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RESEARCH MEMORANDUM 

f o r  t h e  

Bureau of  Aeronaut ics ,  Qepartment o f  t h e  N a y y  

ALTITUDE PERFORMANCE OF MODIFIED J 7 1  AFTERBURNER WITH REVISED 

ENGINE OPEFUTTNG CONDITIONS 

By James W. U s e l l e r  and Robert  E. Russey 

SUMMARY 

An i n v e s t i g a t i o n  was conducted i n  an  a l t i t u d e  t es t  chamber a t  t h e  
NACA Lewis l a b o r a t o r y  t o  de te rmine  t h e  e f f e c t  o f  a r e v i s i o n  of  t h e  r a t e d  
engine  o p e r a t i n g  c o n d i t i o n s  and modifications t o  t h e  a f t e r b u r n e r  f i e1  
system, f lameholder ,  and s h e l l  c o o l i n g  on t h e  augmented performance of  
t h e  ~71 -A-2  (x-29) t u r b o  jet engine o p e r a t i n g  a t  a l t i t u d e .  The a f t e r b u r n e r  
mod i f i ca t i ons  were made b y  t h e  manufacturer  t o  lmprove t h e  endurance at 
s e a - l e v e l ,  h igh-pressure  c o n d i t i o n s  and t o  reduce  t h e  a f t e r b u r n e r  s h e l l  
t empera tures .  The engine  o p e r a t i n g  cond i t i ons  of  r a t e d  r o t a t i o n a l  speed 
and t u r b i n e - o u t l e t  ga s  t empera ture  were increased .  Data were ob ta ined  at 
c o n d i t i o n s  s i m u l a t i n g  f l i g h t  a t  a Mach number of  0.9 and at  a l t i t u d e s  
from 40,000 t o  60,000 feet.  

The a f t e r b u r n e r  mod i f i ca t i ons  caused a r educ t i on  i n  a f t e r b u r n e r  com- 
b u s t i o n  e f f i c i e n c y .  The i n c r e a s e  i n  r a t e d  engine  speed and t u r b i n e - o u t l e t  
t empera ture  coupled w i t h  t h e  a f t e r b u r n e r  mod i f i ca t i ons  r e s u l t e d  i n  t h e  
o v e r - a l l  t h r u s t  o f  t h e  engine and a f t e r b u r n e r  b e i n g  unchanged a t  a g iven  
a f t e r b u r n e r  equ iva l ence  r a t i o ,  wh i l e  t h e  spec i f  i c  f u e l  consumption was 
inc rea sed  s l i g h t l y .  A moderate shif t  i n  t h e  range  of  equ iva lence  r a t i o s  
over  which t h e  a f t e r b u r n e r  would o p e r a t e  was encountered,  b u t  t h e  maxi- 
mum ope rab l e  a l t i t u d e  remained u n a l t e r e d .  The a f t e r b u r n e r - s h e l l  temper- 
a t u r e s  were a l s o  s l i g h t l y  reduced because  of t h e  mod i f i ca t i ons  t o  t h e  
a f t e r b u r n e r .  

INTRODUCTION 

As a p a r t  o f  t h e  development of t h e  571  t u r b o j e t  engine,  
mod i f i ca t i ons  were made t o  the a f t e r b u r n e r  f u e l  system, f lameholder ,  and 
s h e l l  c o o l i n g  con t o  improve t h e  endurance 
at  s e a - l e v e l  , h i g  r a t e d  ope ra t i ng  c o n d i t i o n s  



of  t u r b i n e - o u t l e t  gas  t e h p e r a t u r e  and t h e  r o t a t i o n a l  speed of t h e  b a s i c  
engine  were i nc reased .  The e f f e c t  of t h e s e  mod i f i ca t i ons  on t h e  a l t i t u d e  
performance of  t h e  engine  and a f t e r b u r n e r  combination was eva lua ted  as 
p a r t  of  an a l t i t u d e  i n v e s t i g a t i o n  of  t h i s  engine be ing  conducted by  t h e  
NACA Lewis l a b o r a t o r y .  

The i n v e s t i g a t i o n  was conducted i n  an a l t i t u d e  tes t  chamber at con- 
d i t i o n s  s i m u l a t i a g  f l i g h t  a t  a f l i g h t  Mach number of 0-9 and a t  a l t i t u d e s  
from 40,000 t o  60,000 feet .  The e f f e c t  of t h e  r e v i s e d  engine  r a t e d  con- 
d i t i o n s  and t h e  a f t e r b u r n e r  mod i f i ca t i ons  on the t h r u s t i ' t h e  specZf ic  
f u e l  consumption, and t h e  a f t e r b u r n e r  combustion performance are pre-  
s e n t e d .  The i n f l u e n c e  o f ' t h e  con f igu ra t i on  changes on t h e  range  of  oper- 
able a l t i t u d e s  and a f t e r b u r n e r  equiva lence  r a t i o s  was a l s o  determined. 
Data showing t h e  d i s t r i b u t i o n  of  t h e  l o n g i t u d i n a l  a f t e r b u r n e r - s h e l l  t e m -  
p e r a t u r e  are included.  

APPARATUS AND PROCEDURE 
< 

I-. > ,  .. . Af te rbu rne r  Conf igura t ion  - .  v - .,< 
2 l %  ' 2  

- - - f l ^ ,  L 

. . The-J71LA-2 a f t e r b u r n e r  has a nominal l e n g t h  of  ll feet..fibm Ohe '- 

' tG~lj '%e% o u t l e t  t o  t h e  exhaust-nozzle  e x i t  and a d iameter  bf 40-Ynkhes: 
A','#chematic diagram of t h e  a f t e r b u r n e r  showing the l o c a t i o n  -of'. the '  varp-  
ou$'c6mponents i s  shown i n  f i g u r e  1. The b a s i c  con f igu ra t i on  o f ' t hk -  se: 
vf sea a f t e rba r r i e r  is similar t o  t h a t  o'f reTerence 1 w i t h  t h e 7 f o & L m i n g  

;&oBBf i c a t i o n s  : - .A - 
* / ; ,  ' 

(1) The mean h e i g h t  of t h e  a f t e r b u r n e r  coo l ing - l i ne r  passage  faas :'t 
i nc reased  from 0.48 t o  0 .93 inch ,  doubl ing  t h e  c r o s s - s e c t i o n a l  f l ow  area 

'and % n c r e a $ b g  t h e  cool ing-a i r - f low rate. .- 
"" 

a . %  

>-.--s - * 

'! ' (2) The f u e l - s p r a y  b a r s  were redes igned  t o  reduce' %he sheTI; eooUng  
problems du r ing -  s e a - l e v e l  ope ra t i on  .' The o r i f  i c e s ,  of t h e  p r b a r y  f u e l  
system were changed i n  d iameter  s l i g h t l y  a n d ' t h e i r  ~ a a i a l  . p o s i % i o n - ~ h i f t -  
e d -  inward f r m  t h e  a f t e r b u r n e r  w a l l .  The .secondary f u e l  system .was nat' 
used"-in' t h i s  i n v e s t i g a t i o n .  D e t a i l s  of t h e  modified ~pi?&.y 6ar.s'&e --,-. 
show% i n  f i g u i e  2. . S ?  . , '" C, 

' J '  $ 2  ' , - / _ I  - ,. -- z. 

(3) The r a d i a l  g u t t e r s  between t h e  r i n g s  of t h e  f lamehoLderv&e- 
removed t o  improve t h e  endurance of t h e  f lameholder .  The t o t a l  blocked 
area of  t h e  f lameholder  was maintained c o n s t a n t  b y  i n c r e a s i n g  t h e  g u t t e r  
w id th  and r educ ing  t h e  diametek of t h e  o u t e r  r i n g  s l i g h t l y .  Flameholder 
dimensions a r e  shown i n  f i g u r e  1, and a photograph of t h e  f lameholder  i s  
shown i n  f i g u r e  3. s - .  . . .. . 

* - ,  ' <  > -. . . 
I .  . f  

. ~ , . !  ". 
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Engine I n s t a l l a t i o n  

The p r e s e n t  i n v e s t i g a t i o n  was conducted i n  an a l t i t u d e  t es t  chamber 
i n  which p r e s s u r e s  and tempera tures  s imu la t i ng  a l t i t u d e  f l i g h t  c o n d i t i o n s  
were supp l i ed  t o  t h e  engine i n l e t .  A l t i t u d e  p r e s s u r e s  were s imula ted  at  
t h e  engine  exhaus t . ,  

A ~ 7 1 - A - 2 ( ~ - 2 9 )  t u r b o j e t  engine  was used as t h e  b a s i c  t e s t  v e h i c l e .  
The engine  has  a b i f u r c a t e d  i n l e t ,  a 16-s tage  ax i a l - f l ow  compressor, and 
a t h r e e - s t a g e  t u r b i n e .  The engine was operated at  the r e v i s e d  r a t e d  
r o t a t i o n a l  speed of  6175 rpm and a t u r b i n e - o u t l e t  gas  tempera ture  of  
1700' R as measured by  t h e  manufacturer  s thermocouples . The o r i g i n a l  
r a t e d  c o n d i t i o n s  of  t h i s  engine were a r o t a t i o n a l  speed of 6100 r p m  and 
a t u r b i n e - o u t l e t  gas  tempera ture  of  1670° R .  Although the complete en- 
g ine  and a f t e r b u r n e r  con f igu ra t i on  w i l l  i nc lude  an e j e c t o r  f o r  c o o l i n g  
t h e  downstream end of t h e  a f t e r b u r n e r ,  t h e  e j e c t o r  was n o t  i n s t a l l e d  
du r ing  t h i s  i n v e s t i g a t i o n .  

F u e l  conforming t o  MIL-F-5624A grade 3P-4 s p e c i f i c a t i o n s  was used 
i n  t h e  engine and a f t e r b u r n e r .  The lower h e a t i n g  va lue  o f  t h e  f u e l  is  
18,700 Btu p e r  pound and t h e  hydrogen-carbon r a t i o  is 0.169. 

s .  

In s t rumen ta t i on  

The a f t e r b u r n e r - i n l e t  cond i t i ons  were surveyed by  25 t o t a l - p r e s s u r e  
and 25 to t a l - t empera tu re  probes.  Data  from t h e s e  probes were used t o  
c a l c u l a t e  engine and a f t e r b u r n e r  performance. The manufac turer ' s  t h e r -  
mocouples were used as senso r s  f o r  t h e  engine c o n t r o l  system and as an 
i n d i c a t i o n  of  t h e  t u r b i n e - o u t l e t  ga s  temperature .  The a f t e r b u r n e r - s h e l l  
cool ing-a i r - f low rate was measured b y  f o u r  t o t a l - p r e s s u r e  probes and a 
s i n g l e  stream s t a t i c - p r e s s u r e  probe p laced  i n  t h e  coo l ing  passage.  A 
water-cooled r a k e  a t  t h e  exhaust-nozzle  i n l e t  con ta in ing  1 4  t o t a l -  
p r e s s u r e  probes p laced  on c e n t e r s  of  e q u a l  area provided a survey  of  t h e  
a f t e r b u r n e r - o u t l e t  t o t a l  p r e s su re .  

The a f t e r b u r n e r - s h e l l  t empera ture  was measured b y  s i n g l e  thermo- 
couples  p laced  l o n g i t u d i n a l l y  a t  1- foot  i n t e r v a l s .  A c i r c u m f e r e n t i a l  
t empera ture  survey  of  t h e  s h e l l  i n  t h e  p l ane  of  t h e  exhaust-nozzle i n l e t  
was made by  s i x  e q u a l l y  spaced thermocouples.  

Standard engine  ins t rumenta t ion  was used t o  measure t h e  air f low,  
engine  and a f t e r b u r n e r  f u e l  f lows,  and t h r u s t .  A d e t a i l e d  d e s c r i p t i o n  
of  t h e  engine i n s t rumen ta t i on  is conta ined  i n  r e f e r e n c e  2 .  
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Procedure 

+ 'The a f t e r b u r n e r  performance was determined a t  a f l i g h t  Mach number 
o f  0.9 'and at a l t i t u d e s  o f  40,000, 50,000, and 60 ,000 ' f ee t  w i t h  t h e  erl-' 
g i n e  ope ra t i ng  a t  r a t e d  r o t a t i o n a l  speed and exhaust-gas tempera ture .  
Data  were ob ta ined  a t  each  f l i g h t  cond i t i on  f o r  a range  of  equiva lence  
r a t i o s  ( f r a c t i o n  of s t o i c h i o m e t r i c  f u e l - a i r  r a t i o )  from approximately 
0.4 t o  1.1. 

7 .  

I n  o r d e r  t o  determine t h e  e f f e c t  of removal of t h e  f lameholder  '. 
r a d i a l  g u e t e r s ,  t h e  a f t e r b u r n e r  was opera ted  w i t h  b o t h  t h e  o r i g i n a l  and- 
modifEd8 f lameholders  a t  s i m i l a r  c o n d i t i o n s .  The modif ied f u e l - s p ~ a y  
d i s t r i b u t i o n  and c o o l i n g - l i n e r  geometry were used i n  b o t h  c a s e s .  I .  

For t h e  de te rmina t ion  of t h e  o p e r a t i o n a l  range  of the a f t e r b u r n e r ,  
t h e  l i m i t  of  t h e  l e a n  f u e l - a i r  r a t i o  was e s t a b l i s h e d  by  combustion blow- 
o u t ,  whi le  t h e  r i c h  l i m i t  was imposed b y  t h e  maximum area of  t h e  exhaus% 
nozz le .  A l l  d a t a  were ob ta ined  wi thout  t h e  a f t e r b u r n e r  e j e c t o r  i n  o rde r  
t o  permi t  computation of  combustion e f f i c i e n c y  and tempera ture .  

. 1  

A l is t  o f  t h e  symbols used i n  t h i s  r e p o r t  is  given i n  appendix A, ' .  
and an  exp lana t ion  o f  t h e  method of c a l c u l a t i o n  is presen ted  i n  appendix B. 

DISCUSSION 

The exper imenta l  d a t a  ob ta ined  i n  t h i s  i n v e s t i g a t i o n  are pkesented 
i n  t a b u l a r  fohu  i n  t a b l e  I, and t h e  p e r t i n e n t  performance paPameters. are 
showi7 'in f i g u r e s  4 t o  9. The performance of  t h e  o r i g i n a l  a f t e r b u r n e r  
con f igu ra t i on  (ref. 1) is  included i n  t h e s e  f i g u r e a  f o r  comparison. 

'AS a p&t  of t h e  e f f o r t  t o  reduce  t h e  a f t e r b u r n e r - s h e l l  t empera ture ,  
t h e  fue l - sp ray  p a t t e r n  was s h i f t e d  r a d i a l l y  away from t h e  o u t e r  w a l l .  . '  

The mod i f i ca t i on  t o  t h e  f u e l  p a t t e r n  caused a change i n  t h e  f u e l - a i r  
d i s t r i b u t i o n  and mixing, c o n t r i b u t i n g  t o  a dec rease  i n  combustion eff i -  
c i e n c y  from t h a t  o f  r e f e r e n c e  1, as shown i n  f i g u r e  4. The g r e a t e s t  
dec rease  i n  combustion e f f i c i e n c y  occurred a t  50,000 f e e t  a t  t h e  lower 
equiva lence  r a t i o s :  The removal of t h e  r a d i a l  g u t t e r s  and t h e  r e d e s i g n  
of  t h e  annu la r  r i n g s  o f  t h e  f lameholder  t o  main ta in  t h e  blocked area con- 
s t a n t  caused no  measureable change i n  e i t h e r  combustion tempera ture  o r  . 
e f f i c i e n c y ,  as may be  seen  i n  f i g u r e  5. The modi f ica t ion  of t h e  cool ing-  
l i n e r  geometry could co f i t r i bu t e  t o  t h e  r educ t ion  of  t h e  combustion ' 
e f f i c i e n c y ,  a l thoQgh t h i s  e f f e c t  has n o t  been i s o l a t e d .  The flameholder  
changes,  however, d i d  cause  an i n c ~ e a s e  of approximately 1 percen t  i n  
t h e  t o t a l - p r e s s u r e  l o s s e s  induced by  t h e  f lameholder .  Th i s  1-percent  
change i n  t o t a l - p r e s s u r e  l o s s  was determined by  ope ra t i ng  t h e  modif ied 
a f t e r b u r n e r  w i t h  b o t h  t h e  o r i g i n a l  and t h e  r e v i s e d  f lameholders  ( d a t a  
n o t  p r e sen t ed  h e r e i n ) ,  
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As a means of  p rov id ing  a d d i t i o n a l  coo l ing  t o  the a f t e r b u r n e r  s t r u c -  
t u r e ,  t h e  cool ing-a i r - f low rate was increased  t o  1 7  pe rcen t  of t h e  t o t a l  
gas  f l ow  through t h e  a f t e r b u r n e r  (approximately three t h e s  t h e  o r i g i n a l  
f low rate). The change i n  geometry of  t h e  coo l ing  passage necessaxy t o  
accomodate t h e  increased  cool ing-a i r - f low rate had l i t t l e  e f f e c t  on t h e  
t o t a l - p r e s s u r e  l o s s  th rough t h e  a f t e r b u r n e r .  The o v e r - a l l  p r e s s u r e  l o s s  
i n  t h e  a f t e r b u r n e r ,  i nc lud ing  b o t h  t h e  f lameholder  and cool ing-a i r -  
passage  changes, was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  t h e  o r i g i -  
n a l  con f igu ra t i on  o f  r e f e r e n c e  1, as may be seen  i n  f i g u r e  6. The 
p r e s s u r e - l o s s  d a t a  of  r e f e r e n c e  1 are shown as a shaded area because of  
t h e  s c a t t e r  o f  t h e  d a t a  encountered.  Although the s c a t t e r  t ends  t o  
obscure any  d i f f e r e n c e  i n  t h e  t o t a l - p r e s s u r e  l o s s e s ,  t h e  l e v e l s  appear 
t o  b e  approximately t h e  same. 

The r e v i s i o n  of  t h e  engine  ope ra t i ng  cond i t i ons  of t u r b i n e - o u t l e t  
t empera ture  t o  1700' R and r o t a t i o n a l  speed t o  6175 r p m  produced an in -  
c r e a s e  i n  t h e  unaugmented t h r u s t  of  t h e  engine.  However, a t  any given 
equiva lence  r a t i o ,  t h e  augmented t h r u s t  o f  t h e  engine and a f t e r b u r n e r  
was no  greater than  t h a t  o f  t h e  o r i g i n a l  con f igu ra t i on  because of t h e  
reduced augmentation provided by  t h e  a f t e r b u r n e r  ( f i g .  7 ( a ) ) .  The asso-  
c i a t e d  s p e c i f i c  f u e l  consumption is shown i n  f i g u r e  7(b). The decreased 
combustion e f f i c i e n c y  of t h e  a f t e r b u r n e r  of t h i s  i n v e s t i g a t i o n  i s  re- 
f l e c t e d  i n  t h e  h ighe r  s p e c i f i c  f u e l  consumption. 

The r ange  of operab le  equiva lence  r a t i o s  and a l t i t u d e s  f o r  t h e  modi- 
f i e d  a f t e r b u r n e r  is shown i n  f i g u r e  8. The l e a n  blow-out l i m i t  was 
moved t o  h ighe r  equiva lence  r a t i o s  as a r e s u l t  of  t h e  removal of  the 
flameholder r a d i a l  g u t t e r s .  The l i m i t  o f  maximum-equivalence-ratio 
ope ra t i on  shown i n  f i g u r e  8 i s  l i m i t i n g  temperature  of t h e  t u r b i n e -  
o u t l e t  gas  and t h u s  is a f u n c t i o n  o f  t h e  exhaust-nozzle  area. The range  
of exhaust-nozzle  areas was t h e  same f o r  b o t h  a f t e r b u r n e r s .  The s l i g h t l y  
h ighe r  equivalence r a t i o  shown f o r  the l i m i t  of t h e  modif ied a f t e r b u r n e r  
r e s u l t e d  from t h e  lower combustion e f f i c i e n c y  a s s o c i a t e d  w i t h  t h i s  con- 
f i g u r a t i o n .  It should b e  noted t h a t  wh i l e  t h e  l e a n  and r i c h  ope ra t i ng  
limits were changed, t h e  maximum a l t i t u d e  of opera t ion  was u n a l t e r e d  b y  
t h e  c o n f i g u r a t i o n  mod i f i ca t i ons .  

Some lower ing  of  t h e  l o c a l  s h e l l  t empera tures  r e s u l t e d  from t h e  f u e l  
d i s t r i b u t i o n  modi f ica t ion  and t h e  i n c r e a s e  i n  t h e  cool ing-air-f low rate. 
The tempera ture  d i s t r i b u t i o n  a long  t h e  a f t e r b u r n e r  l e n g t h  is shown i n  
f i g u r e  9.  The l a r g e  r educ t ion  i n  s h e l l  t empera tures  i n  t h e  l o c a t i o n  o f  
93 inches  r e s u l t e d  from t h e  l a r g e  q u a n t i t y  o f  coo l ing  air t h a t  was b l e d  
from t h e  coo l ing  l i n e r  i n t o  t h e  gas  s t r eam i n  t h i s  r eg ion .  

Lewis F l i g h t  Propuls ion  Labora tory  
Na t iona l  Advisory Committee f o r  Aeronaut ics  

Cleveland, Ohio, May 27,  1955 
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SYMBOLS 

The fo l lowing  symbols a r e  used i n  t h i s  r e p o r t :  

'v,ef nozz le  e f f e c t i v e  v e l o c i t y  c o e f f i c i e n t  

F~ augmented jet t h r u s t ,  1% 

Fn augmented n e t  t h r u s t ,  l b  

f /a f u e l - a i r  r a t i o  

a c c e l e r a t i o n  due t o  g r a v i t y ,  32.17 f t / s e c  2 
g 

P t o t a l  p re s su re ,  l b  fsq ft abs 

R gas cons t an t ,  1546 f t - l b  
. . (molecular  wt . ) ( l b )  (OR) 

sf c s p e c i f i c  f u e l  consumption, ( lb /hr ) / lb  

T t o t a l  temperature,  OR 

V ;e loci ty ,  f t / s e c  

Wa a i r - f l o w  r a t e ,  lb / sec  

Wf fue l - f low r a t e ,  lb / sec  

W 
Q 

weight-flow rate, lb / sec  

Y r a t i o  of s p e c i f i c  h e a t s  

7 e f f i c i e n c y  

P equivalence r a t i o  

S u b s c r i p t s  : 

ab a f t e r b u r n e r  

a c  a c t u a l  

c coo l ing  l i n e r  



e  engine 

i i d e a l  

2 compressor i n l e t  

5 t u r b i n e  o u t l e t  

9 exhaust-nozzle  i n l e t  

CONFIDENTIAL 
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APPENDIX B 

METHOD OF CALCULATIONS 

Equivalence R a t i o  

The a f t e r b ~ r ~ e r  equ iva l ence  r a t i o  is  de f ined  as t h e  f r a c t i o n  of 
s t o i c h i o m e t r i c  f u e l - a i r  r a t i o  i n  t h e  a f t e r b u r n e r  

where 0.0674 is the s t o i c h i o m e t r i c  f u e l - a i r  r a t i o  f o r  t h e  f u e l  used i n  
t h i s  i n v e s t i g a t i o n .  The a f t e r b u r n e r  f u e l - a i r  r a t i o  is  de f ined  as 
fo l l ows  : 

where w is  t h e  f u e l  f l o w  r e q u i r e d  t o  ob t a in  t h e  a c t u a l  t empera ture  
f ,e,i  

r ise from s t a t i o n  2 t o  s t a t i o n  5 w i t h  i d e a l  e f f i c i e n c y .  The a f t e r b u r n e r  
f u e l - a i r  r a t i o  is  based  on t h e  t o t a l  air  f l o w  through  t h e  a f t e r b u r n e r  
i n c l u d i n g  the c o o l i n g  a i r  supp l i ed  t o  t h e  l i n e r .  The c o o l i n g - a i r  f l o w  
is b l e d  i n t o  t h e  a f t e r b u r n e r  ga s  s t ream.  

Over-All S p e c i f i c  F u e l  Consumption 

The o v e r - a l l  s p e c i f i c  f u e l  consumption is  based on t h e  augmented 
n e t  thrust and t h e  sum of t h e  engine  and a f t e r b u r n e r  f u e l  f lows .  

Combustion E f f i c i e n c y  

The conibustion e f f i c i e n c y  of t h e  a f t e r b u r n e r  was determined as a 
r a t i o  o f  t h e  a c t u a l  t o  t h e  i d e a l  t empera ture  rise a c r o s s  t h e  a f t e r b u r n e r .  
The a c t u a l  combustion tempera ture  T9 was c a l c u l a t e d  from t h e  gas-f low 
rate, t h e  measured t h r u s t ,  and a p r e s s u r e  su rvey  at  s t a t i o n  9 by u s i n g  
t h e  j e t - t h r u s t  equa t i on  as fo l l ows :  
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Values of the effective velocity parameter - were obtained from 
reference 3 with appropriate values for Yq* The combustion-efficiency 

" 
defining equation is as follows : 

99 

where the ideal temperature rise was determined from unpublished data. 
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TABLE I. - M O D I F I E D  J 7 1 - A - 2 ( X - 2 9 )  TURBOJET-ENGINE AFTERBURNER PERFORMANCE DATA 

 light Mach number, 0.9J 

Run 

- 

equiv- 
alence 
l a t i o ,  

Compressor Engine 

sq  ft abs 

Afterburner 

sq  f t  abs 

gas flow, 

Original flameholder configuration 

1653 
1653 

Modified flameholder configuration 



Figure 1. - Schematic diagram of J71-A- 2 turbojet- engine afterburner showing location of various components. 



Figure 2. - J71-A- 2 turbo j e t  afterburner fuel-spray-bar de ta i l s .  
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Figure 3. - J71-A-2 turbojet-engine afterburner modified flameholder. 



* ,  

(a) Combustion temperature. " .'* -' 

/ a  

s cr 
GI cr .2 .4 .6 .8 1.0 
4: a3 1.2 

" . 

Afterburner equivalence ratio, Q 

(b) Combus tion efficiency, 

Figure 4. - Modified J71-A-2 turbojet-engine afterburner 
combustion performance variation with altitude. Flight 
Mach number, 0.9. 



(a) Combustion temperature. 

. 4 .6 .8 1.0 1.2 

Afterburner equivalence ratio, tp 

(b) Combustion efficiency. 

Figure 5.- Combustion performance of modified J71-A-2 
turbo jet-engine afterburner with original and modified 
f lameholders . Flight Mach number, 0.9. 
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.4 a 6 08 1.0 

Afterburner equivalence ratio,@ 

Figure 6.-Modified J71-A-2 turbojet-engine afterburner 
total-pressure-loss variation with altitude. Flight 
Mach number, 0.9, 
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(a) Net thrust 

Altitude, Configuration 
f aet 

Modified 

0 .2 .4 e 6 ,8 1.0 1.2 

Afterburner equivalence ratio, 

(b) Overall specific fuel consumption. 

Figure 7. Performance of combined J71-A-2 turbojet engine 
and afterburner at altitude. Flight Mach number, 0.9. 



a 2 e 4  9 6 eE! 1 e 0 1%2 

Afterburner equivalence ratio, 9 

Rimre 8,- Modified 571-A-2 turbojet-engine afterburner 
operational limlts . Flf ght Mach number, 0.9. 



Distance from turbine outlet, in. 

Figure 9.- Local afterburner-shell temperature distribution 
along length of modified J71-A2 turbojet-engine afterburner. 
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