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FOREWORD 

T o p e r m i t e x p e d i t i o u s t r a n s m i t t a 1 o f p e r f o r m a n c e d a t a t o t h o s e c o n -  
cerned, f i g u r e s  of "Prel iminary Da.tatt a r e  presented here in .  Pre l iminary  
Data a r e  t e s t  d a t a  tha . t  ha.ve n o t  rece ived  t h e  complete a n a l y s i s  and ex- 
t e n s i v e  cross-checking normally given a s e t  of NACA da.ta. be fo re  r e l e a s e .  
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ON TRE J57-P-1  TURBOJET ENGINE 

By Lewis E.  W a l l n e r ,  R o b e r t  J. Lubick,  and Thomas H. E i n s t e i n  

SUMMARY 

Pi An i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  s t e a d y - s t a t e  and s u r g e  c h a r a c t e r -  
i s t i c s  o f  t h e  J57-P-1  two-spool  t u r b o j e t  e n g i n e  w i t h  v a r i o u s  i n l e t  air- 
f l o w  d i s t o r t i o n s  was conducted  i n  t h e  a l t i t u d e  wind t u n n e l  a t  t h e  NACA 
Lewis l a b o r a t o r y .  Along w i t h  a u n i f o r m  i n l e t  t o t a l - p r e s s u r e  d i s t r i b u -  
t i o n ,  one c i r c u m f e r e n t i a l  and three r a d i a l  p r e s s u r e  d i s t o r t i o n s  were  
i n v e s t i g a t e d .  D a t a  were  o b t a i n e d  o v e r  a comple te  r a n g e  o f  compressor  
s p e e d s  b o t h  w i t h  and w i t h o u t  i n t e r c o m p r e s s o r  a i r  b l e e d  a t  a f l i g h t  Mach 
number o f  0.8 and a t  a l t i t u d e s  o f  35,000 and 50,000 fee t .  

T o t a l - p r e s s u r e  d i s t o r t i o n s  o f  t h e  magni tudes  i n v e s t i g a . t e d  had v e r y  
l i t t l e  e f f e c t  on the s t e a d y - s t a t e  o p e r a t i n g  l i n e  f o r  e i t h e r  t h e  o u t e r  o r  
i n n e r  compressor .  The s m a l l  r a d i a l  d i s t o r t i o n s  i n v e s t i g a t e d  a l s o  had 
l i t t l e  i f  a n y  e f f e c t  on na r rowing  the h i g h  speed  opera . t ing  r a n g e  o f  t h e  
e n g i n e  over  t h a t  o b t a i n e d  w i t h  t h e  un i fo rm i n l e t  p r e s s u r e  d i s t r i b u t i o n .  
The c i r c u m f e r e n t i a . 1  d i s t o r t i o n ,  however,  r a i s e d  t h e  minimum s p e e d  a t  
which the e n g i n e  c o u l d  o p e r a t e  w i t h o u t  e n c o u n t e r i n g  s u r g e  when t h e  i n t e r -  
compressor  b l e e d s  were  c l o s e d .  T h i s  i n c r e a s e  i n  minimum speed  r e s u l t e d  
i n  a s u b s t a n t i a l  r e d u c t i o n  i n  t h e  o p e r a b l e  speed  r a n g e  accompanied by 'a 
r e d u c t i o n  i n  t h e  a l t i t u d e  o p e r a t i n g  l i m i t .  

INTRODUCTION 

A t  t h e  r e q u e s t  o f  t h e  Navy Depar tment ,  Bureau o f  A e r o n a u t i c s ,  a n  
i n v e s t i g a t i o n  was conduc ted  t o  d e t e r m i n e  t h e  s t e a d y - s t a t e  and t r a n s i e n t  
pe r fo rmance  o f  t h e  J57-P-1 t u r b o j e t  e n g i n e  i n  t h e  a l t i t u d e  wind t u n n e l  
a t  t h e  NACA Lewis l a b o r a t o r y .  As p a r t  o f  t h i s  i n v e s t i g a t i o n ,  t h e  s t e a d y -  
state o p e r a t i n g  l i n e  and t h e  o p e r a t i n g  c o n d i t i o n  o f  t h e  two compressor s  
a . t  t h e  p o i n t  where t h e  e n g i n e  s u r g e d  were  de te rmined .  These  d a t a  are 
r e p o r t e d  h e r e i n  f o r  a u n i f o r m  i n l e t  t o t a l - p r e s s u r e  d i s t r i b u t i o n ,  f o r  one 
c i r c u m f e r e n t i a l  i n l e t  p r e s s u r e  d i s t o r t i o n ,  and f o r  three r e l a t i v e l y  s m a l l  
r a d i a l  p r e s s u r e  d i s t o r t i o n s .  
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Data were obtained over a complete range of  r o t o r  speeds a t  al t i-  
t u d e s  of 35,000 and 50,000 feet  and a t  a f l i g h t  Mach number of 0.8. At 
each  f l i g h t  cond i t i on ,  t h e  s t e a d y - s t a t e  ope ra t i ng  l i n e  and t h e  ope ra t i ng  
l i n e  when engine surge  occurs  were determined f o r  bo th  compressors w i t h  
and wi thout  compressor air b l eed .  

ENGINE INSTALLATION AND INSTRtMEDTATION 

Engine and I n s t a l l a t i o n  

A c r o s s - s e c t i o n a l  view o f  t h e  J57-P-1 two-spool t u r b o j e t  engine  is 
shown i n  f i g u r e  1. The inne r  s p o o l  c o n s i s t s  of a 7-s tage ax i a l - f l ow  
compressor connected by  a hollow s h a f t  t o  a s ing l e - s t age  shrouded t u r -  
b i n e .  The ou te r  spoo l  c o n s i s t s  of a 9-s tage  ax ia l - f low compressor and 
a 2-s tage  shrouded t u r b i n e  connected by  a s h a f t  i n s i d e  of  and concen t r i c  
w i t h  t h e  hollow s h a f t  of t h e  i nne r  spool .  Rated i n n e r  spoo l  speed is  r 

approximately 9600 rpm. The combustor i s  of  t h e  cannular  t ype  having 
e i g h t  t u b u l a r  l i n e r s  each w i t h  a p i l o t i n g  cone and s i x  duplex f u e l  sp ray  
nozz les .  

The engine is  equipped w i t h  two compressor b l eed  p o r t s  tha t  permi t  
t h e  b l eed ing  of  air from t h e  d i scharge  of t h e  o u t e r  compressor, t he reby  
lower ing  t h e  o u t e r  compressor p r e s s u r e  r a t i o  t o  avoid o u t e r  compressor 
surge .  Opening and c l o s i n g  of t h e  compressor b l eeds  is  c o n t r o l l e d  by  
the  ou te r - spool  speed.  The oute r - spool  speed a t  which the  b l eeds  are 
actuated. i s  scheduled a.s a func t ion  of i n l e t  temperature  w i t h  t h e  a c t u a l  
speed with i n c r e a s i n g  i n l e t  temperature .  This  schedule  is 
such t h a t  t h e  b l eeds  ope ra t e  from one p o s i t i o n  t o  t h e  o t h e r  between 
outer -spool  speeds of 5195 and 5660 rpm. 

The t u r b o j e t  engine was 'mounted on a wing s e c t i o n  t h a t  spanned t h e  
t e s t  s e c t i o n  of  the a l t i t u d e  wind tunne l .  Ambient air was d r i e d  and 
r e f r i g e r a t e d  and then suppl ied  t o  t h e  engine by means of  i n l e t  duc t ing .  
Automatic b l eed  va lves  i n  t h e  i n l e t  duc t ing  were us,ed t o  main ta in  t h e  
ram-pressure r a t i o  a t  t h e  d e s i r e d  l e v e l  d u r i n g  t r a n s i e n t  engine opera t ion .  

Ins t rumenta t  ion  

Ins t rumenta t ion  used t o  measure the s t e a d y - s t a t e  compressor per -  
formance is  ind i ca t ed  i n  f i g u r e  1. The fo l lowing  parameters  were meas- 
ured on a, mult iple-channel  o s c i l l o g r a p h  b o t h  du r ing  s t e a d y - s t a t e  and 
t r a n s i e n t  opera t ion :  (1)  o u t e r  and inne r  compressor speed; (2)  i n l e t  
and o u t l e t  p r e s s u r e s  f o r  b o t h  ou t e r  and i n n e r  compressor; (3) i n n e r  com- 
p r e s s o r  i n l e t  temperature .  The presence of  r o t a t i n g  stall was i n d i c a t e d  " 
b y  osc i l l o scope  observa t ions  of compressor inner -s tage  p r e s s u r e  pickups 
and hot-wire anemometer s i g n a l s .  . 
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Types o f  I n l e t  P r e s s u r e  D i s t o r t i o n s  

The i n l e t  p r e s s u r e  d i s t o r t i o n s  were produced b y  s c r e e n  segments 
i n s t a l l e d  a t  t h e  e n g i n e  i n l e t  13 i n c h e s  ups t ream of  t h e  i n l e t  g u i d e  

1 
vanes  ( f i g .  2 ) .  I n  o r d e r  t o  s u p p o r t  t h e  f i n e  mesh s c r e e n s ,  a --inch 

4 
mesh s c r e e n  was p l a c e d  over  t h e  e n t i r e  a n n u l u s .  The uniform i n l e t  
t o t a l - p r e s s u r e  d i s t r i b u t i o n  i s  t h e r e f o r e  t h e  p r o f i l e  e x i s t i n g  beh ind  
t h i s  s c r e e n .  

The c o n f i g u r a t i o n s  a.nd s i z e s  o f  t h e  s c r e e n s  a r e  d e s c r i b e d  i n  t h e  
f o l l o w i n g  t a b l e  a.nd t h e i r  l o c a t i o n  s c h e m a t i c a l l y  shown i n  f i g u r e  3. 

PROCEDURE 

D a t a  were o b t a i n e d  a t  a f l i g h t  Mach number of  0.80 a t  a l t i t u d e s  o f  
35,000 and 50,000 f e e t  f o r  t h e  un i fo rm i n l e t  a i r - f l o w  d i s t r i b u t i o n ,  t h e  
c i r c u m f e r e n t i a l  a i r - f l o w  d i s t o r t i o n ,  and t h e  t h r e e  r a d i a l  a i r - f l o w  d i s -  
t o r t i o n s .  The s u r g e  c h a r a . c t e r i s t i c s  were de te rmined  o v e r  t h e  complete  
range o f  s p o o l  s p e e d s  w i t h  t h e  r e s t r i c t i o n  a t  t h e  high-speed end b e i n g  
l i m i t i n g  t u r b i n e  i n l e t  t e m p e r a t u r e .  The compressor  b l e e d s  were  rnanua.11~ 
o p e r a t e d  f o r  th i s  i n v e s t i g a . t i o n  s o  t h a t  t h e  b l e e d  v a l v e s  cou ld  b e  h e l d  
i n  e i t h e r  t h e  open o r  c l o s e d  p o s i t i o n ,  independent  o f  t h e  normal  b l e e d  
s c h e d u l e .  

S i z e  o f  b a c k i n g  
s c r e e n  

p-inch 1 mesh 

1 
--inch mesh 4  
1 --inch mesh 
4 
1 
--inch mesh 

1 --inch mesh 
4  

F o r  e a c h  e n g i n e  i n l e t  c o n f i g u r a t i o n ,  t h e  s t e a d y - s t a t e  o p e r a t i n g  
l i n e  and e n g i n e  s u r g e  l i n e  were  de te rmined  f o r  t h e  e n g i n e  w i t h  r a t e d  
e x h a u s t  n o z z l e  a r e a .  The o p e r a t i n g  c o n d i t i o n s  of  The compressors  a t  t h e  
p o i n t  where t h e  e n g i n e  su rged  were o b t a i n e d  b y  u s i n g  e i t h e r  s t e p  o r  ramp 
changes  i n  f u e l  f l o w  and r e c o r d i n g  t h e  performance p a r a m e t e r s  on t h e  
t r a m s i e n t  i n s t r u m e n t a t i o n .  The s t e p  and ramp changes i n  f u e l  f l o w  were  
made p o s s i b l e  b y  r e p l a c i n g  t h e  s t a n d a r d  e n g i n e  f u e l  c o n t r o l  w i t h  a 
spec ia .1  f u e l  c o n t r o l .  

S i z e  of  s c r e e n  

None 

0-#lo-.;20-:1%0 mesh 

0- !7-fl.0 mesh 

0-XO- 8 6  mesh 

::10-;:b-0 mesh 

C o n f i g u r a t i o n  

U n d i s t o r t e d  

A 

B 

C 

D 

Type of d i s t o r t i o n  

Uniform 

C i r c u m f e r e n t i a l  

Mild R a d i a l  

S e v e r e  R a d i a l  

I n v e r s e  R a d i a l  
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The s t e a d y - s t a t e  engine speed ope ra t iona l  l i m i t s  were determined by 
e i t h e r  s lowly inc reas ing  or  decreas ing  t h e  speed a t  a cons t an t  f l i g h t  
condi t ion  u n t i l  surge o r  l i m i t i n g  t u r b i n e  temperature w a s  encountered. 
I n  order  t o  i n s u r e  r e l i a b i l i t y  i n  t h e  d a t a ,  each l i m i t  was based on . 

from one t o  f i v e  d a t a  p o i n t s ,  depending on t h e  s e v e r i t y  of t h e  cond i t i on .  

RESULTS 

The performa.nce d a t a  a r e  arranged i n  t h e  f i g u r e s  according t o  t h e  
order  presented  i n  t a b l e  I. The d a t a  as presented here in  i s  merely t h e  
p re s su re  r a t i o  of  each compressor a t  t h e  p o i n t  where engine surge  
occurred and n o t  n e c e s s a r i l y  t h e  surge p re s su re  r a t i o  of each compressor. 
Add i t i ona l  ana. lysis  and s tudy  a r e  requi red  before  it can b e  determined 
which compressor surged i n i t i a l l y  a t  each engine surge  p o i n t .  

The shape and magnitude of t h e  to t a l -p re s su re  d i s t o r t i o n s  imposed 
on t h e  engine a t  t h e  i n l e t  a r e  presented i n  f i g u r e s  4 and 5. It should 
be  noted t h a t  t h e  maximum radia .1 d i s t o r t i o n  ( f i g .  5 ( a ) )  has l o c a l  pres -  
s u r e  dev ia t ions  of only 2 or  3 percent  i n  t h e  t i p  reg ion  and about  7 
pe rcen t  i n  %he hub r eg ion .  The e f f e c t  of t h e s e  d i s t o r t i o n s  on t h e  speed 
match between t h e  two spools ,  s t e a d y - s t a t e  compressor opera t ing  l i n e s ,  
and compressor ope ra t ing  condi t ion  where engine surge  occurred a r e  shown 
i n  f i g u r e s  6 t o  1 0  f o r  engine operat ion w i t h  intercompressor b leeds  open 
a t  an a l t i t u d e  of  35,000 f e e t  and a f l i g h t  Mach number of 0.8.  For t h e  
magnitude of d i s t o r t i o n s  inves t iga t ed ,  t h e  speed match between t h e  two 
spools  ( f i g .  6) and t h e  s t e a d y - s t a t e  ope ra t ing  l i n e  f o r  each compressor 
( f i g s .  7 and 8)  remained e s s e n t i a l l y  una l t e r ed .  This  e f f e c t  e x i s t s  f o r  
b o t h  compressor b leed  p o s i t i o n s  and both  f l i g h t  condi t ions  inves t iga t ed .  

F igures  7 and 8 a l s o  compare t h e  opera t ing  condi t ion  of t h e  two 
compressors a t  t h e  p o i n t  where engine surge occurred f o r  each conf ig-  
u r a t i o n  w i t h  t h e  s teady-sta . te  ope ra t ing  l i n e  f o r  t h e  same conf igu ra t ion .  
For t h e  ou te r  compressor, t h e  p re s su re  r a t i o  a t  which t h e  engine surged 
i s  approximately t h e  same as t h e  p re s su re  r a t i o  f o r  s t eady  s t a t e  opera- 
t i o n .  This  c h a r a c t e r i s t i c  of t h e  o u t e r  compressor ex i s t ed  f o r  a l l  engine 
and f l i g h t  condi t ions  i n v e s t i g a t e d .  The d a t a  of f i g u r e  7 and 8 a r e  com- 
pared i n  f i g u r e s  9 and 1 0  t o  show t h e  e f f e c t  of i n l e t  p re s su re  d i s t o r -  
t i o n s  on t h e  p o i n t  where engine surge occurs .  In  genera l ,  t h e  i n l e t  
p r e s s u r e  d i s t o r t i o n s  had l i t t l e  e f f e c t  on t h e  compressor p re s su re  r a t i o s  
w i t h  open b l eeds  a t  t h e  engine surge condi t ion .  

For compressor b leeds  c losed  a t  35,000 f e e t  ( f i g .  11 t o  15) t h e  1wa1) 
r a d i a l  d i s t o r t i o n s  had l i t t l e  e f f e c t  on compressor opera.tion . However, 
f o r  t h e  c i r c u m f e r e n t i a l  d i s t o r t i o n ,  r o t a t i n g  s ta l l  was obtained over a 
somewhat enlarged speed range.  A t  50,000 f e e t  w i th  compressor b leeds  
open ( f i g s .  16  t o  20),  t h e  e f f e c t s  of i n l e t  p re s su re  d i s t o r t i o n s  were 
r e l a t i v e l y  s m a l l ;  t h i s  is  s i m i l a r  t o  t h e  r e s u l t  a t  t h e  lower a l t i t u d e .  
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R o t a t i n g  stalls p e r s i s t e d  t o  h i g h e r  eng ine  s p e e d s  f o r  a l l  t h e  i n l e t  d i s -  
t o r t i o n s  w i t h  t h e  compressor  b l e e d s  c l o s e d  a t  50,000 f e e t  ( f i g .  2 1  t o  2 5 ) .  
High speed  o p e r a t i o n  a t  t h i s  c o n d i t i o n  cou ld  n o t  b e  o b t a i n e d  w i t h  t h e  
c i r c p m f e r e n t i a l  d i s t o r t i o n  b e c a u s e  o f  s t e a d y  state compressor  s u r g e .  

The i n c r e a s e  i n  i n n e r - s p o o l  p r e s s u r e  r a t i o  i n  t h e  midd le  speed 
r e g i o n  w i t h  t h e  c i r c u m f e r e n t i a l  d i s t o r t i o n ,  shown i n  f i g u r e s  1 5  and 20,  
is n o t  n e c e s s a r i l y  a n  i n c r e a s e  i n  s u r g e  p r e s s u r e  r a . t i o  o f  t h i s  compres- 
s o r ,  b u t  is s i m p l y  t h e  o p e r a t i n g  c o n d i t i o n  of  t h i s  compressor a t  t h e  
moment o f  e n g i n e  s u r g e  i n i t i a t i o n .  

The s t e a d y - s t a t e  o p e r a t i n g  l i m i t s  of  t h e  e n g i n e  r e s u l t i n g  from 
e i t h e r  ma.ximum t u r b i n e - i n l e t  t e m p e r a t u r e  l i m i t  o r  t h e  i n t e r s e c t i o n  o f  
t h e  s t e a d y - s t a t e  o p e r a t i n g  l i n e  w i t h  t h e  e n g i n e  s u r g e  l i n e  a r e  p r e s e n t e d  
i n  f i g u r e s  26 and 27.  The shape  o f  t h e  l i m i t  l i n e s  f o r  t h e s e  d a t a  was 
de te rmined  from t h e  d a t a  p r e s e n t e d  i n  r e f e r e n c e  1. F i g u r e  26 p r e s e n t s  
t h e  l i m i t s  w i t h  t h e  i n t e r c o m p r e s s o r  b l e e d s  open.  At  t h i s  p o s i t i o n  o f  
t h e  b l e e d s  no  minimum speed l i m i t  was encoun te red ;  a t  50,000 f e e t ,  h i g h  
s p e e d  o p e r a t i o n  was l i m i t e d  b y  s t e a d y  s t a t e  e n g i n e  s u r g e  f o r  t h e  u n d i s -  

" t o r t e d  i n l e t  f l o w  and i n v e r s e  r a d i a l  d i s t o r t i o n ,  and b y  maximum e x h a u s t  
g a s  t e m p e r a t u r e  f o r  t h e  c i r c u m f e r e n t i a l  and r a d i a l  d i s t o r t i o n .  As was 
demdnstra ted  i n  r e f e r e n c e  1, s u r g e  l i m i t e d  o p e r a t i o n  f u r t h e r  r e d u c e s  
t h e  maximum e n g i n e  speed as a l t i t u d e  i s  i n c r e a s e d  a3ove 50,000 f e e t .  

Maximum speed o p e r a t i o n  f o r  cDmpressor b l e e d s  c l o s e d  ( f i g .  27) was 
n o t  l i r a i t e d  b y  e n g i n e  s u r g e ,  b u t  o n l y  b y  e n c o u n t e r i n g  maximum e x h a u s t  
g a s  t e m p e r a t u r e .  Minimum speed o p e r a t i o n  was l i m i t e d  b y  s t e a d y - s t a t e  
s u r g e ;  t h i s  speed l i m i t  was a b o u t  t h e  same f o r  a l l  c o n f i g u r a t i o n s  i n -  
v e s t i g a t e d  e x c e p t  t h e  c i r c u m f e r e n t i a l  d i s t o r t i o n .  At  35,000 f e e t ,  t h e  
c i r c u m f e r e n t i a l  d i s t o r t i o n  reduced  t h e  o p e r a b l e  speed r a n g e  b y  a b o u t  
50 p e r c e n t ,  whereas a t  50,000 f e e t  a l l  o p e r a t i o n  w i t h  t h i s  d i s t o r t i o n  
was p r e c l u d e d  beca.u_se o f  s t e a d y - s t a  t e  s u r g e .  

Lewis F l i g h t  P r o p u l s i o n  La ,bora to ry  
N a t i o n a l  Advisory  Committee f o r  A e r o n a u t i c s  

C l e v e l a n d ,  Ohio, December 3, 1954 
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Station r- Number of Number of Number 
total pressure static pressure of thermocouple 

probes -- probes probes 

Figure 1. - Schematic. diagram of J57-P-l turbojet engine showing location and 
amount of steady- state instrumentat ion. 
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Inverse radial  distortion 

Inverse radia l  I'D" 

m 10 Mesh screen 

7 Mesh screen 

No blockage 

' (Note: Distortion screens were supported on a, 114" mesh which spanned 
the in le t  annulus) . 

Figure 3. - Continued. Sketch of screen segments fo r  in le t  distort ion 
investigation. 



0 120 24 0 360 
Circumferential location (degrees from top clockwise 

looking aft) 

Figure 4 (a). Typical circumferential total pressure profile. 

3000 3800 4600 5400 . 6200 7000 

Corrected outer spool speed, N ~F~ (rpm) 

Figure 4(b). Effect of outer compressor corrected speed on the 
circumferential total Pressure gradients. Altitude, 35,000 feet; 
flight Mach number, 0.8, 



0 2 4 6 8 10 
Radial  locatfon,  inches from ouLeP sur face  

Figure 5(a)* Typical r a d i a l  t o t a l  pressure p ro f f l e s .  

Z 3000 3800 4600 5400 6200 7008 

Corrected outer  spool  speed, ~a~By (rpm) 

Figure B ( b ) @ E f f a e t  of" outer  eompr-esso~ coz-~ectad speed on the 
r a d i a l  t o t a l  p-i.essurs p a d i s n t s a  Altitude, 35,000 f e e t ;  
f l f g h t  Mach munber, 0,8. 



2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400 

Corrected 'outer spool  speed, N ~ / - ,  rpm 

Figure  6. - Var ia t ion  of co r r ec t ed  inne r  spool  speed wi th  co r r ec t ed  o u t e r  spool  
speed f o r  s e v e r a l  i n l e t  p re s su re  d i s t o r t i o n s .  A l t i t u d e  35,000 f e e t ,  f l i g h t  
Mach number 0.8, compressor b leeds  open. 



Corrected outer spool speed, ~,/.de;, rpm 
\ 

Figure 7.  - Comparison of outer spool pressure rat io  a t  engine surge with outer 
spool steady s tate  operating l ine  for several in l e t  pressure distortions.  
Altitude 35,000 f e e t .  Flight Mach number 0.8. Compressor bleeds open. 



NACA RM SE54K19 

Corrected inner  spool  speed, N~/%, rpm 

Figure 8. - Comparison of i n n e r  spool  p ressure  r a t i o  a t  engine surge 
wi th  inner  spool  s t eady  s t a t e  opera t ing  l i n e  f o r  s e v e r a l  i n l e t  p ressure  
d i s t o r t i o n s .  Al t i tude  35,000 f e e t .  F l i g h t  Mach number 0.8. Com- 
pressor  bleeds open. 
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Corrected inner spool speed, Il2/f i ,  rPm 

Figure 10. - Effect of inlet pressure distortion on inner spool pressure ratio at 
engine surge. Altitude 35,000, flight; Mach number 0.8, compressor bleeds open. 



--. . 

Corrected cuter spool spead, ~~N~T-rprn 

F i g m ~  11. - Variation of comerted inner  spool q r r d  r l t h  corrrot ,d outer spool speed f o r  several 
i n l e t  Dress- dis tort ions.  Alt i tu6e 35,000 feet,, P l l g h t  Mach number 0,8. Compressor 
bleedsA closed a 



NACA RM SE54K19 

Corrected outer spool speed, ~,/Yij;, r p  - L 

z Fignre 12. -Comparison of outer s p w l  pressure r a t i o  a t  engine surge with outer spool steady-state 
operating l ine  for  several in le t  pressure distortions.  Altitude 35p000 f e e t ,  Flight Macti number 0.8. 
Compressor bleeds closed. 

CONFIDENTIAL 



Corrected inner s p w l  speed, N* ;,m 

~ & e  U. - Comparison of inner spool pressure ratio at  engine surge with inner spool steady-etate 
operating l ine  for several in let  pressure distortions. Altitude 35,000 feet.  Flight Mach 
number 0.8. Compressor bleeds cloeed. 



2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400 

Corrected outer spool speed, ~ ~ 6 ,  rpxn 

F i w e  14r - Effect of i n l e t  pressure distortion on outer spool pressure ra t io  at  engine surge. 
Altitude 35,000 f e e t .   light Mach number 0.8. compressor bleeds closed. 



Figure 15. - Effect of in le t  pressure distortion on inner spool pressure ra t io  a t  engine surge. 
Altitude 35,000 feet .  Flight Mach number 0.8. Compressor bleeds -- - closed. .- 



CONFIDENTIAL 

Corrected outer spool speed, N ~ / + ~ ,  rpm 

Figure 16. - Variation of corrected inner spool speed with corrected outer spool 
speed for  several  i n l e t  pressure d i s tort ions .  Altitude 50,000, f l i g h t  Mach 
number 0.8. Compressor bleeds open, 



Corrected outer spool speed, ~ ~ / f l ~ ,  rPm 

Figure 17. - Comparison of outer spool pressure ra t io  a t  engine surge with outer 
spool steady s t a t e  operating l i n e  f o r  several i n l e t  pressure dis tort ions .  
Altitude 50,000 f e e t .  Fl ight  Mach number 0.8. Compressor bleeds open. 



NACA RM SE54K19 

Corrected inner spool  speed, rpm 

Figure 18. - comparison of inner spool  pressure r a t i o  a t  engine surge with inner 
spool steady s t a t e  operating l i n e  f o r  several  i n l e t  pressure d i s tort ions .  
Alt i tude 50,000 f e e t .  Fl ight Mach number 0.8. Compressor bleeds open. 





'Corrected inner  spool speed, N ~ / - ~ ,  rpm H 

Figure 20. - Effec t  of i n l e t  pressure d i s t o r t i o n  on inner  spool pressure r a t i o  a t  
engine surge. Al t i tude  50,000, f l i g h t  Mach number 0.8, compressor bleeds open. 



Corrected outer spool speed, tJ1f18 rpar 

Figure 21. -Variation of corrected inner spool speed with corrected outer apbol speed for aeveral 
in let  pressure distortions. Altitude 50,000 feat.  Flight Mach number 0.8. Coupreasor bleeds 
cloeed. 









Corrected inner spool speed, E 1 2 / 6 ,  rpm 1 d 
Figure 25. - Effect  of i n l e t  p r e s su r s  d i s t o r t i on  on inner spool pressure r a t i o  a t  - 

engine surge. Al t i tude 50,000, f l i g h t  Mach number 0.8, compressor bleeds c.losed. - .  



3000 4.000 5000 6ob0. $0'00 

Corrected outer spool speed, Nl 

Figure 26. - Effect  of a l t i t u d e  on engine operating limits, 
F l igh t  Mach number 0.8. Compressor bleeds open, 



Corrected outer spool speed, FJSK%-, r p  

Figure 27. - Effect of altftude on engfne operat33g l%fn%%sa 
Flight Mach number 0,8, Compressor bleeds closed, 
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