  element. 

30  The  perforated  support  core  16  is  positioned 
downstream  from  the  particulate  filter  15  and  adds 
structural  stability  to  the  filter  and  coalescer.  Al- 
though  there  are  no  substantial  limitations  on  per- 
foration  size.xthe  perforations  must  be  sufficient  to 

35  allow  the  flow  of  air  across  the  coalescing  medium 
filter  and  without  any  significant  pressure  drop 
while  still  functioning  as  a  support  device.  Although 
the  contemplated  composition  of  the  core  16  is 
metal,  any  type  of  material  with  sufficient  strength 

40  may  be  substituted. 
The  upper  portion  of  this  coalescer,  filter  and 

support  core  assembly  is  sealed  by  an  end  cap  40.- 
Anti-vibration  vanes  41  extending  radially  from  the 
top  of  this  assembly  to  the  inner  wall  of  the  lower 

45  chamber  34  help  hold  the  assembly  in  place. 
A  flow  modifier  42  capable  of  directing  the  flow 

of  air  entering  the  lower  chamber  31  into  the  an- 
nular  space  defined  by  the  outer  surface  of  the 
coalescing  medium  14  and  the  inner  wall  of  the 

so  lower  chamber  34  is  positioned  above  the  assem- 
bly.  This  allows  air  entering  the  lower  chamber  31 
through  the  passageway  26  to  be  directed  into  the 
annular  chamber  to  contact  with  the  coalescing 
medium  14.  The  air  then  passes  through  the  par- 

55  ticulate  filter  15,  perforated  support  core  16  and 
into  a  central  chamber  50,  this  chamber  being 
defined  by  the  end  cap  40  and  inner  wall  of  the 
perforated  support  core  16.  The  fully  treated  air 

3 
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then  exits  the  chamber  50  and  the  housing  by  way 
of  an  air  outlet  12.  A  means  for  draining  any 
coalesced  liquid  which  was  not  evaporated  into  the 
air  is  located  at  the  bottom  of  the  annular  space  1  7. 
To  effect  high  efficiency  removal  of  any  remaining 
liquids,  the  draining  means  should  be  located  on 
the  apparatus  in  a  position  that  will  allow  it  to  be  at 
its  lowest  point  when  the  aircraft  or  other  structure 
into  which  the  apparatus  is  installed  is  normally  at 
rest. 

The  two  chambers  housing  the  separating 
means  30  and  coalescing  medium  31  are  located 
within  the  same  housing,  thereby  eliminating  any 
temperature  variations  which  might  affect  the  air 
stream's  liquid-to-vapor  content  as  it  passes  from 
the  separating  means  to  the  coalescing  medium. 
Those  skilled  in  the  art  will  appreciate  the  fact  that 
this,  in  essence,  allows  liquid  removal  to  occur  only 
in  the  separating  or  upper  30  annular  coalescing  or 
lower  31  chambers  thereby  eliminating  the  un- 
desirable  result  of  prior  systems  which  permitted 
removal  of  liquid  while  the  air  was  in  transport  from 
separator  to  coalescer.  In  other  words,  the  humidity 
level  of  the  air  is  now  able  to  be  maintained  at  a 
constant  level  as  it  is  conducted  from  the  separator 
to  the  coalescing  medium. 

The  operating  advantages  of  the  disclosed  de- 
vice  at  the  coalescing  medium  surface  are  also 
significant.  The  fine  liquid  aerosols  that  are  not 
removed  from  the  air  stream  by  the  inertial  sepa- 
rating  means  are  virtually  completely  removed  by 
the  coalescing  medium.  It  has  been  found,  how- 
ever,  that  removal  is  not  accomplished  entirely  by 
the  known  method  of  coalescing,  but  in  part  by 
evaporating  the  coalesced  liquid  from  the  medium 
into  the  air.  To  facilitate  this  process,  the  air  enter- 
ing  the  lower  chamber  31  should  be  in  a  super- 
cooled  condition  before  it  reaches  the  coalescing 
medium.  Upon  contact  with  the  medium,  the  liquids 
will  first  coalesce,  then  evaporate  into  the  unsatu- 
rated  air,  thereby  increasing  the  moisture  loading 
or  humidity  of  the  effluent  air.  Although  the  total 
moisture  content  of  the  air  may  remain  the  same,  a 
phase  change  in  the  liquid  is  experienced.  This  has 
the  effect  of  assuring  virtual  complete  liquid  aerosol 
removal,  rendering  unnecessary  the  redundancy 
employed  by  prior  systems  in  the  liquid  removal 
area. 

Explaining  the  previously  described  phenom- 
enon  from  a  rate  of  flow  perspective,  in  order  to 
ensure  that  the  coalesced  liquid  passes  down- 
stream  as  a  vapor,  the  rate  of  liquid  aerosols  which 
are  deposited  on  the  coalescer  should  be  equal  to 
the  rate  of  water  being  evaporated  by  the  unsatu- 
rated  air  stream.  Recognizing  this,  the  rate  of  de- 
posit  of  the  liquid  aerosols  on  the  coalescing  me- 
dium  can  be  controlled  by  providing  the  medium 
with  sufficient  surface  area  to  cause  less  than  a 

threshold  amount  of  liquid  to  be  collected  per  unit 
area  per  unit  time.  By  designing  the  coalescer  to 
keep  the  amount  of  liquid  deposited  on  it  below 
this  threshold  level,  the  particulate  filter  will  not  be 

5  contaminated  by  any  entrained  liquids. 
The  aforementioned  elimination  of  liquid 

aerosols  by  the  coalescing  medium  also  allows  the 
locating  of  the  particulate  filter  15,  such  as  a 
HEPA-rated  medium,  in  close  proximity  to  the  co- 

10  alescing  medium  14  without  the  need  for  redun- 
dancy  due  to  liquid  carryover.  In  the  preferred 
embodiment,  the  HEPA-rated  filter  15  is  located 
adjacent  to  the  coalescer  14,  a  very  space  efficient 
configuration.  Moreover,  the  redundancy  found  in 

15  prior  systems  is  reduced  by  eliminating  the  need 
for  separate  housings  for  the  coalescer  and  for  the 
HEPA  filter,  resulting  in  both  weight  and  space 
savings. 

The  outside-in  flow  configuration  of  the 
20  coalescer/particulate  filter/perforated  support  core 

assembly  as  described  in  the  preferred  embodi- 
ment  also  saves  space  over  prior  systems. 

While  the  preferred  embodiment  has  placed 
the  coalescer/particulate  filter/support  core  assem- 

25  bly  within  the  same  housing  as  the  separating 
means,  this  is  only  one  embodiment  of  the  inven- 
tion.  The  assembly  may  also  be  located  down- 
stream  from  the  separating  means.  However,  the 
location  of  the  assembly  should  be  such  as  to  not 

30  allow  the  temperature  of  the  separated  air  leaving 
the  separator  to  reach  its  dew  point  before  the  air 
contacts  the  coalescing  medium,  this  being  an  im- 
portant  aspect  of  the  invention.  As  an  example,  the 
aforesaid  assembly,  after  being  encased  in  an  ap- 

35  propriate  housing,  may  be  mounted  directly  onto 
the  separating  means,  with  an  appropriate  connec- 
tion  made  between  the  assembly's  air  inlet  with  the 
air  outlet  of  the  separating  means. 

40 
Claims 

1.  A  gas-liquid  separating  and  filtering  appara- 
tus  comprising: 

45  a)  a  housing,  said  housing  having  a  separate 
gas  inlet  and  gas  outlet; 

b)  means  for  gas-liquid  separation  located 
within  said  housing; 

c)  means  for  removing  the  separated  liquid 
so  from  said  housing; 

d)  an  annular  separating  and  filtering  device 
downstream  from  said  separating  means  and  within 
said  housing  comprising: 
i)  a  coalescing  medium;  and 

55  ii)  a  particulate  filter  in  close  proximity  to  and 
downstream  from  said  coalescing  element. 

2.  The  apparatus  of  claim  1  wherein  said  an- 
nular  filtering  device  has  said  coalescing  medium 

4 
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as  its  outer  element  and  said  particulate  filter  as  its 
inner  element. 

3.  The  apparatus  of  claim  2  wherein  said 
means  for  air-liquid  separation  is  an  inertial  separa- 

4.  The  apparatus  of  claim  3  wherein  said  par- 
ticulate  filter  is  a  HEPA-rated  filter. 

5.  The  apparatus  of  claim  4  wherein  said  co- 
alescing  element  is  a  graduated  pore  Profile®  ele- 

6.  The  apparatus  of  claim  5  wherein  said 
HEPA-rated  filter  is  a  graduated  pore  Profile®  ele- 
ment. 

7.  The  apparatus  of  claim  5  further  comprising 
means  for  removing  coalesced  liquid  located  on  75 
said  apparatus  in  a  position  that  will  allow  it  to  be 
at  its  lowest  point  when  the  structure  onto  which 
the  apparatus  is  installed  is  normally  at  rest. 

8.  A  method  for  gas-liquid  separation  and  re- 
moval  of  particulate  matter  comprising  the  steps:  20 

a)  separating  substantially  all  liquid  aerosols 
above  about  25  microns  in  diameter; 

b)  draining  said  separated  liquid  aerosols; 
c)  coalescing  the  remaining  liquid  aerosols; 
d)  evaporating  liquid  from  said  coalescing  25 

element;  and 
e)  filtering  said  particulate  matter  from  said 

gas  stream. 
9.  The  method  of  claim  8  wherein  the  separat- 

ing  step  (a)  is  completed  using  an  inertial  separator  30 

10.  The  method  of  claim  9  wherein  the  filtration 
step  (e)  is  completed  using  a  HEPA-rated  filter. 

11.  The  method  of  claim  10  wherein  said  co- 
alescing  element  is  a  graduated  pore  Profile®  ele-  35 
ment. 

12.  The  method  of  claim  11  wherein  said 
HEPA-rated  filter  is  a  graduated  pore  Profile®  ele- 
ment. 

13.  The  method  of  claim  11  wherein  after  step  40 
(d)  any  coalesced  liquid  which  did  not  evaporate  is 
drained  from  the  apparatus. 
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