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An investigation was conducted i n  an alt i tude test chamber to deter- 
mine the  effects of inlet  airflow  distortion on the compressor steady- 
state and surge  characteristics of a high-pressure r a t io ,  axial-flow tur- 

gated, which covered a range of distortion  sector  angles from 20° t o  168O 
- bojet engine.  Circumferential-type in le t  flow distortions were investi- 

4 
3 and distortion  levels up t o  22 percent. 

The presence of inlet airflow distortions at the compressor face 
resul ted  in  a s u b s t a n t i a l  increase i n  the local pressure r a t i o   i n  the 
distorted  region,  primarily f o r  the inlet stages. The local  pressure 
r a t i o   i n  the distorted  region  for  the  inlet  stages  increased as either 
the  distortion  sector  angle  decreased  or the percent  distortion  increased. 
The average compressor-surge pressure r a t i o  w-as much  more sensit ive  to 
i n l e t  a i r f low distortions at lower engine  speeds  than at engine speeds 
near rated. Hence, compressor-surge margin reduction due t o   i n l e t  air- 
flow distortion w a s  quite  severe at the lower engine  speeds. Although 
the average compressor-surge pressure  ratio waa generally reduced with 
in l e t  flow distortion, local pressure ratios across  the  distorted  sec- 
tor of the compressor were obtained durFng surge and were significantly 
greater  than the normal compressor-surge pressure  ratio. ThZs was a 
r e s u l t  of increased  loading  of the inlet stages  in the distorted  region. 

INTROWCTION 

Inlet  airflow  distortions are often encountered in  high-performance 
a i rc raf t  as a r e s u l t  of flow separations  or  severe bends in  inlet ducting, 
and from a i rc raf t  flight maneuvers  where high yaw or  pitch  angles  are 
encountered. An over-all program has been established at the L e w i s  labo- 
ra tory  to  determine the  effect of i n l e t  flow distortions on the  steady- 
s ta te  and transient  characteristics of turbojet  engines.  Previous  inves- - 
t igations on a number of turbojet  engines  indicate that inlet flow dis- 
tortions can produce penalties in engine steady-state performance, reduce 
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compressor-surge limits, and cause excessive  local.  turbine  temperatures 
or combustor blowout. A number of investigations  considering  the  effects 
of airflow distortions =e presented in  references 1 to 4. 

As part  of the over-all  distortion program, an investigation was 
made in  the  alt i tude wind tunnel to determine the  effects of inlet airflow 
distortion on the compressor steady-state and surge  characteristics of a 
high-pressure-ratio, axial-flow turbojet compressor. Circumferential-type 
in le t  flow distortions, which covered a range of distortion  sizes  (sector b 
angles) from 20° t o  168O, and a severity of distortion (percent  distortion) * 
up t o  22 percent, were investigated. The distortions were introduced into 
the engine with a unique device w i t h  which both the distortion  size and 
severity could be remotely controllea. The distorted-flow  sector  could 
also be rotated around the compressor face, and i n   t h i s  manner, the dis- 
tort ion flow path and variation  in  interstage  local loading could be 
studied w i t h  a limited amount of interstage  instrumentation. Data are 
presented  for engine steady-state operation t o  show the distorted-sector 
flow path and washout and the effect of inlet airflow distortion on stage 
loading. Compressor over-all surge  pressure r a t io  is presented for  a 
range of distortion  sizes and engine  speeds at a simulated a l t i t u d e  of 
35,000 fee t  and a 0.8 T l i g h t  Mach number. 

P 

" . . " 

The following symbols are used in t h i s  report: 

N engine speed, rpm 

P t o t a l  pressure, lb/sq f t  abs 

8 r a t io  of inlet temperature t o  NACA standard  temperature 

Subscripts: 

av average 

d distorted  region 

U undistorted  region 

1 compressor inlet  " . "  , ,  - -. - 
.. 

" .  
. . . . . . . . . . . . . . - .- . . - - " . -. 

."  .. - - t  

8 compressor outlet  

Parameters : 

". . 
" 

L 

- pu-pd distortion  severity for level) at the compressor inlet 
PU 
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hpdpl compressor surge margin - for  a given  engine  speed the average WE- surge  pressure r a t i o  minus the average steady-state  pressure 
r a t io  divided by the average steady-state  pressure  ratio 

Ehgine  and Installation 

I4 

ED 
* ’  The engine was instal led  in  the al t i tude wind tunnel as shown i n  * figure 1. Engine-inlet  conditions were obtained w i t h  the use of the 

tunnel  refrigerated-air and exhaust facilities. 

A sketch indicating the general  outline of the engine w i t h  a cross 
section of the compressor is shown in  f igure 2. The primary components 
of the engine are a 15-stage,  variable-inlet-guide-vane compressor, a 
can-annular combustor,  and a two-stage turbine-. 

Distortion Device 

The distortion device was designed t o  provide  independent &ntrol of 
both distortion  size  (sector angle) and severity of distortion  (percent 
distortion).  The distortions were obtained (at the face of the compressor) 
by bleeding inlet airflow from an isolated section of the campressor 
annulus. A cross-sectional view of the distortion device is  shown in 
figure 2.  The distorted  section of the compressor annulus w a s  separated 
f r o m  the undistorted  section by two splitter plates that extended from a 
choked screen  several feet upstream of the canpressor  face t o  within 5 
inches of the inlet guide vanes. The sp l i t t e r   p la tes  were mounted on 
concentric  rotatable drums, which cou-ld be rotated independently to vary 
the distortion  sector  angle or could be rotated with a fixed  sector  angle 
t o  vary the position of the distortion at the compressor face. By varying 
the amount of airflow  bleed that is off the distorted  sector,  thk  percent 
distortion could  be varied independently of engine speed or distortion 
sector  angle. The bleedflow from the distorted  sector was controlled w i t h  
a thro t t le  valve in the overboard line. 

The location and amount of .steady-state and transient  instrdmentation 
i s  shown i n  figure 2. Transient  pressure and engine speed signals were 
fed  into a multichannel  photographically  recording  oscillograph.  Transient 
pressures were  measured with variable-reluctance-type  pressure  transducers. 
Response of the  transient measuring system was flat  up t o  a freqdency of 
30 t o  40 cycles  per second. 
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Compressor steady-state performance was obtained Over a range of 
engine  speeds with uniform inlet flow and for  a range  of distortion  sector 
angles from 200 t o  168O and percent  distortion from 8 t o  22 percent. To 
determine the distortion flaw path  during  steady-state engine operation, 
a distortion w a s  introduced at the compressor face with the dlstortion 
device and rotated slowly mound the compressor annulus past a x i a l l y  
alined  interstage  instrumentation. As the  distortion swept past  the  in- 
strumentation, a photographic  record of the circumferential  pressure  vari- 
ation due t o  the distortion was obtained at several   stations  in the com- 
pressor using the transient-pressure  recording system. The photographic 
traces were then  converted  into  pressures, and circumferential  profiles 
at several p i n t s   i n  the compressor were plotted. Analysis  of the inter- 
stage pressure  profiles was  then made t o  determine distortion-flow  spread- 
ing and stage-group pressure-ratio  varhtion caused by the ddstortion. 
I n  order t o  determine  stage-group local pressure  ratios, the streamline 
flow path  through the compressor had t o  be known. This was determined by 
in3ecting freon gas at the compressor inlet and observing the f l o w  path 
through the compressor with a freon-gas  detector. The streamline  rotation 
observed i n   t h i s  manner agreed fairly w e l l  with the  streamline  rotation 
indicated by the total-pressure  contours. 

Compressor surge limits were obtained Over the same range o m s t o r -  
tions investigated during the steady-state  engine  operation. Compressor 
surge w8s obtained by introducing  step  increases in   fue l  f l o w  into  the 
engine combustor.  Surge limits were obtained over an engine  speed  range 
from just above the compressor rotating stall  speed to   ra ted  engine  speed. 
All data were obtained at a simulated flight al t i tude of 35,000 feet and 
0.8 flight Mach  number with in le t  guide vanes open. 

Definition of Inlet Flow Distortions 

Typical static- and total-pressure  profiles at the face of the com- 
pressor me s h m  i n  figure 3 for  several. representative  distortions. 
The total-pressure measurement was m a d e  jus t  downstream of the leading 
edge O f  the   inlet  guide  vanes, and static  pressure was measured just  ahead 
of the in le t  guide vanes (fig. 2). NO significant r a d  pressure  gradient 
ex i t s  at the compressor face for any of the distortions; for t h i s  reason, 
pressure  profiles only at midspan are presented in  f igure 3. 

Compressor-inlet pressure profiles are shown for  sector  angles of 
20°, 70°, and 16S0 i n  figure 3(a) and for 8- , 15- , and 22-percent dis- 
t o r t i on   i n  figire 3(b), The Ustortion  sectar angle was considered as 
the angle between the distortion  spli t ter   plates,  while the  percent 
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dis tor t ion  is defined as the ra t io  of the difference between the undis- 
torted  pressure and the pressure  in the distorted  region to the undis- 
torted  pressure (Pu-Pd/Pu). Inspection of the total-pressure  profiles 
indicates very l i t t l e  mixing between the high pressure  (undistorted airflow) 
and the low pressure  (distorted airflow) i n  the 5-inch axial distance 
between the end of the   spl i t ter   p la tes  and the in l e t  guide vanes. Eow- 
ever,  the more gradual  slopes to the  static-pressure  profiles  indicate an 
inwash flow o r  nonaxial  flow immediately ahead of the  inlet  guide  vanes. 
The s ta t ic -  and total-pressure  profiles  indicate  that  generally at the 
i n l e t  guide vanes a lower sxial velocity exists i n  the distorted region 
than in  the  region  outside the distortion. 

Effect of Flow Distortion on Steady-State Compressor Operation 

Compressor internal flow patterns w i t h  inlet airflow distortions - 
present at the face of the compressor were studied by  moving the distor- 
t ion around the compressor annulus and recording the total-pressure  vari- 
ations at several   f ixed  stations  in  the compressor. The resul t  of one of 
these surveys is shown i n  figure 4 .  Total-pressure defect contours are 
shown from the compressor inlet t o  nearly the compressor outlet  f o r  a 
corrected engine  speed of 7800 r p m ,  a 15-percent  distortion, and 70° sec- 
t o r  angle i n  figure 4(a). The total-pressure  defect  contours show that 
the distorted flow gradually affects a larger  portion of the compressor 
annulus as it proceeds to the rear of the compressor. The 70° sector 
angle of the distortion, which existed at the compressor face, has spread 
t o  approximately 265O at the inlet t o  the 14th-stage rotor. Also apparent 
from the  contours is the rotation of the flow streamlines. By considering 
the low-pressure  region or valley of the contours, a streamline  rotation 
of approximately 100° (which agrees fairly w e l l  w i t h  ftreon trace  data} i n  
the  direction of compressor rotation is noted from compressor i n l e t  to 
outlet .  The maximum total-pressure  difference does not vary significantly 
from compressor inlet to outlet, even though the compressor total-pressure 
level  increases,  indicating that stage total-pressure  defect on a per- 
centage basis decreases from compressor inlet to outlet.  Total-pressure 
defect  contours  presented as a percent of stage  undistol-ted  pressure  are 
shown i n  figure 4(b).  The percentage  variation i n   t o t a l  pressure dimin- 
ishes from l5 percent at the compressor inlet t o  about 2 percent at the 
compressor outlet.  Total-pressure  contours are not sham after the 14th 
rotor   inlet ,  because the variat ion  in  total pressure  encountered because 
of the  distortion w a s  approaching the transient  instrumentation accuracy. 
Ihamination of the total-pressure  contours obtained w i t h  other  distortion 
sector  angles and percent  distortions  revealed the same general trends as 
those shown in  f igure 4 .  

Since the compressor-outlet,  circumferential  total-pressure  distribu- 
t ion w a s  approximately constant  for  the  distortions  investigated,  the 
a i r f low i n  the distorted  region is compressed t o  a higher pressure  ratio 
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than  airflow outside the distorted  region. 'Ilhis is i l lus t ra ted   in  figure 
5 h r e  compressor preesure r a t i o   i n  the distorted  region (Pe/p1. a) and 
the average compressor pressure  ratio (Pdpl,,v) for several  distortion 
sector  angles and magnitudes are compared with the normal  compressor 
pressure  ratio. For the range of distortion  sector  angles and percent 
distortion  investigated  the  pressure  ratio  across  the  distorted  region 
was substantially higher than  the normal pressure r a t i o  (as much as 2 1  
percent above normal), while  the average compressor pressure r a t io  w a s  slightu lower than  the normal pressure  ratio. Although increasing the 
percent  distortion  raised  the  pressure r a t i o  across a distorted  region of 
given size, an opposite  trend is noted f o r  increasing the sector angle 
with a given  percent  distortion. 

A study of compressor interstage  pressure  ratios  indicated that most 
of the  increase i n  pressure  ratio  across the distorted  section of the 
compressor was  a r e s u l t  of increased  pressure r a t io  (loading) in  the inlet 
stages. An example of the variation in interstage  pressure  ratio  in the 
sector of the compressor annulus affected by the  distortion is shown i n  
figure 6 for a 700 sector  angle,  15-percent  distortion, and 8 corrected 
engine  speed of 7800 r p m .  The stage-group  pressure ratios presented  are 
those  obtained  acrose a streamline flow path  (see PROCEDURE) at midspan. 
A sharp increase in  local  pressure r a t i o  above the normal stage-group 
pressure r a t i o  is noted i n  the distorted  region  (fig. 6) for  the inlet- 
stage group (stages 1 to  4) as compared with the middle- and outlet-stage 
groups. This increase i n  inlet-stage-group  pressure r a t i o  is probably a 
result of the lower axial  velocities  existing  in  the  distorted  region 
ahead of the in le t  guide vanes, which increases the rotor angle of attack 
of the inlet stages. Stage-group pressure ratio  outside the distorted 
region is generally lower than  the normal-stage group pressure r a t i o  except 
fo r  the  outlet-stage group (stages U t o  E). 

The inlet-stage-group  local  pressure  ratio  dips  abruptly below the 
undistorted-region  pressure  ratio as the  rotor approaches the  distorted 
region while as the rotor passes out of the  distorted region, the  local 
pressure  ratio remains &ove the undistorted-region  pressure ra t io   for  
some dfstance. A possible  explanation for this trend U s  in   the   fac t  
tha t  at the compressor-inlet guide vanes and possibly in  the first few 
stages  there is an inwash flow component due to  the  static-pressure gra- 
dient between the distorted and undistorted  regions, which ie in  the 
direction of compressor rotation as the  rotor approaches the  distorted 
region and opposite to   rotat ion as the  rotor  leaves  the  distorted  region. 
The inwash flow component would thus  result i n  a local  decrease i n  the 
rotor  angle of attack  (decrease  in  pressure  ratio) a8 the rotor moves into 
the  distorted  sector and  would correspondingly  maintain a relatively higher 
rotor angle of attack (highe?  pressure ratio) as the rotor moves out of the 
distorted  sector. The peak inlet-stage-group  pressure r a t i o  occurs just 
before  the  rotor  leaves  the  distorted  sector, because at this point  the  in- 
crease i n  local-stage-group  pressure r a t i o  due t o  the distortion i s  aug- 
mented by the  increase  in stage-group  pressure r a t io  due t o  inwash flow. 
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The effect of distortion  sector  angle and percent  distortion on the 
average-stage-group  pressure ratio  in  the  region  affected by the d is tor -  
t ion  is shown i n  figure 7 for  a corrected en@.ne speed of 7800 rpm. T ~ E  
effect  of both distortion  sector  angle and percent  distortion is most 
pronounced  on the inlet-stage-group  pressure  ratio. The inlet-stage- 
group pressure  ratfo  in the distorted  region is markedly increased as the 
dfstortion  sector  angle is reduced o r  the  percent  distortion  increased. 

Effect of Inlet Flow-Distortion on  Compressor-Surge L i m i t s  

Effect of sector angle. - The effect  of distortion  sector  angle on 
compressor over-all  surge pressure r a t i o  i s  shown in  f igure 8 for  a range 
of engine  speeds. The average compressor-surge pressure  ratio  (fig. 8(a>) 
is defined  as the r a t i o  of average values of compressor-inlet and outlet  
pressure a t  surge. Peak surge  pressure r a t i o  o r  average  surge  pressure 
ratio  across the distorted  sector of the compressor (fig.  8(b)) is defined 
as the ra t io  of the average  compressor-outlet  pressure to   the inlet pres- 
sure in   the distorted region a t  surge (P8/Pl,d). Increasing  the  distortion 
sector angle, witPlin the range investigated,  resulted  in a reduction  in 
both  average and peak surge  pressure  ratios. The average  surge  pressure 
r a t i o  was generally lower than the normal surge  pressure r a t io .  The peak 
surge  pressure r a t i o  w a s  higher than  the normal surge  pressure  ratio at 
high engine  speeds, b u t  fo r  large sector angles, the peak surge  pressure 
r a t i o  f e l l  below the normal surge  pressure r a t i o  at l o w  engine  speeds. 

A crossplot of compressor peak and average surge  pressure  ratios, 
showing directly the effect  of sector  angle, is shown i n  figure 9 f o r  
corrected engine speeds of 7600 and 6600 r p m .  Compressor average  surge 
pressure  ratio is noticeably more sensitive  to  increasing  sector angle 
at l o w  engine  speed (6600 rpm) than at high engine speed (7600 r p m )  . 
A maximum reduction of 17 percent i n  average surge  pressure  ratio below 
the normal surge pressure  ratio is observed at the low engine  speed for  
sector  angles between 80° and 1680. Compressor  peak surge  pressure  ratios 
considerably greater than the normal surge pressure r a t i o  me observe,d 
(fig. 9) for  small sector  angles and Ugh engine speed. A compressor peak 
surge  pressure ratb 19 percent above the normal surge  pressure  ratio is 
noted for  a 20° sector  angle at the high speed. However, at the low engine 
speed, the peak surge  pressure  ratio was lower than the normal surge  pres- 
sure r a t i o  at sector @es greater .than 500. 

Existence of c o q r e s m r  peak surge  pressure ratios (maximum I D C ~  
pressure r a t io  developed by the distorted segment  of the compressor) abuve 
the normal surge  pressure r a t io  results from changes i n  compressor steady- 
state.loading  distribution among the stages brought about by the compressor- 
inlet flow  distortion. It was shown earlier i n  th i s  report that f o r  high 
corrected engine speeds the  presence of inlet flow dis tor t ion  resul ted  in  

L - 
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a substantial  increase  in  pressure r a t i o  of the  inlet  stages i n  the die- 
torted  region, while the middle and ou t l e t  stages were not aignificmtly 
affected. A t  high engine  speeds (new rated), the rear compressor stages v 
are highly loaded and are   the  cr i t ical  stages at surge. Because the in le t  
distortion does not materially affect  the  local  operating  pressure r a t i o  
of these  stages,  the peak surge  pressure ra t io  then is higher than the nor- 
m a l  surge  pressure ratio because of the increase  in the operating  pressure 
r a t io  of the  inlet  stages. However, a s  engine speed is reduced, the  Inlet 
s t a g e s  become more c r i t i c a l   a t  surge. Consequently, increases in   in le t -  
stage loading due t o  the distortion would then diminish tJm peak surge 
pressure  ratio at low speeds below the normal sur e pressure  ratio. The 
observed reductions i n  peak surge  pressure ratio ?for  sector  angles above 
50°) at low speeds waa d s o  believed t o  be influenced by a locally  stalled 
section of the compressor that existed at l ow speeds. An example of the 
s ta l led  region obtahed during  steady-state  engine  operation with the 700 
sector mgle and 15-percent a s t o r t i o n  is Shawn i n  figure 10. The to t a l -  
pressure  contours show a locally  stalled  region at the hub, whfch is 
in i t i a t ed   i n  the first stage at an angular position of approximately 140'. 
The stalled region  peraisted t o  as far back &B the eighth stage of the 
compressor. 

The effect  Os distortion  sector angle on  compressor surge margin 
(which represents the rate  at which engine speed can  be. accelerated) is 
shown in  f igure 11 for   the engine-speed  range investigated. The compres- 
sor surge -gin is defined as the ra t fo  of the difference between the 
average surge pressure  ratio and the average steady-state  pressure  ratio 
t o  the average steady-state pressure ra t io .  The largest  reduction  in 
surge margin occurred at the low engine  speeds. The surge margin was 
reduced by 25 t o  65 percent at a corrected engine speed of 6600 rpm for 
the range of distortion  sector  angles  presented. A t  a corrected  engine 
speed  of 7600 r p m ,  there i s  a general  reduction in surge margin with iu- 
creasing  distortion  sector angle, however, the reductions are moderate 
compared wtth those at the l o w  speed. 

Effect of percent  distortion. - The effect  of percent  distortion on 
compressor average and peak surge  pressure r a t io  is presented Ln figure 
1 2  for  the engine-speed  range investigated. The average compressor pres- 
sure r a t io  was generally lower than the normal surge pressure  ratio, while 
peak surge pressure  ratios much higher than the normal surge pressure 
r a t io  were again  obtained at high engine  speeds. 

A crossplot showing the  effect of percent  distortion on both average 
and  peak surge  pressure  ratios  for a high and low engine speed i s  sham 
in figure 13. A t  the high speed, the average  surge pressure ra t io  is 
reduced  approximately 8 percent below the mrmal surge  pressure ra t io  86 
the percent  distortion was increased from 0 t o  22 percent. A t  the same 
time the peak surge pressure r a t i o  increased by 15 percent. A t  the low 
engine speed the average  surge pressure r a t i o  w a s  reduced a maximum of 1 7  
percent for a 15-percent  distortion. 

t 
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The effect  of percent  distortion on the compressor surge margin is 
shown in  f igure 14. There is 8 severe penal ty  i n  surge margin at low 
engine  speeds  with in l e t  flow distortion compared with the normal surge 
margin. At  high engine  speeds there i s  a general.  reduction i n  surge 
magin  as  the  percent  distortion is increased. However, for  the smallest 
distortion,  surge margins equal  to or slightly greater  than  the normal 
surge margin were obtained. 

rl 

(D 
* SUMMARY OF RESULTS 

d( An investigation w a s  conducted t o  determine the effect of inlet flow 
distortion on compressor steady-state and surge characteristics. The 
following results were obtained: 

1. A s tudy  of' the flow  path of the distorted area indicated that the 
distorted  region  affected more of the compressor annulus, and the percent- 
age v.miation  in  total  pressure diminished as the distorted  region passed 
through the compressor. A t  the compressor outlet  the  circumferential 
total-pressure  distribution on a percentage basis w a s  approximately con- 

tor t ion at the coupressor face resul ted  in  a substantial  increase  in the 
local  pressure  ratio in the distorted  region  primarily  for the inlet 
stages. The pressure  ratio in the  distorted  region  for the inlet   stages 
was found t o  increase as either the  distortion  sector angle  decreased  or 
the percent  distortion  increased. I 

(u stant f o r  the range of distortions  investigated. The presence of a dis -  

4 

2. Increases in   e i t he r  the distortion  sector angle or the percent 
distortion reduced the average compressor surge pressure ra t io .  Average 
compressor surge  pressure  ratio was more sensitive t o  inlet flow distor- 
t ions at lower engine  speeds than at engine  speeds  near rated. For a 
distortion  sector  angle of 168' and 15-percent distortion  the average 
compressor surge pressure r a t i o  w a s  reduced by 19 percent at a corrected 
engine  speed of 6600 rpm 88 compared with a 4-percent  reduction at 7600 
rpm. The compressor surge margin was also much-more sensi t ive  to  inlet 
flow distortions at l o w  engine  speeds than at high engine  speeds. 

. 

3. Although the average compressor surge  pressure r a t io  was generally 
decreased with i n l e t  flow distortions,  the compressor w&9 able   to  support 
local  pressure r a t io s  (peak surge pressure ratio)  across the distorted 
region of the compressor that were higher than the normal surge  pressure 
r a t io ,  particularly at high engine  speeds. Compressor  peak surge  pressure 
ratios as high as 19 percent above the normal surge pressure  ratio were 
obtained. This was a result of an increase in   the hading of the in l e t  
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stages in  the  distorted region, w h i c h  did  not  materially  affect  the  aver- 
age surge l$mlts a t  high engine speed, but did lead t o  severe penalties 
in  average surge limits at low engine s p e d k .  

Lewis Flight  Propulsion Laboratory 
national Advisory Committee for Aeronautics 

Cleveland, Ohio, January 2, 1958 
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Figure 1. - Engine inetsUed in altitude test chamber. 
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(a) fiofues for several sector angles; 15-percent a s t o r t i o n .  

Figure 3. - Typical cliq$$ticm profiles at c q r e s s o r  inlet. - 
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(b) Profilea  for several percent  distortions; 70' sector @e. 

Figure 3. - Concluded. - mical distortion profiles at compreseor 
inlet. 
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(a) Percent variatioa in  tota l  preeeure. 

Figure 4.  - Mstortud area flaw contcurs; l s p r a e n t   d l a t m t l m ;  70° sector angle. 
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Figure 5 .  - Effect of flow d 1 s t o r t i o n . w  compressor peak and 
average  steady-state  operating  preseure r a t i o s .  
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(a) Effect of dietortion sector angle;  15-percent distortion. 

(b) Effect of  percent dietortian;  sector angle, 70°. 

Figure 7. - Effect of inlet f low distortion on ccanpreseor-stage pressure 
ratio i n  the  distorted region. 
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( a )  Compressor average surge greesure  ratio. 
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Figure 8. - Comparison of compressor surge l i n e s  obtained  with 
several distortion sector angles. Distortion, 15 percent. 
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(a) Inlet to second rotor. 7Y 

(b) Inlet to the fifth rotor. 

Figure 10. - Total-pressure contours at several  stages for a corrected 
engine speed of 6550 rpm. Mstortion, 15 percent; 70' sector angle. 
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(b) Compreesor peak  aurge  pressure  ratio. 

Figure 12. - C o m p a r i s o n  of oompressor  surge lines obtained with 
several percent diatortiions. Distortion sector angle, 70°. - 
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