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(54)  Premixing  fuel  injector  with  improved  secondary  fuel-air  injection 

(57)  A  premixing,  tangential  entry  fuel  injector  (10) 
for  a  gas  turbine  engine  features  a  secondary  fuel-air 
injection  insert  (40)  positively  secured  to  a  centerbody 
shell  (38)  by  a  braze  joint  (98).  A  secondary  fuel  supply 
tube  (42),  positively  secured  to  both  a  centerbody  base 
(36)  and  to  the  insert  (40),  is  curved  in  at  least  two  di- 
mensions.  In  an  exemplary  embodiment,  the  tube  is 
coiled  into  a  spiral  shape  covering  a  single  360°  cycle. 

During  engine  operation,  the  centerbody  expands  axi- 
ally  in  response  to  elevated  temperatures  in  the  engine's 
interior,  causing  the  insert  (40)  to  be  displaced  away 
from  the  base  (36).  The  curvature  of  the  tube  allows  the 
tube  (42)  to  flex  slightly  to  accommodate  the  displace- 
ment.  Ideally  the  curvature  of  the  tube  is  such  that  the 
tube's  natural  frequency  is  well  above  the  maximum  vi- 
bratory  frequency  that  the  tube  will  experience  during 
engine  operation. 
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Description 

[0001]  This  invention  is  directed  to  premixing  fuel  in- 
jectors  for  introducing  primary  and  secondary  fuel  and 
air  into  the  combustor  of  a  gas  turbine  engine,  and  par-  s 
ticularly  to  a  premixing  fuel  injector  having  an  improved 
arrangement  for  transporting  and  injecting  the  second- 
ary  fuel  and  air. 
[0002]  Industrial  gas  turbine  engines,  such  as  those 
used  for  electrical  power  generation  or  as  industrial  10 
powerplants,  are  subject  to  stringent  regulation  of  ni- 
trous  oxides  (NOx)  and  other  undesirable  exhaust  emis- 
sions.  In  order  to  minimize  these  emissions,  industrial 
gas  turbines  are  equipped  with  premixing  fuel  injectors 
that  may  be  of  the  type  known  as  tangential  entry  injec-  15 
tors.  Atypical  tangential  entry  injector  features  an  axially 
extending  centerbody  and  a  pair  of  arcuate  scrolls  that 
extend  axially  between  a  forward  bulkhead  and  an  aft 
bulkhead.  The  scrolls  are  radially  spaced  from  the  cen- 
terbody  to  bound  an  annular  mixing  chamber.  The  20 
scrolls  are  also  radially  offset  from  each  other  to  define 
a  pair  of  air  intake  slots,  each  of  which  admits  a  stream 
of  primary  combustion  air  tangentially  into  the  mixing 
chamber.  Each  scroll  includes  an  array  of  axially  distrib- 
uted  fuel  injection  passages  for  introducing  primary  fuel  25 
into  the  incoming  airstream.  The  aft  bulkhead  of  the  in- 
jector  includes  a  discharge  port  for  introducing  the  pri- 
mary  fuel  and  air  into  the  engine  combustor,  and  the  aft- 
most  extremity  of  the  port  defines  a  fuel  injector  dis- 
charge  plane.  30 
[0003]  The  injector  centerbody  includes  a  base  af- 
fixed  to  the  forward  bulkhead,  an  injection  insert  having 
a  flat  aft  surface,  and  a  substantially  frustoconical  hollow 
shell.  The  shell  extends  axially  from  the  base  to  define 
both  the  radially  inner  extremity  of  the  mixing  chamber  35 
and  the  radially  outer  extremity  of  a  secondary  air  supply 
conduit.  The  injection  insert  is  axially  spaced  from  the 
base  and  rests  snugly  within  the  aft  end  of  the  shell  so 
that  its  aft,  axially  facing  flat  surface  is  axially  aligned 
with  both  the  trailing  edge  of  the  centerbody  and  with  40 
the  injector  discharge  plane.  Although  the  insert  and  the 
aft  end  of  the  shell  are  in  mutual  contact,  the  insert  is 
fastened  only  to  a  secondary  fuel  supply  tube  that  orig- 
inates  at  the  base  and  extends  linearly  through  the  con- 
duit.  Thus,  the  insert  is  supported  radially  by  the  aft  end  45 
of  the  shell  and  axially  by  the  secondary  fuel  supply 
tube.  The  absence  of  a  positive  connection  between  the 
shell  and  the  insert  protects  the  injector  from  damage 
by  allowing  the  shell  and  insert  to  slide  axially  relative 
to  each  other  in  response  to  dissimilar,  thermally  in-  so 
duced  dimensional  changes.  These  dissimilar  dimen- 
sional  changes  arise  because  the  centerbody  shell  can 
reach  temperatures  as  high  as  900°F  (480°C),  but  the 
fuel  supply  tube  is  exposed  to  fuel  at  a  temperature  of 
no  more  than  about  200°F  (90°C).  Consequently  the  55 
centerbody  shell  expands  considerably  in  the  axial  di- 
rection  but  the  fuel  supply  tube  expands  relatively  little 
in  the  axial  direction. 

[0004]  During  engine  operation,  the  primary  air  and 
fuel  enter  the  mixing  chamber,  swirl  around  the  center- 
body  and  become  intimately  intermixed.  The  swirling  fu- 
el-air  mixture  flows  axially  through  the  mixing  chamber, 
past  the  injector  discharge  plane  and  into  the  engine 
combustor  where  the  mixture  is  ignited  and  burned.  The 
thoroughly  blended  fuel-air  mixture  keeps  the  combus- 
tion  flame  temperature  uniformly  low,  a  prerequisite  for 
NOx  suppression,  and  promotes  complete,  clean  com- 
bustion.  Concurrently,  a  stream  of  secondary  air  enters 
the  air  supply  conduit  through  holes  in  the  base,  and  a 
secondary  fuel  stream  flows  through  the  fuel  supply 
tube.  The  injection  insert  divides  the  secondary  air  and 
fuel  streams  into  discrete,  judiciously  distributed  jets  of 
air  and  fuel,  and  introduces  those  jets  into  the  combus- 
tor.  The  secondary  fuel  and  air  encourage  the  combus- 
tion  flame  to  become  anchored  to  and  spatially  stabi- 
lized  by  the  exposed,  aft  end  of  the  insert.  As  a  result, 
the  flame  resists  being  ingested  into  the  mixing  chamber 
where  it  could  cause  considerable  damage.  The  spatial- 
ly  stabilized  flame  also  minimizes  the  likelihood  of  aero- 
thermal  acoustic  resonance,  a  phenomenon  associated 
with  spatial  instability  of  the  flame,  and  one  that  can 
cause  considerable  structural  damage  to  the  engine.  Fi- 
nally,  because  the  aft  face  of  the  insert  is  axially  aligned 
with  the  trailing  edge  of  the  centerbody,  the  anchored, 
spatially  stabilized  combustion  flame  burns  entirely  out- 
side  the  centerbody,  thereby  preventing  heat  related 
damage  to  the  interior  of  the  centerbody. 
[0005]  Despite  the  many  merits  of  tangential  entry  fuel 
injectors  as  described  above,  they  are  not  without  po- 
tential  shortcomings.  In  particular,  the  absence  of  a  pos- 
itive  connection  between  the  insert  and  the  shell,  while 
desirable  for  preventing  thermally  induced  damage, 
may  not  be  completely  satisfactory  for  extended,  trouble 
free  service.  The  relative  sliding  motion  between  the  jux- 
taposed  surfaces  of  the  insert  and  the  shell  can  erode 
those  surfaces  and  compromise  the  snug  fit  between 
the  insert  and  the  shell.  As  the  wear  progresses,  a  nar- 
row  annulus  develops  between  the  insert  and  the  shell 
so  that  the  insert  is  free  to  vibrate.  The  vibrating  insert 
can  overstress  and  break  the  connection  between  the 
fuel  supply  tube  and  the  centerbody  base.  In  addition, 
a  small  but  unregulated  quantity  of  secondary  air  leaks 
through  the  annulus  and  may  increase  exhaust  emis- 
sions  or  undermine  the  ability  of  the  flame  to  remain  an- 
chored  to  the  insert.  In  addition,  if  the  fuel  supply  tube 
breaks  anywhere  along  its  length,  the  insert  could  be 
dislodged  from  the  injector  with  the  potential  for  causing 
considerable  foreign  object  damage  to  the  engine.  Fi- 
nally,  the  unequal  axial  thermal  expansion  of  the  shell 
relative  to  the  fuel  supply  tube  can  cause  the  aft  face  of 
the  insert  to  become  axially  recessed  in  the  shell.  The 
combustion  flame,  which  is  anchored  to  the  aftmost  sur- 
face  of  the  insert,  would  then  be  partially  recessed  into 
the  shell  where  the  flame  can  cause  heat  related  dam- 
age. 
[0006]  What  is  needed  is  a  premixing  fuel  injector  that 

2 



3 EP  0  964  204  A2 4 

accommodates  dissimilar  dimensional  changes  of  the 
centerbody  shell  relative  to  the  secondary  fuel  tube,  ex- 
hibits  superior  durability,  resists  degradation  of  its  oper- 
ating  characterizes  and  minimizes  the  risk  of  liberated 
parts  and  attendant  foreign  object  damage. 
[0007]  According  to  the  invention,  a  premixing  fuel  in- 
jector  includes  a  secondary  fuel-air  injection  insert  pos- 
itively  secured  to  the  centerbody  shell  and  connected  to 
a  fuel  supply  tube  curved  in  at  least  two  dimensions  to 
accommodate  dissimilar  dimensional  changes.  Prefer- 
ably  the  fuel  supply  tube  is  curved  so  that  its  natural  fre- 
quency  exceeds  a  maximum  vibratory  frequency  that 
the  tube  will  encounter  during  engine  operation.  In  one 
detailed  embodiment  of  the  invention,  the  tube  is  coiled 
in  a  spiral  shape  that  covers  approximately  one  360° 
cycle. 
[0008]  The  main  advantage  of  the  inventive  injector  is 
its  capacity  to  accommodate  dissimilar  dimensional 
changes  without  sustaining  any  appreciable  wear  due 
to  relative  sliding  between  injector  components.  Corol- 
lary  advantages  include  minimized  risk  of  foreign  object 
damage,  and  long  term  survivability  of  desirable  oper- 
ating  characteristics  such  as  low  emissions  and  flame 
spatial  stability. 
[0009]  A  preferred  embodiment  of  the  present  inven- 
tion  will  now  be  described  by  way  of  example  only,  and 
with  reference  to  the  following  drawings,  in  which: 
[0010]  Figure  1  is  a  perspective  view  of  a  premixing 
fuel  injector  for  an  industrial  gas  turbine,  cutaway  to 
show  the  injector  centerbody  including  the  centerbody 
shell,  the  secondary  fuel-air  injection  insert  and  the  sec- 
ondary  fuel  supply  tube. 
[0011]  Figure  2  is  an  enlarged  side  view  of  the  aft  end 
of  the  injector  centerbody  showing  the  relationship  of  the 
centerbody  shell  to  the  fuel-air  injection  insert. 
[0012]  Figure  3  is  a  view  in  the  direction  3-3  of  Fig.  1 
showing  the  spiral  shape  of  the  secondary  fuel  supply 
tube. 
[0013]  Referring  to  figures  1-3,  a  tangential  entry 
premixing  fuel  injector  10  includes  a  forward  bulkhead 
12,  and  an  aft  bulkhead  14  with  a  fuel-air  injection  port 
16  extending  through  the  aft  bulkhead.  The  injector  also 
includes  a  scroll  assembly  1  8  comprising  a  pair  of  scrolls 
18a,  18b  extending  between  the  bulkheads.  Each  scroll 
18a,  18b  is  radially  offset  from  fuel  injector  axis  22  to 
define  a  pair  of  primary  air  intake  slots  such  as  slot  24. 
Each  scroll  also  includes  a  primary  fuel  supply  manifold 
26  and  an  axially  distributed  array  of  primary  fuel  injec- 
tion  passages  such  as  representative  passages  28. 
[0014]  The  injector  also  includes  a  centerbody  32  that 
cooperates  with  the  scrolls  to  radially  bound  an  annular 
mixing  chamber  34.  The  centerbody  32  comprises  a 
base  36  a  hollow,  substantially  frustoconical  shell  38,  a 
secondary  fuel  and  air  injection  insert  40  and  a  second- 
ary  fuel  supply  tube  42.  The  base  36  has  a  secondary 
fuel  outlet  44  and  is  affixed  to  the  forward  bulkhead  12. 
The  shell  extends  axially  from  the  base  to  define  both 
the  radially  inner  extremity  of  the  mixing  chamber  34  and 

the  radially  outer  extremity  of  a  secondary  air  supply 
conduit  46.  As  seen  best  in  Fig.  2,  the  insert  is  comprised 
of  a  housing  52  with  an  integral  impingement  plate  54, 
a  fluid  distributor  56,  a  plug  58  having  a  secondary  fuel 

5  inlet  62  and  a  tip  cap  64.  The  fluid  distributor  56  has  a 
cylindrical  central  opening  66  and  a  conical  plenum  68. 
The  housing,  distributor  and  plug  cooperate  to  define  a 
fuel  distribution  chamber  72  and  a  fuel  manifold  74,  in- 
terconnected  by  an  array  of  fuel  distribution  passages 

10  76  in  the  distributor.  Secondary  fuel  passages  78  in  the 
housing  connect  the  fuel  manifold  74  to  the  engine  com- 
bustor  82.  Similarly,  secondary  air  passages  84,  86,  88 
in  the  impingement  plate,  tip  cap  and  housing  respec- 
tively  admit  secondary  air  into  the  combustor.  The  insert 

is  40  is  axially  spaced  from  the  base  and  circumscribed  by 
the  aft  end  of  the  shell  so  that  the  flat,  flame  anchoring 
surface  92  of  the  tip  cap  is  axially  aligned  with  hoth  the 
trailing  edge  or  lip  94  of  the  shell  and  with  injector  dis- 
charge  plane  96.  The  insert  is  positively  secured  to  the 

20  shell  by  a  fluid  tight  braze  joint  98. 
[0015]  The  secondary  fuel  supply  tube  42  has  an  in- 
take  end  102  positively  secured  to  the  base  36  by  a  first 
braze  joint  104  to  establish  fluid  communication  be- 
tween  the  fuel  outlet  44  and  the  supply  tube.  The  tube 

25  also  has  a  discharge  end  106  positively  secured  to  the 
insert  40  by  a  second  braze  joint  108  to  establish  fluid 
communication  between  the  supply  tube  and  the  sec- 
ondary  fuel  inlet  62  in  the  plug  58.  In  principle,  one  or 
both  of  the  joints  104,  108  could  be  a  non-positive  con- 

so  nection,  i.e.  a  sliding  joint,  to  accommodate  dissimilar 
dimensional  changes  in  the  shell  38  and  fuel  supply  tube 
42.  In  practice,  however,  only  a  positive  connection  en- 
sures  a  fluid  tight  seal. 
[0016]  The  fuel  supply  tube  is  a  rigid  tube  configured 

35  not  only  to  resist  damage  arising  from  engine  vibrations, 
but  also  to  accommodate  dissimilar  dimensional  chang- 
es,  most  notably  those  induced  by  disparate  thermal  re- 
sponse  of  the  shell  and  the  fuel  supply  tube.  These  cri- 
teria  are  satisfied  by  a  tube  curved  in  at  least  two  dimen- 

40  sions,  the  exact  nature  of  the  curvature  depending  in 
part  on  the  estimated  spectrum  of  vibratory  frequencies 
that  the  tube  will  be  exposed  to  during  engine  operation. 
The  tube  is  curved  so  that  its  natural  vibratory  frequency, 
although  not  as  high  as  that  of  a  straight  tube,  is  signif- 

45  icantly  greater  than  any  vibratory  mode  whose  energy 
content  is  judged  to  be  of  concern.  The  curvature  also 
allows  the  tube  to  flex  slightly  in  response  to  dissimilar 
dimensional  changes. 
[0017]  The  tube  of  the  illustrated  embodiment  is  con- 

so  figured  for  use  in  an  industrial  engine  manufactured  by 
the  assignee  of  the  present  application.  The  tube  is 
made  of  lnconel®625,  has  an  inside  diameter  of  0.180 
inches  (5  mm),  an  outside  diameter  of  0.250  inches  (6 
mm),  and  spans  a  straight-line  distance  of  approximate- 

55  |y  8.2  inches  (215  mm)  from  the  fuel  outlet  44  to  the  fuel 
inlet  62.  It  was  estimated  that  the  tube  would  be  excited 
by  a  450  hz.  first  order  vibratory  mode  having  significant 
energy  content,  and  by  higher  order  (i.e.  higher  frequen- 
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cy)  modes  of  lower  energy  content.  Because  of  the  rel- 
ative  energy  content  of  the  vibratory  modes,  only  the 
450  hz.  mode  was  a  cause  for  concern.  Analysis  of  a 
number  of  candidate  configurations  revealed  that  a  tube 
approximately  9.7  inches  (245  mm)  long,  coiled  in  a 
three  dimensional  spiral  covering  approximately  one 
360°  cycle  would  be  suitable.  That  is,  the  tube  would 
have  a  natural  frequency  of  about  540  hz.,  about  20% 
above  the  frequency  of  concern,  and  would  flex  suffi- 
ciently  to  account  for  the  dissimilar  dimensional  chang- 
es  of  the  fuel  supply  tube  and  the  centerbody  shell. 
[0018]  During  engine  operation  a  stream  of  primary 
combustion  air  enters  the  mixing  chamber  34  by  way  of 
the  air  intake  slots  24.  Primary  gaseous  fuel  issues  from 
the  fuel  passages  28  and  enters  the  incoming  airstream. 
The  primary  fuel  and  air  enter  the  mixing  chamber,  swirl 
around  the  centerbody  32  and  become  intimately  inter- 
mixed.  The  swirling  fuel-air  mixture  flows  axially  through 
the  mixing  chamber  and  the  fuel-air  injection  port  16, 
and  enters  the  combustor  82  where  the  mixture  is  ignit- 
ed  and  burned.  Concurrently,  secondary  air  enters  the 
secondary  air  supply  tube  through  holes  (not  visible  in 
the  illustrations)  in  the  centerbody  base  36,  and  flows 
into  the  combustor  by  way  of  the  passages  84,  86,  88. 
Meanwhile,  secondary  gaseous  fuel  from  the  fuel  supply 
tube,  traverses  a  path  through  the  fuel  distribution 
chamber  72,  fuel  distribution  passages  76,  fuel  manifold 
74  and  secondary  fuel  passages  78.  When  the  engine 
is  operating,  both  the  primary  and  secondary  air  are  hot 
enough  to  raise  the  temperature  of  the  centerbody  shell 
to  about  900°F  (480°C).  However,  the  fuel  supply  tube 
42  carries  fuel  at  a  temperature  of  no  more  than  about 
200°F  (90°C)  and  therefore  remains  relatively  cool.  Ac- 
cordingly,  the  centerbody  expands  and  contracts  axially 
in  response  to  heat  energy  transferred  into  (or  out  of) 
the  shell.  The  positive  connection  98  between  the  insert 
and  the  shell  forces  the  insert  to  be  correspondingly  dis- 
placed  relative  to  the  base  36.  The  fuel  tube  flexes 
slightly  to  accommodate  this  relative  displacement. 
[0019]  The  above  described  injector  has  a  number  of 
advantages  over  the  prior  art  injectors  that  features  a 
straight  fuel  tube  and  an  insert  axially  supported  by  the 
fuel  tube  and  radially  supported  by  the  shell  without  be- 
ing  positively  secured  to  the  shell.  The  absence  of  rela- 
tive  sliding  between  the  shell  and  the  insert  eliminates 
the  possibility  of  wear  and  therefore  prevents  the  devel- 
opment  of  a  narrow  annulus  between  the  radially  outer 
surface  of  the  insert  and  the  radially  inner  surface  of  the 
shell.  As  a  result,  the  insert  cannot  vibrate  relative  to  the 
shell  and  overstress  joint  104.  The  absence  of  the  wear 
annulus  also  ensures  that  all  of  the  secondary  air  is  me- 
tered  through  the  appropriate  passages  of  the  insert,  as 
intended,  so  that  neither  exhaust  emissions  nor  flame 
stability  are  adversely  affected.  Moreover,  because  the 
position  of  the  insert  is  invariant  relative  to  the  shell,  the 
flame  anchoring  surface  92  of  the  insert  remains  axially 
aligned  with  the  lip  94  of  the  shell  rather  than  receding 
into  the  shell  as  the  shell  expands  relative  to  the  tube 

42.  As  a  result,  the  combustion  flame  remains  entirely 
outside  the  shell  rather  than  becoming  partially  re- 
cessed  into  the  shell  where  it  could  cause  severe,  heat 
related  damage.  Finally,  the  disclosed  arrangement 

5  minimizes  the  likelihood  of  foreign  object  damage  to  the 
engine  since  a  failure  of  the  fuel  supply  tube  will  not  lib- 
erate  the  insert.  Instead,  a  far  less  likely  dual  failure  of 
both  the  fuel  supply  tube  and  the  braze  joint  98  would 
be  required  to  liberate  the  insert. 

10  [0020]  Although  this  invention  has  been  shown  and 
described  with  reference  to  a  detailed  embodiment,  it 
will  be  understood  by  those  skilled  in  the  art  that  various 
changes  in  form  and  detail  may  be  made  without  depart- 
ing  from  the  invention  as  set  forth  in  the  accompanying 

is  claims. 

Claims 

20  1.  A  centerbody  (32)  for  a  premixing  fuel  injector  (10), 
comprising: 

a  centerbody  base  (36)  having  a  fuel  outlet 
(44); 

25  a  shell  (38)  extending  axially  from  the  base  (36) 
to  define  the  radially  outer  extremity  of  an  air 
supply  conduit  (46); 
an  insert  (40)  having  a  fuel  inlet  (62),  the  insert 
(40)  being  axially  spaced  from  the  base  (36), 

30  circumscribed  by  the  shell  (38)  and  positively 
secured  to  the  shell  (38);  and 
a  fuel  supply  tube  (42)  extending  through  the 
conduit  and  having  an  intake  end  (102)  and  a 
discharge  end  (1  06),  the  intake  end  (1  02)  of  the 

35  tube  being  positively  secured  to  the  base  (36) 
by  a  first  joint  (1  04)  to  establish  fluid  communi- 
cation  between  the  fuel  outlet  and  the  tube,  the 
discharge  end  (1  06)  of  the  tube  being  positively 
secured  to  the  insert  (40)  by  a  second  joint 

40  (108)  to  establish  fluid  communication  between 
the  tube  (42)  and  the  fuel  inlet  (62),  the  fuel  sup- 
ply  tube  (42)  being  curved  in  at  least  two  dimen- 
sions  to  accommodate  dissimilar  dimensional 
changes  between  the  shell  and  the  fuel  supply 

45  tube. 

2.  The  centerbody  (32)  of  claim  1  wherein  the  first  and 
second  joints  (104,  108)  are  fluid  tight. 

so  3.  The  centerbody  of  claim  1  or  2  wherein  the  fuel  sup- 
ply  tube  (42)  is  excited  by  operational  vibrations 
having  an  estimated  maximum  frequency  of  con- 
cern,  and  the  tube  (42)  is  curved  so  that  its  natural 
vibratory  frequency  is  greater  than  the  maximum 

55  frequency  of  concern. 

4.  The  centerbody  (32)  of  claim  1  ,  2  or  3  wherein  the 
dimensional  changes  are  thermally  induced. 

4 



7  EP  0  964  204  A2  8 

5.  The  centerbody  (32)  of  claim  1,  2,  3  or  4  wherein 
the  tube  (42)  is  curved  in  three  dimensions. 

6.  The  centerbody  (32)  of  claim  5  wherein  the  tube 
(42)  is  curved  in  a  substantially  spiral  shape.  s 

7.  The  centerbody  (13)  of  claim  6  wherein  the  spiral 
shape  covers  approximately  one  360°  cycle. 

8.  A  centerbody  (32)  for  a  premixing  fuel  injector  (10),  10 
comprising: 

a  centerbody  base  (36)  having  a  fuel  outlet 
(44); 
a  shell  (38)  extending  axially  from  the  base  (36)  15 
to  define  the  radially  outer  extremity  of  an  air 
supply  conduit  (46); 
an  insert  (40)  having  a  fuel  inlet  (62),  the  insert 
(40)  being  axially  spaced  from  the  base  (36), 
circumscribed  by  the  shell  (38)  and  positively  20 
secured  to  the  shell  (38);  and 
a  fuel  supply  tube  (42)  extending  through  the 
conduit  and  having  an  intake  end  (102)  and  a 
discharge  end  (1  06),  the  intake  end  (1  02)  of  the 
tube  being  positively  secured  to  the  base  (36)  25 
by  a  first  joint  (1  04)  to  establish  fluid  communi- 
cation  between  the  fuel  outlet  and  the  tube,  the 
discharge  end  (1  06)  of  the  tube  being  positively 
secured  to  the  insert  (40)  by  a  second  joint 
(1  08)  to  establish  fluid  communication  between  30 
the  tube  (42)  and  the  fuel  inlet  (62),  the  fuel  sup- 
ply  tube  (42)  being  curved  to  accommodate  dis- 
similar  dimensional  changes  between  the  shell 
and  the  fuel  supply  tube. 

35 
9.  A  premixing  fuel  injector  for  a  turbine  engine,  com- 

prising: 

a  scroll  assembly;  and 
a  centrebody  as  claimed  in  any  preceding  40 
claim. 

45 
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