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(54)  Divergent  petal  for  gas  turbine  engine  nozzle 

(57)  Divergent  petal  for  a  gas  turbine  engine  nozzle. 
This  petal  (2)  is  articulated  in  its  front  edge  to  a  conver- 
gent  petal  (1),  by  means  of  a  cylindrical  joint  (4)  while  its 
back  surface  is  articulated  at  an  intermediate  point  to  a 
compression  bar  (5)  by  means  of  the  cylindrical  joint  (6), 
the  cylindrical  joints  (4  and  6)  being  perpendicular  to  the 
engine  axis. 

Petal  (2)  is  composed  of  a  traction  bar  (1  1)  and  a 
aerodynamic  base  plate  (10)  which  forms  the  nozzle 
duct,  both  components  being  related  one  to  the  other  by 
a  front  joint  (13-16)  which  coincides  with  cylindrical  joint 
(4)  between  convergent  (1)  and  divergent  (2)  petals, 
and  a  rear  joint  (14-18)  which  coincides  with  with  joint 
(6)  between  divergent  petal  (2)  and  compression  bar 
(5)  ,  with  said  rear  joint  (14-18)  being  displaceable  a  cer- 
tain  distance  in  a  direction  functionally  parallel  to  the 
base  plate  (10). 
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Description 

The  present  invention  relates  to  a  divergent  petal 
for  a  gas  turbine  engine  nozzle. 

Thrust  is  produced  in  a  gas  turbine  engine  by  expel-  s 
ling  a  high  velocity  gas  stream  through  the  engine  exit 
nozzle.  Air  enters  the  engine  through  a  diffuser  and 
starts  the  cycle  by  being  compressed.  Heat  is  added  to 
the  air  by  combustion  in  an  appropriate  chamber.  Hot 
gas  is  expanded  in  the  turbine.  Part  of  the  work  gener-  w 
ated  is  used  to  drive  the  above  mentioned  compressor. 
The  continuing  expansion  of  the  gas  in  the  nozzle 
extracts  the  remaining  energy  from  the  gas  in  a  high 
velocity  stream  that  constitutes  the  engine  thrust.  This 
thrust  can  vary  between  hundreds  of  newtons  and  hun-  is 
dreds  of  kilonewtons. 

Certain  military  aircraft  are  equipped  with  gas  tur- 
bine  engines  that  utilize  a  convergent-divergent  type 
exit  nozzle.  An  array  of  convergent  petals  is  located  at 
the  exit  section  of  the  engine  that  reduce  the  area  of  the  20 
gas  flow  path.  The  minimum  area  section  of  this  flow 
path  is  referred  to  as  the  nozzle  throat  area.  In  the  same 
way,  a  second  set  of  divergent  petals  is  located  and 
articulated  to  the  first  set.  This  set  of  petals  shape  an 
increasing  area  flow  path,  its  area  being  referred  to  as  25 
the  nozzle  exit  area.  In  the  cruise  condition  petals  are 
position  so  that  the  engine  works  at  its  the  maximum 
efficiency.  However,  during  take  off  and  acceleration 
maneuvers  the  petals  are  positioned  according  to  the 
required  mass  flow  and  pressure  ratio.  The  new  require-  30 
ments  can  only  be  achieved  through  a  change  in  the 
nozzle  geometry.  These  requirements  vary  with  altitude 
and  aircraft  speed. 

The  petals  that  form  the  convergent-divergent  noz- 
zle  are  independent  elements  that  once  installed  work  35 
together  as  a  unit.  Each  convergent  petal  is  individually 
related  to  the  engine  by  a  joint  between  its  front  edge 
and  the  engine  exit  section.  Divergent  petals  are  individ- 
ually  articulated  to  the  matching  convergent  petal  by  a 
joint  between  its  front  edge  and  the  convergent  petal  40 
rear  edge.  A  compression  bar  is  articulated  to  the 
engine  static  structure  by  its  front  end  and  to  an  inter- 
mediate  pin  in  the  divergent  petal  by  its  rear  end.  The 
four  mentioned  joints  are  parallel  to  each  other  and  per- 
pendicular  to  the  engine  axis.  Each  pair  of  convergent-  45 
divergent  petal  together  with  the  compression  bar 
define  a  four  bar  linkage  mechanism.  The  movement  of 
such  mechanism  is  generally  obtained  by  pivoting  the 
convergent  petal  respect  to  its  front  joint  by  means  of  a 
cam  and  roller  system.  The  four  bar  linkage  mechanism  so 
allows  the  variation  the  throat  and  exit  areas  simultane- 
ously,  that  is,  allows  one  single  degree  of  freedom,  in  a 
way  determined  by  the  lengths  and  angles  of  the  ele- 
ments  that  define  it.  The  side  of  the  petals  exposed  to 
the  gas  flow,  referred  to  as  the  front  side,  will  receive  ss 
pressure  and  thermal  loads  from  the  gas.  Temperature 
at  this  side  of  the  petal  can  reach  values  of  1  200  fiC, 
while  the  temperature  at  the  back  side  of  the  petal  will 

not  reach  values  above  500  fiC. 
Gas  pressure  acting  normally  to  the  petals  surface 

impose  two  different  type  of  loads  on  the  divergent  pet- 
als:  bending  loads  due  to  the  pressure  distribution  and 
traction/compression  loads  between  the  two  joints  as  an 
element  of  the  four  bar  linkage  mechanism. 

Divergent  petals  are  frequently  replaced  due  to  the 
aggressive  working  conditions  that  have  to  withstand 
being  in  contact  with  the  hot  gas  stream. 

The  object  of  the  present  invention  is  a  divergent 
petal  for  a  gas  turbine  engine  convergent-divergent  noz- 
zle  with  a  more  efficient  load  resisting  structure  and  bet- 
ter  response  to  thermal  and  mechanical  loads  as 
compared  to  a  conventional  single  piece  divergent 
petal. 

According  to  the  invention,  the  divergent  petal  com- 
prises  a  base  plate  and  a  traction  bar  situated  on  the 
back  surface  of  the  plate  and  related  to  it  by  a  cylindrical 
joint  perpendicular  to  the  engine  axis,  coincident  with 
the  convergent  and  divergent  petal  joint,  and  a  slip  joint, 
whose  slip  direction  is  parallel  to  the  base,  and  coinci- 
dent  with  the  traction  and  compression  bar  joint. 

The  base  plate  will  be  preferably  fitted  with  longitu- 
dinal  stiffening  elements  on  its  back  side.  Such  ele- 
ments  may  be  at  least  one  longitudinal  fin  which  will  add 
bending  stiffness  to  the  base  plate,  enough  to  withstand 
the  gas  pressure  load. 

With  the  above  mentioned  configuration  the  gas 
pressure  load  is  transmitted  totally  to  the  four  bar  link- 
age  mechanism  through  its  nodes  and  the  effects  of 
bending  loads  and  traction  loads  are  separated  and  act 
on  the  base  plate  and  traction  bar  respectively,  obtain- 
ing  a  more  efficient  petal  structure.  Another  advantage 
of  the  above  mentioned  configuration  is  that  the  base 
plate  and  traction  bar  can  be  made  using  different  mate- 
rials  selected  according  to  the  different  temperature  val- 
ues  that  each  part  will  be  exposed  to,  thus  obtaining  a 
lighter  and  cheaper  structure  without  the  induced 
effects  of  thermal  expansions. 

Another  advantage  of  the  above  mentioned  config- 
uration  is  the  possibility  of  replacing  the  base  plate 
which  is  exposed  to  the  hot  gas  flow  when  it  reaches  its 
useful  life  without  replacing  the  whole  petal. 

The  base  plate  will  be  preferably  fitted  with  two  lon- 
gitudinal  fins  on  its  back  side  which  will  extend  to  the 
proximity  of  the  front  and  rear  edges  of  the  plate.  These 
fins  will  include  front  holes  opposed  on  each  fin  and  rear 
holes  also  opposed  to  each  other  and  longitudinally 
slotted  for  the  rear  joint. 

According  to  another  characteristic  of  the  invention, 
the  traction  bar  may  have  an  elastically  varying  length, 
as  a  function  of  the  applied  axial  load,  between  prede- 
termined  values.  This  possibility  will  allow  a  change  in 
the  nozzle  exit  area  without  a  change  in  the  nozzle 
throat  area. 

The  traction  bar  may  be  constituted  by  two  concen- 
tric  bars  one  of  which  will  slide  inside  the  other  and 
related  through  a  spring  which  will  impulse  them  to  the 
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position  of  maximum  coupling/minimum  length.  The 
concentric  bars  are  equipped  with  stop  ends  which  limit 
the  bar  total  elongation. 

The  rear  hole  slotted  which  allows  the  displacement 
of  the  rear  joint  will  have  a  trajectory  defining  a  cam  that 
will  drive  the  displacement  of  the  rear  joint  in  order  to 
vary  the  exit  area  of  the  divergent  part  of  the  nozzle. 

The  above  mentioned  characteristics  and  advan- 
tages  will  be  better  understood  with  the  following 
description  with  reference  to  the  attached  drawings, 
which  show  a  possible  arrangement  but  not  limited  to  it. 
In  the  drawings: 

Figure  1  is  a  partial  schematic  cross  section  of  the 
four  bar  linkage  mechanism  showing  the  assembly 
of  a  pair  of  convergent  and  divergent  petals  related 
to  each  other  and  to  the  compression  bar. 

Figure  2  is  an  exploded  perspective  view  of  the 
divergent  petal  of  the  invention  showing  the  parts  in 
the  described  invention. 

Figure  3  is  a  partial  schematic  cross  section  of  the 
four  bar  linkage  mechanism  showing  the  working 
principle  of  the  invention  with  the  petal  fitted  with  an 
elastic  traction  bar. 

Figure  4  is  a  schematic  cross  section  of  a  possible 
layout  of  the  traction  bar  in  the  invention. 

Figure  5  is  a  partial  schematic  cross  section  of  the 
four  bar  linkage  mechanism  showing  the  working 
principle  of  the  invention  including  a  traction  bar 
similar  to  the  one  depicted  in  figure  4  and  a  non  pla- 
nar  cam  where  the  sliding  rear  joint  rests. 

Figure  1  schematically  shows  the  way  a  pair  of  con- 
vergent  (1)  and  divergent  (2)  petals  are  fitted  to  form  a 
gas  turbine  engine  exit  nozzle.  The  convergent  petal  (1) 
is  related  to  the  perimeter  of  the  engine  exit  section  of 
the  engine  ahead  of  the  nozzle  by  a  cylindrical  joint  (3). 
The  divergent  petal  (2)  is  articulated  to  the  rear  end  of 
the  convergent  petal  (1)  by  a  cylindrical  joint  (4).  The 
divergent  petal  (2)  is  also  related  to  a  compression  bar 
(5)  by  a  cylindrical  joint  (6)  This  bar  is  connected  to  the 
engine  static  structure  by  another  cylindrical  joint  (7). 

The  cylindrical  joints  (3),  (4),  (6)  and  (7)  are  parallel 
to  each  other  and  perpendicular  to  the  engine  axis. 

The  described  arrangement  defines  a  four  bar  link- 
age  mechanism  allowing  the  pivoting  of  the  petals  (1) 
and  (2)  from  or  to  the  engine  axis  to  modify  the  throat 
and  exit  areas.  The  four  bar  linkage  mechanism  allows 
the  simultaneous  variation  of  the  throat  and  exit  areas 
defined  respectively  by  the  rear  edge  (8)  of  the  conver- 
gent  petal  (1)  and  the  rear  edge  (9)  of  the  divergent 
petal  (2). 

The  divergent  petal  (2)  is  constituted  according  to 
the  invention  by  a  base  plate  (10)  and  a  traction  bar  (1  1) 

situated  on  the  back  side  of  the  mention  plate. 
The  base  plate  (10)  may  be  flat  or  slightly  curved, 

with  a  rectangular  or  trapezoidal  perimeter,  one  of  its 
surfaces  being  exposed  to  the  hot  gas  stream.  Such 

5  base  plate  has  stiffening  elements  on  its  back  side  that 
in  figure  2  consist  of  two  longitudinal  fins  (12)  which  add 
bending  stiffness  to  the  petal.  A  pair  of  opposite  holes 
(1  3)  near  the  front  end  as  well  as  a  pair  of  opposite  slot- 
ted  holes  (1  4)  on  an  intermediate  location  exist  on  the 

10  pair  of  stiffeners. 
The  traction  bar  (1  1)  preferably  of  straight  axis  may 

be  either  hollow  or  solid  and  has  one  or  more  lugs  (15) 
with  opposite  holes  (16)  on  its  front  end  and  one  or 
mode  lugs  (17)  with  opposite  holes  (18)  on  its  rear  end. 

15  The  lugs  (1  5),  (1  7)  fit  with  the  stiffeners  (1  2)  in  such 
a  way  that  the  hole  (1  6)  is  aligned  with  the  circular  holes 
(13)  and  the  hole  (18)  is  aligned  with  the  slotted  holes 
(14)  and  receive  connecting  cylindrical  pins.  The  pin 
introduced  through  the  holes  (13)  and  (16)  is  at  the 

20  same  time  the  linking  element  with  the  connecting  lug  in 
the  convergent  petal  (1)  completing  the  cylindrical  joint 
(4)  between  convergent  (1)  and  divergent  (2)  petals.  In 
the  same  way  the  pin  introduced  through  the  holes  (14) 
and  (18)  is  the  linking  element  with  the  connecting  rear 

25  lug  in  the  compression  bar  (5)  completing  the  cylindrical 
joint  (6)  which  can  slide  along  the  slotted  holes  (14) 
completing  the  sliding  joint  between  the  slotted  holes 
(14)  and  the  holes  in  the  traction  bar  rear  lugs  (18). 

The  direction  of  the  slotted  holes  (14)  are  relatively 
30  parallel  to  the  base  plate  (1  0)  to  let  the  base  behave  as 

an  isostatic  two  span  beam  when  loaded  with  the  gas 
pressure.  The  first  span  is  defined  between  the  two 
cylindrical  joints  (4)  and  (6)  while  the  second  span,  can- 
tilevered,  is  defined  between  the  cylindrical  joint  (6)  and 

35  the  rear  edge  (9)  of  the  divergent  petal  (2).  The  bending 
moment  distribution  along  the  petal  axis  determines  the 
shape  of  the  longitudinal  stiffeners  (12). 

The  two  main  components  of  the  divergent  petal 
(2),  the  traction  bar  (11)  and  base  plate  (10),  may  be 

40  fabricated  using  materials  and  manufacturing  methods 
specifically  adapted  to  the  elements  own  requirements. 
The  base  plate  can  be  made  out  of  sheet  metal  using  a 
heat  resisting  alloy,  usually  a  nickel  base  alloy  or  even 
ceramic  material,  characterized  by  showing  good  resist- 

45  ance  to  the  thermal  shocks  that  the  petals  will  see  with 
the  engine  operation.  On  the  other  hand,  the  traction 
bar  (1  1)  can  be  made  with  a  lower  temperature  capabil- 
ity,  thus  cheaper  material.  Using  different  materials  in 
parts  that  are  exposed  to  different  temperatures  lead  to 

so  the  existence  of  thermal  mismatch  loads  due  to  the  dif- 
ferent  expansion  of  the  parts.  The  invention  shown  here, 
by  means  of  the  slotted  holes  (14)  in  the  stiffeners  (12) 
allows  the  free  expansion  of  the  hot  base  plate  (1  0)  with 
respect  to  the  cold  traction  bar  (1  1)  without  Introducing 

55  thermal  stresses. 
Another  characteristic  of  the  divergent  petal  (2)  is 

the  possibility  of  giving  the  traction  bar  (11)  some  flexi- 
bility  in  the  direction  of  its  longitudinal  axis  in  such  a  way 

3 
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that  the  load  acting  on  the  bar,  in  the  same  direction  as 
the  bar  axis,  will  induce  a  increase  in  the  length  of  the 
bar  during  the  normal  operation  of  the  nozzle  and  con- 
sequently  vary  the  geometry  of  the  four  bar  linkage 
mechanism. 

Figure  3  shows  this  effect,  the  discontinuous  line 
drawing  referencing  the  original  position  and  the  contin- 
uous  line  drawing  referencing  the  result  of  keeping  the 
same  convergent  petal  (1)  in  its  original  position  and  the 
compression  bar  (5')  with  the  same  length  as  the  origi- 
nal  one  (5)  but  accommodated  to  the  new  length  of  the 
traction  bar  (11')  whose  original  position  and  length  are 
referenced  by  (1  1).  The  base  plate  (10)  now  lies  In  posi- 
tion  (10').  The  achieved  effect  is  the  increase  in  the  noz- 
zle  exit  area  which  in  the  original  arrangement  is 
referenced  by  (9)  to  the  reference  (9'),  without  a  change 
in  the  nozzle  throat  area  (8),  avoiding  the  limitation 
imposed  by  the  only  degree  of  freedom  of  the  four  bar 
linkage  mechanism. 

One  of  the  multiple  embodiments  that  allow  this 
effect  includes  a  traction  bar  as  the  one  represented  in 
figure  4,  made  by  two  bars  (19)  and  (20)  connected  tel- 
escopically.  Inside  bar  (19)  and  around  bar  (20)  there  is 
a  compression  spring  (21).  The  bar  (19)  may  be 
designed  as  a  cylinder  one  of  its  ends  (22)  perforated  by 
the  bar  (20)  while  the  other  end  (23)  supports  a  lug  (24) 
which  is  related  to  the  lug  (15)  in  the  traction  bar  (1  1), 
figure  2,  and  forms  part  of  the  cylindrical  joint  (4) 
between  the  base  plate  (1  0)  and  the  convergent  petal 
(1).  The  hollow  bar  (19)  holds  an  interior  stop  end  (25) 
that  limits  the  maximum  elongation  of  the  spring  (21). 
The  bar  (20)  has  a  forward  end  (26)  inside  the  bar  (1  9) 
on  which  the  spring  (21)  rests,  while  the  opposite  end 
supports  a  lug  (27)  which  is  articulated  to  the  compres- 
sion  bar  (5)  and  the  intermediate  holes  (14)  in  the  diver- 
gent  petal  stiffeners  (12). 

The  elastic  bar  can  be  designed  to  be  active  in  the 
whole  range  of  the  applied  loads,  to  be  active  when  the 
applied  load  reaches  a  certain  value  or  to  stop  being 
active  when  the  applied  load  reaches  a  certain  value.  In 
case  the  desired  working  range  of  the  bar  starts  at  a 
certain  load  value  the  spring  (21)  will  be  preloaded  to 
the  desired  value.  In  this  case,  when  the  applied  load  is 
less  than  the  preload,  the  end  (26)  of  the  bar  (20)  will 
rest  on  the  end  (23)  of  the  bar  (19).  In  case  the  desired 
working  range  of  the  bar  is  limited  to  a  certain  value  of 
the  applied  load,  the  spring  elongation  must  be  limited 
by  the  end  (25)  to  a  value  equal  to  the  desired  maximum 
load  value  divided  by  the  spring  rate  minus  the  spring 
preload. 

The  direction  of  the  slotted  holes  (14)  can  be  deter- 
mined  by  different  criteria  and  be  non  perpendicular  to 
the  applied  pressure  load.  In  the  load  range  where  the 
elastic  element  of  the  traction  bar  (1  1)  is  active,  there  is 
a  sliding  movement  of  the  cylindrical  joint  (6)  along  the 
slotted  holes  (14),  figure  2.  These  holes  will  drive  a  part 
of  a  mobile  system  or  mechanism,  so  they  are  function- 
ally  a  cam.  The  criteria  used  to  define  the  cam  profile 

may  be  multiple  and  for  this  configuration  it  has  been 
decided  to  minimize  the  loads  applied  on  the  base  plate 
(10)  so  a  planar  cam,  perpendicular  to  the  pressure 
loads  acting  on  the  base  plate  is  chosen.  The  cam  rep- 

5  resented  in  figure  5  allows  the  use  of  two  different  four 
bar  linkage  mechanisms  as  a  function  of  the  applied 
load  range. 
When  the  applied  load  on  the  traction  bar  (11)  is  less 
than  the  spring  (21)  preload,  figure  4,  the  length  l_i  of 

10  this  bar  places  the  pin  of  the  cylindrical  joint  (6)  on  the 
upper  front  part  of  the  cam  surface  (14).  When  the  load 
applied  on  the  traction  bar  (11")  increases  this  bar 
length  to  L2  the  pin  of  the  cylindrical  joint  (6")  lies  on  the 
lower  rear  part  of  the  cam  surface  (14")  so  the  base 

15  plate  (10)  now  lies  on  position  (10"),  rotating  a  certain 
angle  a,  increasing  the  nozzle  exit  area  (9)  to  (9")  with- 
out  changing  the  nozzle  throat  area  (8)  as  the  conver- 
gent  petal  (1)  keeps  its  original  position.  The 
compression  bar  (5)  moves  to  a  new  position  (5"). 

20 
Claims 

1.  Divergent  petal  (2)  for  a  gas  turbine  engine  nozzle 
which  is  articulated  on  its  front  edge  to  a  conver- 

25  gent  petal  (1)  and  on  its  back  surface  is  articulated 
at  an  intermediate  point  to  a  compression  bar  (5), 
both  cylindrical  joints  perpendicular  to  the  engine 
axis,  comprising  a  base  plate  (1  0)  and  a  traction  bar 
(1  1)  positioned  on  the  back  side  of  said  base  plate, 

30  the  traction  bar  (1  1)  being  linked  to  the  convergent 
petal  (1)  and  the  compression  bar  (5)  by  means  of 
two  cylindrical  joints  (4)  and  (6)  and  the  base  plate 
(10)  being  related  to  the  traction  bar  (1  1)  by  means 
of  a  cylindrical  joint  (4)  perpendicular  to  the  engine 

35  axis,  coincident  with  the  joint  between  convergent 
(1)  and  divergent  (2)  petals,  and  a  sliding  joint 
between  the  slotted  holes  (14)  and  the  holes  in  the 
traction  bar  rear  lugs  (18)  coincident  with  the  cylin- 
drical  joint  between  the  traction  bar  (11)  and  the 

40  compression  bar  (5),  the  displacement  of  said  joint 
sliding  being  functionally  parallel  to  the  base  plate 
(10). 

2.  Petal  according  to  claim  1  characterized  by  a  base 
45  plate  (10)  comprising  at  least  one  longitudinal  stiff- 

ening  fin  (12)  on  its  back  side  such  extending  to  the 
proximity  of  the  front  and  rear  edges  of  said  plate 
(1  0)  and  fitted  with  a  front  hole  (1  3)  for  the  front  joint 
and  an  intermediate  longitudinally  slotted  hole  (14) 

so  for  the  rear  joint. 

3.  Petal  according  to  claim  1  characterized  by  a  trac- 
tion  bar  (1  1)  with  an  elastically  varying  length  as  a 
function  of  the  applied  axial  load  between  predeter- 

55  mined  extreme  values  that  allow  a  change  in  the 
nozzle  exit  area  without  modifying  the  nozzle  throat 
area. 
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Petal  according  to  claim  3  characterized  by  a  trac- 
tion  bar  (1  1)  comprising  at  least  two  concentric  bars 
(19),  (20)  telescopically  mounted  that  hold  between 
them  a  spring  (21)  which  pushes  both  bars  to  the 
minimum  bar  length  position,  both  bars  having  stop  5 
ends  (25),  (26)  that  limit  the  traction  bar  (1  1)  elon- 
gation. 

Petal  according  to  claim  1  characterized  by  an  inter- 
mediate  slotted  hole  (14)  with  a  sliding  trajectory  10 
that  configures  a  cam  that  drives  the  rear  joint  (6)  to 
allow  the  variation  of  the  geometry  of  the  divergent 
section  of  the  nozzle. 
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