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By K. R. Vincent and B. PI. Gale 

An imeatigation of the al t i tude performance characteristias 
of an Allison 535-A-17 tnrbojet englns hae been conducted in an 
al t i tude chamber at  the HAW Lmie labaratory. Engine performance 
was obtained over a range of alt i tndes f ra t  20,000 t o  60,000 feet 
at a flight’Mach nmiber of 0.62 and a range of flight Mach nmibers 
from 0.42 to 1.22 at an al t i tude of 30,000 feet. 

The performance of the engine  over the range Invsetigated could 
be generalized up t o  an al t i tude of 30,000 feet. Performance of the 
e.ngine a t  any fl ight Mach  number In the range imeatigated can be 
predicted for those operating codi t iom a t  which c r i t i c a l  flaw 
exlets in  the  axhauet nozzle with the exception of the variables 
corrected nett thrUElt, and net-thrwt  epecific fuel comumption. 

An investigation  nae conducted in an EACA Lewie al t i tude chamber 
to determine the al t i tude prformaaoe characteristics of an 
Allison J35-A-17 axial-flaw turbojet engine. The engine wed for 
this inveatigation’wae a standard production engine. The raqe  of 
simulated flight codi t ions exhnded from fl-t Mach numbera 
of 0.42 t o  1.22, asalmLing 100-peroent ram recovery, a t  an al t i tude 
of 30,000 feet ,  and from al t i tudes of 20,000 to 60,000 f e e t  at 
a fllght Mach number of 0.62. 

Altitude-performance data for the engine are  preaeited in both 
graphioal and tabular form. In addition, the performance data 
have been generalized to eta- aea-leTel conditions t o  deterpllne 
the extent t o  whioh al t i tude performance may be predicted f f o m  
sea-level operation of the engine. 
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The Allieon 535-11-17 axial-flm turbojet engine (fig.  1) haa 
eleven stages of compression givlng a oompreseion r a t i o  of apprax- 
lmately 5 t o  1 at  the rated engine speed of 7800 rpm, eight com- 
bustion ohambere of the throngh-flaw ty-pe, and a single-stage 
axial-flow turbine. A fixed  codcal exhauat nozzle having a dim- 
et8r of 17.69 kche8 was Fneta l ld  on the engine. Operation of 
the engine w i t h  this  nozzle  produoed a tail-pipe gas temperature 
of 1265O F (1725O R) at  rated engine speed, st statdo sea level 
conditiom, far the particular  tail-pipe  configuration used. A t  
these operat- conditfons the guaranteed =fed thrnst is 4900 pounds 
with a specifio f'uel coneumption of 1.08 p o d s  per hour per poud 
of thrust and an air flow of 85 pour& per eecond. The maximum 
dimensions of t h e  anglne a re  a 40-inch diameter and a 146-inch 
length. The dry engine weight  without starter generator and 
tachometer generator is 2220 pounds. 

For fhie  investigation the standard engine fuel-control eystem 
was removed a d  a J33-type fuel pump, barometric, and th ro t t le  were 
~s.t;alled.. These alteratfons w e r e  made i n  order that the performance 
of the engine oould be obtained outaide the limite imposed by the 
fuel-control sy8tem. An aluminum accessory cover and be l l  cowl 
(fig. 1) were ins ta l l ed  at the compressor inlet to obtain a &mot& 
air  flow into the compreaeor 

Altftude Chazuber 

The s l t i t ude  ohamber in which the engine was inetalled is 10 feet 
in diameter and 60 feet long (fig. 2). The chamber ie divided into 
an inlet   seotion and an exlaawt section  eeparated by a a tee l  bulkhead. 
The engine was mounted on a thrust measuring bed in the inlet seotion, 
a d  the tail pipe of the engine extended through the bulkhead into 
the exbust section. ptreedom of movement for the tail pfpe wae 
provided I n  both axial and radial directions by malle of a seal cam- 
poeed of three asb'eetos bmrd ringe. A d i b r a t i o n  of the thrust 
indicators waa made. 

A i r  is supplied t o  the inlet eection of the chamber through a 
supply line f'rom t h e  Laboratory a i r  syetem.  Combustion air can be 
obtained from thie eyetem mer a rmge of temperatures From -40° to 
850 F. Fine control of the inlet -ai r  temperature is obtained by the 
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use of e lectr ic  heaters installed fn a b 3 p s s  llne upstream of the 
chamber. The inlet and exhaust pressures are controlled by means 
of remote-controlled valves i n  the supply lines and the exhaust 
lines, respectively. A set  of straightening vanes is installed in 
the chamber upstream of the engine to  provide a uniform air-flaw 
distribution at the engine met. 

The hot gases discharged fmm the exhauet nozzle of the ewine 
are removed from the exhaust  section of t h e   a l t i t d e  chamber through 
a diffusing elbw and a dry-type primary cooler. A dry- tne  
secondary cooler downstream of the exhanet valves further umle the 
hot  gama  before passing them into the laboratory exhaust eyste~n. 

instrumentation 

The locatione of the instrumentation  etations for the engine are 
shmn in figure 3. The detailed looation of the separate  temperature 
and pressure probes within a given stat ion is ehown i n  f i gme  4 
for those  stations at  whioh data are  presented  herein.  Preesure and 
temperature  probes a t  each station were BO located that a mean value 
of temperature or p r e a ~ ~ e  could be obtained by meohanical, 

i electrical ,  o r  artbmetical  averaging of the individual readings. 

Engine-inlet pressure and tempwature were  et, for a given 
D , run, using  the reading6 of the instrumentation at station 1. The 

fnstmunentation a t  s t a t ion  2 was used in calculating the altitude 
correction  factors 9 and 6 and the compressor pressure ra t io .  
A i r  flaw and j e t  thrust were  computed ueing the arithmetfcal  average 
of the  total  temperatures a d  pre813ure8, and the mechanical average 
of the four wall s t a t i c  pressures a t  station 8 (appedir) .  The. 
thermocouples' a t  s ta t ion 9 were provided 'by the manufacturer and 
used in determining  the s i z e  of the ex-haust nozzle to be Fnstalled 
on the engine for the' purposes of this investi@;ation. The a-s- 
pheric pressure surrounding the j e t  nozzle was sensed by a tube 
installed on the dawnstream side of the bulkhead dividing the in le t  
and exhaust sections of the al t i tude chamber. 

- Fuel flow was measured br two rotameters connected in eerierr; 
two rotameters were necessary to cover the ent*e range of flows 
ami to keep'the phgBiC&l s i z e  at a minimum. Calibration of the 
rotameters was made with  the  type of fuel used . i n  the investigation 
(Am-F-58) . 
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Procedure c 

Inlet and exhaust pressures and inlet temperature were set t o  
correspond t o  the desired f l i g h t  conditions in the HAUL standard 
atmosphere assuming 100-percent ram recovery. The presaures were 
set t o  within M.02 inch of mercury &, in general, the inlet 
temperature t o  within 250 F. ' The range of al t i tudes covered was 
from 20,000 t o  60,000 feet at a flight &ch number of 0.62, and 
the range of f l l gh t  Mach nunibera covered was from 0.42 t o  1.22 a t  
an altitude of 30,000 feet. A t  each f l i gh t  condition,  the engine 
speed waa varied over a range from approximately 5500 t o  7800 rpm. 

The additional  instrumsntation a t  etation 8 used t o  measure 
the air flow through the engine dictated  the me of  a longer t a i l  
pipe t o  obtain a m o t h  velocity  profile. A tail-pipe length of 
65 inohea was therefore wed in  place of the 30-inch tail pipe 
supplied by the manwacturer. The alterations  neceesitated a 
statio  sea-level  calibration of the engine before-the simulated 
altitude perfornaan0.e t188 determined fn order t o   c a p a r e  the cal- 
lbration with that obtained by the menufacturer during the engine 
acceptance teats.  

Sea-Level Calibration 

The installation of the long t G i l  pipe and mare extensive 
instrumentation increased the beck preesure in  the tail pipe and 
reduued the engine epeed a t  which rate&  tell-pipe gae temperature 
wag obtained. In an effort t o  more nearly real ize  rated engine 
speed and rated tail-pipe  gas temperature  eimultaneously, the 
exhaut-nozzle diameter was increased f r o m  17.47 t d  17.69 inches. 
Engbe performanoe a t  static'   sea-level preseure w i t h  both the 
original 17.47-inch and 17.69-inch exhauet n02Zle8  is ehmn in 
figure 5, along with the InanUfactur&*s acceptance t e s t  with the 
original t ~ i l  pipe and exhauert nozzle. The addition of the long 
tail pipe and e x t r a  Inatrumentation  raised the corrected  tail-pipe 
gas temperature  approximately 700 for  a given  corrected engine 
speed (fig. 5(c)). When the  original nozzle wee replaced by the 
larger noezle, ths corrected tail-pipe gae temperatures dropped 
approximately 30°~belm those encountered w i t h  the  mmnfscturer'a 
original teil pipe and nozzle above an engine a p e d  of 6500 rpm: 
The change in nozzle diameter reduoed the  corrected Jet tbruat 
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about 3 percent (fig. 5(a)) and the  corrected  net-thrust  epecific 
fuel consumption by 1.5 peroent (fig. 5(b)). A t  the  conclusion 
of the  investigation  reported  herein, a calibration run w a s  made 
and the  results  obtained  after 52 hours of engine  operation  are 
included in  figure 5. A t  the end of the 52-hour period,  neither 
the  corrected  Jet  thruet nor the  corrected  net-thrust  specific 
fuel consumption had changed. Above a corrected engine speed 
of 6000 rpm, the  corrected  tail-pipe gas temperature  decreased 
about 1 percent for a given oorrected engine speed. The data 
presented in figure 5 are also tabulated in  table I. 

Simulated plight Performance 

Simulated al t i tude performance data obtained i n  t h i s  Invee- 
tigation are  presented in  'table II. The data were ad3usted t o  
correct  for amall variations in compressor-inlet preserure ami ten- 
perature From the dealred stadard flight conditions and are 
presented h. table III and in figures 6 and 7 .  

Effect of alt i tude.  - 'phe effect  of a l t i tude and engfnrs a p e d  
on jet   thrust ,   net   thrust ,  air flow, fuel flm,  net-thrust   specific 
fuel consumption, and tail-pipe gas total temperature are shown i n  
ffgure 6 for a flight Mach nmber of 0.62. The reduction of Jet 
thrust ,   net   thrust ,   air  flaw, and fuel flow with increasbg  alt i tude 
is shown in figures 6(af t o  6(d). The net-thrust  specific  fuel 
consumption decreased as the a l t i t d e  wae increased from 20,000 t o  
40,000 feet  below rated engine speed (fig. 6 ( 0 ) )  a& then increased 
with further  increases in altitnde. The decrease, Fn part, was 
a w e d  by an increase in oarpressor Mach number and compressor pres- 
sure r a t i o  associated w'ith the luwer temperatures at the higher 
altitudes;  the  adverse trend came from the effects of Reynolds 
number (reference 1) on the cclmpressor efficiency and the  decrease 
Fn canbustion  efficiency. Far a flight mch number of 0.62, 8 
minimum net-thrust specific fuel conalmrption of 1.21 pounds per 
hour per pound of tbrwt occurred at an al t i tude of 40,000 fee t  
at an engine speed of 7000 ~pm, 8 p O  rpm below rat& speed. 

The tai l-pipe  total  @E temperature (fu. 6 ( f ) )  waa unaffected 
by changes in al t i tude up t o  an al t i tude of 40,000 feet ,  The 
increase in  tail-pipe t o t a l  ejae temperature above 821 a l t i tude  of 
40,000 feet  is attributed t o  the  decrease in ccmpressor efficiency 
st the lower Reynolds numbers, which requires more work f r o m  the 
turbine t o  maintain a given  rotational speed and hence a higher 
turbine-  inlet  temperature. 



6 MACA RE4 E S O I l 5  

Wfect of P l i g h t  &ch numiber. - The effeot of fllght bhch num- 
ber on engine performance a t  an   a l t i t u l e  of 30,000 f ee t  is ahown 
i n  figure 7, i n  which the perfomnance variables are  shown as 
functions of engine epeed for a range of f l fght  Mach numbere. The 
jet-t-t and air-flow curves ( f i g s .  7(a) and 7(c)) show the 
typical  increases encountered with increasing flight Mach number. 
The net-thrust and fuel-flow curve8 (flge.  7(b) and 7 ( d ) )  show the 
typical c r o a ~ m e r  point between engine speeds of 6200 and 6800 rpm. 

The net-thrust  specific Are1 coneumptim shown i n  figure  7(e) 
increased far a given engine epeed a8 the f l igh t  Mach  number 
inureaaed. A large portion of' the increase  occurred a t  f l igh t  
Mach numbers between 0.42 and 0.62 . A minfmum net-thrust  specific 
fuel  conamption of 1.15 pounds per hour per pound of t h r u s t  
occurred a t  an engine speed of 6800 rpm, a f l i gh t  Mach number 
of 0.42, and an al t i tude of 30,000 feet. A t  rated engine speed, 
increasing the flight Mach number from 0.42 t o  1.05 increased  the 
epecif'ic fuel oonemption frm 1.22 to 1.32 pounds per hour per 
pound of thrust. 

The tai l-pipe  total  gas temcperature (fig. 7(f)) de,creased with 
increasing f l i g h t  Mach number belaw an engine a p e d  of 7000 rpm, and 
increaeed w i t h  increasing f1ight"aoh number near  rated engine epeed. 
A t  rated engine speed, increaeing  the flight Mch number from 0.42 
t o  1.05 raised the ta i l -p ipe  total gas  temperature fram 1600° to .  
1650° R. 

Generalized Performance 

The performanoe data shown in  figures 6 and 7 Have been gen- 
eralized by mans of the altitude correction  factors 8 and 6 .  
The generalized data axe tabulate i n  table I11 and presented i n  
figures 8 and 9. The correction  faotora were derived on the assump- 
t ion that the effect of compressor Reynolds number would be neg- 
ligible  (reference 2) .  The performance data w i l l  thus generalize 
as a funotion of corrected engine epeed if t h i s  assumption is  
correct. 

Effect of alt i tude.  - The effects  of altitude on t h e  generalized 
variables  corrected je t   thrust ,  correuted net thrust, corrected a i r  
flaw, correuted fuel flm, corrected  net-thrust  speoific fuel con- 
~umption, corrected  tail-pipe  total gas  temperature, and compressor 
presswe ratio are shown i n  figure 8(a) t o  8(g). Generalization 
of these variables was not obtained above an altitude of 30,000 feet 
over the complete ape& raw80 
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b The effect of decreas,ing coqreesor Reynolds nmber on the  ompressor 
is t o  decrease  the air  flow a d  the  capreasor  efficiency (refer- 
ence, 1) , which results i n  a change in the e n g k  operating  line 
giving rise t o  an increased oompreesctr pressure r a t i o  (fig, ~ ( g j  1, 
and consequently the norgeneralization of the perfornrance data . 
above an  alt i tude of 30,000 feet. 0 

N 

2 Lack of a continued  decreaee in alr  flow (fig. 8(c)) with the 
change in  al t f tude from 50,000 to 60,000 f ee t  i e  attrzbuted ta 
fnstrvmentation errom. 

Zffect of f l ight Mach number. - llhe effect of flight lkch num- 
ber on corrected engine-performancs data at an al t i tude of 30,000 f ee t  
.is ahown in  figure 9. When the exbanst nozzle beccanea choked the 
Mach number of the flow at  any point within the  enghe is dependent 
o& on the compressor Mach lllmiber a d ,  therefore, for a given com- 
pressor Msch nuzober the conditione of flow similarity are  ~atisfied 
Etnd the performance is independent of tha . flQht &oh nmber. The 
relation between correoted engine speed a& flight Mach number for 
exhaust-nozzle chokhg l e  shown in figure 10. 

For the range of corrected  engine  speeds where the exhaust 
rl nozzle is choked, the performance var iab les  air flow, f u e l  flow, and. 

u eralize because of changes i n  the pressure r a t i o  across  the exhanet 

tafl-pipe total gas tempemture generalized  (figs. 3(d) ,  g ( e ) ,  and 
9(g)). Although corrected Jet thrust can not be expected t o  gen- 

nozzle,  the  corrected  jet-thrust  pmmmter, developed In reference 3, 
waa independent of flight Mach  nrrmber  when the exhaust nozzle was 
choked (appendix), (fig. 9(b)).  The corrected net thrust  and net 
thrust  specific  fuel consumption were also independent of . f l ight  
Maoh number above a flight Msch number of 0.62 (figs. 9(o) and 9 ( f ) ) .  
A t  hlgher alt i tudes,  where the effect  of compressor Reynolds number 
on engine performance is more pronounced, nongenemlization of the 
data m i g h t  be expected. 

SUMMARY OF RESULTS 

Altitude performance of a J35-A-17 turbojet  engine w a s  inves- 
tigated  in  an al t i tde chamber over a range of altitufles from 
20,000 t o  60,000 feet  a t  a f l igh t  %ch number of 0.62 and a range 
of f l ight  h c h  numbers f’rom 0.42 t o  1.22 at an al t i tude of 
30,000 feet. The fol lming  resul ts  were obtained. 
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1. A t  a f l i g h t  MEtch number of 0.62 the generalized performance 
variables  corrected  jet  thruat,  corrected  net thrust, corrected air  
flaw, corrected fuel flow, corrected net-thrust epecific fuel con- , 
sumption, and corrected  tail-plpe  total gae  temperature  generalized 
up to   an   a l t i tude  of 30,000 .feet. 

2. For corrected  engine speeds a t  which c r i t i c a l  flow existed 
i n  the exhaust nozzle, the  generalized performance variables  cor- 
rected Jet thrust  Wameter,  corrected a i r  flow, corrected Fuel flow, 
and corrected  tail-pipe  total  gas temperature were indepemlent of 
f l i gh t  Wch number a t  an altitude of 30,000 feet .  

3. For a f l i g h t  Mach number of 0.62, a. m l n i m  net-thruet 
specific fuel consumption of 1.21 pounds per hour per pound of 
thrust  occurred a t  an  a l t i tude of 40,000 f ee t  a t  an engine speed 
of 7000 rpm. 

4.  A t  rated engine  speed, ta i l -pipe  total  .&as temperature 
fncreased wi th  inoreasing  altitude above 40,000 feet .  A t  
60,000 feet,  the tail-pipe t o t a l  gas temperature a t  rated engine 
speed exceeded the limit of 1725O R of the,englne. Bo eignifiaant 
variation in ts i l -pipe  total  gaa temperature w i t h  f l igh t  Mach num- 
ber .occurred a t  rated engine speed. Thue, operation of the  engine 
was not  temperature l i m i t e d  by variations in flight Mach number. 
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F tbruet, l b  

g acceleration of gravity, 32.2 ft/aec2 
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7 ratio of specff ic heats . 

6 r a t io  of compressor-inlet total pressure t o  standard eea-level 
preseure, 29.92 in. H g  absoltrbe 

0 r a t io  of compreeeor-inlet t o t a l  temperature to etandard 608- 

level temperature, 518.4 O R  

Subscripts: 

n net 

0 flree-stream conditfom 

Methods of Calculation 

To 4 . 

where the temperature r a t i o  us8 detemnined by uslng reference 4 and 
assuming: 



. 

Reference 4 accounts for the  variation in y ( for  air) due t o  tam- 
perature. The factor 0.96 is an average recovery faotor  for the 
thermocouples. 

0 
* cu 
d 

A i r  flm. - A i r  f lm wa8 determined from the mSaSUr0mIltS O f  
indicated tamgerature a d  total and s t a t i c  preesures i n  the tail 
pip8 &t stat ion 8 88 f O 1 l O W s :  

' Added t o  these computed values of air flow were a midf rame  leakage 
correction determfned'frcw a callbration supplied by the manufacturer 
a d  a cooling air flaw m e e b ~ u r e d  by means of a flat  p l a t e  orifice. 

Fl@t Mach number. - The flight h c h  number waa determined f r o m  
. the  equation 

Flight  velooitz. - The fllght velocity was determined frdm the 
equation 

Je t  thrust. - The jet thrust  m a  determined from the  pressure 
, and temperature readings taken at etationa 8 and 10 and calculated 

from the following equatione: 

F =  + 70.42 At(pt - po) 
3 g  

. 
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where C, = 0.975, = 1.7083 square feet ,  and 

Jet-thruat parameter. - The jet-thrust parameter can be developed 
from the following  equation for Jet thrust: , 

If two difPerent flight Mach nuuibere x -and. y are  applied t o  the 
engine, both at the same corrected engine speed. and both oaueing 
c r i t i ca l  flow in the exhaust nozzle, then 

Because it is aesmned that the. gas flaw and throat yelooity w i l l  
generalize, these two equatians are equal and 
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o h 1  
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 - 

Compressor- 
inlet total 
pressure, P2 
:in. Hg abs.) 

29.40 

29.40 
29.40 
29.40 

29-40 , 
29.33 
29.33 
29.32 
29.32 

29.40 

2s .40 

29.34 
29.32 
29.33 
.29.31 
29.35 
29.35 
29.35 
29.28 
29.35 
29.35 
29.35 
29.32 

L 

Bxhaust 
s k t i c  

pTBS8WB, P( 
in. Hg abs.: 

29.59 
291  38 
29.37 
29.38 
29.39 
29.39 
29.36 
29.50 

29.30 
29.30 

29-35 

29.55 
29.33 

29.30 
29.35 

29 - 37 
29-35 
29.35 
29 -28 
29.35 
29.35 
29.35 
29.32 

kmpressor- 
M e t  t o t a l  

FQine 

B temperature 
speed 

T2 
( O R )  

( w d  

573 ' 

6122  57 9 
5567 51 9 
4088 57 7 
2970 

.582 6678 
57 7 7058. 
577  7422 
57 0 7793 
57 1 

6131  57 1 
6682  567 
7053  569 
7QZO 

7704 561 
7426 562 
7040. 557 
6680 557 
6123  555 
5567 556 
4085 555 
297 2 549 
297 2 51 2 
0096 57 9 
5574  57 4 

,i ..  .. . . . . . . . . . . . . . . . 

yet thrust 

(lb ) 
Fd 

254 
533 
128.7 
l8U 
2433 
304s 
3646 
4269 
3633 
3066 
2513 
1819 
U29 
533 
252 
265 
556 
1321 
1877 
2593 
3132 

4331 
(a) 

I 

Tall-pipe 
t o t a l  gbe 
temperature 

T8 
( O R )  
1634 
1545 
1450 
1461 
w50 
1643 
1750 
17 35 
1633 
1535 
1457 
1383 

1486 
157 4 
1516 
1445 
1347 
1346 

I515 

1704 

-(a 1 

i433 

(a 1 

Met-thrust 
specific fuel 
COnEmapticW 

lb/(lb)(h) 
W d B ,  

3 - 063 
2.253 
1.474 
1.250 
1-164 
1.133 
1.119 
1.107 
1.100 
1.099 
1.130 
3.. 226 
1.694 
2.429 
3.733 

(a 1 
( 4  

1.334 
1.183 
1.113 
1.082 

1.104 
(a 1 

OZPT 

4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 

6 
6 

. 6  
6 
6 
6 
6 
6 

52 
52 
52 
52 
52 
52 
52 
52 

I I 
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TABLE I1 - 

m 

U E  
H u4a e 4- 

h 4- 
0 rtc 

1 eo,000 
2  20,000 
3  20,000 
4 20,000 
6 20,000 

7 a0,000 
8 30,000 

10 30,000 
9 30.m 

11 30,000 
l2 30,000 

13 30.000 
14 30.000 
16 30,000 
16 30.000 
L7 30,000 
18 30.000 
19 30.000 
eo 30.000 
21 30,000 
82 30,000 
23 30.000 
84 30,000 
e5 30,000 
eB 30,000 
27 30,OOO 
98 30,000 
29 30,000 
30 30,000 
31 30.000 
32 30,000 
33 30.000 
34 30.000 
35 30,000 
36 30.000 

37 30.000 
38 30,000 
59 30.000 
40 30,000 
41 30.000 
42 30.000 
13 40.000 
44 40.000 
45 40,000 
46 40.000 
47 4 0 . m  
48 40,000 

6 20,000 

49 60.000 
5 0  60.000 
61 50,000 
52 M).OOO 
E3 6 o . m  
M 60.000 
86 60.080 
56 60.000 
67 60,000 

2 

5 3 7  
5:s 
e 4  

5; 
I "  .L. 
o n ,  (0 

2; 
>.e- - 
17.90 
L7.89 
L7.89 
17.90 
L7.88 
17.87 
10.00 
10.00 
10.00 
L0.W 
L0.02 
LO. 00 
U .54 
11.58 
11 -65 
L1 .M 
U.61 
11-61 
L3.31 
13.35 
L3.32 
L3.30 
L3 -34 
13.34 
L6.11 
16.10 
L0.12 
L5.12 
L6.11 
L5.11 
L7 -76 
17.89 
t7.76 
17 -76 
L7 -74 
t7.72 

22.20 
22.20 
22.19 
22.20 
L2.19 
22.20 

7  -21 
7.21 

'7.22 
7 .el 
7.22 
7 .m 

4.48 
4 A S  
4 .I6 
4.47 
4.48 
2.77 
2.78 
2.78 
2.76 

PBRFaRyAllCE 

13.77 1.300 
13.76 1.300 
13.74 1.W 
8.8s 1.1s1 
8.W 1.124 
8.88 1.m 
8.89 1.m 
8.88 1.128 
8.88 1.126 

8.89  1.288 
8.89 1.300 
8.88 1.341 8.w 1.300 
8.89 1.301 
8.W 1.296 

8.89 1.602 
8.87 1.501 

8.88 1.500 
8.87 1.499 
8.89 1.601 
8.89 1.501 
8.88 1.702 
8.87 1.702 
8.88 1.703 
8.88 1.703 
8.88 1.702 
8.89 1.700 
8.88 2.000 
8.89 2.012 
8.87 2.002 
8.88 2.000 
8.87 2.000 
8.85 2.002 

8.88 2.497 
8.88 2.500 
8.87 2.602 

8.87 2.8oQ 
8.87 2.603 

8.88 2.600 

5.54 1.301 
6" 1.301 
0.& 1.303 
6.51 1.301 
6.56 1.301 
6.63 1.302 

3.43 1.306 
3.42 t 1.901 
3.42 1.364 
3.43 1.- 
3.44 1.302 I 
2.14 1.294 
2.14 1.299 
2.3.2 1.311 
2 . l l  1.308 

OESRATIOHAL DATA O B T A I W  IT 

480 
483 
482 

4% 
422 
42s 
420 

427 
428 
447 
460 
444 
446 
446 
447 
467 
466 
466 
462 

465 

476 
478 
476 
470 
478 
478 
491 
492 
e%? 
491 
495 
494 

599 
646 
534 
534 
635 
634 

420 
426 
424 
4 a  

429 
424 

425 
423 
426 
427 
426 
428 
430 

434 

465 

4m 

1W91 726(23.M( 8661 
992 

6120 1064 26.96 906 11- 

166% 1 1447 I 29 .I lz42 1 1270 
7053 1712 31.68 le00 1378 

7791 2 W  32. 1-0 1608 
742Z l a 0  31. 1720 1488 

7778 2390 36.2 

608 914 
878 1055 

1M6 1250 
1640 l378 
1910 1497 
2200 1616 

5566  1178 35.03 
6120 1-3 40.8 
6678  2703 46.2 
7aP9  3258 49.4 
7424 3789 52. 
7791 4071 63.61 4 483 767 

2l70 1380 
1640 12l2 

2670 ,1518 
3100  1635 

ern 828 

E689 1152 21.7 

7420 1481 23. 

455 917 
827 1060 
91s leg8 

l l16 1596 

1460 1626 
=go lacs  

16lUI 6696 706  500111.7] 13.05 4351 622 1100 1324 

7060 880 13.0 734 1446 
7429 816 14.e.l 843 1660 
7780 890 14.57 96s l676 

SIWJUTED ALTITUDE 

r* 

f 5 a -  i 
G 

S &  ;p 
L 

;si 

d o  

m E  8% 

$:3 et: r w -  ofi  

1049 
2.499 926 
3.096 

1239 3.814 
W74 4.228 
1501 

4.905 16Lo 
4.644 

urn s.700 
993 2.949 

l207 4.376 
1368 4.813 
1489 6.168 
1615  6.416 

1059 3.3e9 
918 2.691 

l248 4.213 

1502 5.024 
1379 4.66c 

1617 6.272 
843 2.438 

1001 3.148 
lees 3.962 
1377 4 . W  
L608 4.89C 
1620 6.145 
794  2.3M 

1214 (1) 
,974 2.978 

3.377 4.36c 
1- 4.W1 
1626 5.1W 
765 2.184 
947 2.855 

1208 3.664 
1375 4.188 
1515 4.665 
1631 4.9gZ 

891 2.464 
886 2.419 
ll53 3.208 

1337 3.73c 
1161 3.202 

1601 4.188 
918 2.891 

1068 3.626 
1267 4.451 
1396 4.948 
l8G7 5.246 
le31 6.47a 

1085 

5.678 1688 
6.416 1670 

4.564 1328 
3.69C 

1460 s.ma 

X377 

6.856 1804 
5.398 X18 
6 . W  1519 
4.521 

- 

& 4  
553 !! e q :  

tei 0 &; 
A:< a s  z$xig 
240 67 
240 97 
236 le0 
226 140 
220 169 
220 173 

120 38 
125 77 
130 93 
136 103 

140 la0 
140 110 

146 34 
145 76 

148 109 
160 122 
180 130 
170 26 
175 70 
170 101 
176 ll6 

175 142 
176 130 

14s w 

2oo k 
eo6 74 
205 101 
200 186 
200 142 
200 165 
260 24 
250 Ba 

240 132 
246 115 

235 l06 
235 172 

320 73 
320 62 
315  117 
310 118 
305 144 
300 170 

100 32 
00 13 

100 75 
102 e4 

110 97 
1M 92 

8 5 9  

la0 40 
95 29 

100 63 
105 75 

loo 8 
6 8 6  

106 22 
110 z4 

L5 

3 215 66 28 

6 .2C2 54 28 
4 195 55 28 

8 Zi3? 51 88 
7 2 3 8 s o e a  
6 257 50 28 
6 170. 61 28 
7 178 60 28 
8 1- 00 28 
8 218 60 28 
0 248 67 28 
1 277 5s 28 

6 49 91 204' 
4 m 8 9 4 9  
4 

49 91 217 6'  
49 90 237 6 

49 80 225 

a 49 88 e60 
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Bullet no88 

A 1.0" 
B 10.4'' 
c 4.3" 
D 8.6" 
E 11.9" 
F 12.9" 

0 Total-pre88W probe 

I To set inlet temperature 
x To set  inlet pressure' 
y Recorded on numameter b o d  

0 Total-temperature mbe 

(a) statim 1. 

Figure 4. - Instrumentation details.  

. 
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(b) Station 2. 

F&ure 4. - lhatnmpeatatfap detai ls .  
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A 10.277 
B 7.85O 

D 1.32" 
0'95n } Approximately 

I J 

I 0 Total-pressure probe 
Total-temperature probe 

Kj$zJ7 
(c) statim 4. 

Figure 4. - Inatrumentat ion details. 
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A 10.50" 
B 0.76" 
c 1.57" 
D 2.46" 
E 4.65" 
3' 7.12" 

presaure 
manifold 

I 0 Totaj.-pressure probe 
0 Total-teqerature 

probe 

(a) 8taticm 8. T i G z & p = '  

23 

Figure 4. - h&rumntation deta i l s .  
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I 0 Total-temperature probe 

(e) Station 9. 

Figure 4. - Instrumentation d8hilEt. 
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&gin0 speed, B, rpm 

(c) A f r  flois. 
Figure 6 .  - Continued. Effect. of altitude on ,engine parfmuunce. Fl ight  Ebch 

number +,, 0.62. 
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Engine speed, N, rpm . 
(e) Net-thrust  specFfic fuel ccasimption. 

Figure 6. - Continued. Effect of d t f t u d e  on enghe perfonB?mce. Plight &Ch 
number h$, 0.62- 
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5000 5500 6000 6500 7000 7 500 
-ne speed, I, rpm 

(f 1 m i l - p i p e  total gae t".ture. . . . "" 

Figure 6. - Cmcluded. Effect of altitude an eqine parformance. F l igh t  Mach n u -  
b- % #  0.62. 
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Altitude, 30,000 feet. 

. 



NACA RM E50Il5 

Figure 7 .  - Continued. Effect of fl ight Mach number on -ne performance. Alti- 
tude, 30,000 feet. 



NACA EM E50115 35 

. 



36 HACA RM E50115 

Engine speed, TI, r p m  

(a) Fuel flow. 

Y 
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" 
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0 cu 
d( 
rl 

1.4 

1 .o L 
5000 5500 6000 800 - 7000 . -7500 

Engine a p e d ,  PI, rpm 
(e) Net-thrust s p e c i f i c  fuel cmsumption. 

Figure   7 .  - Contigued . Effect of flight "mh number on engine perfazlllance - A l t l -  
tude, 30,000 feet. 
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(a) Corrected j e t  thrust. 

Figure 8. - Efreot of-altitude an correoted englne performanoe. Flfght Maah 
nzrmbh YO, 0.62. 
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d 
rl 
k 

rr k 
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Figure 8. - Continued. Effaot of altitude on correoted engine performanoe. 
F1-t Yaoh number la,, 0.6E. 
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Correoted 
( d )  Correoted fuel flow. 

Figure 8. - Continued. Effeqt OS altltude on correuted engine performanue. 
Flight Maah number Yg, 0.62. 



2.4 

2.2 

2.0 

1.9 

1.6 

1.4 

1.2 
5000 5500 goo0 6500 1000 7500 8000 

Corrected engine speed, H / f i  r p n  
(e) Corrected  net-thrmst specific fuel  consumption. 

Figure 8. - Contfnued. Effect  of altitude on aorrccted engine p e r f m a e .  
Fl ight  Mach number Yo, 0.62. 
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8: 

(f) Comeoted tail-pipe t o t a l  gas temperature. 

F i g u r e  8. - Continued. ETf'eat of altitude cm oorreated engine periormanae. 
Fl ight  Maah number %, 0.62. 
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( g )  Compressor p s e u r e  patio. 

Figufe 8. - Cmaluded. Effeot  of  altitude on corrected engine performance. 
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Correated engine speed, N/@, rpm 
(a) Corrected Jet tbruat. 

Figure 9. - =feat of flight Maoh number on oorreated engine performanee. 
Altitude, 30,000 feet. 
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. .. 

( 0 )  Correoted net thrust. 

Figure 8. - Contlnued. Effect of fli ht Maoh number on oorrected engine 
performanoe. A l t i t d e ,  30,000 feet .  
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(d) Correoted a l r  flaw. 

Figure 9. - Contiwed. Effsot of flight Maoh number an oorreofed engine 
performaaoe. Altitude, 90,OOO feet. 
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( e )  Correoted fuel flow. 

Figure 9. - Contirmed. Effect of flight Mach  number on oorreoted engine 
performame. Altitude, 30,000 feet .  

I 
. 
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. 

- .  
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(f) Corrected net-thrust apeaifia fuel oonsumptlon. 

Figure 9. - Cmtirmed. Bffeot of fllght Maah number op oorreoted engine 
performnee. Altitude, 30,000 feet. 
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Correoted englne speeds rpn  

( g )  Correcte& ta i l -p lpe   to ta l  gae temFerature. 

P&uFe 9. - Concluded. Effeof of flight Maeh number on .oorreated engine 
performance. Altituile, 30.000 feet. 
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