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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X-254 

PERFORMANCE OF A TURBOJET ENGINE IN COMBINATION WITH AN 

EXTERNAL-INTERNAECOMPRESSION INIXT TO MACH 2.88* 

By David N. Bowditch, Bernhard H. Anderson, and William K. Tabata 

SUMMARY 

A turbojet engine was operated in conjunction with an inlet having 
external and internal supersonic compression in the Lewis 10- by 10-foot 
wind tunnel at several Mach numbers from 2.0 to 2.88. The presence of 
the engine had no effect on the steady-state peak inlet performance. 
Even though distortions higher than 30 percent of the average total pres- 
sure were measured at the compressor face, no engine stall was encountered 
during steady-state operation, and there was no significant reduction in 
engine performance. However, when the shock regurgitation or unstart 
transient pressure drop was large enough, as it was at Mach 2.48 and 
above, the engine surged. During engine surge at Mach 2.48, the static 
pressure near the engine face reached a value 17 percent higher than the 
free-stream total pressure. At Mach 2.68 and 2.88, however, maximum 
static pressures during surge were less than the peak pressure due to 
buzz. 

INTRODUCTION 

Turbojet investigations in connected-pipe facilities can simulate 
most steady-state conditions encountered in flight. However, transient 
conditions imposed on the engine by the inlet require wind-tunnel testing 
with an engine-inlet configuration. Similarly, inlet investigations 
with a choked plug can obtain the steady-state performance, but the 
transient conditions in the inlet are dependent on whether an engine or 
plug controls the flow. The steady-state and transient characteristics 
of a 534 engine in conjunction with a supersonic inlet were investigated 
at Mach numbers to 2.0 and are presented in references 1 to 7. Also, a 
nacelle from a current supersonic bomber was tested at Mach numbers of 
1.8 and 2.0, and the results are presented in references 8 to 11. How- 
ever, none of the inlets previously tested had appreciable internal con- 
traction, which is common in most high-performance inlets designed for 
Mach numbers of 2.5 and above. 
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To investigate the engine-inlet problems of shock regurgitation, 
control of compression surface and terminal shock, and inlet dynamics, 
the program reported herein was performed. A scaled-up version of the 
external-internal-contraction inlet described in reference 12 was oper- 
ated in conjunction with a turbojet engine in the 10- by 10-foot super- 
sonic wind tunnel from Mach 2.0 to 2.88 at angles of attack to 5'. The 
present report describes the steady-state engine performance and the 
engine response to terminal-shock regurgitation. 
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SYMBOLS 

Mach number 

air mass flow, slugs/sec 

engine speed, rpm 

engine design speed, 7460 rpm 

total pressure, lb/sq ft abs 

average total pressure at engine inlet 

maximum P2 minus minimum P2 

static pressure, lb/sq ft abs 

transient static pressure at compressor exit 

transient static pressure at engine bypass 

transient static pressure just downstream of spike slot 

total temperature, R 

engine air weight flow, lb/sec 

engine fuel weight flow, lb/sec 

angle of attack, deg 

local 

local 

angle between spike axis and straight line joining spike 

0 

P(lb/sq ft) divided by 2116 lb/sq ft 

T(OR) divided by 518.6' R 

and cowl lip, deg 
tip 
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angle of i n l e t  guide vanes and first seven state s t a t o r s  from 
f u l l  open position, deg %GV 

Sub sc r ip t s  : 

0 f r e e  stream 

2 engine-inlet s t a t ion  

I 3 turbine-exit  s t a t  ion 
; 
) 

1 

APPARATUS AND PROCEDURE 

Figure 1 shows the external-internal-compression inlet in the 10- 
by 10-foot tunnel. The supersonic portion of the  in le t ,  which has a 
cowl-lip diameter of 42 inches, was a scaled-up version of the inlet 
reported in reference 12. 
an external  oblique shock from the 20° half-angle spike, and from two 
in t e rna l  oblique shocks generated by the cowl - each turning the  flow 
about 12'. 
impinged on t h e  centerbody a t  the abruptly turned shoulder. 
percent of the  captured mass flow was removed through a f lush-slot  
boundary-layer bleed system located immediately forward of the  shoulder 
(fig.  2).  Flush s l o t s  f o r  boundary-layer control i n  the v i c i n i t y  of t he  
terminal shock bled an addi t ional  6 percent of the mass flow a t  design 
conditions. The flow furnished by the  inlet was matched t o  the engine 
requirements by varying the annular choked area between the  outside of 
the bellmouth and the  ax ia l ly  t rans la t ing  valve. 

Supersonic compression w a s  obtained through 
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A t  the design Mach number, the in t e rna l  shocks coalesced and 
About 2 

The cold-pipe and. engine configurations are  shown i n  f igure  3. The 
turboje t  engine had a three-stage turbine and a seventeen-stage axial- 
flow compressor in which the i n l e t  guide vanes and the s t a to r s  of the 
first seven stages w e r e  variable and remotely controlled. The engine 
controls regulated engine fuel flow t o  control engine speed and posi- 
t ioned the  exhaust nozzle a s  a function of t h r o t t l e  position. 
the afterburner flameholder was not instal led,  the  nozzle schedule was 
modified t o  compensate f o r  the absence of losses. 
completely correct f o r  the variable flameholder losses; and, as  a result, 
the  engine performance deviated from the  manufacturers' specifications.  

Since 

However, t h i s  did not 

The flow conditions in to  the  engine w e r e  measured by two seven-tube 
rakes mounted a t  135' and 328' clockwise from the  top, looking a t  the  
engine face. These two engine rakes were duplicated, and four similar 
rakes w e r e  added a t  s t a t ion  2 i n  the cold-pipe configuration. 
pressor discharge pressure w a s  measured by three rakes of f ive  t o t a l  
tubes each and three wall  s t a t i c s .  

The com- 

The exhaust-gas temperature and 
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pressure were measured a t  the  turbine e x i t  by two rakes, each containing 
seven t o t a l  tubes and f i v e  thermocouples. 
were measured by recording the  output of a special  engine tachometer and 
a turbine-type flowmeter. 
were a l so  recorded on an op t i ca l  oscillograph. 

Engine speed and f u e l  flow 

The fuel-meter and engine-tachometer s ignals  

Figure 3 a lso  shows the  posit ion where t rans ien t  s t a t i c  pressures 
w e r e  measured by pressure transducers connected by tubing t o  s t a t i c  or i -  
f ices .  The estimated na tura l  frequency ( in  cps) of the  tubing and trans- 
ducer volume, when assumed t o  be an undamped second-order system, is :  
j u s t  downstream of spike s l o t  (ps), 300; a t  engine bypass (peb), 120; and 
a t  compressor e x i t  (pce), 80. In addition, t ransient  measurements w e r e  
made with one of t he  exhaust-gas thermocouples at  s ta t ion  3, whose time 
constant w a s  3 seconds. 

Inlet d i s tor t ion  and pressure recovery with the  engine in s t a l l ed  
were calculated from the two rakes a t  the compressor face. I n l e t  capture 
mass flow w a s  determined by integration of t he  conical flow from the  20° 
spike using the  tab les  of reference 13. The engine mass flow w a s  deter- 
mined by subtracting the  bleed and bypass flows from the  captured mass 
flow. The bleed and bypass flows were estimated from cold-pipe data. 
The engine performance w a s  corrected by use of t he  recovery a t  s ta t ion  2 
and the  tunnel t o t a l  temperature. 

The engine-inlet configuration w a s  operated a t  several  Mach numbers 
from 2.0 t o  2.88 a t  angles of a t tack from 0' t o  5'. 
per foot varied from 2.3X106 t o  2.6X106 during the  investigation. Most 
steady-state data were taken with the  engine operating a t  t he  maximum 
speed, which allowed a bypass airflow of about 5 percent of  the  capture 
mass flow a t  peak recovery. For t he  t rans ien t  data presented, the  i n l e t  
w a s  always unstarted by closing the  bypass. N o  changes w e r e  made i n  t h e  
engine control se t t ings  and spike or  bypass posit ions f o r  t he  recording 
of the  t rans ien t  data presented. 

The Reynolds numbers 

RESULTS AND DISCUSSION 

Figures 4 and 5 present most of t he  engine-inlet conditions t e s t ed  
with the  engine configuration. !The data taken with the  centerbody a t  
t he  peak recovery or maximum spike-position angle 8L are shown i n  f ig -  
ure 4. Total-pressure recovery and compressor-face mass-flow r a t i o  were 
reduced simultaneously a t  constant centerbody posit ion and engine speed 
by increasing the  bypass flow. The maximum total-pressure recovery with 
the  engine configuration w a s  within about one count of t h e  best cold-pipe 
recovery a t  each Mach number, which shows t h a t  the  engine does not cause 
any penalty in  steady-state peak total-pressure recovery. A t  zero angle 
of a t tack and a Mach number of 2.88, the  d is tor t ion  increased gradually 
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from 0.14 a t  0.845 recovery t o  0.21 a t  0.71 
however, the  d is tor t ion  w a s  much higher and 
recovery w a s  lowered. This i s  par t icular ly  

recovery. A t  angle of attack, 
increased much faster as 
obvious a t  2 . 5 O  angle of 

a t tack a t  Mach 2.88, where t h e  dis tor t ion increased from 0.24 t o  0.37 
while t he  recovery changed only three counts. The d is tor t ion  a t  peak 
recovery and zero angle of a t tack remained about t he  same a t  a l l  Mach 
numbers. 
i n  Mach number so t h a t  a t  Mach 2.0 it w a s  comparable with the  zero angle- 
of-attack value. 

The d is tor t ion  a t  5' angle of a t tack decreased with reduction 

Ehgine-inlet conditions over a range of centerbody posit ions are 
given in figure 5. A t  Mach 2.88, the  i n l e t  w a s  in tent ional ly  set a t  
lower than peak recovery when the  spike w a s  extended. However, recovery 
equal t o  the  cold-pipe value w a s  obtained a t  least once a t  each Mach 
number with the  engine configuration, showing t h a t  steady-state engine 
operation causes no reduction i n  i n l e t  performance. The engine mass- 
flow r a t i o  i s  less than the  cold-pipe value by t h e  bypass mass-flow 
ra t io .  The low internal-contraction o r  low spike-position-angle (e,) 
performance corresponds t o  conditions encountered during r e s t a r t i ng  an 
i n l e t  a t  high Mach number. No problem w a s  encountered i n  operating the  
engine while t h e  i n l e t  w a s  unstarted, or operating subcrit ical ,  a t  Mach 
2.88. Although the  recovery w a s  low, the  d is tor t ion  w a s  less than with 
the  i n l e t  s tar ted.  It w a s  a lso observed a t  t he  time of t he  test  t h a t  
swallowing the  shock during i n l e t  s t a r t i ng  did not a f fec t  engine perform- 
ance. Even though the  d is tor t ion  reached 0.27 a t  spike-extended condi- 
t ions  a t  Mach 2.88, no engine s t a l l  w a s  encountered throughout the  steady- 
state investigation of t he  en t i r e  s t a r t i ng  cycle a t  Mach 2.88. 

Some total-pressure contours a t  the  compressor face obtained from 
cold-pipe data are presented i n  figure 6. The major cause of d i s tor t ion  
was the  low-energy a i r  near the  hub, which caused a high radial dis tor-  
t ion.  This type of d i s tor t ion  i s  probably charac te r i s t ic  of t h i s  d i f -  
fuser, since the  centerbody circumference (proportional t o  loca l  wetted 
area) a t  the compressor face i s  only 28 percent of t he  shoulder circum- 
ference. The maximum circumferential d i s tor t ion  w a s  only about 0.06 a t  
Mach 2.88 and zero angle of attack, and a t  5' angle of a t tack a maximum 
circumferential d i s tor t ion  of only 0.10, occurring near t he  cowl, w a s  
reached. 

Reference 10 states t h a t  the  engine may have induced a swirl, 
causing separation a t  the hub. To investigate t h i s  effect ,  p rof i les  
from two sets of ident ica l  rakes i n  the cold-pipe and engine configura- 
t ions  are presented i n  f igure  7. The prof i les  presented cover a large 
number of cases; and, while there  are s m a l l  differences, they are not 
consistent and the  majority of the  comparisons show almost ident ica l  
resul ts .  Therefore, t h e  engine induced no separation i n  t h i s  
configuration. 
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A sumnary of the  engine performance during the  e n t i r e  test  i s  pre- 
sented i n  figures 8(a)  t o  (a). A s  mentioned i n  APPARATUS AND P R O L C E D ~ ,  
the  performance deviated from the manufacturer ' s specifications.  How- 
ever, f igure 8 indicates  t h a t  the d is tor t ion  was not very detrimental t o  
engine performance, even though d is tor t ion  w a s  higher than 30 percent i n  
some cases. Unpublished data from connected-pipe tests of t h i s  engine 
even show an increase in surge margin as pressure i s  reduced near the 
hub. 
on other turbojet  engines, references 14 and 15, show t h a t  d i s tor t ion  
a f f ec t s  the engine component and overa l l  performance very l i t t l e  at  
r e l a t ive ly  high speed and t h a t  the  main e f f ec t  of d i s tor t ion  i s  in  
changing the r o t a t i n g - s t a l l  and surge character is t ics ,  as wel l  a s  the 
temperature d is t r ibu t ion  at  the  turbine in le t .  

This i s  not surprising, since the r e s u l t s  of connected-pipe tests 

I n l e t  Unstarting 

An i n l e t  with in t e rna l  supersonic compression or contraction has 
the  charac te r i s t ic  of almost instantaneously changing operating condi- 
t ions  from a high recovery condition with in t e rna l  supersonic compression 
t o  operation a t  r e l a t i v e l y  low recovery with a normal shock i n  f ront  of 
the  cowl l i p .  Shock regurgi ta t ion can be caused by e i the r  forcing the 
terminal shock in to  the  converging portion of t he  inlet where it i s  un- 
s tab le  (by closing the  bypass valve as  was done f o r  t he  data presented 
herein),  or  by over-contracting t o  a point where the  i n l e t  th roa t  w i l l  
not pass a l l  the  flow captured by the  i n l e t  {by r e t r ac t ing  the  spike too 
far). 
determines the  amplitude of the  i n i t i a l  pressure drop a t  unstar t ing so  
that,  a t  Mach 2.0, where the  i n l e t  of t h i s  report  had very l i t t l e  con- 
t ract ion,  the  uns ta r t  pressure drop was of small amplitude. A t  Mach 
2.88, however, where the  in t e rna l  contraction was large, there  w a s  a 
large t rans ien t  reduction i n  s t a t i c  pressure a s  the i n l e t  unstarted. 
This large t rans ien t  drop i n  i n l e t  pressure caused engine surge, which 
was accompanied i n  a l l  cases by inlet buzz as w i l l  be described more 

The amount of i n l e t  contraction or i n t e rna l  supersonic compression 

f m y .  

I 

Static-pressure var ia t ions a t  the  r e a r  spike f lush  s lo t ,  t he  engine 
bypass, and the  compressor exit during two typ ica l  shock regurgitations 
a re  presented i n  f igure 9. The pressure var ia t ions a f t e r  an i n l e t  un- 
s t a r t  a t  Mach 2.48 a re  presented i n  f igure  9(a).  Pressure pulses from 
the engine and i n l e t  buzz are both observable i n  the engine-bypass 
s ta t ic-pressure (peb/Po) t r ace  and the spike s ta t ic-pressure (ps/F0) 
t race.  The i n i t i a l  s ta t ic-pressure pulse caused by the  engine occurs a t  
0.05 second and reaches a peak near the engine of peb/Po equal t o  1.17 
and ju s t  downstream of  the spike s l o t  of ps/Po equal t o  1.02. This 
and succeeding short  pulses are believed t o  be caused by engine surge, 
since they immediately fo l low t rans ien t  peaks i n  the  s ta t ic-pressure 
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r a t i o s  across the  compressor, a s  w i l l  be shown. Also ,  it can be seen 
t h a t  the  ini t ia l  increase in the bypass s t a t i c  pressure near t h e  engine 
occurs before the  static pressure near the spike s l o t  begins a steep 
rise. Two other pulses from the engine are  evident a t  0.25 and 0.37 
second jus t  a s  the  compressor-exit pressure begins t o  decrease, and 
again the  rise in the bypass s t a t i c  occurs before the  corresponding rise 
i n  the spike s t a t i c .  In these l a s t  two cases, the engine bypass s t a t i c  
lead i s  extremely short. The inlet buzz s t a r t s  with the  pressure r i s e  
a t  0 . l l  second and has a period of 0.18 second f o r  the  first cycle and 
about 0.14 second f o r  the  second cycle. 

Figure 9(b) presents the  sitme pressure var ia t ions a f t e r  an inlet 
unstar t ing a t  optFmum i n l e t  contraction and Mach 2.88. As  can be seen 
by the  ini t ia l  pressure drops i n  peb/Po and ps/Po t o  0.374 and 0.243, 
respectively, t he  amplitude of the pressure drop due t o  unstar t ing was 
much la rger  than a t  Mach 2.48. A combination of t h i s  increased pressure 
drop and the much shorter  recovery portion of the buzz cycle between 0.07 
and 0.125 second l imited the  maximum pce/Po t o  only 3.42. The short  
engine-surge pulses coincide with the decrease i n  compressor-exit pres- 
sure, but i n  t h i s  case the  maximum 
of only 0.530. In fact ,  the  surge amplitude w a s  mild enough in t h i s  case 
t h a t  the  spike static-pressure t race  shows very l i t t l e  response coinciding 
with the  pressure increases due t o  surge a t  the  engine bypass. 

peb/PO due t o  surge reaches a value 

Engine-bypass and compressor-exit s t a t i c  pressures and t h e i r  ra t io ,  
along with the  engine speed and exhaust-gas temperature, are presented 
f o r  1.5 seconds i n  f igure l O ( a )  f o r  the  t rans ien t  already described i n  
f igure 9(a).  Because the  engine-bypass s t a t i c  is  not a t  t he  engine face, 
t he  compressor stat ic-pressure r a t i o  i s  not accurate; but it ce r t a in ly  
indicates  trends. By comparLson of the t i m e  h i s tory  of the engine-bypass 
s t a t i c  pressure and the compressor static-pressure rat io ,  it is  evident 
t h a t  the peaks i n  compressor pressure r a t i o  a re  always followed by the  
short  pulses i n  the  engine-bypass s t a t i c  pressure or  the  beginning of an 
i n l e t  buzz cycle. Also, after the  peak s t a t i c  pressure during a buzz 
cycle, the  i n i t i a l  short  pulse coincides with the s t a r t  of the  sharp 
decrease i n  compressor-exit s t a t i c  pressure, showing t h a t  these pulses 
a re  due t o  engine surge. Fromthe compressor pressure r a t i o  it can be 
seen t h a t  t he  engine surges two or more times during each buzz cycle; 
t h i s  causes the  speed t o  decrease and the exhaust-gas temperature t o  
s teadi ly  increase. The engine speed decrease reduces the engine airflow, 
forcing the i n l e t  f a r the r  i n to  the  buzz region a s  indicated by the  in- 
creasing buzz frequency with time. The i r r egu la r i ty  in the  peak compres- 
sor stat ic-pressure r a t i o  reached before surge indicates changes i n  the  
engine surge l i m i t .  These changes a re  probably due t o  changing engine 
conditions, i n l e t  f l o w  distortion, and var ia t ion in  the  rate of i n l e t  
pressure change, which was shown t o  a f f ec t  the  surge limits i n  refer-  
ence 16. 
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Figure l O ( a )  i s  f o r  an engine-inlet guide-vane angle of 3.5' from 
f u l l  open. 
increasing compressor s t a l l  margin, the shock loss  t rans ien t  presented 
in  f igure  10(b) w a s  obtained. Even though the  peak compressor s t a t i c -  
pressure r a t i o  was higher i n  t h i s  case, t he  engine did not s t a l l ,  and 
the  inlet was not forced in to  buzz a f t e r  unstart ing.  Although not done 
i n  t h i s  report, the  occurrence of surge could be predicted by an analysis 
s imilar  t o  reference 16  i f  t he  charac te r i s t ics  of the engine components 

By closing t h e  inlet guide vanes t o  5.1' from f u l l  open, thus 

a re  known. ? 
During unstarting, the  engine-bypass pressure decreases more quickly (D 

m 
rp 

and reaches a lower value at Mach 2.88 than a t  Mach 2.48; t h i s  causes the  
compressor pressure r a t i o  t o  increase in about 0.02 second t o  a maximum 
value of b e t t e r  than 14 (fig.  lO(c)). The surge pulses t h a t  follow are  
mild and never reach values equal t o  the  peak pressures during buzz. 
After unstarting, t he  exhaust-gas temperature increases and the  speed 
continually decreases, forcing the  inlet f a r the r  in to  the  buzz region. 

A summary of per t inent  nondimensional engine-bypass s t a t i c  pressure 
(peb/Po) from a l l  t he  usable t rans ien t  data obtained during unstart ing 

of t he  i n l e t  i s  presented in t a b l e  I. Each t rans ien t  i s  designated by 
an a rb i t r a ry  number i n  the  f irst  column f o r  convenience. The next four 
columns contain the  steady free-stream Mach number, engine corrected 
speed, inlet-guide-vane set t ing,  and i n l e t  spike posit ion ju s t  p r ior  t o  
unstarting. The next two columns indicate whether the  i n l e t  buzzed or 
the  engine surged a f t e r  an unstart .  The f irst  and second columns under 

peb/Po present the  nondimensional pressure ju s t  before the  unstar t ing 
t ransient ,  and the i n i t i a l  minimum peb/Po reached before any surge 
pulse or buzz. Therefore, during t rans ien t  6, which is the  same tran-  
s i en t  presented in f igures  9(a)  and lO(a), the  peb/Po before unstar t  
of 0.745 occurs before zero time i n  f igure lO(a), and the  i n i t i a l  mini- 
mum peb/Po 
lO(a). During the first second a f t e r  unstarting, the  maximum buzz 
peb/Po of t rans ien t  6 can be seen i n  f igure lO(a) where the  upper buzz 
envelope crosses 0.840 a t  1 second. The i n i t i a l  minimum and the  maximum 
peb/Po 
the  i n i t i a l  peb/Po 
occur a t  0.03 and 0.05 second, respectively. 
and the  i n i t i a l  m i n i m u m  unstar t  
they do i n  t h i s  case. When there  i s  no surge or buzz as  i n  t rans ien t  
8, which i s  a l so  presented i n  f igure 10(b), the  
dimensional pressure of 0.66 occurs a f t e r  0.08 second. 

a f t e r  uns ta r t  of 0.515 occurs a t  0.03 second i n  f igure 

reached during a short-duration, or surge, pulse correspond t o  
of 0.515 and the  maximum pressure of 1.17, which 

The i n i t i a l  surge peb/Po 
do not necessarily coincide as  peb/Po 

peb/Po steady non- 

Table I indicates t h a t  engine surge a f t e r  an i n l e t  unstar t  can be 
re la ted  t o  the  corresponding pressure-drop amplitude. N o  surge o r  buzz 
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w a s  encountered where the  amplitude of the unstart ing pressure drop w a s  
small as it was a t  Mach 2.28 and below, and a t  Mach 2.88 with the  spike 
a t  low posit ion angle. 
2.48 must have been a borderline case, as  i t  caused the  engine t o  surge 
with the  inlet guide vanes a t  3.3O from f u l l  open, but the same pressure 
t rans ien t  did not cause surge if  the  i n l e t  guide vanes w e r e  closed t o  
5.1'. A t  a Mach number of 2.88 and a spike posit ion of 29.90, where the 
pressure drop a t  unstar t ing i s  very large, the  engine surged after i n l e t  
shock regurgitation even when the  i n l e t  vanes w e r e  closed t o  10.2O from 
f u l l  open. 

The unstart ing pressure-drop amplitude a t  Mach 

The pressures due t o  engine surge were measured t o  be 17 percent 
higher than free-stream t o t a l  pressure a t  Mach 2.48 after an i n l e t  un- 
start. However, t h i s  excess pressure w a s  encountered only a t  the  one 
condition; and a t  Mach numbers of 2.68 and 2.88 the  maximum pressures 
due t o  surge w e r e  less than the  maximum pressures during the  buzz cycle. 
Since the  engine and inlet conditions were very similar before unstart ing 
a t  a l l  three Mach numbers, t he  only obvious changes t h a t  might have 
caused the  change in peak surge pressure are  the  increases in amplitude 
and steepness of the drop i n  inlet pressure at  the  higher Mach numbers. 

During a t o t a l  engine running t i m e  of 30 hours, 26 minutes the 
engine-inlet configuration w a s  unstarted in to  buzz and s ta l l  about 25 t o  
30 times. 
indicated 8 t o  15 mils, but whether t h i s  w a s  engine or  nacelle vibration 
is  not known. 
was  shut off. The engine operated perfect ly  a t  the  end of t he  test, and 
a v isua l  inspection of the  engine without disassembly disclosed no damage 
in sp i t e  of operating in s ta l l  and buzz a t o t a l  of about 3 t o  4 minutes. 

During t h e  buzz and s ta l l  the vibration meters on the  engine 

Each t i m e  t he  buzz and s t a l l  w a s  encountered, the  engine 

SUMMARY OF l3ESK"S 

A turboje t  engine was operated i n  conjunction with an external- 
internal-compression i n l e t  a t  Mach numbers from 2.0 t o  2.88 and angles 
of a t tack of Oo, 2.5O, and 5 O  with the  following results: 

1. Unstarting of t he  inlet when t h e  engine and i n l e t  w e r e  both 
operating near peak conditions a t  Mach numbers of 2.48 and above caused 
the  engine t o  surge. 

2. Engine surge during unstart ing caused t rans ien t  duct s t a t i c  
pressures as high as 117 percent of free-stream total pressure. 

3. Although r a d i a l  d i s tor t ions  reached values higher than 30 per- 
cent of t he  average compressor-face t o t a l  pressure with a circumferential 
component of 10 percent, no appreciable change in engine performance 
was observed. 
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4. Ident ical  rakes in an engine-inlet configuration and a cold-pipe 
configuration showed t h a t  flow separation induced by the  engine (as pre- 
viously reported) w a s  not present in t h i s  configuration. 
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Figure 1 . - External- internal- compr ession s upersonic inlet installed in the 10- by 10- foot wind tunnel . 
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Figure 2. - Cutaway of inlet. 
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(b) Mach 2.883 a, 2.5O. 
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(e) Mach 2.00; a, 0'. (f) Mach 2.00; a, 5O.  

Figure 7. - Comparison of total-pressure profile from identical rakes in engine 
and cold-pipe configurations. 
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(a )  Engine temperature r a t i o .  

F igure  0 .  - E f f e c t  of d i s t o r t i o n  on engine 
performance. 
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Figure 8. - Continued. Effect of distortion 
on engine performance. 
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Figure 8. - Continued. Effect of distortion on 
engine performance. 
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