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(54)  Internal  mix  air  spray  nozzle  for  spraying  fluent  materials 

(57)  An  internal  mix  air  spray  nozzle  (90)  for  spray- 
ing  fluent  materials  is  comprised  of  a  unitary  one  piece 
body  (100)  having  a  fluid  material  delivery  bord  extend- 
ing  therethrough  and  defining  an  air  and  fluid  mixing 
chamber  (122),  a  spray  orifice  (92)  at  the  downstream 
end  of  the  chamber,  and  a  plurality  of  circumferentially 
spaced  air  orifices  (126)  inclined  in  the  downstream  di- 
rection  into  the  chamber  for  introducing  air  into  the  fluid 

material  and  for  causing  the  material  to  be  emitted  from 
the  orifice  as  an  atomized  spray.  The  fluid  supply  pas- 
sage,  the  air  supply  passages  (126),  the  spray  orifice 
(92)  and  the  pressures  of  the  air  and  fluid  are  correlated 
to  produce  a  properly  atomized  spray  of  uniform  spray 
density  especially  well  suited  for  the  spraying  of  heavily 
leaden  and  viscous  materials  such  as  stucco  and  the 
like. 
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Description 

Field  of  the  Invention 

The  present  invention  relates  to  spray  nozzles,  par- 
ticularly  internal  mix  air  spray  nozzles,  for  spraying  flu- 
ent  materials. 

Background 

There  are  a  number  of  well  known  varieties  of  fluid 
material  spraying  apparatus,  commonly  known  as 
"spray  guns".  One  such  variety  is  the  air  spray  gun 
wherein  fluid  material  is  atomized  into  a  spray  by  inter- 
action  with  compressed  air.  There  are  in  turn  two  prin- 
cipal  types  of  air  spray  guns,  namely,  the  external  mix 
type  wherein  compressed  air  interacts  with  the  fluid  ma- 
terial  externally  of  the  spray  gun,  e.g.,  forwardly  of  the 
spray  nozzle  of  the  gun,  and  the  internal  mix  type  where- 
in  the  compressed  air  is  interacted  with  the  fluid  material 
within  the  spray  nozzle  of  the  gun  for  atomization  upon 
exit  of  the  mixture  from  the  gun  nozzle. 

The  internal  mix  air  spray  nozzle  is  well  suited  for 
spraying  fluid  materials  covering  a  wide  range  of  viscos- 
ities,  from  low  viscosity  paints  and  stains  to  heavily  filled 
and  viscous  materials,  especially  difficult  to  spray  ma- 
terials  having  a  high  particulate  content. 

Though  having  broader  applications,  the  present  in- 
vention  was  developed  in  conjunction  with  the  develop- 
ment  of  a  spray  gun  for  spraying  materials  which  have 
a  high  viscosity  and/or  a  high  concentration  of  fibrous 
and/or  abrasive  particles,  especially  particulate  loaded 
mortar,  such  as  plaster  or  conventional  stucco,  or  the 
synthetic  stuccos  used  in  exterior  insulation  finish  sys- 
tems,  known  as  E.I.F.S. 

These  systems  and  the  difficulties  encountered  with 
them  are  explained  in  greater  detail  in  the  above  iden- 
tified,  earlier  filed  applications. 

Basically,  the  objective  of  the  present  development 
was  to  provide  an  internal  mix  air  spray  nozzle  that 
would  be  easier  to  use  and  that  would  do  a  more  effec- 
tive  job  of  discharging  from  the  nozzle  an  atomized 
spray  of  fluent  material  having  a  uniform  spray  density 
for  application,  for  example,  to  the  exterior  surface  of  a 
building  for  providing  a  durable  and  attractive  exterior 
finish  on  the  building. 

Summary  of  the  Invention 

The  present  invention  provides  a  new  and  improved 
internal  mix  air  spray  nozzle  for  spraying  fluent  materials 
of  all  viscosities,  and  especially  heavily  filled  and  vis- 
cous  materials  such,  for  example,  as  stucco. 

A  prime  feature  of  the  invention  resides  in  the  de- 
velopment  of  an  internal  mix  nozzle  which,  in  contrast 
to  conventional  designs,  does  not  develop  a  back  pres- 
sure  within  the  nozzle  but  instead  develops  a  vacuum 
or  suction  force  which  assists  in  feeding  the  fluid  mate- 

rial,  especially  heavily  laden  materials,  into  and  through 
the  nozzle. 

Another  feature  resides  in  circumferential,  more  or 
less  tangential,  delivery  of  compressed  air  directly  into 

5  an  air  and  fluid  mixing  chamber  through  a  plurality  of 
forwardly  directed  circumferentially  spaced  ports  in  the 
peripheral  wall  of  the  chamber  to  aid  in  development  of 
the  material  feeding  or  suction  force,  to  insure  thorough 
and  uniform  mixing  of  the  air  and  the  fluid  material,  and 

10  to  cause  a  thoroughly  atomized  spray  of  fluid  material 
of  uniform  spray  density  to  be  emitted  form  the  nozzle. 

Another  aspect  of  the  invention  resides  in  the  es- 
tablishment  of  particular  relationships  between  the  port 
areas  and  operating  pressures  of  the  air  and  fluid  to  in- 

15  sure  attainment  of  the  above  stated  objects  and  advan- 
tages. 

A  further  feature  of  the  invention  resides  in  the  de- 
velopment  of  a  unitary,  one  piece  internal  mix  air  spray 
nozzle  which  consolidates  the  three  component  assem- 

20  bly  of  the  prior  art  into  a  single  piece  part. 
Another  objective  is  to  provide  an  improved  internal 

mix  air  spray  nozzle  that  is  very  economical  to  produce 
and  that  accommodates  generous  tolerances  in  the 
manufacturing  process. 

25  These  and  other  objects,  features  and  advantages 
of  the  invention  will  become  apparent  from  the  following 
detailed  description,  as  considered  in  conjunction  with 
the  accompanying  drawings. 

30  Brief  Description  of  the  Drawings 

Fig.  1  is  a  vertical  longitudinal  section  of  a  spray  gun 
in  connection  with  which  the  nozzle  of  the  invention 
was  developed; 

35  Fig.  2  is  an  enlarged  fragmentary  sectional  view  of 
the  forward  or  nozzle  end  of  the  gun;  the  view  illus- 
trating  a  nozzle  for  producing  a  conical  spray  pat- 
tern  and  also  illustrating  in  phantom  lines  the  man- 
ner  in  which  the  spray  nozzle  of  the  invention  is  con- 

40  nected  to  the  spray  gun; 
Fig.  3  is  a  front  elevational  view  of  a  spray  nozzle 
for  producing  a  fan  shaped  spray  pattern; 
Fig.  4  is  a  side  elevation  of  the  nozzle  of  Fig.  3; 
Fig.  5  is  a  vertical  longitudinal  section  of  the  nozzle 

45  of  Fig.  3;  and 
Fig.  6  is  a  horizonal  longitudinal  section  of  the  noz- 
zle  of  Fig.  3. 

Detailed  Description  of  the  Best  Mode  for  Carrying  Out 

The  following  is  a  detailed  description  of  the  embod- 
iments  of  the  invention  presently  deemed  by  the  inven- 
tor  to  be  the  best  mode  of  carrying  out  the  invention. 

Referring  to  the  drawings  and  Fig.  1  specifically, 
there  is  shown  a  spray  gun  10  for  spraying  fluent  mate- 
rials  which  have  a  high  concentration  of  particulate  com- 
ponents.  The  spray  gun  10  includes  a  barrel  12,  a  han- 
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die  1  4,  a  fluid  material  valve  31  ,  an  air  valve  70,  and  two 
inlets  27  and  45,  one  27  for  pressurized  air  and  the  other 
45  fbr  fluent  material  to  be  sprayed.  The  spray  gun  illus- 
trated  is  described  in  greater  detail  in  US  patent  appli- 
cation  Serial  No.  08/407,320,  filed  March  20,  1995. 

The  spray  gun  operates  by  mixing  fluent  material  at 
a  first  pressure  with  air  pressurized  at  a  second,  prefer- 
ably  higher,  pressure  to  atomize  the  liquid  in  the  spray 
material  before  discharging  the  mixture.  The  spray  valve 
31  ,  located  in  the  barrel  1  2,  controls  the  flow  of  the  fluid 
materials.  The  air  valve  70,  located  in  the  handle  14, 
controls  the  flow  of  pressurized  air. 

The  spray  valve  31  cooperates  with  the  air  valve  70 
so  that  when  the  air  valve  is  in  the  open  position  the 
spray  valve  is  also  in  the  open  position,  and  when  the 
air  valve  is  in  the  closed  position  the  spray  valve  is  also 
in  the  closed  position. 

The  fluent  spray  material  is  typically  under  approx- 
imately  25  to  50  psi  of  pressure,  so  that  when  the  spray 
valve  31  is  open,  the  spray  material  flows  through  the 
spray  material  inlet  45  into  a  valve  chamber  40  wherein 
it  is  mixed  with  a  first  supply  of  pressurized  air.  The  spray 
material  then  flows  into  the  spray  nozzle  50,  where  a 
second  supply  of  pressurized  air  is  added  to  atomize  the 
liquid  in  the  spray  material  before  the  mixture  is  dis- 
charged  from  the  spray  gun  10. 

The  spray  valve  31  comprises  the  valve  chamber 
40  and  a  valve  element  32.  The  valve  chamber  has  an 
interior  wall,  and  is  preferably  shaped  so  that  the  interior 
wall  defines  an  elongated  cylindrical  bore. 

The  valve  chamber  has  an  inlet  for  pressurized  air, 
an  inlet  for  spray  material,  and  an  outlet  for  the  mixture. 
The  air  inlet  is  a  spray  valve  passage  80  that  enters  at 
the  rear  end  of  the  valve  chamber,  allowing  pressurized 
air  into  the  valve  chamber  40.  From  there,  the  pressu- 
rized  airflows  through  a  conduit  33  in  the  valve  element 
32  to  the  front  of  the  valve  chamber.  The  spray  material 
port  45  enters  an  intermediate  portion  of  the  valve  cham- 
ber,  allowing  spray  material  to  flow  into  the  valve  cham- 
ber.  The  spray  material  mixes  with  the  pressurized  air 
and  flows  out  of  the  valve  chamber  through  the  outlet 
46  into  the  nozzle  50, 

Within  the  valve  chamber  40,  the  valve  element  32 
is  slidably  displaceable  between  an  open  position  and 
a  closed  position.  In  the  present  instance,  the  valve  el- 
ement  32  has  a  front  cylindrically-shaped  body  portion 
36  and  a  valve  stem  38  projecting  from  the  rear,  which 
preferably  has  a  smaller  diameter  than  the  valve  body 
portion. 

As  previously  mentioned,  a  conduit  33  passes 
through  the  valve  element  32  so  that  pressurized  air  can 
flow  from  the  spray  valve  passage  80  through  the  valve 
element  into  the  front  of  the  valve  chamber.  Preferably, 
the  front  portion  of  the  conduit  33  is  coaxial  with  the 
valve  body  36,  and  opens  to  the  front  of  the  valve  ele- 
ment,  The  rear  portion  of  the  conduit  preferably  angles 
toward  the  outer  edge  of  the  valve  element  so  that  the 
conduit  opens  to  the  rear  of  the  valve  body  36  into  an 

annular  space  surrounding  the  valve  element  within  the 
valve  chamber  40. 

To  operate  properly,  the  clearance  between  the  out- 
side  diameter  of  the  valve  body  36  and  the  valve  cham- 

5  ber  bore  must  fall  between  two  limits.  To  allow  the  valve 
element  to  slide  within  the  valve  chamber,  the  sliding 
clearance  must  be  greater  than  zero,  i.e.,  the  diameter 
of  the  valve  body  must  be  smaller  than  the  valve  cham- 
ber  bore. 

10  The  upper  limit  of  the  sliding  clearance  is  dictated 
by  the  size  of  the  particles  in  the  spray  material.  The 
sliding  clearance  should  be  no  greater  than  the  size  of 
the  average  particle  in  the  spray  material,  so  that  it  im- 
pedes  passage  of  the  particles  through  the  sliding  dear- 

's  ance  space  between  the  valve  body  36  and  the  valve 
chamber  40. 

The  particles  that  cannot  pass  through  the  sliding 
clearance  space  agglomerate  around  the  spray  material 
port  45  when  the  spray  valve  31  is  closed.  This  agglom- 

20  eration  of  particles  forms  a  seal  preventing  the  liquid  in 
the  spray  material  from  leaking  through  the  sliding  clear- 
ance  space  into  the  valve  chamber  40  when  the  spray 
valve  31  is  closed.  Such  a  seal  allows  the  nozzle  50  to 
be  removed  and  cleaned  or  replaced  while  the  spray 

25  material  is  under  pressure  with  little  or  no  leakage. 
When  spray  materials  are  used  that  do  not  contain 

a  significant  content,  the  sliding  clearance  space  should 
be  reduced.  Preferably,  the  sliding  clearance  falls  within 
a  range  that  prevents  passage  of  spray  materials  having 

30  a  viscosity  equal  to  or  greater  than  elastomeric  paint, 
which  typically  has  a  viscosity  between  3  and  6  poise. 
When  the  spray  materials  are  under  a  pressure  of  ap- 
proximately  100  psi,  the  maximum  sliding  clearance  to 
prevent  leakage  is  0.0075.  Preferably,  the  sliding  clear- 

35  ance  is  approximately  0.00075  inch. 
By  reducing  the  sliding  clearance  to  this  limit  range, 

the  nozzle  can  be  removed  without  causing  leakage 
even  when  using  spray  material  without  a  significant 
particulate  content.  Without  the  reduced  sliding  clear- 

40  ance,  a  resilient  seal  between  the  valve  body  and  the 
valve  chamber  would  be  required  to  prevent  leakage  of 
spray  materials  that  do  not  have  a  significant  particulate 
content. 

When  the  spray  valve  31  is  in  the  open  position,  the 
45  valve  element  32  allows  spray  material  to  flow  through 

the  spray  material  port  45.  To  stop  the  flow  of  the  spray 
material,  the  valve  element  slides  over  the  spray  mate- 
rial  port.  Preferably  the  valve  element  slides  longitudi- 
nally  from  the  open  position  in  the  rear  of  the  valve 

so  chamber  40  to  the  closed  position  in  the  front  of  the  valve 
chamber. 

The  valve  body  36  is  sufficiently  long  to  assure  that 
the  entire  spray  material  port  45  will  be  covered  when 
the  valve  element  32  is  in  the  closed  position.  Addition- 

's  ally,  the  nozzle  50  acts  as  a  stop,  preventing  the  valve 
body  36  from  being  displaced  beyond  the  spray  material 
port  45,  thereby  assuring  that  the  spray  material  port  is 
completely  covered  when  the  valve  element  is  in  the 

3 
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closed  position.  By  completely  covering  the  spray  ma- 
terial  port,  the  valve  body  prevents  spray  material  from 
flowing  into  the  chamber  40,  and  more  specifically  from 
flowing  into  the  rear  portion  of  the  valve  chamber,  which 
would  hinder  the  rearward  displacement  of  the  valve  el- 
ement.  To  be  sufficiently  long,  the  length  of  the  valve 
element  32  should  be  greater  than  the  diameter  of  the 
spray  material  port  45. 

The  spray  material  contains  particles  that  can  be- 
come  lodged  between  the  valve  body  36  and  the  valve 
chamber  wall  in  front  of  the  spray  material  inlet  45. 
These  lodged  particles  can  impede  proper  closing  of  the 
valve  element  32,  thereby  allowing  spray  material  to 
leak  past  the  valve  element  when  the  valve  element  is 
displaced  toward  the  closed  position. 

To  prevent  build  up  of  lodged  particles,  the  valve 
body  36  and  the  spray  material  port  45  have  cooperating 
sharp  edges.  The  front  of  the  valve  body  36  is  preferably 
planar,  having  a  sharp  edge  on  the  outer  perimeter.  The 
spray  material  port  45  has  a  sharp  outline  in  the  wall  of 
the  valve  chamber  40. 

A  shearing  clearance  is  provided  between  the  sharp 
edge  of  the  valve  body  and  the  sharp  outline  of  the  port 
that  is  less  than  the  average  diameter  of  the  particles  in 
the  spray  materials.  Therefore,  as  the  valve  body  36 
sweeps  across  the  spray  material  port  45,  the  sharp 
edge  cooperates  with  the  sharp  outline  to  provide  a 
shearing  action.  This  shearing  action  displaces  any  par- 
ticulate  matter  that  might  tend  to  become  lodged  and 
impede  proper  closing  of  the  spray  valve  31.  In  the 
present  case,  the  shearing  clearance  is  equal  to  the  slid- 
ing  clearance  described  above. 

As  previously  mentioned,  the  spray  valve  31  coop- 
erates  with  the  air  valve  70  located  in  the  handle  14.  A 
trigger  mechanism  71  activates  the  air  valve  70,  so  that 
when  the  trigger  is  pressed  the  air  valve  opens.  When 
open,  the  air  valve  allows  pressurized  air  to  flow  through 
the  air  supply  inlet  27  into  the  spray  gun  10.  When  the 
trigger  71  is  released,  the  air  valve  70  closes  shutting 
off  the  air  supply. 

When  the  air  valve  is  open,  air  nows  into  the  lower 
air  passage  73  in  the  handle  14  of  the  spray  gun.  From 
there  the  air  flows  into  the  upper  air  passage  74  in  the 
barrel  12  of  the  spray  gun.  The  pressure  of  the  air  supply 
displaces  a  piston  85  in  the  rear  air  chamber  76  and  the 
remaining  air  supply  flows  through  the  upper  air  pas- 
sage  toward  the  nozzle  50. 

The  piston  85  cooperates  with  the  valve  stem  38, 
so  that  the  spray  valve  opens  as  the  air  pressure  dis- 
places  the  piston.  In  the  present  instance,  a  nut  86  se- 
cures  the  piston  onto  the  valve  stem  38.  The  position  of 
the  nut  86  on  the  valve  stem  38  relative  to  the  piston  85 
can  be  adjusted,  so  that  the  open  position  of  the  valve 
element  32  is  adjustable. 

Behind  the  piston  85,  a  spring  87  urges  the  valve 
stem  38  forward,  displacing  the  valve  element  32  toward 
the  closed  position  when  the  air  valve  70  is  closed.  The 
air  pressure  against  the  piston  85  must  be  sufficient  to 

overcome  the  bias  of  the  spring  87  so  that  the  valve  el- 
ement  32  can  be  displaced  to  the  open  position. 

The  air  supply  flowing  through  the  upper  air  pas- 
sage  74  toward  the  nozzle  50  divides  into  two  streams. 

5  One  stream  flows  into  the  spray  valve  passage  80, 
which  connects  the  upper  air  passage  74  to  the  rear  part 
of  the  spray  valve  chamber  40.  The  second  stream  flows 
into  the  air  plenum  passage  78,  which  connects  the  up- 
per  air  passage  with  an  air  plenum  or  gallery  60  sur- 

10  rounding  the  nozzle  50. 
The  air  flow  through  the  spray  valve  passage  80  en- 

ters  the  rear  of  the  valve  chamber  40  then  flows  through 
the  conduit  33  in  the  valve  body  36  into  the  front  of  the 
valve  chamber.  The  air  flowing  through  the  valve  body 

is  36  combines  with  the  spray  material  and  urges  the  spray 
material  toward  the  nozzle  50. 

The  spray  material  enters  the  nozzle  through  an  in- 
ternally  tapered  mouth  52.  The  spray  material  flows 
through  the  nozzle  mouth  into  a  mixing  chamber  54.  In 

20  the  mixing  chamber,  the  spray  material  is  again  com- 
bined  with  pressurized  air  that  flows  through  the  nozzle 
passages  53  leading  from  the  air  plenum  60.  The  pres- 
surized  air  atomized  the  liquid  in  the  spray  materials  be- 
fore  the  mixture  exits  through  the  discharge  orifice  56. 

25  As  mentioned  above,  in  addition  to  atomizing  the 
liquid  in  the  spray  materials,  the  pressurized  air  displac- 
es  the  piston  85.  The  air  pressure  required  to  displace 
the  air  piston  is  typically  higher  than  the  air  pressure  re- 
quired  to  atomize  the  spray  material  liquid  and  create 

30  proper  spray  patterns.  Therefore,  a  conventional  throt- 
tling  valve  (not  shown)  is  preferably  placed  in  the  upper 
air  passage  78  to  variably  control  the  air  pressure  flow- 
ing  to  the  nozzle. 

The  nozzle  50  is  removable  from  the  spray  gun  10 
35  so  that  different  nozzles  can  be  used,  allowing  the  spray 

gun  to  create  a  variety  of  spray  patterns.  A  variety  of 
means  for  removably  connecting  the  nozzle  to  the  spray 
gun  can  be  used.  In  the  preferred  embodiment,  an  in- 
ternally  threaded  cap  or  bezel  66  cooperates  with 

40  threads  on  the  barrel  1  2  to  connect  the  nozzle  to  the  gun. 
Different  spray  patterns  are  produced  by  altering 

the  configuration  of  the  discharge  orifice  of  the  nozzle, 
Two  different  nozzles  are  illustrated  in  Fig.  2  and  Figs. 
3-6,  namely:  a  conical  spray  nozzle  90a  (Fig.  2)  and  a 

45  fan  spray  nozzle  90  (Figs.  3-6). 
The  nozzle  90a  has  a  circular  discharge  orifice  92a 

that  is  coaxial  with  the  air-fluid  mixing  chamber  and  pro- 
duces  a  conical  spray  pattern.  The  size  and  angle  of  the 
conical  pattern  can  be  modified  by  altering  the  diameter 

so  of  the  discharge  orifice. 
The  fan  nozzle  90  has  an  elongated  or  slot-like  dis- 

charge  orifice  92  and  produces  a  fan-shaped  spray  pat- 
tern,  i.e.,  a  pattern  having  generally  flat  sides  and  di- 
verging  edges  as  illustrated  in  Fig.  5.  The  nozzle  orifice 

55  92  has  a  width  94  and  height  96.  The  width  94  is  smaller 
than  both  the  height  96  and  the  diameter  of  the  mixing 
chamber,  and  the  height  96  is  preferably  greater  than 
the  mixing  chamber  diameter. 

4 



7 EP  0  813  909  A2 8 

To  aid  in  the  atomization  of  the  fluent  spray  material, 
the  width  94  of  the  discharge  orifice  92  should  fall  be- 
tween  an  upper  and  a  lower  limit.  The  lower  limit  is  the 
average  diameter  of  the  particles  in  the  spray  materials. 
If  the  width  94  is  less  than  the  average  particle  diameter, 
the  particles  will  tend  to  occlude  the  discharge  orifice  92 
hampering  the  spray  pattern. 

The  upper  limit  is  twice  the  average  diameter  of  the 
particles  in  the  spray  material.  By  making  the  width  94 
smaller  than  the  upper  limit,  only  one  particle  can  pass 
through  the  nozzle  at  any  one  time  at  a  certain  point 
along  the  height  96  of  the  discharge  orifice.  Preferably, 
the  width  94  is  approximately  fifty  percent  greater  than 
the  average  particle  diameter. 

Alternatively,  the  spray  material  can  be  selected 
with  respect  to  the  width  94.  The  spray  material  is  se- 
lected  so  that  the  particles  in  the  spray  material  have  an 
average  thickness  that  is  one  third  smaller  than  the 
width  94. 

In  accordance  with  the  present  invention,  all  of  the 
spray  nozzles  to  be  used  with  the  spray  gun  will  have 
the  same  external  shape  and  dimensions  so  as  to  be 
readily  replaceable,  one  for  the  other,  thereby  facilitating 
quick  and  easy  changeover  when  it  is  desired  to  vary 
the  spray  pattern.  Due  to  the  similarity  of  construction, 
a  description  of  the  features  of  the  fan  spray  nozzle  90 
shown  in  Figs.  3-6  will  serve  to  describe  as  well  the  cor- 
responding  features  of  the  conical  spray  nozzle  90a 
shown  in  Fig.  2.  Corresponding  reference  numerals  are 
employed  to  indicate  corresponding  features,  with  the 
corresponding  numerals  in  Fig.  2  being  followed  by  the 
suffix  "a". 

Referring  to  Figs.  3-6,  each  nozzle  comprises  a 
body  portion  1  00  having  an  outer  peripheral  surface  1  02 
at  its  front  end  that  is  rearwardly  and  outwardly  tapered 
and  of  frustoconical  shape.  An  outer  peripheral  surface 
104  at  the  rear  of  the  nozzle  is  rearwardly  and  inwardly 
tapered  and  of  frustoconical  shape  for  conformable  re- 
ception  in  and  mating  engagement  with  a  complemen- 
tary  frustoconical  recess  1  06  (Fig.  2)  formed  at  the  for- 
ward  end  of  the  gun  barrel  1  2.  The  juncture  of  the  nozzle 
front  and  rear  surfaces  1  02  and  1  04  is  defined  by  a  for- 
wardly  facing,  radially  outwardly  extending  shoulder  1  08 
which  is  engageable  by  the  cap  or  bezel  66.  The  cap  or 
bezel  is  internally  threaded  and  engages  complemen- 
tary  external  threads  on  the  front  end  of  the  gun  barrel 
12  to  sealingly  seat  the  rear  surface  104  of  the  nozzle 
in  the  complementary  recess  106  in  the  gun  barrel. 

Consequently,  each  nozzle  can  quickly  and  easily 
be  removed  and  replaced  with  another  nozzle  simply  by 
removal  of  the  cap  66,  replacement  of  the  nozzle  and 
reattachment  of  the  cap,  as  is  indicated  by  the  phantom 
line  illustration  in  Fig.  2. 

The  outer  tapered  rear  surface  104  of  each  nozzle 
has  a  peripheral,  circumferentially  extending  cut  110 
therein  located  for  alignment  with  the  gun  body  air  pas- 
sage  78,  thereby  to  form  the  annular,  circumferential, 
compressed  air  gallery  or  manifold  60. 

To  insure  against  entry  of  the  fluent  spray  material 
into  the  air  gallery  or  manifold,  a  resilient  elastomeric  CD- 
ring  seal  1  1  2  (Fig.  2)  may  be  seated  in  a  circumferential 
groove  1  1  4  in  the  rear  surface  of  the  nozzle  between  the 

5  air  gallery  cut  110  and  the  rear  end  of  the  nozzle.  The 
ring  112  thus  provides  an  elastomeric  seal  at  the  inter- 
face  between  the  nozzle  and  the  gun  barrel  which  sup- 
plements  the  metal  to  metal  seal  established  by  the 
complementary  frustoconical  surfaces  104  and  106. 

10  The  concentric,  complementary,  frustoconical  mat- 
ing  surfaces  104  and  106  of  the  nozzle  and  gun  barrel 
also  facilitate  rotation  of  the  fan  nozzle  90  relative  to  the 
gun  barrel  for  purposes  for  orienting  the  fan  shaped 
spray  vertically,  horizontally,  or  in  any  intermediate  po- 

15  sition,  as  desired  by  the  spray  operator.  To  facilitate  ro- 
tation,  each  fan  nozzle  90  is  preferably  provided  on  its 
front  peripheral  surface  102  with  a  pair  of  wrench  flats 
116  adapted  for  reception  of  a  wrench  for  rotating  the 
nozzle  without  loosening,  or  with  only  partial  loosening, 

20  of  the  nozzle  mounting  cap  or  bezel  66.  The  wrench  flats 
116  are  preferably  spaced  equal  distances  outwardly 
from  the  length  dimension  94  of  the  fan  spray  outlet  92 
so  as  to  be  oriented  with  the  opposite,  substantially  flat 
sides  of  the  fan  shaped  spray,  thereby  to  facilitate  ori- 

25  entation  of  the  fan  relative  to  the  gun. 
The  internal  construction  of  the  nozzle  is  especially 

critical  to  attainment  of  the  objects  of  the  invention.  In 
particular,  the  nozzle  has  a  stepped  axial  bore  there- 
through  defining  a  material  entry  chamber  1  20  of  a  given 

30  diameter  and  an  air  and  fluid  mixing  chamber  122  of  a 
smaller  diameter,  with  an  intervening  forwardly  tapered 
shoulder  124  between  the  chambers.  As  fluid  under 
pressure  entering  the  chamber  1  20  passes  the  shoulder 
124  and  enters  the  chamber  122,  fluid  pressure  is  re- 

35  duced  and  fluid  velocity  is  increased,  thereby  establish- 
ing  a  fluid  flow  condition  in  the  mixing  chamber  1  22  that 
mitigates  against  creation  of  back  pressure  in  the  cham- 
ber. 

Each  nozzle  is  provided  with  a  plurality  of  circum- 
40  ferentially  spaced,  forwardly  and  inwardly  inclined  air  or- 

ifices  or  ports  126  which  extend  from  the  air  gallery  cut 
110  into  the  mixing  chamber  122.  The  forward  inclina- 
tion  of  the  ports  causes  air  passing  therethrough  to  im- 
pinge  in  a  forward  direction  and  generally  tangentially 

45  against  the  fluid  material  passing  through  the  mixing 
chamber.  Consequently,  the  air  flow  complements  the 
fluid  flow  to  mitigate  against  creation  of  a  back  pressure 
in  the  mixing  chamber  that  might  otherwise  tend  to  drive 
the  fluid  material  rearwardly  into  the  air  orifices  or  ports 

so  1  26.  The  angle  of  air  impingement  onto  the  flu  id  material 
is  preferably  in  the  order  of  about  30  degrees. 

The  air  orifices  or  ports  126  are  preferably  spaced 
equal  circumferential  distances  from  one  another  and 
are  preferably  six  in  number  to  insure  thorough  and  uni- 

55  form  mixing  of  the  air  with  the  fluent  material  in  order  to 
provide  a  spray  pattern  of  uniform  spray  density.  In  the 
case  of  fan  spray  nozzles,  the  air  ports  are  spaced  cir- 
cumferentially  from  the  plane  of  the  major  axis  or  dimen- 

5 
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sion  96  of  the  spray  orifice  92  so  as  not  to  impinge  di- 
rectly  on  the  fluent  material  that  will  form  the  diverging 
marginal  edges  of  the  fan  shaped  spray  pattern.  This 
assures  the  integrity  and  angle  of  the  fan  pattern  even 
when  air  and/or  fluid  pressures  are  varied. 

The  angle  of  divergence  of  the  fan  shaped  spray 
pattern  and  thus  the  height  of  the  pattern  are  determined 
by  the  angle  of  divergence  of  the  internal  surfaces  of  the 
nozzle  that  lead  from  the  peripheral  wall  of  the  mixing 
chamber  1  22  to  the  height  dimension  96  of  the  fan  orifice 
92.  In  Fig.  5,  a  divergence  angle  of  30°  is  shown  in  solid 
lines  and  a  divergence  angle  of  45°  in  dotted  lines.  The 
width  94  of  the  discharge  orifice  is  a  function  of  the  size 
of  the  particulate  in  the  fluent  material,  as  previously  de- 
scribed,  and  the  height  is  such  as  to  establish  a  prede- 
termined  relationship  between  the  area  of  the  discharge 
orifice  and  the  area  of  the  compressed  air  orifices  126 
entering  through  the  peripheral  wall  of  the  mixing  cham- 
ber. 

The  area  of  the  nozzle  discharge  orifice  92  should 
in  particular  be  greater  than  the  combined  areas  of  the 
air  ports  126  in  order  to  provide  for  a  pressure  drop  at 
the  discharge  orifice  to  further  aid  in  mitigating  develop- 
ment  of  back  pressures  in  the  mixing  chamber  122.  Al- 
so,  in  order  to  achieve  thorough  and  proper  mixing  and 
atomization,  the  pressure  of  the  fluent  material  in  the 
mixing  chamber  122  should  not  exceed  the  pressure  of 
the  air  introduced  into  the  chamber.  No  scientifically  pre- 
cise  ratios  of  area,  size  and  pressure  have  been  deter- 
mined  to  be  critical  to  successful  operation  of  the  nozzle. 
It  appears  to  suffice  that  the  mixing  chamber  122  be 
smaller  than  the  entry  chamber  1  20;  that  the  fluid  pres- 
sure  not  exceed  the  air  pressure  in  the  mixing  chamber; 
and  that  the  area  of  the  spray  orifice  be  greater  than  the 
area  of  the  air  ports  126. 

The  same  design  criteria  apply  fully  to  the  conical 
spray  nozzle  90a  illustrated  in  Fig.  2. 

The  present  invention  further  provides  the  signifi- 
cant  improvement  that  the  nozzles  90  and  90a  are  of 
unitary,  one-piece  construction  in  contrast  to  the  con- 
ventional  three  component  assembly  of  the  prior  art. 
Each  nozzle  can  be  manufactured  from  a  single  piece 
of  raw  material  on  a  single  nozzle  making  machine.  Due 
to  their  design,  the  nozzles  can  be  manufactured  with 
quite  generous  tolerances,  thereby  minimizing  machin- 
ing  time.  Consequently,  the  nozzles  are  very  economi- 
cal  to  make,  easy  to  use,  readily  replaceable  one  for  an- 
other,  and  not  prone  to  loss. 

The  objects  and  advantages  of  the  invention  have 
therefore  been  shown  to  be  attained  in  a  convenient, 
economical,  practical  and  facile  manner. 

While  preferred  embodiments  of  the  invention  have 
been  herein  illustrated  and  described,  it  is  to  be  appre- 
ciated  that  various  changes,  rearrangements  and  mod- 
ifications  may  be  made  therein  without  departing  from 
the  scope  of  the  invention  as  defined  by  the  appended 
claims. 

Claims 

1.  An  internal  mix  air  spray  nozzle  comprising 

5  a  nozzle  body,  said  body  having 
a  stepped  bore  therethrough,  said  bore  defining 
an  entry  chamber  of  a  given  cross  sectional  ar- 
ea  for  entry  therein  of  fluent  material  under 
pressure,  a  mixing  chamber  of  a  smaller  cross 

10  sectional  area  for  receiving  fluent  material  un- 
der  pressure  from  the  entry  chamber,  and  a 
shoulder  between  the  chambers  for  reducing 
the  pressure  and  increasing  the  velocity  of  flu- 
ent  material  passing  from  the  entry  chamber  in- 

15  to  the  mixing  chamber, 
a  spray  orifice  at  the  end  of  the  mixing  chamber 
opposite  the  entry  chamber,  the  mixing  cham- 
ber  having  a  peripheral  wall  leading  to  the  spray 
orifice,  and 

20  a  plurality  of  circumferentially  spaced  air  ports 
in  the  peripheral  wall  of  the  mixing  chamber  for 
introducing  air  at  a  pressure  equal  to  or  greater 
than  the  pressure  of  the  fluent  material  into  the 
mixing  chamber  and  the  fluent  material  passing 

25  through  the  mixing  chamber,  said  ports  being 
inclined  in  the  direction  toward  the  spray  orifice 
for  mixing  air  under  pressure  with  fluent  mate- 
rial  under  pressure  and  discharging  the  mixture 
from  the  orifice  as  an  atomized  spray. 

30 
2.  A  spray  nozzle  as  set  forth  in  Claim  1  wherein  the 

spray  orifice  has  a  cross  sectional  area  greater  than 
the  combined  cross  sectional  areas  of  the  air  ports. 

35  3.  A  spray  nozzle  as  set  forth  in  Claim  1  wherein  the 
spray  orifice  is  circular  for  discharging  the  atomized 
spray  in  a  conical  spray  pattern. 

4.  A  spray  nozzle  as  set  forth  in  Claim  1  wherein  the 
40  spray  orifice  comprises  a  slot  having  a  major  axis 

and  a  minor  axis  for  discharging  the  atomized  spray 
in  a  fan-shaped  spray  pattern. 

5.  A  spray  nozzle  as  set  forth  in  Claim  4  wherein  the 
45  air  ports  are  spaced  circumferentially  from  the  plane 

of  the  major  axis  of  the  spray  orifice. 

6.  A  spray  nozzle  as  set  forth  in  Claim  1  wherein  the 
air  ports  are  inclined  at  an  angle  of  about  30°  to  the 

so  peripheral  wall  of  the  mixing  chamber. 

7.  A  spray  nozzle  as  set  forth  in  Claim  1  wherein  the 
air  ports  are  spaced  equal  circumferential  distances 
from  one  another. 

55 
8.  A  spray  nozzle  as  set  forth  in  Claim  7  wherein  the 

air  ports  are  six  in  number. 

25 
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9.  A  spray  nozzle  as  set  forth  in  Claim  I  wherein  the 
nozzle  consists  of  a  unitary,  one  piece  body. 

10.  An  internal  mix  air  spray  nozzle  comprised  of 

a  unitary,  generally  cylindrical,  one  piece  body, 
said  body  having  front  and  rear  ends, 
a  rearwardly  and  inwardly  tapered  frustoconical 
surface  at  the  rear  end  for  reception  in  a  com- 
plementary,  mating  recess  in  a  spray  gun, 
a  circumferential  recess  in  said  surface  defining 
an  annular  compressed  air  gallery  in  said  sur- 
face, 
a  stepped  bore  extending  axially  through  the 
body  and  defining  a  fluent  material  entry  cham- 
ber  adjacent  the  rear  end  thereof,  a  fluent  ma- 
terial  and  air  mixing  chamber  adjacent  the  front 
end  thereof,  and  an  intervening  shoulder,  said 
entry  chamber  being  of  larger  cross-sectional 
area  than  said  mixing  chamber, 
a  spray  orifice  in  the  front  end  of  the  body, 
the  mixing  chamber  having  a  peripheral  wall 
leading  to  the  spray  orifice,  and 
a  plurality  of  circumferentially  spaced  air  ports 
extending  from  said  air  gallery  through  the  pe- 
ripheral  wall  of  and  into  the  mixing  chamber, 
said  ports  being  inclined  radially  inwardly  and 
axially  forwardly  from  said  air  gallery  into  said 
mixing  chamber. 

11.  A  spray  nozzle  as  set  forth  in  Claim  1  0  wherein  the 
spray  orifice  has  a  cross  sectional  area  greater  than 
the  combined  cross  sectional  areas  of  the  air  ports. 

1  2.  A  spray  nozzle  as  set  forth  in  Claim  1  0  wherein  the 
air  ports  are  inclined  at  an  angle  of  about  30°  to  the 
peripheral  wall  of  the  mixing  chamber. 

1  3.  A  spray  nozzle  as  set  forth  in  Claim  1  0  wherein  the 
spray  orifice  comprises  a  slot  having  a  major  axis 
and  a  minor  axis  for  emitting  a  fan  shaped  spray 
pattern. 

1  4.  A  spray  nozzle  as  set  forth  in  Claim  1  3  wherein  the 
air  ports  are  Spaced  circumferentially  from  the 
plane  of  the  major  axis  of  the  spray  orifice. 

1  5.  A  spray  nozzle  as  set  forth  in  Claim  1  3  wherein  the 
cylindrical  body  of  the  nozzle  and  the  frusto  conical 
surface  thereon  accommodate  rotation  of  the  noz- 
zle  relative  to  a  spray  gun  for  changing  the  orienta- 
tion  of  the  fan  shaped  spray  pattern  relative  to  the 
gun. 

1  6.  A  spray  nozzle  as  set  forth  in  Claim  1  0  wherein  the 
cylindrical  body  of  the  nozzle  forwardly  of  said  frus- 
toconical  surface  includes  a  radially  outwardly  ex- 
tending  and  forwardly  facing  shoulder  for  receiving 

a  cap  for  securing  the  nozzle  to  a  spray  gun. 

17.  A  process  for  atomizing  and  spraying  a  fluid  mate- 
rial  comprising  the  steps  of 

5 
introducing  fluid  material  under  pressure  into 
an  entry  chamber  of  a  given  cross  sectional  ar- 
ea; 
flowing  the  material  from  the  entry  chamber 

10  past  an  intervening  shoulder  into  and  through 
a  mixing  chamber  of  a  cross  sectional  area  less 
than  that  of  the  entry  chamber; 
reducing  the  pressure  and  increasing  the  ve- 
locity  of  flow  of  the  material  as  it  passes  from 

is  the  entry  chamber  into  the  mixing  chamber; 
introducing  air  at  a  pressure  equal  to  or  greater 
than  the  pressure  of  the  fluent  material  into  the 
mixing  chamber  through  a  plurality  of  circum- 
ferentially  spaced  orifices; 

20  directing  the  air  from  the  air  orifices  into  the  mix- 
ing  chamber  generally  tangentially  of  and  in  the 
direction  of  flow  of  the  fluent  material  through 
the  mixing  chamber; 
discharging  the  mixture  of  fluent  material  and 

25  air  from  the  mixing  chamber  through  a  spray  or- 
ifice  having  a  larger  cross  sectional  area  than 
the  combined  areas  of  the  air  orifices;  and 
causing  the  fluent  material  to  be  emitted  from 
the  spray  orifice  in  the  form  of  an  atomized 

30  spray. 

18.  An  internal  mix  air  spray  nozzle  for  use  with  an  air 
spray  gun  having  a  barrel,  a  frustoconical  recess  at 
the  forward  end  of  the  barrel,  a  nozzle  mounting 

35  bezel  concentric  with  the  recess,  a  fluid  material  in- 
let  coaxial  with  and  opening  into  the  recess  and  a 
cdmpressed  air  supply  passage  leading  into  the  re- 
cess  radially  outwardly  of  the  fluid  material  inlet, 
comprising 

40 
a  generally  cylindrical  nozzle  body  having  for- 
ward  and  rearward  ends, 
a  concentric,  frustoconical  surface  on  the  rear- 
ward  end  of  said  body  complementary  to  and 

45  conformably  engageable  in  the  frustoconical 
recess  in  the  gun  barrel, 
a  forwardly  facing  shoulder  on  said  body  en- 
gageable  by  the  spray  gun  bezel  for  securing 
the  nozzle  to  the  barrel, 

so  a  bore  extending  axially  through  said  body  in 
axial  alignment  with  the  fluid  material  inlet  in  the 
gun  barrel, 
a  concentric  circumferential  recess  in  the  frus- 
toconical  surface  of  said  body  aligned  with  the 

55  air  supply  passage  in  the  gun  barrel  and  defin- 
ing  on  the  rearward  end  portion  of  said  body  an 
annular  compressed  air  gallery  concentric  with 
said  bore, 

25 
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a  plurality  of  circumferentially  spaced  air  orific- 
es  inclined  inwardly  and  forwardly  from  said  air 
gallery  into  a  forward  end  portion  of  said  bore, 
and 
a  spray  orifice  at  the  forward  end  of  said  bore,  s 

19.  A  spray  nozzle  as  set  forth  in  Claim  18  wherein  said 
forward  end  portion  of  said  bore  is  of  smaller  cross 
sectional  area  than  the  rearward  end  portion  of  said 
bore;  wherein  said  spray  orifice  is  of  larger  cross  10 
sectional  area  than  the  combined  cross  sectional 
areas  of  said  air  orifices,  and  wherein  said  air  ori- 
fices  are  inclined  at  an  angle  of  about  30°  to  said 
bore. 

15 
20.  A  spray  nozzle  as  set  forth  in  Claim  1  8  wherein  the 

spray  orifice  comprises  a  slot  having  a  major  axis 
and  a  minor  axis  for  emitting  a  fan  shaped  spray 
pattern,  wherein  the  air  orifices  are  spaced  circum- 
ferentially  from  the  plane  of  the  major  axis  of  the  20 
spray  orifice,  and  wherein  the  frusto  conical  surfac- 
es  accommodate  rotation  of  the  nozzle  relative  to 
the  gun  barrel  for  changing  the  orientation  of  the  fan 
shaped  spray  pattern  relative  to  the  spray  gun. 

25 
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