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(54)  Venturi  insulator  for  use  in  an  electrostatic  precipitator. 

(57)  The  principles,  preferred  embodiments,  and 
modes  of  operation  of  the  present  invention 
have  been  described  in  the  foregoing  speci- 
fication.  However,  the  invention  should  not  be 
construed  as  limited  to  the  particular  embodi- 
ments  which  have  been  described  above.  In- 
stead,  the  embodiments  described  here  should 
be  regarded  as  illustrative  rather  than  restric- 
tive.  Variations  and  changes  may  be  made  by 
others  without  departing  from  the  scope  of  the 
invention  as  defined  by  the  following  claims. 
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Field  of  the  Invention 

The  present  invention  relates  to  electrical  precip- 
itators  of  the  electrostatic  type.  In  particular,  the  in- 
vention  relates  to  an  insulator  for  use  in  an  electrostat- 
ic  precipitator. 

Background  of  the  Invention 

Electrostatic  precipitators  are  used  to  remove 
contaminants,  such  as  liquid  droplets  and  solid  par- 
ticles,  from  a  fluid  in  which  they  are  suspended.  The 
precipitation  process  typically  includes  at  least  two 
basic  steps.  First,  the  contaminated  suspension  is 
ionized  by  passing  itthrough  an  electrical  corona.  The 
ions  produced  in  the  fluid  then  collide  with  the  sus- 
pended  contaminant  and  cause  the  droplets  and  par- 
ticles  to  become  electrically  charged.  The  ionized  flu- 
id  with  the  charged  contaminant  particles  is  then 
passed  through  an  electrostatic  field  where  the 
charged  particles  are  urged  out  of  the  fluid  by  a  Cou- 
lombic  force.  The  practical  aspects  of  electrostatic 
precipitation,  also  referred  to  as  electrodeposition  or 
electro-precipitation,  were  first  demonstrated  on  a 
commercial  scale  in  the  United  States  by  Cottrell  in 
1906  and  further  developed  by  Penny  in  1936. 

Description  of  the  Related  Art 

Figure  1  schematically  illustrates  a  cross-section 
of  a  known  two-stage  electrostatic  precipitator.  Acon- 
taminated  gaseous  fluid,  such  as  air  or  industrial  ef- 
fluent,  flows  in  the  direction  of  arrow  A  into  one  end 
of  a  duct  formed  by  end  plates  2.  In  the  first  stage  of 
the  precipitator,  the  contaminated  fluid  flows  be- 
tween  corona  wires  4.  The  corona  wires  4  are  provid- 
ed  with  a  voltage  that  is  sufficient  to  create  an  elec- 
trical  corona  around  the  wires.  The  fluid  passing 
through  the  corona  is  ionized  and  contaminant  partic- 
les  in  the  fluid  become  charged  by  ion  bombardment. 

Further  downstream  in  the  direction  of  flow  A,  the 
second  stage  of  the  precipitator  includes  a  series  of 
high  voltage  plates  8  interspaced  between  ground 
plates  10.  The  ionized  fluid  with  the  charged  contam- 
inant  particles  flows  into  the  gaps  between  the 
plates.  The  charged  particles  in  the  fluid  are  depos- 
ited  on  the  plates  1  0  so  that  clean  gas  is  expelled  from 
the  downstream  end  of  the  duct. 

The  high  voltage  plates  8  are  electrically  connect- 
ed  and  supported  between  the  end  plates  2  on  a  high 
voltage  tie  rod  12.  Similarly,  the  ground  plates  10  are 
connected  and  supported  between  end  plates  2  on  a 
separate  ground  plate  tie  rod  14.  The  end  plates  2 
forming  the  walls  of  a  fluid  duct  are  preferably  ground- 
ed  in  order  to  reduce  the  electrical  shock  hazard 
posed  by  corona  wires  4  and  high  voltage  plates  8. 
Furthermore,  the  ground  plates  10,  the  ground  plate 
tie  rod  14,  and  the  end  plates  2  may  be  grounded  to- 

gether  through  the  same  circuit.  Consequently,  the 
high  voltage  plate  tie  rod  12  and  the  high  voltage 
plates  8  must  be  electrically  insulated  from  the 
grounded  end  plates  2. 

5  Figure  2  illustrates  a  conventional  technique  for 
insulating  a  high  voltage  plate  8  from  a  grounded  end 
plate  2.  The  high  voltage  plate  tie  rod  12  extends 
through  an  insulator  16  which  is  held  against  end 
plate  2  on  high  voltage  plate  tie  rod  12.  The  high  vol- 

10  tage  plate  tie  rod  12  may  be  threaded  on  each  end 
and  bolted  to  the  insulator  16  by  a  tie  rod  secure  nut 
18.  Insulator  16  is  made  from  an  electrically  insulating 
material,  such  as  ceramic  or  plastic,  which  inhibits 
current  from  flowing  through  the  tie  rod  12  to  ground- 

is  ed  end  plate  2.  A  cylindrical  or  tubular  spacer  20  may 
be  arranged  on  the  tie  rod  12  in  order  to  maintain  the 
spacing  between  the  high  voltage  plate  8  and  the  in- 
sulator  16.  Similar  tubular  spacers  20  may  be  ar- 
ranged  between  each  of  the  high  voltage  plates  8. 

20  During  normal  operation  of  the  device  illustrated 
in  Figure  2,  the  surfaces  of  high  voltage  plate  8,  tub- 
ular  spacer  20,  and  insulator  16  may  become  coated 
with  a  contaminant  layer  22  which  is  deposited  from 
flow  A.  IfflowAcontains  a  contaminant  material  which 

25  is  electrically  conductive,  then  contaminant  layer  22 
may  eventually  build  up  enough  to  provide  an  electri- 
cal  path  for  a  short  circuit  current  from  high  voltage 
plate  8  to  grounded  end  plate  2.  This  condition  is 
sometimes  referred  to  as  "arc-over."  Once  the  high 

30  voltage  plate  8  has  been  short  circuited,  the  plate  and 
in  fact  the  entire  collector  section  of  said  precipitator 
will  no  longer  function  to  remove  contaminant  material 
from  flow  A  as  it  passes  by  the  plate  8  and  through 
the  collector  plates  of  said  precipitator.  Actually,  with 

35  positive  ionization,  particles  first  accumulate  on 
ground  plates.  However,  some  accumulation  occurs 
on  high  voltage  spacers  by  impaction,  which  also 
adds  to  arc-over.  Consequently,  the  precipitator  of 
Figure  2  must  frequently  be  taken  out  of  service  so 

40  that  contaminant  layer  22  may  be  cleaned  from  the 
surface  of  insulator  16  in  order  to  prevent  arc-over. 

U.S.  Patent  No.  3,531,918  to  Vegeby  relates  to  a 
device  for  protecting  tubular  high  voltage  insulators  in 
electrostatic  precipitators  against  both  dust  coatings 

45  and  condensation  of  vapors.  This  patent  discloses  a 
rod  (8)  which  is  supported  by  a  plate  (2)  arranged  at 
one  end  of  a  cylindrical  high  voltage  insulator  (1).  The 
rod  is  used  to  suspend  a  known  emission  system  in- 
cluding  an  unnamed  element  (7). 

so  The  plate  is  provided  with  one  or  more  large  holes 
(3)  having  a  constant  diameter  for  rendering  it  possi- 
ble  to  clean  the  interior  of  the  insulator.  A  disk  (14)  is 
mounted  above  the  plate  and  perforated  with  small 
holes  (14a). 

55  Chamber  (11)  is  provided  with  means  for  the  supply 
of  a  compressed  ventilation  air  or  cleaned  gas  as  pro- 
tective  medium,  which  is  caused  to  flow  downward 
through  the  small  and  large  holes.  According  to  Veg- 
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eby,  a  suitable  quantity  of  flash  gas  with  a  relatively 
low  pressure  drop  may  be  obtained  through  the  small 
holes  so  that  a  low  and  uniform  flowrate  is  thus  ob- 
tained  in  the  entire  space  within  the  cylindrical  insu- 
lator  and  the  cylindric  shielding  cylinder  (5).  There-  5 
fore,  turbulence  is  avoided. 

The  Vegeby  apparatus  has  several  shortcomings 
which  may  be  overcome  with  the  present  invention. 
The  first  of  these  drawbacks  is  that  the  Vegeby  de- 
vice  appears  to  require  a  continuous  injection  of  com-  10 
pressed  fluid  for  proper  operation.  Another  drawback 
is  that  a  dead  space  of  air  is  created  between  the  rod 
and  the  hole  in  the  plate  through  which  the  rod  ex- 
tends.  This  dead  space  may  become  filled  with  con- 
taminant  material  which  then  reduces  the  overall  in-  15 
sulative  effect  of  the  device.  Furthermore,  this  dead 
space  is  very  difficult  to  clean  without  dismantling  the 
entire  apparatus.  Moreover,  the  large  holes  in  the  disk 
are  arranged  far  enough  from  the  outer  circumfer- 
ence  of  the  rod  that  the  velocity,  and  cleaning  effect,  20 
of  any  gas  which  moves  through  the  holes  will  be 
greatly  reduced  before  it  arrives  at  the  surface  of  the 
rod.  In  fact,  Vegeby  actually  encourages  using  low  ve- 
locity  airflow  inside  the  cylindrical  insulator  in  order  to 
prevent  turbulence.  Finally,  a  significant  amount  of  25 
energy  will  be  lost  by  the  Vegeby  gas  when  it  is  flash- 
ed,  or  throttled,  across  the  small  and  large  holes.  Al- 
though  these  energy  losses  can  be  reduced  by  mini- 
mizing  the  velocity  of  the  gas  through  the  holes,  high- 
er  velocity  gases  are  preferred  for  keeping  the  rod  30 
clean. 

Summary  of  the  Disclosure 

The  present  disclosure  relates  to  a  device  for  use  35 
in  an  electrostatic  precipitator  including  an  electrically 
insulating  disk  having  a  hole  for  receiving  a  tie  rod  and 
means  for  supporting  said  tie  rod  in  said  hole  so  as  to 
allow  a  fluid  to  flow  through  said  hole  between  an  in- 
side  surface  of  said  hole  and  said  tie  rod.  The  hole  40 
may  form  a  venturi-shaped  passage.  The  venturi- 
shaped  passage  may  have  a  diameter  that  increases 
in  a  direction  of  said  fluid  flow  at  an  outlet  of  said  ven- 
turi-shaped  passage.  The  venturi-shaped  passage 
may  also  have  a  diameter  that  decreases  in  said  di-  45 
rection  of  said  fluid  flow  at  an  inlet  of  said  passage. 
The  supporting  means  may  include  a  spacer  for  cen- 
tering  said  tie  rod  in  said  hole.  The  spacer  may  be  a 
venturi  spacer  for  guiding  said  fluid  to  flow  into  said 
hole  in  a  direction  which  is  parallel  to  an  axis  of  said  50 
hole.  The  device  may  further  include  a  deflector  ar- 
ranged  on  said  tie  rod  for  deflecting  said  flow  of  fluid 
as  it  exits  said  hole.  The  deflector  may  have  a  curved 
surface  facing  said  hole.  The  disk  may  be  arranged 
with  one  side  parallel  to  and  in  contact  with  a  flow  of  55 
fluid  through  said  precipitator.  The  fluid  may  include 
fluid  which  has  been  processed  by  said  precipitator. 

The  disclosure  also  relates  to  a  device  for  use  in 

an  electrostatic  precipitator  including  an  electrically 
insulating  disk  having  a  venturi-shaped  passage  for 
receiving  a  tie  rod,  means  for  supporting  and  center- 
ing  said  tie  rod  in  said  passage  so  as  to  allow  a  fluid 
to  flow  through  said  passage  between  an  inside  sur- 
face  of  said  passage  and  said  tie  rod,  and  a  deflector 
arranged  on  said  tie  rod  for  deflecting  said  flow  of  flu- 
id  as  it  exits  said  hole.  The  venturi-shaped  passage 
may  have  a  diameter  that  decreases  in  said  direction 
of  flow.  The  supporting  and  centering  means  may  in- 
clude  a  venturi  spacer  for  guiding  said  fluid  to  flow  into 
said  passage  in  a  direction  which  is  parallel  to  an  axis 
of  said  hole.  The  deflector  may  have  a  curved  surface 
facing  said  hole.  The  disk  may  be  arranged  with  one 
side  parallel  to  and  in  contact  with  a  flow  of  fluid 
through  said  precipitator.  The  fluid  may  include  fluid 
which  has  been  processed  by  said  precipitator. 

The  present  disclosure  also  relates  to  a  device  for 
use  in  an  electrostatic  precipitator  including  an  elec- 
trically  insulating  disk  having  a  venturi-shaped  pas- 
sage  for  receiving  a  tie  rod,  means  for  supporting  and 
centering  said  tie  rod  in  said  passage  so  as  to  allow 
a  fluid  to  flow  through  said  passage  between  an  in- 
side  surface  of  said  passage  and  said  tie  rod,  and  a 
deflector  arranged  on  said  tie  rod  for  deflecting  said 
flow  of  fluid  as  it  exits  said  passage;  said  venturi- 
shaped  passage  having  a  diameter  that  decreases  in 
a  direction  of  said  flow  at  an  inlet  of  said  passage  and 
then  increases  in  a  direction  of  said  flow  at  an  outlet 
of  said  passage.  The  deflector  may  have  a  curved 
surface  facing  said  hole.  The  disk  may  be  arranged 
with  one  side  parallel  to  and  in  contact  with  a  flow  of 
fluid  through  said  precipitator.  The  fluid  may  include 
fluid  which  has  been  processed  by  said  precipitator. 

The  present  disclosure  also  relates  to  a  method 
of  operating  an  electrostatic  precipitator,  including  an 
electrically  insulating  disk  having  a  hole  for  receiving 
a  tie  rod,  including  the  step  of  flowing  a  fluid  through 
said  hole  between  an  inside  surface  of  said  hole  and 
said  tie  rod.  The  fluid  may  include  fluid  which  has 
been  processed  by  said  precipitator. 

Brief  Description  of  the  Drawings 

The  invention  will  now  be  further  described  with 
reference  to  the  following  figures  wherein  the  term 
"Figure"  has  been  abbreviated  as  "Fig."  and  wherein 
like  elements  have  been  provided  with  the  same  ref- 
erence  numerals. 

Figure  1  is  a  schematic  cross-sectional  view  of  an 
electrostatic  precipitator. 

Figure  2  is  a  cross-sectional  view  of  one  portion 
of  an  electrostatic  precipitator  showing  an  insulator. 

Figure  3  is  a  cross-sectional  view  of  one  portion 
of  an  electrostatic  precipitator  showing  one  embodi- 
ment  of  a  venturi  insulator. 

Figures  4  and  5  are  cross-sectional  views  of  ven- 
turi  insulators  for  use  in  the  electrostatic  precipitator 
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of  Figure  3. 
Figure  6  is  a  plan  view  of  a  venturi  spacer  for  use 

with  the  venturi  insulators  shown  in  Figures  3,  4,  and 
5. 

Figure  7  is  a  plan  view  of  another  venturi  spacer 
for  use  with  the  venturi  insulators  shown  in  of  Figure 
3,  4,  and  5. 

Figure  8  is  a  plan  view  of  an  alternative  embodi- 
ment  of  the  deflector  shown  in  Figure  3. 

Figure  9  is  a  cross-sectional  view  taken  along 
section  line  9-9'  in  Figure  8. 

Figure  10  is  a  cross-sectional  view  taken  along 
section  line  10-10'  in  Figure  8. 

Figure  11  is  an  exploded  isometric  view  of  an  ion- 
izer/collector  cell  of  an  electrostatic  precipitator,  in- 
cluding  several  venturi  insulators. 

Figure  12  is  an  isometric  view  of  an  electrostatic 
precipitator  utilizing  several  venturi  insulators  with  air 
recirculation. 

Description  of  the  Preferred  Embodiments 

Figure  3  illustrates  one  embodiment  of  a  venturi 
insulator  24  arranged  on  a  high  voltage  plate  tie  rod 
12.  Venturi  insulator  24  may  also  be  referred  to  as 
venturi-tube  insulator  24  or  venturi  insulator  disk  24. 
Although  venturi  insulator  24  is  illustrated  in  the  fig- 
ures  as  being  a  round  disk,  it  may  also  be  formed  in 
other  shapes  such  as  square,  octagonal,  or  oval.  Ven- 
turi  insulator  24  may  be  formed  from  any  electrically 
insulating  material  such  as  a  thermoset  glass  filled 
polyester  resin,  ceramic,  porcelain,  or  any  other  high 
voltage  insulating  material  with  good  arc  track  resis- 
tance. 

The  venturi  insulator  24  includes  a  hole  or  pas- 
sage  26  which  is  preferably  near  the  center  of  venturi 
insulator  24  for  receiving  or  supporting  the  high  vol- 
tage  tie  rod  12.  The  hole  26  is  large  enough  to  provide 
a  space  between  the  high  voltage  tie  rod  12  and  the 
inside  wall  of  hole  26  for  allowing  a  fluid,  such  as  air, 
to  move  through  the  space  in  the  direction  of  flow  B. 
This  space  allows  flow  B  to  exit  hole  26  very  near  the 
surface  of  high  voltage  tie  rod  12  so  that  the  energy 
in  flow  B  is  not  significantly  dissipated  before  it  con- 
tacts  tie  rod  12  after  exiting  hole  26.  Furthermore, 
there  is  no  dead  space  between  high  voltage  tie  rod 
12  and  insulator  24  that  could  otherwise  fill  with  con- 
taminant.  The  velocity  of  flow  B  may  be  gradually  in- 
creased  as  it  enters  hole  26  and  increased  again  near 
the  middle  of  hole  26  where  the  diameter  becomes 
further  reduced. 

The  hole  26  may  include  a  chamfer  28  at  one  or 
both  ends  for  increasing  the  strength  of  the  venturi  in- 
sulator  24  near  the  end  of  the  hole.  The  chamfer  28 
also  helps  to  redirect  flow  B  as  it  exits  the  hole  26.  A 
high  energy  and  high  velocity  flow  may  thus  be  deliv- 
ered  to  the  surface  of  tie  rod  12.  A  similar  chamfer  at 
the  inlet  to  hole  26  may  help  to  minimize  energy  loss 

during  acceleration  of  flow  B  at  the  other  end  of  hole 
26.  Hole  26  may  therefore  form  a  venturi  or  venturi- 
shaped  passage. 

The  venturi  insulator  24  may  be  held  on  the  high 
5  voltage  tie  rod  12  against  an  opening  in  end  plate  2, 

or  any  other  wall  of  the  precipitator,  by  any  conven- 
tional  means  such  as  by  a  tie  rod  secure  nut  1  8.  How- 
ever,  other  fastening  means  such  as  cotter  pins  or  ad- 
hesive  bonding  materials  may  be  used  to  secure  the 

10  venturi  insulator24  to  the  high  voltage  tie  rod  12.  The 
tie  rod  secure  nut  18  and  the  end  plate  2  may  be  re- 
ceived  in  recessed  portions  of  the  venturi  insulator24 
to  help  keep  the  tie  rod  12  centered  inside  the  hole 
26.  The  venturi  insulator  24  may  also  be  fastened  di- 

15  rectly  to  the  end  plate  2. 
The  high  voltage  tie  rod  12  may  also  befitted  with 

a  venturi  spacer  30  between  the  venturi  insulator  24 
and  the  tie  rod  secure  nut  18.  The  venturi  spacer  30 
bridges  the  upstream  opening  of  hole  26  and  helps 

20  support  and  center  the  high  voltage  tie  rod  12  inside 
the  hole  26.  The  venturi  spacer  30  also  helps  direct 
or  guide  the  flow  B  through  the  hole  in  a  direction 
which  is  parallel  to  the  axis  of  hole  26.  The  venturi 
spacer  30  is  preferably  made  from  an  insulating  ma- 

25  terial  such  as  a  thermoset  glass  filled  polyester  resin 
or  any  other  material  which  may  be  used  to  form  the 
venturi  insulator  disk  24. 

A  deflector  32  may  be  arranged  on  the  high  vol- 
tage  plate  tie  rod  12  between  the  venturi  insulatordisk 

30  24  and  the  tie  rod  secure  nut  18.  Figure  3  illustrates 
the  deflector  32  including  a  tubular  portion  which  may 
be  slid  over  the  high  voltage  tie  rod  12.  Deflector  32 
may  be  used  to  deflect  flow  B  as  it  exits  hole  26.  De- 
flector  32  may  also  increase  the  pressure,  or  create 

35  a  positive  fluid  pressure,  in  the  area  around  the  inside 
face  of  the  hole  26  by  deflecting  a  portion  of  flow  B 
perpendicular  to  the  axis  of  the  hole  26  when  it  exits 
the  hole  26. 

The  deflector  32  may  be  made  from  a  high  vol- 
40  tage  insulating  material  with  good  arc  track  resis- 

tance.  Thus,  the  tie  rod  12  is  shielded  by  the  air 
stream  deflector  32.  Accordingly,  the  possibility  of  arc 
over  between  the  tie  rod  12  and  the  venturi  insulator 
24  is  substantially  reduced.  In  addition,  the  disk  por- 

45  tion  of  the  deflector  32  significantly  increases  the  po- 
tential  high  voltage  tracking  distance. 

The  deflection  and/or  increased  pressure  created 
by  the  deflector  32  causes  the  contaminant  passing 
through  the  cell  in  the  direction  of  flow  Ato  be  deflect- 

so  ed  away  from  the  venturi  insulator  24  and  hole  26  and 
allows  the  face  of  venturi  insulator24  to  remain  clean. 
Consequently,  the  arc  track  distance  between  high 
voltage  plate  8  and  grounded  end  plate  2  may  be 
maintained.  The  operating  time  between  cleanings  of 

55  the  electrostatic  precipitator  can  thus  be  significantly 
increased,  especially  when  the  precipitator  is  used 
with  contaminants  which  are  electrically  conductive. 
The  deflector  32  may  also  be  referred  to  as  an  air 

4 



7 EP  0  587  441  A1 8 

stream  deflector  32. 
Figures  4  and  5  illustrate  cross-sections  of  alter- 

native  embodiments  of  the  venturi  insulator24.  In  Fig- 
ure  4,  the  hole  26  has  a  decreasing  diameter  in  the 
direction  of  flow  B.  The  hole  26  in  Figure  4  has  a  lin-  5 
early  decreasing  diameter  in  the  direction  of  flow  B. 
However,  the  diameter  of  hole  26  could  be  also  con- 
stant  or  decrease  in  a  non-linear  fashion. 

Figure  5  illustrates  an  embodiment  of  venturi  in- 
sulator  24  wherein  the  diameter  of  hole  26  decreases  10 
in  a  curved  or  non-linear  fashion.  The  generally  de- 
creasing  diameter  of  hole  26  in  Figure  5  gradually  in- 
creases  the  velocity  of  flow  B  through  venturi  insula- 
tor  24  so  that  the  flow  B  exiting  the  hole  26  achieves 
the  greatest  possible  velocity  with  the  least  possible  15 
frictional  losses  inside  the  hole  26.  The  diameter  of 
hole  26  near  the  outlet  for  flow  B  may  slightly  increase 
to  gradually  decelerate  flow  B  near  the  outlet  in  order 
to  minimize  the  turbulence  and  associated  energy 
losses  near  the  outlet.  Hole  26  may  therefore  be  a  20 
venturi  or  venturi-shaped  passage. 

Figure  6  illustrates  a  plan  view  of  one  possible 
embodiment  of  the  venturi  spacer  30.  Venturi  spacer 
30  helps  center  high  voltage  tie  rod  12  in  hole  26.  Ven- 
turi  spacer  30  may  also  guide  or  direct  flow  B  in  a  di-  25 
rection  which  is  parallel  to  the  axis  of  hole  26.  The 
venturi  spacer  30  of  Figure  6  is  cross-shaped  with 
rounded  corners  near  the  intersection  of  the  arms  of 
the  cross  for  increasing  the  strength  of  the  spacer.  An 
alternative  embodiment  of  the  venturi  spacer  30  is  il-  30 
lustrated  in  Figure  7.  Figure  7  illustrates  a  star-shaped 
venturi  spacer  30.  The  star-shape  illustrated  in  Figure 
7  may  allow  more  air  to  pass  into  the  hole  26  between 
the  arms  of  the  star. 

Although  each  of  the  shapes  in  Figure  7  has  been  35 
shown  with  four  arms,  a  greater  or  lesser  number  of 
arms  may  also  be  used.  For  example,  the  venturi 
spacer  30  may  include  just  two  arms  which  extend  in 
opposite  directions  for  allowing  the  greatest  amount 
of  air  to  flow  into  the  hole  26  while  still  supporting  and  40 
centering  the  high  voltage  tie  rod  1  2.  The  dashed  lines 
in  Figures  6  and  7  indicate  recessed  portions  on  one 
side  of  the  venturi  spacer  30  for  receiving  one  end  of 
deflector  32  as  illustrated  in  Figure  3. 

Figure  8  illustrates  a  plan  view  of  an  alternative  45 
embodiment  of  a  the  deflector  32  in  relation  to  flow  A. 
As  illustrated  in  the  cross-sections  of  Figures  9  and 
10,  one  side  of  the  surface  of  deflector  32  may  be 
curved  while  the  other  side  is  flat.  The  curved  side  of 
air  stream  deflector  32  is  preferably  arranged  to  face  50 
the  exit  of  venturi  hole  26  against  flow  B.  Due  to  the 
restricted  diameter  between  the  curved  surface  of 
the  deflector  32  and  the  venturi  insulator  24,  the  ve- 
locity  of  flow  A  should  increase  between  the  deflector 
32  and  the  venturi  insulator  24  as  it  flows  over  the  55 
curved  surface  of  the  deflector  32  near  the  exit  of 
hole  26.  This  increased  velocity  of  air  stream  A  near 
the  exit  of  the  hole  26  serves  to  increase  the  cleaning 

effect  of  the  flow  near  the  exit  of  hole  26.  Other  al- 
ternatives  might  include  a  square  or  rectangularly 
shaped  disk  portion  of  the  deflector  32. 

Figure  11  is  an  exploded  isometric  view  of  an  ion- 
izer/collector  cell  compartment  of  an  electrostatic  pre- 
cipitator  including  several  venturi  insulator  disks  24. 
In  the  first  stage  of  the  cell  illustrated  in  Figure  1,  cor- 
ona  wires  4  have  been  replaced  with  quadrangle 
spiked  ionizer  plates  34  and  ground  electrodes  36. 
Several  ionizer  tie  rods  38  secure  quadrangle  spiked 
ionizer  plates  34  between  end  plates  2.  An  upper 
pressurized  air  transfer  tube  40  and  a  lower  pressu- 
rized  air  transfer  tube  42  are  arranged  through  the 
ground  electrodes  36  for  transferring  air  to  the  center 
of  two  parallel  cells  as  will  be  described  in  more  detail 
below  with  reference  to  Figure  12.  The  upper  and  low- 
er  pressurized  air  transfer  tubes  40,  42  may  also 
serve  to  support  ground  electrodes  36.  It  has  also 
been  found  useful  to  arrange  deflectors  32  between 
the  quadrangle  spiked  ionizer  plates  34  and  end  plate 
2  in  the  first  stage. 

The  second  stage  of  the  ionizer/collector  cell  illu- 
strated  in  Figure  11  includes  several  ground  plates  10 
interspaced  between  high  voltage  plates  8.  Several 
high  voltage  tie  rods  12  secure  the  high  voltage  plates 
8  between  end  plates  2  while  several  ground  plate  tie 
rods  14  secure  the  ground  plates  10  between  end 
plates  2.  The  ground  plates  10  may  be  electrically 
connected  to  the  grounded  end  plates  2  through 
ground  plate  tie  rods  14.  Consequently,  the  venturi  in- 
sulators  24  are  not  required  for  ground  plate  tie  rods 
10. 

Tubular  spacers  20  may  be  arranged  on  each  of 
the  tie  rods  for  maintaining  an  appropriate  distance 
between  the  plates.  The  tubular  spacers  20  separat- 
ing  high  voltage  plates  8  and  the  tubular  spacers  20 
separating  ground  plates  10  may  be  formed  from  an 
electrically  conductive  material,  such  as  aluminum 
which  is  noncorrosive,  light  weight,  and  inexpensive. 
The  tubular  spacers  20  which  are  arranged  between 
the  end  plates  2  and  the  high  voltage  plates  8  are  pre- 
ferably  formed  from  a  nonconductive  material,  such 
as  a  thermoset  glass  filled  polyester  resin,  or  any 
other  material  which  may  be  used  for  venturi  insulator 
24. 

Each  tie  rod  may  be  secured  to  the  end  plates  2 
by  a  tie  rod  secure  nut  18.  Tubular  plungers  48  are 
provided  to  make  high  voltage  contact  from  power 
supply  high  voltage  contacts  between  ionizer/collec- 
tor  cells.  Springs  44  are  provided  to  load  the  tubular 
plungers  48  so  as  to  ensure  high  voltage  contact  be- 
tween  the  cells  and/or  power  supply.  Alternatively, 
springs  44  may  have  one  end  resting  directly  against 
tie  rod  secure  nut  1  8. 

Figure  12  is  an  isometric  view  of  an  electrostatic 
precipitator  utilizing  several  venturi  insulators  with  air 
recirculation.  The  integrated  unit  in  Figure  12  utilizes 
two  ionizer/collector  cells  arranged  in  parallel.  How- 
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ever,  the  integrated  unit  can  be  constructed  to  utilize 
a  single  cell,  as  well  as  two  or  more  cells  in  parallel. 
Where  multiple  cells  are  used,  any  number  of  ioniz- 
er/collector  cells  may  be  stacked  so  that  the  height  is 
controlled  by  the  number  and  diameter  of  air  transfer 
tubes  incorporated  within  the  cell  assemblies. 

The  integrated  unit  of  Figure  12  is  provided  with 
a  blower  drive  motor  50  and  an  airfoil  blower  52  which 
pulls  air  into  the  unit  through  the  ionizer/collector 
cells.  The  processed  fluid  is  discharged  from  airfoil 
blower  52  into  a  pressurized  plenum  compartment  54. 
Part  of  the  processed  air  from  the  pressurized  ple- 
num  compartment  54  may  be  ducted,  or  channeled, 
through  a  front  return  air  duct  56  and  rear  return  air 
duct  58  to  front  and  rear  bulkhead  pressurized  cham- 
bers  60,  62,  respectively.  The  remainder  of  the  clean 
processed  air  may  be  discharged  out  of  the  rear  of  the 
unit  through  exhaust  grill  64.  Once  inside  the  bulk- 
head  pressurized  chambers  60,  62,  part  of  the 
cleaned  air  (i.e.,  flow  B)  moves  through  holes  26  in 
venturi  insulators  24  while  the  remainder  of  the  air  in 
the  pressurized  chambers  goes  into  upper  and  lower 
pressurized  air  transfer  tubes  40,  42.  As  illustrated  in 
Figure  12,  upper  and  lower  pressurized  air  transfer 
tubes  40,  42  connect  the  bulkhead  pressurized  cham- 
bers  with  similar  chambers  formed  near  the  center  by 
the  inboard  cell  end  plates  66.  Consequently,  flow  B 
may  be  supplied  to  venturi  insulator  disks  24  at  each 
end  of  both  ionizer/collector  cells. 

A  difference  in  pressure  between  the  ionizer/col- 
lector  cell  chamber  and  the  pressurized  planum  com- 
partment  54  is  created  by  the  airfoil  blower  52.  That 
difference  is  sufficient  to  create  an  airflow  through 
the  venturi  insulator  disks  24. 

It  is  has  been  found  by  the  present  inventors  that 
preferably  air  which  is  processed  by  the  precipitator, 
or  clean  air  from  another  source,  should  be  delivered 
to  venturi  insulators  24  in  order  to  operate  the  precip- 
itator  for  extended  periods  of  time.  The  passage  of 
any  contaminant  material  into  hole  26  in  venturi  insu- 
lator  24  may  ultimately  contribute  to  arc-over  and  shut 
down  of  the  collecting  system.  The  integrated  unit  of 
Figure  12  is  therefore  constructed  so  that  flow  B 
through  the  venturi  insulator  disks  24  may  be  provid- 
ed  from  three  different  sources  depending  on  the  par- 
ticular  contaminant  being  collected. 

First,  clean  air  may  be  recirculated  from  pressu- 
rized  plenum  compartment  54  to  the  venturi  insula- 
tors  24  via  front  and  rear  air  return  ducts  56,  58.  In  that 
mode,  an  auxiliary  plate  70  may  cover  an  external  air 
port  68  in  the  front  return  duct  56  in  order  to  prevent 
outside  air  from  entering  during  normal  recirculation 
operation.  Second,  the  front  and  rear  air  return  ducts 
56,  58  may  be  closed  to  recirculated  air  and  outside 
air  may  be  drawn  into  the  front  and  rear  air  return 
ducts  56,  58  through  the  external  air  port  68.  For  ex- 
ample,  if  the  air  being  process  through  the  precipita- 
tor  contains  conductive  particles,  such  as  carbon,  it 

may  be  preferable  to  use  outside  air  introduced 
through  the  external  air  port  68  instead  of  the  recir- 
culated  air,  because  residual  conductive  particles 
that  were  not  removed  during  processing  may  cause 

5  premature  arc  overs.  The  outside  air  may  be  pressu- 
rized  or  it  may  be  drawn  into  the  precipitator  cell  as  a 
result  of  a  low  pressure  created  in  the  cell  by  the  blow- 
er  52. 

Alternatively,  the  auxiliary  plate  70  may  be 
10  hinged,  or  louvered,  to  allow  external  air  port  68  to 

open  only  when  outside  air  is  needed  or  to  allow  a  mix- 
ture  of  recirculated  and  clean  air  to  be  created  in  the 
return  air  ducts. 

15 
Claims 

1.  A  device  for  use  in  an  electrostatic  precipitator 
having  an  end  wall  (2)  defining  a  chamber  in 

20  which  a  second  fluid  to  be  cleaned  flows,  com- 
prising: 

an  electrically  insulating  disk  (24),  said 
disk  including  means  for  mounting  the  disk  in  an 
opening  in  the  end  wall  so  that  a  first  side  of  the 

25  disk  is  within  the  flow  of  second  fluid  to  be 
cleaned,  said  disk  also  having  a  hole  (26)  for  re- 
ceiving  a  tie  rod  (12); 

means  for  supporting  said  tie  rod  in  said 
hole  so  as  to  allow  a  first  fluid  to  flow  through  said 

30  hole  between  an  inside  surface  of  said  hole  and 
said  tie  rod; 

said  hole  includes  narrow  venturi  means 
at  the  first  side  of  tie  disk  for  accelerating  the  flow 
of  first  fluid  through  the  disk  into  the  chamber. 

35 
2.  A  device  as  claimed  in  claim  1  ,  wherein  said  sup- 

porting  means  includes  a  spacer  (30)  for  center- 
ing  said  tie  rod  in  said  hole. 

40  3.  Adevice  as  claimed  in  claim  1,  further  comprising 
a  deflector  (32)  arranged  on  said  tie  rod  for  de- 
flecting  said  flow  of  first  fluid  after  it  exits  said 
hole. 

45  4.  A  device  as  claimed  in  claim  3,  wherein  said  de- 
flector  is  nonconductive  and  is  arranged  so  as  to 
provide  a  layer  of  insulation  between  said  tie  rod 
and  the  end  plate  in  which  the  disk  is  mounted. 

so  5.  A  device  as  claimed  in  claim  1  ,  wherein  the  first 
side  of  said  disk  is  arranged  parallel  to  an  in  con- 
tact  with  the  flow  of  second  fluid  through  said 
precipitator  chamber. 

55  6.  A  device  as  claimed  in  claim  1  ,  wherein  said  first 
fluid  includes  the  second  fluid  which  has  been 
processed  by  said  precipitator. 

6 
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7.  An  electrostatic  precipitator,  comprising: 
an  ionizing/collecting  cell  having  an  end 

plate  (2); 
a  tie  rod  (12); 
a  high  voltage  plate  (8)  mounted  on  said  tie 

rod  within  the  cell; 
said  end  plate  arranged  parallel  to  said 

high  voltage  plate; 
an  electrically  insulating  disk  (24)  mounted 

in  said  end  plate,  said  disk  having  a  passage  (26) 
for  receiving  the  tie  rod; 

means  for  reducing  the  pressure  inside 
said  ionizing/collecting  cell; 

means  for  supporting  said  tie  rod  in  said 
passage  so  as  to  allow  a  first  fluid  to  flow  through 
said  passage  between  an  inside  surface  of  said 
passage  and  said  tie  rod,  said  first  fluid  flow  be- 
ing  directed  toward  said  high  voltage  plate  in  a  di- 
rection  that  is  substantially  perpendicular  to  said 
high  voltage  plate;  and 

said  passage  including  narrow  venturi 
means  ata  side  of  the  disk  facing  said  cell  for  ac- 
celerating  the  flow  of  the  first  fluid  through  the 
passage  into  the  cell. 

8.  A  precipitator  as  claimed  in  claim  7,  wherein  said 
passage  gas  a  diameter  that  decreases  in  a  di- 
rection  of  said  flow. 

9.  A  precipitator  as  claimed  in  claim  7,  further  com- 
prising  a  deflector  on  said  tie  rod  for  deflecting 
said  flow  of  first  fluid  after  it  exits  said  passage. 

10.  A  precipitator  as  claimed  in  claim  7,  wherein  said 
disk  is  arranged  with  one  side  parallel  to  and  in 
contact  with  a  flow  of  second  fluid  through  said 
cell. 

selection  means  on  said  duct,  selectable 
between  a  first  mode  in  which  the  second  fluid 
having  been  processed  through  said  ionizing/col- 
lecting  cell  is  directed  through  the  duct  to  said 

5  passage  and  a  second  mode  in  which  fluid  from 
an  outside  source  is  directed  through  said  duct  to 
said  passage. 

13.  The  precipitator  of  claim  12,  wherein  said  pas- 
10  sage  includes  venturi-shaped  means  for  acceler- 

ating  the  first  fluid. 

14.  The  precipitator  of  claim  12,  wherein  the  outside 
source  supplies  compressed  fluid. 

15 
15.  The  precipitator  of  claim  12,  wherein  the  outside 

source  supplies  fluid  at  atmospheric  pressure, 

16.  A  method  of  operating  an  electrostatic  precipita- 
20  tor,  including  an  electrically  insulating  disk  having 

a  venturi-shaped  hole  for  receiving  a  tie  rod  and 
accelerating  a  fluid,  comprising  the  step  of  accel- 
erating  a  fluid  through  said  hole  between  an  in- 
side  surface  of  said  hole  and  said  tie  rod  so  as  to 

25  clean  contaminant  from  said  tie  rod. 

17.  The  method  of  claim  16,  wherein  said  fluid  in- 
cludes  fluid  which  has  been  processed  by  said 
precipitator. 

30 
18.  Amethod  of  claim  16,  wherein  the  fluid  flows  per- 

pendicularly  towards  a  high  voltage  plate. 

19.  The  method  of  claim  16,  further  comprising  the 
35  step  of  directing  fluid  having  passed  through  the 

precipitator  to  said  hole. 

11.  A  device  as  claimed  in  claim  7,  wherein  said  first 
fluid  includes  a  second  fluid  which  has  been  proc-  40 
essed  by  said  precipitator. 

12.  An  electrostatic  precipitator,  comprising: 
an  ionizing/collecting  cell  having  a  ground- 

ed  end  plate  (2);  45 
means  for  creating  a  low  pressure  in  said 

ionizing/collecting  cell  so  as  to  move  a  second 
fluid  through  said  cell; 

a  tie  rod  (12)  extending  through  said  ion- 
izing/collecting  cell;  so 

an  electrically  insulating  disk  (24)  mounted 
in  said  end  plate,  said  disk  having  a  passage  (26) 
for  receiving  the  tie  rod; 

means  for  supporting  said  tie  rod  in  said 
passage  so  as  to  allow  a  first  fluid  to  flow  through  55 
said  passage; 

a  duct  for  conducting  the  first  fluid  to  said 
passage;  and 
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