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(54)  Low  profile  sootblower  nozzle. 

(57)  A  nozzle  assembly  for  a  sootblower  used  to 
project  a  fluid  cleaning  medium  against  internal 
surfaces  of  a  combustion  device.  The  nozzle 
block  assembly  of  this  invention  incorporates  a 
converging/diverging  throat  configuration  hav- 
ing  a  truncated  center  plug  in  the  flow  nozzle 
which  provides  improved  jet  flow  character- 
istics  within  the  limited  nozzle  length  available 
in  the  sootblower  environment.  Various  techni- 
ques  for  supporting  the  truncated  plug  of  this 
invention  are  disclosed. 
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BACKGROUND  AND  SUMMARY  OF  THE 
INVENTION 

This  invention  generally  relates  to  sootblowers 
which  are  used  to  project  a  stream  of  a  sootblowing 
medium  against  internal  surfaces  of  a  combustion  de- 
vice  for  cleaning  the  surfaces.  In  particular,  this  in- 
vention  concerns  a  nozzle  assembly  which  produces 
a  cleaning  effect  which  is  superior  to  nozzles  of  con- 
ventional  design. 

Sootblowers  are  used  to  project  a  stream  of 
cleaning  medium  such  as  water,  air  or  steam  against 
heat  transfer  surfaces  within  a  combustion  device 
such  as  large  scale  boilers  to  cause  slag  and  ash  en- 
crustations  to  be  removed.  The  cleaning  medium  im- 
pacting  against  the  surfaces  causes  adhering  layers 
to  be  removed.  Various  types  of  sootblowers  are 
used.  One  general  category  of  sootblowers  is  known 
as  the  long  retracting  type.  These  devices  have  a  re- 
tractable  lance  tube  which  is  periodically  advanced 
into  and  withdrawn  from  the  boiler,  and  may  be  simul- 
taneously  rotated  such  that  one  or  more  nozzles  on 
the  lance  tube  project  a  jet  of  cleaning  medium  which 
traces  a  helical  path.  In  typical  retracting  sootblow- 
ers,  a  feed  tube  is  held  stationary  relative  to  the  soot- 
blower  frame.  One  end  of  the  feed  tube  is  supplied 
with  the  cleaning  medium  through  a  poppet  valve. 
The  lance  tube  slidably  over-fits  the  feed  tube  and  its 
longitudinal  sliding  and  rotational  motion  is  controlled 
by  a  carriage  which  moves  along  tracks  on  the  soot- 
blower  frame.  The  cleaning  medium  supplied  to  the 
feed  tube  in  turn  pressurizes  the  hollow  inside  of  the 
lance  tube.  The  cleaning  medium  escapes  from  the 
lance  tube  through  one  or  more  nozzles  which  direct 
the  spray  against  the  surfaces  to  be  cleaned.  At  the 
conclusion  of  a  cleaning  cycle,  the  lance  tube  is  re- 
tracted  and  withdrawn  from  the  combustion  device  to 
avoid  exposure  to  intense  heat  which  would  destroy 
the  lance  tube. 

Cleaning  of  slag  and  ash  encrustations  within  the 
internal  surfaces  of  a  combustion  device  occurs 
through  a  combination  of  mechanical  and  thermal 
shock  caused  by  the  impact  of  the  cleaning  medium. 
In  order  to  maximize  this  effect,  designers  of  soot- 
blowing  equipment  strive  to  design  lance  tubes  and 
nozzles  which  produce  a  coherent  stream  of  cleaning 
medium  having  a  high  peak  impact  pressure  (i.e.  max- 
imum  dynamic  pressure  at  point  of  contact)  and  which 
can  clean  surfaces  a  long  distance  from  the  nozzle. 

Various  cleaning  mediums  are  used  in  sootblow- 
ers.  Stream  and  air  are  used  in  many  applications.  In 
order  to  maximize  the  cleaning  effect,  a  stream  which 
is  fully  expanded  as  it  exits  the  nozzle  is  desired.  Full 
expansion  refers  to  a  condition  in  which  the  static 
pressure  of  the  stream  exiting  the  nozzle  approaches 
that  of  the  ambient  pressure  surrounding  the  lance 
tube.  Classical  nozzle  design  theory  for  compressible 
fluids  such  as  air  or  steam  require  that  the  nozzle 

have  a  throat  with  an  expanding  cross-sectional  area 
which  allows  the  pressure  of  the  fluid  to  be  reduced 
as  it  passes  through  the  nozzle.  The  rate  of  expan- 
sion  of  the  nozzle  throat  cross-sectional  area  is  how- 

5  ever  limited  by  a  desire  to  minimize  boundary  layer 
separation  of  the  stream  flowing  through  the  nozzle, 
which  limits  the  divergence  angle  of  the  nozzle  throat 
surfaces.  The  occurrence  of  boundary  layer  separa- 
tion  leads  to  a  turbulent  flow  regime  which  adversely 

10  affects  the  stream  cleaning  capabilities.  Unfortunate- 
ly,  such  conventional  full  expansion  nozzles  cannot 
readily  be  incorporated  into  many  sootblower  lance 
tubes  since  they  tend  to  be  longer  than  can  be  incor- 
porated  in  the  lance  tube.  Such  constraints  result 

15  since  it  is  necessary  to  move  the  lance  tube  into  and 
out  of  the  combustion  device  through  a  small  access 
port  which  limits  the  extent  to  which  a  nozzle  can  ex- 
tend  beyond  the  outside  diameter  of  the  lance  tube. 
The  length  of  the  nozzle  is  also  limited  by  a  desire  to 

20  ensure  that  the  inlet  end  of  the  nozzle  within  the 
lance  tube  does  not  extend  so  far  across  the  inside  di- 
ameter  of  the  lance  tube  that  flow  area  through  the 
lance  tube  is  restricted.  Accordingly,  conventional  full 
expansion  nozzles  cannot  generally  be  incorporated 

25  into  most  retracting  sootblowers. 
By  providing  a  sootblower  nozzle  having  higher 

peak  impact  pressure  and  penetration  ability,  en- 
hanced  cleaning  performance  results  which  may  per- 
mit  a  lower  consumption  of  cleaning  medium  which 

30  can  translate  into  a  higher  overall  efficiency  of  the  as- 
sociated  boiler.  Moreover,  by  providing  a  more  pene- 
trating  stream,  it  may  be  possible  to  decrease  the 
number  of  sootblowers  in  a  given  area  of  a  boiler  re- 
quired  to  provide  a  desired  cleaning  effect  thereby 

35  providing  considerable  savings  to  the  boiler  operator 
in  terms  of  capital  investment  and  operating  costs. 

In  accordance  with  the  present  invention,  im- 
provements  over  existing  sootblower  nozzles  are  pro- 
vided.  The  nozzles  according  to  this  invention  emu- 

40  late  the  characteristics  of  a  conventional  full  expan- 
sion  nozzle  while  having  a  short  length  or  "low  profile" 
which  can  be  incorporated  into  a  sootblower  lance. 
The  nozzles  of  this  invention  have  a  nozzle  throat 
with  a  centrally  located  plug  which  produces  an  annu- 

45  lar  flow  passageway.  By  providing  a  diverging  sur- 
face  on  the  inside  of  the  hollow  nozzle  shell,  and  a 
converging  surface  on  the  plug,  the  rate  of  expansion 
of  cross-sectional  area  can  be  increased  without  vio- 
lating  divergence  angle  limitations.  Such  low  profile 

so  nozzles  have  been  evaluated  in  connection  with  this 
invention  and  found  to  provide  performance  which 
approaches  that  of  conventional  full  expansion  noz- 
zles  which  have  a  completely  open  throat  area. 

This  invention  further  encompasses  various  ap- 
55  proaches  toward  mounting  the  plug  within  the  nozzle 

throat.  In  one  embodiment,  the  plug  is  supported  by 
the  back  wall  of  the  lance  tube,  whereas  in  another 
embodiment,  the  plug  is  supported  by  a  radially  ex- 
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tending  supporting  vane.  In  an  additional  embodi- 
ment,  a  one  piece  double-ended  plug  is  used  for  dia- 
metrically  opposed  nozzles.  While  nozzles  with  annu- 
lar  flow  passages  are  know  generally,  for  example, 
modern  jet  engines  can  be  thought  of  as  such  a  noz- 
zle,  they  have  not  been  adapted  to  the  environment 
of  a  sootblower  lance  tube  where  they  provide  unique 
benefits. 

Further  objects,  features  and  advantages  of  the 
invention  will  become  apparent  from  a  consideration 
of  the  following  description  and  the  appended  claims 
when  taken  in  connection  with  the  accompanying 
drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  pictorial  view  of  a  long  retracting 
sootblower  which  is  one  type  of  sootblowerwhich 
may  incorporate  a  nozzle  assembly  of  the  pres- 
ent  invention; 
Figure  2  is  a  cross-sectional  view  of  a  nozzle 
block  in  accordance  with  a  conventional  prior  art 
configuration; 
Figure  3  is  a  cross-sectional  view  through  a  noz- 
zle  block  showing  a  low  profile  nozzle  in  accor- 
dance  with  a  first  embodiment  of  this  invention; 
Figure  4  is  a  cross-sectional  view  through  the 
nozzle  block  shown  in  Figure  3  showing  a  pair  of 
low  profile  nozzles  in  a  staggered  relationship; 
Figure  5  is  a  cross-sectional  view  through  a  noz- 
zle  block  having  a  low  profile  nozzle  assembly  in 
accordance  with  a  second  embodiment  of  this  in- 
vention. 
Figure  6  is  a  bottom  view  of  the  nozzle  assembly 
shown  in  Figure  5. 
Figure  7  is  a  cross-sectional  view  of  a  nozzle  as- 
sembly  in  accordance  with  a  third  embodiment  of 
this  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

A  representative  sootblowerwhich  may  incorpor- 
ate  the  features  of  the  present  invention  is  shown  in 
Figure  1  and  is  generally  designated  there  by  refer- 
ence  number  10.  Sootblower  10  principally  comprises 
frame  assembly  12,  lance  tube  14,  feed  tube  16,  and 
carriage  18.  Sootblower  10  is  shown  in  its  normal  re- 
tracted  resting  position.  Upon  actuation,  lance  tube  14 
is  extended  into  and  retracted  from  a  combustion  sys- 
tem  such  as  a  boiler  (not  shown)  and  may  be  simul- 
taneously  rotated. 

Frame  assembly  12  includes  a  generally  rectan- 
gularly  shaped  frame  box  20  which  forms  a  housing 
for  the  entire  unit.  Carriage  18  is  guided  along  two 
pairs  of  tracks  located  on  opposite  sides  of  frame  box 
20,  including  a  pair  of  lower  tracks  (not  shown)  and 
upper  tracks  22.  A  pair  of  toothed  racks  (not  shown) 
are  rigidly  connected  to  upper  tracks  22  and  are  pro- 

vided  to  enable  longitudinal  movement  of  carriage  18. 
Frame  assembly  12  is  supported  at  a  wall  box  (not 
shown)  which  is  affixed  to  the  boiler  wall  or  another 
mounting  structure  and  is  further  supported  by  rear 

5  support  brackets  24. 
Carriage  18  drives  lance  tube  14  into  and  out  of 

the  boiler  and  includes  drive  motor  26  and  gear  box 
28  which  is  enclosed  by  housing  30.  Carriage  18 
drives  a  pair  of  pinion  gears  32  which  engage  the 

10  toothed  racks  to  advance  the  carriage  and  lance  tube 
14.  Support  rollers  34  engage  the  guide  tracks  to  sup- 
port  carriage  18. 

Feed  tube  16  is  attached  at  one  end  to  rear  brack- 
et  36  and  conductsthe  flow  of  cleaning  medium  which 

15  is  controlled  through  the  action  of  poppet  valve  38. 
Poppet  valve  38  is  actuated  through  linkages  40 
which  are  engaged  by  carriage  18  to  begin  cleaning 
medium  discharge  upon  extension  of  lance  tube  14, 
and  cuts  off  the  flow  once  the  lance  tube  and  carriage 

20  return  to  their  idle  retracted  position,  as  shown  in  Fig- 
ure  1  .  Lance  tube  14  over-fits  feed  tube  1  6  and  a  fluid 
seal  between  them  is  provided  by  a  packing.  A  soot- 
blowing  medium  such  as  air  or  steam  flows  inside  of 
lance  tube  14  and  exits  through  one  or  more  nozzles 

25  50  mounted  to  nozzle  block  52  which  defines  the  dis- 
tal  end  of  the  lance  tube. 

Coiled  electrical  cable  42  conducts  power  to  the 
drive  motor  26.  Front  support  bracket  44  supports 
lance  tube  14  during  its  longitudinal  and  rotational  mo- 

30  tion.  For  long  lance  tube  lengths,  an  intermediate 
support  46  may  be  provided  to  prevent  excessive 
bending  deflection  of  the  lance  tube.  Additional  de- 
tails  of  the  construction  of  the  well-known  design  of 
"IK"  types  of  sootblowers  manufactured  by  assignee 

35  can  be  found  with  reference  to  U.S.  Pat.  Nos. 
3,439,367  and  4,803,959,  which  are  hereby  incorpo- 
rated  by  reference. 

Now  with  reference  to  Figure  2,  a  more  detailed 
illustration  of  nozzle  50  and  nozzle  block  52  of  prior 

40  art  design  is  provided.  As  shown,  nozzle  block  52  in- 
cludes  a  pair  of  diametrically  opposite  positioned  noz- 
zles  50.  Nozzles  50  define  an  open  throat  area  54 
which  initially  converges  and  then  diverges  much  like 
a  venturi  tube  which  expands  the  cleaning  fluid  while 

45  minimizing  boundary  layer  separation  of  the  flow  as 
it  passes  through  the  nozzle.  As  a  guideline  based  on 
experimentation  with  sootblowers,  nozzles  44  are 
generally  provided  with  a  divergence  angle  which  is 
the  included  angle  defined  by  the  diverging  inside 

so  surface  of  nozzle  50  designated  by  reference  letter  A 
of  around  15°  or  less.  If  divergence  angle  A  is  in- 
creased  significantly  beyond  that  level,  the  risk  of 
boundary  layer  separation  and  the  attendant  genera- 
tion  of  turbulence  results.  As  mentioned  previously, 

55  the  length  of  nozzle  44  is  limited  by  a  desire  to  main- 
tain  a  minimal  degree  of  extension  of  the  nozzle  from 
the  outside  diameter  of  nozzle  block  46,  and  further 
the  desire  to  not  block  the  inlet  of  the  nozzle.  Also  as 
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shown,  the  diametrically  opposite  positioning  of  noz- 
zles  44  further  reduce  the  allowable  length  of  each 
nozzle.  Although  it  is  possible  to  stagger  the  nozzles 
along  the  length  of  the  lance  tube,  length  limitations 
remain. 

Nozzles  for  compressible  fluids  are  often  evalu- 
ated  in  terms  of  the  degree  of  expansion  of  the  fluid 
jet  flowing  through  the  nozzle  which  they  provide. 
One  expansion  relationship  is  defined  in  terms  of  the 
static  pressure  of  the  steam  as  it  emerges  from  the 
nozzle,  as  compared  with  the  static  pressure  of  the 
fluid  field  surrounding  the  nozzle  exit  (i.e.  ambient 
pressure  or  the  pressure  in  the  combustion  device). 
This  relationship  is  frequently  expressed  as  PJPX 
where  Pe  is  the  static  pressure  of  the  exiting  stream 
and  PM  is  the  ambient  pressure.  Due  to  the  length  lim- 
itations  and  the  normal  pressures  at  which  air  or 
steam  is  delivered  to  sootblowers,  conventional  soot- 
blower  nozzles  such  as  shown  in  Figure  2  in  wide- 
spread  use  in  sootblower  applications  have  a  PJPX 
ratio  which  is  often  around  4.  In  other  words,  the 
stream  emerging  from  nozzle  44  is  highly  under-ex- 
panded.  Thus  the  fluid  stream  undergoes  significant 
expansion  after  exiting  the  nozzle.  Since  the  cleaning 
medium  flow  is  generally  supersonic  through  the 
throat  of  sootblower  nozzles  and  the  stream  is  high 
under-expanded,  a  normal  shock  area  close  to  the 
nozzle  results  also  referred  to  as  a  "Mach  disk"  phe- 
nomenon.  This  results  in  a  significant  decrease  in  the 
jet  energy  in  the  fluid  exiting  the  nozzle. 

A  recognized  principle  of  supersonic  fluid  flow 
through  nozzles  is  that  Mach  disk  formation  is  avoid- 
ed  when  Pe/Pa,  is  equal  to  2  or  less.  In  orderto  produce 
a  pressure  ratio  in  that  range  it  would  appear  that  all 
that  is  necessary  is  to  provide  a  greater  divergence 
angle  (angle  A)  to  more  fully  expand  the  flow  as  it  ex- 
its  the  nozzle.  However,  as  mentioned  previously,  in- 
creases  in  divergence  angle  necessary  to  produce 
such  area  change  tends  to  result  in  boundary  layer 
separation  which  degrades  the  peak  impact  pressure 
or  jet  energy  of  the  stream  being  emitted. 

Now  with  reference  to  Figures  3  and  4,  a  low  pro- 
file  nozzle  assembly  in  accordance  with  a  first  em- 
bodiment  of  this  invention  is  shown  and  is  generally 
designated  by  reference  number  56.  Nozzle  assem- 
bly  56  includes  a  hollow  outer  shell  58  having  an  inlet 
71  and  outlet  73  and  a  converging/diverging  inside 
surface  configuration,  similar  to  that  of  conventional 
nozzle  44.  Outer  shell  58  is  rotationally  symmetrical 
about  nozzle  longitudinal  axis  59.  Nozzle  assembly 
56  further  includes  plug  60  disposed  coaxially  within 
outer  shell  58  to  produce  an  annular  nozzle  throat  62. 
As  shown,  outer  shell  58  is  shown  inserted  within  port 
64  which  is  cut  into  nozzle  block  66,  and  is  welded  in 
place.  As  shown,  nozzle  outer  shell  58  extends  some- 
what  beyond  the  outside  diameter  of  nozzle  block  66, 
which  is  permitted  in  certain  applications.  Plug  60  has 
a  diverging  section  75  (when  viewed  in  the  direction 

of  the  fluid  flow)  at  its  base  and  a  converging  section 
76,  and  defines  a  mounting  base  68  having  a  protrud- 
ing  mounting  post  70.  Plug  60  is  rotationally  symmet- 
rical  about  axis  59  and  is  mounted  in  place  by  posi- 

5  tioning  post  70  within  nozzle  block  bore  72  where  it  is 
welded  in  position. 

As  it  is  true  in  the  design  of  conventional  soot- 
blower  nozzles  for  steam  or  air,  it  is  important  to  limit 
the  divergence  angle  of  the  stream  as  it  flows  through 

10  nozzle  assembly  56.  As  shown  in  Figure  3,  the  inside 
surface  of  outer  shell  58  defines  a  diverging  surface 
74  having  an  included  angle  designated  by  reference 
letter  A.  Plug  converging  surface  76  defines  a  conver- 
gence  angle  as  shown  in  Figure  3  designated  by  ref- 

15  erence  letter  B.  The  combined  included  divergence 
angle  within  throat  62  is  designated  by  reference  let- 
ter  C,  which  is  simply  VfeA+VfeB,  and  in  keeping  with 
guidelines  intended  to  minimize  the  occurrence  of 
boundary  layer  separation  is  limited  to  about  15°. 

20  Thus  if  both  angles  Aand  B  are  maintained  to  be  iden- 
tical,  they  are  both  limited  by  the  15°  guideline. 
Through  analysis  and  experimentation,  low  profile 
nozzle  assembly  56  has  been  found  to  produce  in- 
creases  in  the  jet  energy  of  the  sootblowing  medium 

25  exiting  the  nozzle  as  compared  with  "open  throat" 
nozzles  of  conventional  configuration.  These  benefits 
are  achieved  since  the  annular  throat  62  defined  by 
nozzle  assembly  56  has  a  more  rapid  increase  in  the 
rate  by  which  its  cross-sectional  area  increases,  with- 

30  out  exceeding  the  critical  divergence  angle  men- 
tioned  previously.  This  increased  rate  of  expansion  al- 
lows  more  complete  stream  expansion  to  occur  within 
a  limited  nozzle  length.  Nozzle  assembly  56  is  de- 
signed  to  provide  a  pressure  ratio  PJPX  of  equal  to  or 

35  less  than  2.  By  maintaining  the  pressure  ratio  in  this 
region,  the  point  of  transition  of  the  flow  from  super- 
sonic  to  subsonic  velocity  occurs  a  greater  distance 
from  the  exit  of  the  nozzle  assembly  56  which  results 
in  a  higher  peak  impact  pressure  along  the  jet.  In  ad- 

40  dition,  the  subsonic  transition  tends  to  produce  obli- 
que  Shockwaves,  which  generally  degrade  jet  energy 
less  than  the  normal  Shockwave  of  the  "Mach  disk". 

As  shown  in  Figure  3,  plug  diverging  surface  75 
extends  well  beyond  inlet  71  of  nozzle  shell  58  (shown 

45  extended  about  one-quarter  of  its  total  length).  This 
feature  is  believed  to  improve  the  inlet  conditions  of 
the  cleaning  medium  as  it  enters  the  nozzle,  since  it 
aids  in  directing  the  fluid  into  nozzle  inlet  71  .  This  fea- 
ture  is  especially  important  since  the  cleaning  me- 

50  dium  flowing  inside  lance  14  must  undergo  a  sharp 
turn  of  about  90°  as  it  enters  and  flows  out  of  nozzle 
assembly  56. 

As  is  evident  from  the  configuration  of  nozzle  as- 
sembly  56  shown  in  Figure  3,  this  configuration  of  a 

55  nozzle  assembly  does  not  permit  diametrically  oppo- 
site  positioning  of  two  or  more  nozzles.  As  is  shown 
in  Figure  4,  a  longitudinally  staggered  orientation, 
however,  can  be  provided.  In  that  Figure,  a  pair  of 

4 
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identical  nozzle  assemblies  56  are  shown  installed 
within  nozzle  block  66.  The  use  of  a  pair  of  opposed 
jets  as  shown  in  Figure  4  is  often  provided  as  a  means 
of  balancing  reaction  forces  acting  on  the  lance  tube 
during  the  sootblower  cleaning. 

Now  with  reference  to  Figure  6,  a  low  profile  noz- 
zle  assembly  in  accordance  with  a  second  embodi- 
ment  of  this  invention  is  shown  as  is  generally  desig- 
nated  by  reference  number  80.  Nozzle  assembly  80 
includes  an  outer  shell  which  is  identical  to  shell  58 
and  is  therefore  designated  by  reference  numbers 
used  previously.  As  in  the  prior  embodiment,  plug  88 
is  disposed  coaxially  along  longitudinal  axis  59.  This 
embodiment  of  a  nozzle  assembly  80,  however,  dif- 
fers  from  that  described  previously  with  respect  to  the 
manner  of  supporting  plug  88.  As  opposed  to  mount- 
ing  the  plug  to  the  diametrically  opposing  inside  sur- 
face  of  the  lance  tube,  a  support  vane  90  is  provided 
attached  to  both  outer  shell  58  and  plug  88.  Preferably 
vane  90  is  formed  from  sheet  metal  stock  so  as  to  min- 
imize  the  flow  restrictions  of  the  cleaning  medium  en- 
tering  throat  62.  As  in  the  prior  embodiment,  vane  90 
enables  plug  88  to  protrude  from  the  nozzle  inlet  71 
to  aid  in  providing  good  inlet  flow  conditions.  In  all 
other  respects,  nozzle  assembly  80  is  dimensionally 
consistent  and  operates  in  the  manner  of  nozzle  as- 
sembly  56. 

Figure  7  shows  a  third  embodiment  of  a  nozzle 
assembly  of  this  invention  designated  by  reference 
number  94  which  enables  diametrically  opposite  pos- 
itioning  of  a  pair  of  low  profile  nozzles  in  accordance 
with  this  invention.  Nozzle  assembly  94  includes  a 
pair  of  outer  shells  58,  with  a  one-piece  double-ended 
plug  96  extending  into  both  shells.  Vane  98  is  welded 
to  plug  96  and  both  shells  58  to  support  the  plug.  The 
dimensional  relationships  described  previously  are 
provided  in  both  nozzles  shown  in  Figure  7  and  they 
accordingly  operate  in  a  similar  fashion. 

While  the  nozzle  assemblies  of  this  invention 
were  described  with  a  long  retracting  sootblower, 
they  can  be  applied  in  various  types  of  sootblowing 
equipment.  While  the  above  description  constitutes 
the  preferred  embodiments  of  the  present  invention, 
it  will  be  appreciated  that  the  invention  is  susceptible 
of  modification,  variation  and  change  without  depart- 
ing  from  the  proper  scope  and  fair  meaning  of  the  ac- 
companying  claims. 

Claims 

1  .  A  nozzle  assembly  for  discharging  a  jet  of  a  fluid 
cleaning  medium  from  a  sootblower  lance  tube 
defining  a  hollow  inside  passage  for  cleaning  sur- 
faces  within  a  combustion  device  comprising: 

a  hollow  cylindrical  shell  affixed  to  said 
lance  tube  defining  an  inlet  and  an  outlet  for  the 
fluid  cleaning  medium  and  said  shell  having  a  di- 

verging  inside  surface  with  respect  to  the  direc- 
tion  of  flow  of  the  fluid  cleaning  medium  through 
said  shell,  and 

a  plug  positioned  coaxially  within  said 
5  shell  and  having  a  converging  outer  surface  with 

respect  to  the  direction  of  flow  of  the  fluid  clean- 
ing  medium  through  said  shell,  wherein  said  shell 
and  said  plug  defining  a  throat  for  conducting  the 
fluid  cleaning  medium  from  within  the  lance  tube 

10  inside  passage  against  the  surfaces,  said  throat 
having  an  annular  configuration  and  a  cross- 
sectional  area  which  increases  in  the  direction  of 
flow  of  the  fluid  cleaning  medium  through  said 
throat. 

15 
2.  A  nozzle  assembly  according  to  Claim  1  wherein 

the  included  angle  formed  by  said  shell  diverging 
inside  surface  is  equal  to  or  less  than  15°. 

20  3.  A  nozzle  assembly  according  to  Claim  1  wherein 
the  included  angle  formed  by  said  plug  converg- 
ing  outer  surface  is  equal  to  or  less  than  15°. 

4.  A  nozzle  assembly  according  to  Claim  1  wherein 
25  the  included  angle  formed  between  said  shell  di- 

verging  inside  surface  with  respect  to  said  plug 
converging  outer  surface  is  equal  to  or  less  than 
15°. 

30  5.  A  nozzle  assembly  according  to  Claim  1  wherein 
said  plug  is  affixed  directly  to  said  lance  tube. 

6.  A  nozzle  assembly  according  to  Claim  5  wherein 
said  plug  is  affixed  to  said  lance  tube  at  a  position 

35  on  the  inside  passage  of  the  lance  tube  aligned 
with  the  longitudinal  axis  of  said  nozzle. 

7.  A  nozzle  assembly  according  to  Claim  1  wherein 
said  plug  is  affixed  to  said  shell  by  a  vane  extend- 

40  ing  therebetween. 

8.  A  nozzle  assembly  according  to  Claim  1  wherein 
said  nozzle  assembly  throat  causes  an  expan- 
sion  of  the  cleaning  medium  such  that  the  static 

45  pressure  of  the  cleaning  medium  discharged 
from  said  nozzle  outlet  exit  is  less  than  twice  the 
ambient  pressure  of  fluid  surrounding  the  lance 
tube. 

so  9.  A  nozzle  assembly  according  to  Claim  1  wherein 
the  cleaning  medium  reaches  a  supersonic  ve- 
locity  within  said  nozzle  assembly  throat. 

10.  A  nozzle  assembly  according  to  Claim  1  wherein 
55  said  plug  has  a  diverging  section  which  protrudes 

from  said  shell. 

11.  A  nozzle  assembly  according  to  Claim  1  wherein 

5 
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said  nozzle  assembly  is  disposed  within  the 
lance  tube  such  that  the  flow  of  the  cleaning  me- 
dium  undergoes  a  change  of  direction  of  about 
90°  upon  entering  said  shell  inlet. 

5 
12.  A  nozzle  assembly  according  to  Claim  1  wherein 

a  pair  of  said  nozzle  assemblies  are  positioned  in 
a  diametrically  opposite  relationship  within  the 
lance  tube  inside  passage  with  said  plug  extend- 
ing  into  both  outershells  of  said  pair  of  nozzle  as-  10 
semblies. 
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