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CQMPONENT PEWWW.Nm OF J71-A-2(6OO-D1) TUB" 

By Ferris L. Seashore and Lester C. Corrhgton 

An investigation was conducted  in an altitude  test  chamber  at the 
NACA Lewis  laboratory to determine  the  altitude perfomce of  the 
J71-A-2(6OO-D1)  turbojet  engine. The engine was equipped with two- 
position  inlet  guide  vanes and ccprrpressor  acceleration  bleeds.  The  can- 
ponent  performance was determined  for  the  low-speed  configuration  (inlet 

ration  (inlet  guide vanes open,  campressor  bleed6  closed)  over a range 
of  engine  speeds  and  exhaust-nozzle areas. Performance  data were ob- 
tained  over a range  of  compressor-inlet  Reynolds  number  indices fram 0.7 

tudes frm 23,200 to 59,100 feet  at a flight  Mach  nuniber of 0.9. 

.-I guide  vanes  closed,  ccnnpressor  bleeds  open)  and  the  high-speed  configu- 
c I 

c to 0.15. This  range  of  inlet  conditions  corresponds  to  simulated  alti- 

- At  actual  rated  speed and temperature and a Reynolds  number i n k  
of 0.7 (altitude,  23,200 ft; flight Mach number, 0.91, the  carqpressor 
efficiency was 80.5 percent,  corrected  air  flow was 166.5 pounds  per 
second,  and  caipressor  pressure  ratio was 8.3. Decreasing  the  Reynolds 
number  index  to 0.15 (altitude, 59,100 ft; flight  Mach  number, 0.9) 
resulted in a 7-percentage-point  reduction  in  ccwrpressor  efficiency 
while  corrected  air flow decreased  to 164.5 pounds  per  second.  Ccanbus- 
tion  efficiency  at  rated  conditions remElined constant at  about 100 per- 
cent  to an altitude  of  about 35,000 feet,  and  decreased  appr0xFmatel.y 6 
percent  as  altitude was increased  to 59,100 feet. Peak turbine  effi- 
ciency  at  rated  conditions  averaged 84.5 percent  at an altitude  of 
23,200 feet,  decreasing  about 4 percentage  points  as  altitude w&s in- 
creased  to 59,100 feet. 

- An investigation was conducted in an altitude  test  chamber  at  the 
UACA Lewis  laboratory  to  determine  the  altitude  performance of the 

performance  of  the  components was obtained mer their  range of operation 
I J71-A-2(600-DI)  turbojet  engine. As part  of  this  investigation,  the 
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in  the  engine  and  is  presented  herein.  .The J71-A-2(600-Dl}(serial num- 
ber X-29) engine  discussed  hera5.n  is  the  same  engine for which  the  ccnn- 
pressor  stall  characteristics and altitude  performance  are  presented in 
references 1 and 2, respectively. 

The  purpose of this report is to present the  engine  component per- 
formance  for a range  of  engine  operation,  to  show  the Reynolds nuuiber 
index  effect on engine cmponent performance,  and  to show the  effect  of 
these  changes  in  component  performance on over-all  engine  performance. 
The cmponent performance.is  shown  over a range of engine  speeds wlth 
several  fixed  exhaust-nozzle areas for (1) the  low-speed  configuration 
(inlet guide  vanes  closed,  campressor  acceleration  bleeds open} and (2) 
the  high-speed  configuration  (inlet  guide  vanes  open,  canpressor  accel- 
eration  bleeds  closed).  Cold  exhaust-nozzle  areas  varying fram 2.79 to 
4.42 square  feet  were  used.  The Reynolds number  index wa8 varied frm 
0.7 to 0.15, simulating  altitudes  from  approxhately 23,200 to 59,100 
feet,  at a f1ight;Mach  number of 0.9. A. tabulation. of the cqonent 
performance  data  is  included  in-tables I to IV . 

w 
a co 
m 

APPARATUS 

m i n e  m d  Installation 

The  J71-A-2(6oO-D1)  turbojet  engine  used  for  this  investigation has 
a bif'urcated  inle% a 16-stage  axial-flow  campressor  with  eighth-stage 
acceleration  bleeds and two-position-inlet guide vanes, a cannular-ty-pe 
combustor  with  ten  circular  inner liners, a three-stage  turbine, an aft- . 
erburner, and an ejector-type  exhaust  nozzle  with  both  primary  and  sec- 
ondary  nozzles  of  the  continuously  variable  iris  type.  The  ejector was. 
removed  for  this  investigation. 

h 

At  static  sea-level  conditions,  the  J71-A-2(600-D1) engine has the 
following ratings : - . .  ,. . - . . -  

I 

Military Normal 
Engine  speed, rpm 6175 

Thrust,  lb 
1100 1240 Exhaust.-gas  temperature, 9 
&6000 

Specific  fuel  consumption 
8800 10,Ooo 

lb/hr/lb  thrust- 0.955 0.895 

aEstimated. 

The  installation  of  the  engine  in  the  altitude  test  chamber is 
shown in figure 1. The  engine was mounted on a thrust-measuring  plat- 
form  in  the  test  chamber.  The  test  chamber  is  divided  into  two 
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* compartments  separated  by a bulkhead with 8 labyrinth-type  seal around 
the  inlet  duct. Air, at  pressures  and  temperatures  simulating  the  de- 
sired  flight  condition, was swlied to  the  front  ccanpartment and ducted 
to the  engine through a bellmouth  and a venturi used  to  measure  the 
steady-state  air flow. The  bellmouth was attached  afrectly  to  the  inlet 
duct  through  the  venturi  section.  The  pressure in the  engine  cumpart- 
ment was maintained  at  the  desired  altitude  pressure. 

. 

aJ 
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Instrumentation 

Instrumentation  for  measuring  steady-state  temperatures  and  pres- 
sures was installed  at  various stations throughout  the  engine as shown 
fn figure 2. A table  giving  the  nunber of t o t a l  pressure  tubes, wall 
static  orifices,  and  thermocouples  at  each  station  is  also  included i n  
figure 2. The t o t a l  pressure  and  temperature  probes  at each station 
were  located  at  the  centers  of  equal-area  increments and the  values  av- 
eraged  arithmetically.  The  pressures  were  measured on manameters asd 
photographically  recorded;  the temperatures were measured with iron- 
constantan  or  chranel-alumel  thermocouples and recorded  on  self-balancing 
potentimeters.  Fuel f l o w  was measured by a calibrated  electronic flow 
meter. 

Eugine  Ccrmponents 

Compressor. - The  16-stage a x i d - f l o w  canpressor has a constant  tip 
diameter  of 33.5 inches with an inlet  hub-tip  radius  ratio of 0.55 and 
exit  hub-tip  radius  ratio of 0.90. At  static  sea-level  rated  conditions 
(inlet  guide  vanes  open,  bleeds  closed),  the  campressor  air flow is  ap- 
proxFmately 165 pounds  per  second;  the  pressure  ratio, 8.5; and the  ef- 
ficiency, 81 percent. 

In the  low-speed  configuration,  the  compressor-inlet  guide vanes 
were  closed  (reference  angle, 20°) and  the  bleed  ports  were  open  as 
scheduled  by  the  control.  At 5300 rpm (86 percent  speed),  the manu- 
facturer’s  control sys& changed the bleed and inlet-guide-vase  system 
to  the normal high-speed  configuration,  that  is,  inlet  guide  vanes  open 
( z e r o  reference  angle} and bleed  ports  closed. For t h i s  investigation, 
the  control  system was modified so that  both  the  bleed  and  inlet-guide- 
vane positions  could  be  regulated manually. In the  low-speed  conflgu- 
ration  (inlet  guide  vanes  closed,  bleeds open) , the  air f l o w  through the 
acceleration  bleed  system  varied f’rm 7 to 4 percent of the  actual  inlet 
air  flow  over a range  of  actual  engine  speeds frm 3500 to 5300 r p m  
(Reynolds  number  index, 0.4) . 
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Combustor. - The colnbustor is of the  cannular  type  wlth  ten 
through-flow  inner  liners. Fuel was supplied  to  each  of  the  ten  liners 
by  single-inlet  duplex  f'uel  nozzles.  Ignition was provided  by two spark 
plugs  located  in  diametrically  opposite  liners.  The  approximate rl 

combustor-inlet  reference  velocity,  based  on full burner-section  area  at 
design  sea-level  conditions, is 90 feet  per  second. 

5 

Turbine. - The t-e-stage  turbine rotor has a constant  hub-tip di- 
ameter of 33.5 inches.  The annular area  increases through the  turbine, 
with  the  inner shroud having a cone  --angle ofP1lo. The  rotor  hub- 
tip  radius  ratios of the first, second,  and  third stages are 0.795, 
0.746, and 0.697, respectively;  and the design  division  of  work is 38.5, 
33, and 28.5 percent  for  the  three  stages.  Rated  turbine-inlet  tempera- 
ture is 2160° R. - s i g n  work  and  design  rotational  speed  (both  corrected 
to rated  turbine-inlet  temperature)  are 32.4 Btu  per  pound  and 3028 rpm, 
respectively. 

Camponent  performance  data  were  obtained  over a range  of  engine 
speeds  and  Reynolds  number  indices f r o m  0.7 to 0.15 corresponding to 
simulated  flight  conditions  for  altitudes f'rm 23,200 to 59,100 feet 
a t  a fligJxt  Mach  number of 0.9. The  variation  of  Reynolds nmber in- 
dex  with  altitude and flight Mach number  for  standard NACA conditions 
is shown in  figure 3. 

w 
(0 
(0 
Q, 

. 
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4 
The in l e t  guide vane6  were operated i n  the open and closed  posi- 

tions with various  canbinations of open and closed  canpressor  acceler- 
ation  bleed ports. The following  table sumarizes the conditions a t  . which the data were obtained: 

~ Engln;;r- vane bleed 
position  position 

Inlet- Canpressor- 
nozzle area, guide- acceleration- 

~ 

23,200 
38,600 

4978 - 6354 3 -01 0.7 
4841 - 6751  3.01 .4 

a,m 
53 ,Ooo 

5148 - 6652 3 .a .3 
5183 - 6543 3.01 .2 

59,100 5170 - 6446  3.01 .E 

23,200 5022 - 62W 0.7 

38,600 4787 - 6868 .4 
53,ooO 5200 - 6874 .2 

38,600 
38,600 

4841 - 6751 0.4 
2605 - 6195 .4 

38,600 - 4  3843 - 6817 
38,600 
38 ,600 

3887 - 6792 .4 
2843 - 6823 -4 

38,600 3813 - 6775 -4 

2.79 

Closed 
Closed 

Closed 
Closed 

4 -42 Closed Closed 

c 
ALL ccanpressor efficiencies presented herein are calculated, chasg- 

ing the canpressor with the work  done on the acceleration  bleed air. 

from the work of the ocmpressor a t  a Reynolds nmnber index of 0.4, indi- 
cated a gain i n  ccanpressor efficiency from 3.5 percentage  points it 
a corrected  engine speed of 4000 rpm t o  0.8 percentage  point a t  6800 rpm. The symbols and m e t h o d s  of calculation  used in.this report are 
defined i n  appendixes A and B, respectively. 

- However, a separate  calculation,  deducting the  acceleration  bleed air 

Engine-inlet  stagnation pressures were set t o  correspond  with the 
desired flight conditions assuming 100-percent ram-pressure recovery. 
mine-inlet   s tagnat ion temperatures were set st the lowest  obtainable 
values to   a t ta in   the  highest possible  corrected  engine  speeds. 

Fuel used  throughout this investigation was MIL-F-5624A, grade 
Jp-4, with a lower heating  value of 18,700 Btu per pound and a hydrogen- 
carbon ra t io  of 0.169. 

The al t i tude performance of the ccrmpressor, canbustor, and turbine . of the J71-A-2(600-D1) engine,  operating as components are discussed 
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first.  Altitude  perfomlice  of  the  cmponents,  when  operating  as  part 
of the  engine,  and  the  resultant  effects  of  altitude on corrected  net 
thrust  and  corrected  specific  fuel  consumption  are  then  Indicated. 

h 

Compressor  Performance 

'IJhe test  data  for  the four geometric  variations  are  presented  in 
the  tables. Two canfigurations,  low-speed  configuration  (inlet  guide 
vanes  closed,  compressor  acceleFation  bleeds open) and M&-speed  con- 
figuration  (inlet  guide vanes open,  campressor  acceleration  bleeds 
closed),  selected  as  the  most  significant  are  discussed  in  this  report. 

Performance mps. - .Campressor  perfornance  is  presented  in  the  con- 
ventional form showing  the variattm -of compressor-presqure  ratio  with 
corrected  air  flow  for  constant  exhaust-nozzle  areas.  Lines of cor- 
rected  engine  speed  are  also shown with  campressor  efficiency  superim- 
posed. A compressor  perfo-nee  map  for the high-speed  configuration 
(inlet  guide  vanes .open, bleeds  closed} is ahom. in figure  4(a)  for an 
engine-inlet  Reynolds  numEer index of 0.4. A peak  cmpressor efficieq 
of about 83.5 percent  occurred  at  corrected  englne  speeds from 5000 to 
5600 rpm. At  the  bigher  corrected  engine  speeds (6600 to 6800 q p >  the 
efficiency  decreased  to  about 75 percent  and  remained  almost  constant- 
over  the  entire  range of exhaust-nozzle areas.  The cmpressor perfom- 
ance map for  the  low-speed  configqat.ion  (inlet  guide  vanes  closed, 
bleeds open) at  wide  open  exhaustrnozzle  (area 4.42 sq ft ) and  Reynolds 
number  index  of 0.4 is presented  in  figure 4(b) .  In campa3.ing  the  two 
figures,  it  isevident  that,  with  the  low-speed  configuration,  the 
compressor-pressure  ratio,  efficiency,  and  corrected air flow were 
reduced. 

Effects  of M e t  guide vanes and  interstage  bleed. - An illustra- 
tion of the  effects of inlet  guide  vanes  and  interstage.bleed on cm- 
pressor stall and  canpressor  performance  is  given in figure 5. These 
data were  obtained  for  open  exhaust--rruzzle,  altitude  of 35,000 feet, 
Mach number  of 0.4, and  inlet-air  tanperatwe of -30° F (ref. l}. With 
the  low-speed  configuration  (inlet guMe vanes  closed,  bleeds  wen), a 
substantial  margin  between  the  steady-state  operating line and  stall 
line was evident  at cmrected engine  speeds  above 3500 r p m .  For the 
high-speed  configuration  (inlet  guide  vanes  open,  bleeds.  closed),  the 
stall line and steady-state  operating  lines  intersect  at a corrected 
engine  speed opabout 4600 rpm. Since  the  control  normally-schedules 
the  switch-over  point  to  the  high-speed  configuration  at  an  actual  en- 
gine  speed of 5300 rpm, the  inlet  guide  vanes  would  open  and  the  bleeds 
would  close  at  corrected e- speeds  varying from approximately 5200 
to 6000 rpm, based  on  standard NACA temperatures  at  sea  level  and  the 

w co 
CD 
0, 

.. 
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c tropopause,  respectively  (Mach nmber, 0.4). In order to  avoid  surge  as 
well  as  improve  over-all  performance,  scheduling  the  guide  vanes  and 
bleeds  as a f’unction  of  corrected  rather  than  actual  speed would seem - advantageous. 

Effect  of  Reynolds  number  index. - The  effect  of  Reynolds  number 
- index on compressor  performance  maps  at  Reynolds  number  indices of 0.7 
and 0.2 are  shown in figure 6. At each  Reynolds  number  index,  the  peak 

Both compressor  efficiency and corrected a i r  flow  decreased,  as  exgected 

olds  number  index  of 0.2, the slope of the constant  speed  lines  (below 
6200 rpm) and the pattern of the  canpressor  efficiency  lines  are  changed 
considerably fYm those  obtained  at  Reynolds  number  index  of 0.7’. 

Q efficiency  occurred  at  corrected  engine  speed6 *can 5000 t o  5500 rpm. 
rn when  the  Reynolds  number  index  decreased f r a m  0.7 to 0.2. At  the  Reyn- cn rn 

The  effect of Reynolds number index on ccanpressor  efficiency and 
corrected  air-flow  ratios  at  various  constant  corrected  engine  speeds 
for  the  high-speed  configuration  is shown more directly  in  figure 7. 
Compressor-efficiency  ratio  decreased f k o m  1.00, at a Reynolds umber 
index  of 0.4 (38,600-rt altitude), t o  a range  of fram 0.966 to 0.952 
for  corrected e w e  speeds from 5200 to 6800 rpm, respectively, as the 
Reynolds  number  index was decreased to 0.15 (59,100-ft altitude) . Cor- 
rected  air-flow  ratio  decreased fmsl 1.0, at a Reynolds  number  index of 
0.4, to a range of *om 0.982 to 0.927 for corrected  engine  speeds from 

to 0.15. 
L 6800 to 5200 rpm, respectively, as Reynolds number  index was decreased 

Performance map for compressor  and  turbine  as  engine  components. - 
In order  to &ow for  the  determination  of  the  compressor  operating  con- 
ditions,  the  reference  compressor map of figure 4(a) is  reproduced in 
figure 8 with  lines  of  constant  corrected  turbine-inlet  temperature  su- 
perimposed.  At a corrected  engine  speed of 6585 rpm (actual  speed, 6175 
r p m ;  Mach  number, 0.9; exhaust-nozzle area, 3.01 sq ft), the corrected 
air  flow was 167.5 pounds per  second; cmpressor effictency, 77 percent; 
compressor  pressure  ratio, 8.9; and the  corrected  turbine-inlet  tempera- 
ture,  approximately 24W0 B. 

Combustor  Performance 

Cabustion efficiency. - Cmbustion efficiency is presented  as a 
function  of  the cabustion parameter w ~ , ~  T (fig. 9). As shown  in 
reference 3, the  parameter FT/V is very  useful in correlating  the 
performance  of  combustors.  Since  these  quantities  are  not readily 
available flrm flight  measurements,  the  canbustion  efficiency  data 
herein  are given as a function  of the parameter. w ~ , ~ T ~ ,  which is 
proportional to €?T/V.I Cmbustion efficiencies  were  canitted fram I 
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table I because of " u n c t i o n i n g  of fuel metering equipment. The cm- 
bustion  efficiency  data  presented  herein  (fig. 9 ) ,  for Reynolds number 
indices 0.8 and 0.4, were obtained frm earl ier   tes ts  on the same en- 
gine.  Cabustion  efficiency was constant a t  about 100 percent above a 
value fo r  wa,lTg of 1OO,OOO, which corresponds t o  rated engine  opera- 
t ion up t o  an alt i tude of about 38,000 feet at a f l ight  Mach number of 
0.9. . A  decrease in combustion parameter below th is  value resulted i n  
a decrease i n  combustion efficiency  to about 89 percent at a value of 
2O,OOO, f o r  W ~ , ~ T ~ ,  which corresponds t o  rated engine operation a t  an 
altitude  ofapproximately 70,000 feet  at a f l igh t  Mach number of 0.9. 

Total-pressure loss. - Combustor total-pressure-loss  ratio de- 
creased from 0.06 t o  0.045 as  the combustor temperature -ratio  increased 
from 1.4 t o  2.3 ( f ig .  10) . Bte. were generalized  for a l l  Reynolds num- 
ber  indices. 

Turbine Performance 

Performance. - The effects of' corrected  turbine speed and exhaust- 
nozzle  area on turbine performance are given in.  figure ll. Corrected 
turbine gas  flow and turbine pressure r a t i o  remained essentially con- 
stant for each exhaust-nozzle area. The fact that the  corrected turbine 

Wg@4P, . 
gas-flow parameter remained constant  indicated that sonic 

64 
flow existed i n  the  turbine-inlet  stators. Turbine efficiency averaged 
about 83 percent  for  the  corrected speed range investigated. 

Performance map. - The over-all performance of the  turbine is  pre- 
sented  in terms of corrected  turbine  enthalw drop and turbine weight- 
f l o w  parameter Kith l ines of constant  corrected turbine speed and con- 
stant  turbine-pressure ratio (Reynolds nmber  index 0.4, f ig .  1 2 )  . The 
turbine  data have been canpiled i n  t h i s  form i n  order t o  fac i l i t a te  
matching studies between the  turbine and the campressor. The design 
turbine  operating  point is  defiqed by the  design-corrected  turbine speed 
of 3028 rpm (military thrust  condition) and the  design-corrected  turbine 
enthalpy drop of 32.4 Btu per pound. 

Effect of Reynola number index. - The effect of turbine Reynolds 
number index on corrected  turbine gas f l o w  and turbine  efficiency is  
shown in  figure 13. Corrected turbine gas flow remained constant over 
a range  of Reynolds number indices frm 1.0 to 0 .l9. A decrease of 4 
percentage  points i n  turbine  efficiency was observed for a reduction in 
turbine Reynolds number index f'ram 1.0 t o  0.19, which corresponds to an 
increase in   a l t i tude  from 23,200 t o  59,100 f e e t - a t  a f l ight  Mach number 
of 0.9. 
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c Effect  of  Altitude on Engine  PeFi?ormance 

Cmponent performance. - The  effect  of  altitude on corrected  engine - speed  and  corrected  air  flow,  cmgressor,  turbine,  and  combustor  effi- 
ciency  is  shown  for two modes  of  engine  operating  conditions  canpared 
with  ideal  operation  (fig. 14). Mode 1 consists  of  operating  the  engine 
at rated  exhaust-nozzle area, rated  exhaust-gas  temperature,  and  vari- 
able  engine  speed.  Mode 2 consists  of  operating  the  engine  at  rated 
exhaust-gas  temperature,  rated  engine  speed,  and  variable  e2ihaust-nozzle 
area.  The c w e  for  ideal  performance  represents  the  performance  pre- 
dicted fram sea-level  static data for  rated  speed  and  temperature, as- 
suming no Reynolds  number  index  effect. 

An increase  in  altitude frm 35,332 to 59,100 feet  for mode 2 
(variable  exhaust-nozzle area operation)  resulted in a decrease in cm- 
pressor  efficiency  with a smaller loss in corrected  air  flow in comp&ri- 
son with  mode 1 (rated  exhaust-nozzle area). For  example,  ccpnpressor 
efficiency  dropped 3.5 percentage  points  for m o d e  2, while  remaining 
constant  for  mode 1. However,  corrected air  f l o w  for m o d e  2 decreased 
only about 2 percent  as  compared  with a decrease  of 4 percent  for m o d e  

feet  because  the  decrease in corrected  engine  speed  shifted  the cmpres- 
sor  operating  point  toward  the  region  of  peak  canpressor  efficiency. 
The  decrease  in  corrected engine speed was necessary in order  to  avoid 

cu 1. Compressor  efficiency,  for  mode 1, remained  constant  above 35,332 
E 

- exceeding  rated  exhaust-gas  temperature. 

There was no significant  difference  in  the  trend8  of  combustion and 
turbine  efficiency  between  the  two  modes  of  operation.  Canbustion  effi- 
ciency  dropped  about 6 percenkage  points  while  turbine  efficiency  dropped 
about 3 percentage  points as altitude was increased frm 35,332 to 59,100 
feet. 

Over-all  engine  performance. - !The  effect of these  ccanponent  per- 
formance  variations on over-all  engine  performance is shown in  figure 
15, which  indicated no outstanding  advantage  of one mode of operation 
over  the  other.  The maximum difference  in  the  performance  occurred  at 
a 59,100-foot  altitude  where  the  corrected  specific  fuel  consumption  for 
mode 1 operation was about 1.5 percent lower than  mode 2. This close 
agreement in corrected  net  thrust  and  corrected  specific  fuel  consump- 
tion  for  the  two  modes of operation was due  to  the  fact  that  the  cor- 
rected  air  flow  reduction  for  mode 1 had  very nearly the  same  effect on 
performance  as  the  canpressor  efficiency  reduction  for mode 2. 

As the  altitude was increased frm 35,332 to 59,100 feet,  corrected 
net  thrust  decreased  about 6 percent  below  the ideal value for both 
modes  of  operation.  Corrected  specific  fuel  consumption  increased  about 

A. 

I 72 to 9 percent  above  the  ideal  value. 1 
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SUMMARY OF RESULTS I 

The  component  performance  for  the J71-A-2(600-D1) engine was deter- 
mined  for  the  low-speed  canfiguration  (inlet  guide  vanes  closed, can- - 
pressor  bleeds  open)  and  the  high-speed  configuration  (inlet guide vanes 
open,  compressor  bleeds  -closed}  over a range  of  engine  speeds,  exhaust- 
nozzle  areas,  and  Reynolds  number  index frm 0.7 to 0.15, which  corre- 
sponds  to  simulated  variations in flight  conditions  for  altitudes  from 
23,200 to 59,100 feet  at a flight Mach number  of 0.9. .. ua -a 

*D 
W At  rated  actual  speed  and  temperature  and a Reynolds  number i&x 

of 0.7 (altitude, 23,200 f't; flight  Mach  number, 0.9) ,  the  compressor 
efficiency was 80.5 percent,  corrected  air  flow was 166.5 pounds  per 
second,  and  campressor  pressure ratio was 8.3. Decreasing  the Reynolds 
number  in-  to 0.15 (altitude, 59,100 ft; flight  Mach  number, 0.9) re- 
sulted  in a 7-percentage-point  reduction in compressor  efficiency,  and 
corrected  air  flar  decrea.sed  to 164.5 pounds per  second.  Combustion  ef- 
ficiency  at  rated  conditions  remained  constant  at  about 100 percent to 
an  altitude of about 35,000 feet  and  decreased  approximately 6 percent 
as  altitude was increased to 59,100 feet.  Peak  turbine  efficiency  at 
rated  conditions  averaged 84.5 percent  at  an.altitude  of 23,200 fee% 
decreasing  about  &percentage  points  a0  altitude was increased  to 
59,100 feet. 

There was no appreciable  Reynolds  number  eTfect on corrected  net 
thrust QT corrected  specific fuel consumption  for  the  two  modes  of op- 
eration  as  altitude  increased from sea  level  to 35,332 feet.  However, 
a further  increase in altitude to 59,100 feet  reduced  the  corrected 
net  thrust fo r  both modes  of  operation  by  about 6 percent.  There was 
an accmpanying  increase in specific fuel consumption of abaut 8.5 per- 
cent,  at an nltitude of' 59,100 feet,  as a result of the decrease in 
component  efficiencies. 

I 

Lewis Flight  Propulsion  Laboratory 
National  Advisory  Cammittee for Aeronautics 

Cleveland, Ohio, February 22, 1956 
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APPENDIX A 

a3 
0 
m 
M 

A 

Fn 

f/a 

Q 

H 

M 

N 

P 

P 

R 

Rei 

T 

V 

W 

P 

SyMBOLs 

The following symbols are  used in this  report: 

cross-sectional area, sq ft 

E t  thrust J lb 

fuel-air  ratio 

acceleration due to  gravity, 32.17 ft/sec 2 

total  enthalpy , Btu/lb 

Mach  number 

engine  speea, rpu 

total  pressure, lb/sq ft abs 

static  pressure, Ib/sq ft abs 

gas constant , 53 -3 ft-lb/(lb) 

Reynolds  number  index, E/@+ 

total  temperature, 9 

velocity,  ft/sec 

flow rate , lb/sec or lb/hr 
r 

function of r, B = - 1.4 
r 1.4 

(l.42+ 1”” 

r ratio of specific  heats 
L 

6 pressure  correction f&ct-J (total  pressure divided by NACA 
I standard  sea-level  pressure) 



12 

7 efficiency 

NACA RM E56B14 

e temperature  correction  factor,  (Vc,/1018) 2 (square ratio of criti- 
cal  velocity  to  critical  velocity  at NACA standard  sea-level 
conditions} 

T ratio of absolute  viscosity  at  inlet  conditions  to  absolute  vis- 
cosity  at NACA standaxd sea-level  conditions - 

SuSscripts : 

A 

AV 

a 

b 

C 

f 

Q 

Mv 
T 

t 

0 

1 

2 

3 

4 

5 

9 

10 

acceleration  bleed 

aft-frame  vent 

air 

combustor 

campressor 

f'uel 

gas mixture 

mid-  frame  vent 

turbine  cooling 

turbine 

free-stream  conditions 

venturi  throat 

compressor  inlet 

campressor  outlet,  combustor  inlet 

cambustor  outlet,  turbine  inlet 

turbine  outlet 

exhaus-tr-nozzle  inlet 

exhaust-nozzle th roa t  
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APPEXOIX B 

a) 
(3, m 
M 

METEODS OF cXJXULATION 

Reynolds  number  index. - For a given  corrected  engine  or  turbine 
speed, Reynolds nmber index  Rei  varies  linearly  with  Reynolds  number 
and  is  defined  as  the  ratio of Reynolds  number  at any condition  to  Reyn- 
olds number  at standard sea-level  conditions 

Air  flow. - The  engine-inlet  air f l o w  w was calculated from 
one-dimensional  compressible-flow  relations  (ref. 4 )  using  the  effec- 
tive  area  and  the  average  pressures and temperature at station 1. The 
effective  area  at  station 1 was 3.959 square  feet (A1 = 3.9833 sq ft, 
cd = 0.994). Air  bleeds  and  the  addition of fie1 resulted  in  the fo l -  
lowing mass flows  at  other  stations: 

a,1 

W a,3  wa,l - wa,A -1 
wa,4 = wa,3 - wa,T - wa,MV - wa,AV 
wa,5 = wa,4 wa,T 

wa,9 = wa,5 

W g,4 = wa,4 + (Wf/36W I 
W g,9 = wa,9 + (wf/3600) J 

Compressor  efficiency. - Cmpressor  efficiency is defined  as  the 
ratio of isentropic  enthalpy  rise  to  the  actual  rise  across  the  com- 
pressor. fican measured  values of campressar-inlet  and  carpressor- 
outlet  total  pressure  and  temperature,  carpressor  efficiency was de- 
termined frm the following expression: 

4 13 isentropic 

W %I + -  

a ,I 
A 

"a,5 L 4 . q  1 
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Combustion efficiency. - The cabustian  efficiency is  defined as 
the r a t io  of actual  enthalpy  rise  to the theoretical  enthalpy  rise 
across  the engine 

4n + I 3  Fuel  temperature Tf was assumed t o  be 80° F. The term + i s  the 

difference between the  enthalpy of  carbon dioxide and water vapor i n  the 
burned mixture and the  enthalpy of axygen  removed frm the air by their 
formation (ref. 5) .  

Turbine efficiency. - The turbine efficiency is defined  as the ra- 
t i o  of actual  enthalpy drop t o  the  isentropic  enthalpy drop across the 
turbine . . .  . .. 

T4 was obtained fYcan values of Hg,4, (f/a)q, and reference 6. 

Net thrust and specific Fuel consumption. - N e t  thrust and specific 
fuel consumption w e r e  calculated.using  the pumping characteristics of 

. -. . -. - 

reference 2.  
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- 
1 

S 
4 
S 

8 
1 
8 
8 

I O  

12 
11 

1s 
14 

l5 
18 
11 

19 
20 

21 
22 
2s 
N 
25 

28 

28 
21 

29 
50 
51 

52 
ss 
s4 
55 
58 

Sl  
58 
59 
40 
41 
42 

4s 
44 
4s 
46 
47 
4a 
49 

50 
51 
62 
55 
54 
5s  
S6 
S7 

58 
59 
60 

62 
81 

6s 
64 

68 
85 

81 

la  

- 

0.116 
. l l O  
.7os 
. l l S  . lo8 

.114 

.118 

.716 

.117 

-714 

.118 

.118 

. l l S  

.708 . lo5 

.lo8 

.log 

.ll5 
-110 

3 8 1  
-599 
.402 
.I02 
.599 

.405 

.405 

.a 

.4cn 

.MB .un 

.404 

.4os .402 

.a .402 

. W l  

.408 .(os 

.4@3 

.4m .e 

.4os 

.S89 .co8 

.59a 

.a 

.40S 
A05 

.411 

.4m .a 

.a 
A04 
.S98 
.4o8 
.401 

.400 .u)o 
.SO8 
.398 .u)o 
.I81 

.191 

. l e4  

.le6 

. ne 

. l e4  

- 

- 
nsin 

Y. 
rpn 

- 
6060 

8058 
6082 

BOB8 
6058 

5916 
8920 ssla 
5800 

5124 
S718 
5119 
5711 
5117 

4809 
4 9 w  
4904 
-8 
4BoL 
4 9 0 4  

6114 
811 s 
611s 
8111 
Bln 

B17S 
6174 
8175 
&I15 x: 
5881 
y185 
5a8s 
5859 
5888 

5826 
5821 
3821 
is24 
S a 2 1  
5824 

1242 
$249 
5241 
3241 
5242 
i 2 4 S  
IPCB 

1689 
L868 
LE66 
U76 
isso 
La7 
w12 
1877 

I488 
A92 
A89 
,486 
sos 
U14 

i l l 5  
i l l 8  
i l l 4  

nls 

- 

4.42 
5.18 
1.M 
5.10 
2.8s 

4-42 
5.79 
5.50 
Q.82 

4.42 
4-05 
5.64 
5.10 
S.82 

4.42 
3.m 
3.58 

5.01 
S.oL 

2.19 

4.42 
5.m 
5.19 

2.85 

4 . e  

S.25 
5.54 

s .19 
2.99 
2.80 

4.42 
5.1s  
5.55 
2.80 
2.18 

4-42 
4.28 
5.79 
5.56 
2.99 
2.11 

4.42 
4.26 
5.1s  
S" 
5.W 
5-03, 
2.68 

4.42 
4.26 

S.50 
5.n 
1.07 
2.95 
2.7s 

5-88 
4.42 

5-42 
5.15 
2.86 

4.42 
5.7s 
5.58 
S.19 
5.04 

2 . 9 ~  

s.n 

- 

TABLE I. - HIGH-SPEED CONFIQURATION ( INLET GUIDE 

(a) Variable - 

a50 
841 
845 
658 
824 

as0 
844 
640 
854 

655 
84a 
8u 
BJS 
849 

827 
634 
8 U  
820 
848 
8 S 1  

588 

S W  
S 8 0  

160 
585 

428 
429 

422 
42l 

4Q4 
4 a  

I84 

589 
SW 

386 
180 

419 
424 
423 
I P S  
42s 
426 

429 

42s 
427 

421 
425 

425 
420 

421 
425 
4% 
428 
428 

425 
42fl 

424 
424 

425 
4% 

426 

187 
187 
185 
188 
182 

tea 

- 

1411 
1408 
1592 
1412 
1402 

142 l  
W O  
1418 
l42S 

1420 
1 4 s  

1428 
14S2 

1419 

1410 
1 u u  
1- 

1416 
1404 

1415 

859 
639 
645 
842 
855 

715 
lll 

101 
708 

110 
72e 

646 
Bcs 
844 
848 
64s 
1 U  
112 
112 

710 
711 

712 

115 
la1 
111 
7lJ. 
115 
TLO 
110 

n e  
114 
714 
716 
718 
7 u  
715 
114 

711 
718 

114 
715 
118 

518 
SI1 
515 

512 
sl2 

10,74S 
10.845 
11,211 

12.015 11,597 

10,381 
10, Bo8 

U.M 
10,846 

1o.om 
9,819 

1 0 . e 3  
10.8M) 

8.687 
&,e47 
8,768 
6.812 
8.820 
7 .1w 

5.607 
5,674 
5,810 
5 85s 

9,761 

8: 01  2 

5.875 
6 , O a  
8,188 
6,212 
6,Ml 
6.418 

S.SO9 
S , 2 l 8  

5,425 
6.8M 
5.825 

-5.285 
6,254 
5,sm 
5 . m  

5,mn 
5.801 
5 . 8 s  
5.811 
3.881 
5,871 
4,om 
4 . m  

2.159 

2.840 

2.9S8 

2,169 

2,888 

lo.226 
10,418 
10,142 
ll,o(8 
l l . 480  

9,898 
10,lOE 

U,092  
10.456 

9.2S.9 
1,560 
9,sgs 

10,SlS 
9,862 

8,202 
8.27P 
8.411 
8.666 8,mo 
6,768 

5,=1 
5.288 
s.559 
5,688 
5.161 

6 . W  
5.769 

2% 
8 . m  
6,185 

4,960 
S.048 
5 . m  

2% 
6.014 
4.999 
5.059 

6.369 
5,145 

5.805 

4,511 
4 .%I 

4.544 
4,878 
4 . ~ 1 8  

s.801 
S.802 
S .Cm 
S.611 
S,864 
5,861 
5,847 
S.851 

2 . 7 s  
2,185 
2,861 

2.989 
2,886 

2,8S8 
2,598 

2,701 
2.752 
2,801 

::E 

2192 
2544 
2786 

we2 
SO99 

2459 
?224 

s4ll 
mm 

2oBs 
2186 
&417 
Pi79 
S l l l  

1416 
1565 
1659 lam 
L858 no7 
1179 
1288 
1562 
1500 
1671 

14Sl 
I251 

1551 
1576 
1104 
l82 l  

I118 
1218 
rsSl 
ma4 
lEF4 

114s 
1128 

Is31 
lZl8 

1649 
1128 

91s 
989 
Lo75 
U l  
351 
1502 mol 
820 
855 
8 M  
9E4 

1M5 
961 

1005 
1140 

E55 
1- 

814 
784 

800 

595 
868 

148 
110 

7sa 

49s 
494 
4s3 
495 
49s 

4Bs 
494 
494 
404 

486 
491 
488 
4 s  
49s 

49s 
48s 
495 

485 
49s 

4Bs 

42? 
420 
4 2 0  
419 
418 

451 
a 2  
u 9  
451 
449 
448 

420 
4m 

418 
420 

rea 
450 
450  
452 
452 
451 
455 

455 
45s 
452 
449 
456 
451 
451 

461 
U 9  

451 
456 
4s4 
4Sl 
449 
454 

457 
451 
45a 
4s7 
457 

421 

420 
418 
420  

420 

97s 
977 

981 
1Wl 

851 
S61 
96t 
982 

851 
951 
942 
M1 
865 

ecu 

a28 
829 
8Se 
853 
8s 
M2 

oll 
915 
925 
9-29 
931 

s44 
951 
851 
051 
960 
9Bc 

am 
861 
878 
ea2 
891 

874 
875 
eJ3a 
885 
B94 
804 

85e 

8 s  
8 s  

as4 au 
844 
852 

181 
180 

785 
792 

194 
? 9 0  
18d 

140 
1w 

748 
742 

750 

is0 

926 
us2 
851 
M2 

1651 
1 1 s  
1821 

207s 
1925 

lsoL 
1668 
1789 
2011 

15% 
16Sl 

1829 
1116 
194s 

1162 
123t 
W I S  
1MS 
lyo 
1c6a 

1123 
lMyI 
1839 

Ml9  
a s 1  

laso 
11W 

1811 
lSS6 
2425 
-1 

IS54 
1614 
1704 
1818 
l t 7 1  

lw2 
1- 
Mu4 
1- 
1 m  
1901 

1 x 2  
l l p s  
ISM 
1468 

ma 
1118 

111s 
1177 
lP12 
1188 
1281 
15.25 
1 S S  
L u 5  

1-s 
L 0 5 d  
1112 
1162 
1242 

1807 
1688 
1979 
x)(E 
2104 

"" 

1128 
119s 
Xi81 
1515 
1658 

1181 

1366 
1- 

11SP 
llsp 
1- 
1576 
1549 

8551 
CIS5 
9Ik 
loI0 
1044 
116l 

u 1 1  
154B 

1589 
1401 

le41 

1282 
lSaJ 
1451 
1445 
ls61 
1661 

115P 
1211 
lP90 
U88 
1 w B  

1 m s  

m a  
U W  
11Kl 
3222 

-16 
lsE5 

981 

losC 
9a5 

11W 
u 5 2  
1201 
lM7 

a59 
881 
104 

968 
8W 

1012 
1- 
1120 

152 
781 

887 
os7 

912 

l s42  
1414 
1sm 
1510 
1811 
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VANES OPEN, COMPRESSOR ACCELERATION BLEEDS CLOSED) 

exhaust-nozzle area. 

n z) 

n 
r) 

? 
+ > 

7.58 

8-10 
7.77 

8 .59 8 . Z  

7 .SI 
7.47 
7.72 
8.17 

6-07 
6.- 
7.a2 
7.50 
7.65 

4.87 
4.74 
4.81 
4.92 
4.89 
5.05 

8.62 
8.72 
9.04 
9 .m 
9.47 

8.24 
8.55 

8.79 
8.95 
9.10 

8.2s 
8.08 

8.42 
8.81 
9.06 

8.7s 

7.57 
7.58 
7 -47 
7.60 
7" 
8 -24 

8-56 
6.45 
6.46 
8.89 
6.68 
8.89 
7" 

6.so 
5.3S 
5.57 
5.42 

5.4S 
5 . s  

5.86 
5.64 

4.07 

4-24 
4-15 

4.N 
4.w 

8.87 

9 .m 

9.42 
9.19 

8.m 

- 
iir flow 

"a.1, 
lbfau: 

- 
115.8 
115.4 
llZ.5 
115.7 
115.2 

1 l l . 9  
112.0 
l12.4 
u 2 . 2  

lO7.6 
108.2 
Iat.1 
108 .o 
107.4 

82.1 
82.1 
81.9 
8la 
81.6 
80.9 

56.7 
56.8 

56.9 
67.1 
S6.6 

60.4 

60.5 
60.2 
60.9 
m.l  
56 d 

58.4 
56.6 

66.6 
66.7 

58.4 
sB.4 

m . 7  
58.2 

57.8 
SE.0 

55.2 
sJ.2 
55.5 
61.8 
52.8 

55.1 
65.5 

47.8 

47-0 
47.5 

46.4 
46.5 
4s.s 
46.1 
47.0 

58.9 sa .9 
S9.0 

38.6 
18.9 

27.5 
27.7 

27.5 
27.6 

27.5 

60.4 

185.5 
166.2 
168.7 

168.4 
166.1 

162.9 
162.7 

163.7 
162.7 

156.6 
155.9 
158.1 
lS6.S 
156.5 

320.5 
120.9 
120.2 
l l9 .6  
118.8 
U8.5 

189.0 
168.8 
1eEl.6 
189.0 
168.0 

167.2 
167.8 
1882 
168.1 
168.7 
188.6 

166.6 
167.1 
166.7 
186.9 
187.5 

181.0 

181.5 
181.6 

160.4 
16l.o 
180.6 

147 .S 

147.4 
148.6 

147.0 
148.9 

148.1 
147.6 

wo.2  
W . 8  
128.9 
128.8 
128.2 
l27.2 
129.6 
127.8 

107.6 
107.8 
108.5 
108.0 
106.9 

167.0 
168.5 
186.9 
167.5 
188.1 

.E19 

.a15 

.El9 

.8xI  

.e24 -824 

-827 .Q6 
-819 
.851 

-728 
.72l 
-725 .m 
-727 

-749 
.757 
-766 
-780 
-754 
.m 
.772 
.779 
.7m 
-772 
-77.3 

- 7 l l  
-714 
. 7 n  
.7m 
-73.5 

" 

" 

" 

- "_ 
- - - - 
"" 

" 

" 

" - 
- 
" ""_ "_ 
" - 
0.880 
.BB1 

1.005 
1.098 
1.014 

.98S .gs8 
-990 

1.m 
.991 

1.- 

-882 

.995 
1.012 
1.001 

.974 

.978 

. -96s 
-991 

1" 
1.005 

.eQ 

.9BB 

.974 
-886 
-985 
.a89 
-985 

-969 
-959 

-987 
.975 

.a78 
-971 
-97s 
.883 

.9Q) .so4 

.m 
-957 
.955 

.om 

.a78 

.970 
-877 

1 .e 

.gm 

4.46 
4.10 
5.66 
5.57 
5.50 

4.43 
4. l l  
3.74 
5 . E  

4.44 
4.28 

5.59 
5.97 

5.27 

4.38 

5.80 
4.04 

5 s  
5-54 
5.2l 

4.U 
4.n 
4.07 

5.66 
3.79 

4 . U  
5.96 
5.84 

3.55 
1.78 

5.m 
4-44 
4.l5 
5.86 
5.47 
3.52 

4.45 
4.57 
4.18 
5.87 
5.56 
3.25 

4.45 
4.58 
4 .lo 
5.84 
5-89 
5-58 
5.26 

4.39 
4 31 

5.84 
4.m 
5.81 
5.66 
5.55 
5.37 

4.17 
5.85 
3.73 
5.58 
5.52 

4 3 6  
3" 
5.80 

5.51 
5.88 

57.m 
16-68 
S6-29 

s2-18 
33.98 

57-64 36.55 
s4.75 
51.95 

57.24 
57.04 

SSAo 
Z5.n 
51.73 

56.55 
S.78 

52.51 
s4.a 
3p.74 
sa.74 

58.99 

sL.09 
s2.77 s2.50 
57 .ll3 
15.33 s4.50 54-m 
52.00 
33.14 

56-70 
S5.m 34.85 
32-44 5I.33 
s.86 
Z4.m 
36.76 

33.05 
s4.88 

50.6% 

56.47 
57.59 
55-66 

s.26 
s4.1P 

s2.a 
x1.52 

"2s 55.67 55.08 
S3 .I6 55.55 s2.84 
a . 9 4  
5 l . P  

55.29 
34.14 
52.49 
51.69 50.02 
Se.18 
M.98 m.88 
s.08 
S2.46 

sa.m 

152.8 
159.9 
l55.4 
180.0 

lP.8 
l24.6 
UP.4 
148.6 
166.5 

69.9 
75.4 

04.5 
78 3 

65.2 
85.1 

72.5 

84.6 
78.2 

91.2 
81.1 

04.2 
77.8 

89.4 
88.2 

100.8 
86.6 

85.1 
" 6  
72.6 

88.1 
74.4 

64.1 
64.7 
SI.0 
70.6 
79.1 
87.7 

52.9 
62.6 

55.1 
69.6 
80.9 
64-0 
72.6 

40.8 
41.0 
42.6 
45.2 
48.0 
4S.O 
49.7 
51.8 

29.2 
so.8 
52.7 
s4.5 
5 7 5  

57.1 
38.9 u .5 
45.1 
46.2 

4 
5 

6 
7 
8 
9 

10 
ll 
12 
15 
14 

15 
15 
17 
18 
19 
2 0  

P 
22 
e3 
24 zn 
26 
21 
28 
29 
so 
51 

52 
55 
z4 
55 
56 

57 
58 
59 
W 
U 
42 

45 
U 
45 
46 
47 
48 
49 

50 

62 
5 1  

54 
55 

55 
58 
57 

58 
58 
Bo 

82 
81 

65 
e4 
65 
88 
67 



18 NACA RM E56B14 

TABLE I. - Concluded. HIGH-SPEED CONFIGURATIUN (INLET 

Concluded. Variable 
7 

RU 

- 
68 
69 

70 
71 
72 
75 

74 
73 
76 
77 

78 
78 

80 
81 
Be 
85 

85 
84 

80 
87 
88 

89 
90 
91 
92 
9s - 

- 
UFblne 
Outlet 
to ta l  
"yp., 

p5, 

q f t  abc 
l b  

Ml&U.l.- 
nozzh 
1nl.t 
6 0 U l  

. tun ,  
-we@- 

% * 
OR 
" 

l4EC 
1sm 

1144 
1331 
1384 
1451 

1254 
1522 
1410 
1467 
L666 
10m 

m a  
1- 
lSlZ 
I423 

1055 
1120 
119s 
1271 
WI2 

024 
841 

1021 
1081 
I210 

smprssaor 
nlet   tota l  
preasnre, 

l b  
P2' 

r t  ab0 

0.205 .m 
.I84 
.195 
.184 
.194 

.l96 
-198 
.199 
.199 
.198 
.I99 

.Is2 

.194 

.194 

.196 

.196 

.197 

.lS9 

.I99 
-199 

. l a8  

. la8 

.199 

. 2 w  

.I98 

am elm 
5934 

59.34 
5929 

5951 

5790 
5791 
6787 
5795 
5782 
5790 

5597 

658s 
5599 

S#9 

52s2 
5248 
6265 
5248 
5247 

4885 
4872 
4880 
4888 
4879 

651 
741 

870 
034 
674 
" 

591 
667 
7J1 
771 
826 
877 

WB 
ml 
667 
75 7 

4a8 
542 
695 
842 
I02 

428 
405 

466 
509 
575 

44.3 
(50 

4 2 1  
120 
422 
421 

456 

454 
454 

451 
457 
464 

425 
4 n  
420 
410 

M6 

456 
M a  

+sa 
456 

457 
457 
457 
467 
467 

$84  
ms 

889 
185 
901 
su? 
Y14 

924 
919 

9% 
95 6 
940 

e27 
us5 

E46 

844 
.34a 
856 
a50 

794 
795 
MI1 
BOB 
610 

U l 8  
1 8 s  

1679 
1715 
reso 
1- 

1654 

1052 
1150 

la93 
1979 an 
1464 
1600 

1811 

1415 
1486 
1ws 
1(uI 
1746 

1246 
1275 
1.350 
1419 
1558 

n m  

2885 
2718 
2765 

2'116 

2845 2753 
2906 
2975 

2775 
2840 

SGQl 2887 

511 
512 
510 
512 

551 
ss4 
555 
366 
556 

555 
558 

358 
s55 

556 

2501 2176 

2481 
2404 PeC 

2374 
2583 
2455 

. 2247 2155 
2270 

PLlS 
2158 

2530 
2560 2248 
2448 -7 

1881 
1670 

1757 

1885 
1788 

l 9 s 2  
1784 
18% 

1989 1877 

6605 4.42 205 
5587 5.70 206 
6607 S.SS 207 

5598 2.85 209 
5599 5.10 206 

5 2 3  4.42 206  
Sl82 5.96 206 

5209 5.15 205 
6201 S.46 x19 

5203 2.82 2m d 
(b) Fixed  exhaust-nozzle - 

m 

- 
1 
2 
3 
4 
S 

6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
18 
17 
18 
18 

20 
21 
22 
2s 
24 

26 
25 

27 
28 
29 
XI 
s1 - 

tmpeFL- 
to ta l  

r u e ,  

- 
2 0 3  
ISSO 
l a 9  
1612 
1521 

mo68 
1867 
1?57 
1661 
1471 
1268 
llao 

m? 1 
2010 
1804 

1671 
1789 

lSO7 
1512 

2097 
19- 
1860 
1?75 
1W6 
1456 
1375 

a l e  
1984 
1846 

1450 
1646 

- 

- 
1646 

1487 
1176 
1- 

la0 
1461 
W?1 m 
1140 
974 

1mz 

we 
1145 
1587 
1411 
1411 
1310 
I S W  
1- 

1864 
1645 
1447 
1516 
12ca 
1111 
l o G z  

1 C K l  
1!40 
1452 
1ZEP 
111t - 

0.702 
.697 
.694 
.695 
.697 

6354 
6182 

5556 
6965 

4978 

6751 
6 U 1  
m 7  
go35 
5518 
5198 
4841 

8652 
BJ67 
6386 
a 7 0  
8536 
5828 
5148 

8545 
6- 
6180 

5561 
6056 

5%7 
6185 

6446 

5978 
5580 
5170 

a s 6  

l l . 785  ll.224 m 
11.277 10,742 SO99 
10,622 10.155 2915 
6 . a 6  
6,584 

7 . m  2167 
6,242 17B1 

6.801 
6,417 
5.147 

4.101 
4,%8 

1,465 
2,806 

4.511 
4,242 
4.100 
5.915 
5.605 

2,555 

2;7S8 
2,821 

2.589 
2.M7 
2,lCU 
1,871 
1,710 

5.250 

2,144 

1 .m5 
1. a1 

::E 

912 
814 
8QI 
617 
821 

1578 
1365 
1567 

1579 
lS72 

48Q 
489 
481 
491 
485 

426 uo 
u o  
4rJ 
u 9  a 
4as 

6,070 
6.678 
6.400 
5.188 
4,298 
3,644 
2,969 

4.92s 
4.440 
4,287 
4,105 
5.770 
3,401 
2,685 

2,955 
2,806 
2,718 
2,612 
2,810 
1,864 
1,795 

2.245 
2,116 
2.001 
1,693 
1,581 

.toe 

.592 

.m . 588 . s88 

. 4 m  
-404 

.294 

.e87 

.299 

.297 .500 

.298 

.289 

. la4 

-197 
.I99 
.m 
.197 
.196 
.197 

.150 

.151 

.151 

.149 

.149 - 

6116 
58J6 
5815 
5460 
5076 
4720 
4S88 

8087 
Waf! 
5.920 
5625 
5557 
5155 
4697 

5997 

5625 
5816 

5481 
5087 

472s 

sa42 
5901 

5(86 
51p6 
4777 

u)m 

- 

597 
5BB 
585 
997 
391 
395 
584 

S95 
298 
291 
284 

a 4  
297 

S M  

195 

191 
181 

193 
194 
208 
180 

IB9 
175 
1 7S 
173 
161 

661 
648 
660 

859 
658 

667 
6M) 

4 9 i  
494 
496 
49s 
495 
491 
498 

528 
S27 
526 
528 
531 
551 
527 

1700 

1466 

1157 
1- 

876 

1sn 

7 m  

941 
926 
899 
875 
840 
815 
751 

1267 

1184 
1- 

1127 
l a  
937 
72? 

416 
428 
4% 
428 
4S8 
457 
432 

43s  
458 
457 
4% 
4kS 

941 

683 
w& 
8&1 
817 

797 
715 

252 
254 
255 
252 
266 
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GUIDE VANES OPEN, COMPRESSOR  ACCELERATION BLEEDS CLOSED) 

exhaust-nozzle area. 
co 
cn 43 

M 

I - -  
50.2 
50.0 

27.5 
27.5 
21.1 
27.1 

28.8 

29.0 
28.8 

29.0 
28.8 
m.9 
25.7 
25.8 
25.9 
26.1 

25.8 

e5.5 
255 

20.4 
2s.4 

22.5 
22.5 
22.1 
22.2 
21.4 - 

167.1 
166.5 

166.6 
166.7 
165.8 
166.0 

162.2 
162.4 
182.4 
162.0 
161.8 
162.1 

158.0 
158.1 
159.0 
158.9 

144.7 
145.2 
142.5 
142.0 
14l.4 

125.8 
w . 2  
125.6 
1e2.6 
118.5 - 

0.m 
.759 

0.877 
.979 

. s n  

.975 

.951 
-970 

4.56 
5.9s 

4 . s  
4" 
5-84 
4.0s 

4.57 

5 - 7 1  
5.91 

S.Bo 
5.44 
5 2 9  

4.51 
5.60 
5.54 
5-51 

4.37 

5.74 
5-98 

5-50 
5 . S  

4 . s  
4.15 
S.eS 
5.60 
5.28 - 

0.812 m 7  
-818 5252 

.E11 sss4 

.818 5w 

.814 5180 

.788 5156 

8.44 
8.67 

8 . S  
8.01 
8.71 
8.62 

7.70 

1*os 
7.91 

8.21 
8.40 
8.66 

7-40 

8-00 
0.2s 

6 2 5  
6.41 
6.56 
6.65 
0.67 

S.24 
S.25 
5.53 
1-58 
5.55 

7 . n  

-748 
-748 
-749 
-749 

-782 
-779 
-77s 
-780 
.7s l  
-7- 

-918 

-857 
. 9 P  

-936 
.94s 
.852 

55.1 74 
38.2  7s 
40.9 16 
42.5 77 
4s.2 18 
47.7 19 

17.7 a0 
51.2  81 
54.0 82 
57.1 83 

.970 
-974 
.976 
-976 

.SI1 

-910 
.SO4 

-824 
.945 

.Y 

i 
3 

-803 

-894 
.a90 
-910 
-898 

area of 3.01 square feet. - 
hm 

- 
1 
2 
5 

S 

0 
7 
a 
9 

LO 
L 1  
I 2  

w 
L4 
16 
L0 
L7 
L8 
L9 

x) 
a 
?2 
2s 
24 
25 
26 

27 
2 8  
29 
x1 
5 1  - 

mbwtla  
mxamatsr, ?&, 

sru 

ler.8.ld 
195 .o 
1BB.s 
105.7 
78.8 

94.9 
82.9 
77.8 

56.9 
72.4 

43.4 
Ss.1 

70 -4 
67-9 
85.9 
5B.8 
6 2 3  
45.0 
32.0 

46.1 
45.4 
58  .5 
57.s 
2 9 2  
24.5 
22-1 

55.4 
s2.2 
29 .S 
25.1 
17.5 

8.55 112.5 167.5 
8.26 109.8 185.2 
7.77 108.4 m . 2  

:::: 1 E; 1 E:: 0.788 

"7 
-810 

.as3 
-821 

0.0474 
-0474 
.w10 
.M69 
-0519 

9.24 
8-76 
8.18 

0.52 
7 .as 
5.55 
4.50 

8.16 
9-00 
8.6s 
8 . S  
1.62 
6.B6 
5.55 

58.3 

56-4 
S6-8 

55.6 
49.0 
U . 6  
58.0 

42.8 
42.8 

41.7 
42.7 

57.8 
40.1 

51.9 

168.2 
188.9 
162.9 
160.7 
lw.o 
n1.9 
128.8 

187.9 
187.1 
165.9 
1Es.o 
155.8 
140.2 
m . 7  

" 

1-40 51 -87 2210 
Pgg 
2187 
2187 
2151 
2125 
224.9 

5.44 
5 -46 
5-47 
5.s2 
5 .47 
5.51 

"" 

51 -54 
51.65 51.89 
51 A7 
52.01 

rn.18 51.00 

a65 
a 7 5  
2150 
2158 
2107 

2055 
eosB 

5.40 
S.W 
5.45 

3-49 
s . u  
5 5 4  
5.46 

-811 
.a15 . 822 .825 
.E16 
-794 
.8W 

9-06 27.8 1W.8 

8.35 27.3 161.2 
8.77 28.1 165.5 

7.86 27.1 158.7 
6-68 24.2 141.5 
6.85 21.9 l2S.S 
6.48 20.1 122.8 

8.90 21.5 XS.7 
8.55 zO.8 m9.7  

6.72 18.2 140.2 
5.52 15.5 118.0 

7-88 20.2 155.4 

"2 

-752 
."I9 
-790 
-805 
.787 

5.57 
5.41 
5.41 
5 A 6  
5.55 - 
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TABLE 11. - LOW-SPEED CONFIGURATION (INLET GUIDE 

(a) Open  exhaust-nozzle 

F 

L 
0.404 

"2 
8817 
62c6 

5625 
s224 
5201 
4962 
4718 
4 x 2  
3843 

59987 

1 
2 
S 
4 
5 
8 
7 
8 
9 

10 

658 
656 
660 
6S6 
6B1 
668 
859 
669 
661 
6-62 

.404 
-403 
.a 
.401 . 392 
.+01 .cos 
.598 

( b )  Fixed exhaust-nozzle 
Run Reynolds 

number 
Index, 

.a2 

.s99 

.S98 

.397 
10 .sa1 

W b l n e  D3nU.b- 
i n l e t  n a r h  
t o t a l  l n l o t  

t a p e r -  t o t a l  
a tu re ,  teaper- 

a t 1 a t  
t o t a l  

k a p r r a -  

6468 

4268 
5922 

I 

". " 

c 

TABLE 111. - INLET GUIDE VANES CLOSED,  COMPRESSOR  ACCELERATION 

C-asor 
M e t  t o t a l  
preasura, 

BQ f t  ebs sq tt abs 

6.925 
6185 

5588 
010 

5175 
48.36 
4099 
4246 
3860 
2843 

6188 

857 

650 
660 

657 
858 
688 
860 
858 
658 
6.30 
66S 

4464 4240 
4010 SBlO 
5875 S677 
s525 
SO74 

-7 

SO19 
2897 

27 Bo 
2849 
2540 

2374 =I9 
1855 1708 
1484 1380 
845 788 

TABLE rv. - INLET GUIDE VANES OPEN, COMPRESSOR  ACCELERATION 

I f - .  .. J 
0.M 

-401 
.4a2 
.5B6 .404 
.sa* 
.599 

-401 
.568 

.sa9 



NACA RM E56B14 21 

VANES CLOSED, COMPRESSOR ACCELERATION BLEEDS OPEN) 

area of 4.42 square fee t .  

area of 3.01 sauare feet. 

I p3 I I I  I 1 3.48 

3.97 
5 . u  

5.60 
3.56 
3.47 
3.57 
5-11 
2.77 
2.75 - 

0.690 
-763 
-782 
.a12 
.a19 

-808 
.am . 

. 7 s  

.7m 

o.mg 
1.005 

.998 
-989 

1.002 .E82 
-845 
-879 

-799 
-7-19 

0.814 
.a10 
-118 
.el6 
.e28 

.808 800 

-807 
.7eo 
. 7 m  

2sl1 
a 4 5  
2337 
Po7 
2278 
aza7 
22m 
2107 
1978 
1988 

22.1 
16.6 

BLEEDS CLOSED, AND EXHAUST-NOZZLE AREA O F  4.42 SQUARE FEET 

Corpresaol F 
4.18 

2 -78 
2.25 

BLEEDS OPEN, AND EXHAUST-NOZZLE AREA OF 4.42 SQUARE FEET 

8.16 

6.97 
7-25 

6.16 
8.17 
5-05 
4.58 
5-93 
2.91 
2.51 

58.4 
67.0 
56.0 
51.6 
47.1 
L5.5 

58.1 
42.7 

31.8 

1 ~ 8 . 4  a.na 
m . 7  -790 
l6lJ .a00 
l s . 6  
150.5 

-82s 
.a26 

153.5 
125.0 

-829 

Ill.? 
..xu 

92.5 
.m 

74.5 
.748 
-685 

L 

I 
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Figure 1. - Installation of jll-A-2(600-D1) turbojet mglw In altitude test chamber. 
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0 .2 .6 . .a 1 .o 1.2 I .4 
Flight MBch number, 

Figure 3. - Variation of Reynolds number index vlth alt i tude and flight Mach number. 
RACA standard atmosphere; 100-percent ram-pressure recovery sssumed. 

. 
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0 n n 
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rl 
0- 

f 

Corrected air flov, wa f i /62 ,  lb/sec 
>1 

(a) High-speed configuration. Inlet guide vanee open;  compressor acceleration 
bleeds  closed. 

Figure 4. - Compressor performance map. R e y n o l d s  number index, 0.4. 
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IO 80 90 100 110 120 130 140 
Corrected  sir flav, va,l-&/82, lb/sec 

(b) LOW-EPW¶ configuration. Guide WE closed;  compressor  acceleration  bleeda open. 

Figure 4. - Concluded.. Campresaor performance mag. R e y n o l b  d e r  Wex, 0.4. 
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5 
m 

a h 
8 m 
P 

V B 

c 

Configuration  Inlet-guide- Cowressor- 
vane position bleed  position 

3000 4000 5ooo 6ooo 7000 
Corrected e@ne speed, X/*, rpm 

Figure 5. - E e c t  of Interstage  bleede and inlet-guide- 
vane position on steady-etate air flow and compressor 
efficiency. Exhaust nozzle open;  altitude, 35,000 
feet; Mach number, 0.4; i n l e t  teqerature, -300 F. 
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NACA RM E56BL4 

. 

c 

(a) Reynolds uunfber  index, 0.7. 

Figure 6. - Compressor  performance map for high-speed ConfigWatiOn (inlet 
guide vanes open; compressor  acceleration bleeds closed). 

. 
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(b) Reynolds number index, 0 .2 .  

F igure  6 .  - Concluded. Compreseor-perfo~.mance map f o r  high-speed con- 
f iguration  ( inlet  guide vanes open; compressor acceleration  bleeds 
closed).  
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.l .2 .3 A .5 .6 .7 
Reynolds number Index, Rei 

Figure 7 .  - Eifect of Reynolds number index on compreesor efYiciency and 
corrected a b  flow. Inlet guide vanes openJ  compreseor acceleration 
bleeds closed; exh8Wt-nOZ2le area, 3.01 square feet .  
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Figure 8. - Compressor per$ormance map showing l ines  of constant  corrected 
turbine-inlet  temperature.  Inlet  guide  vanes open; compreseor acceleration 
bleeds  closed; Reynolds number index, 0.4.  
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m rn 
0 

33 

1.2 1.4 1.6 1.8 2 .o 2.2 ' 2.4 
Combustor  temperature  ratio, T J T ~  

Figure LO. - Variation of combustor total-pressure-loss  ratio 
with  combustor  temperature  ratio. 
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45 

Figure 13. - Effect ofturbine Reynolds number index on cor- 
rected  turbine gas f low and turbine  efficiency . 
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0 20 30 40 so 
Altitude,  ft 

I 
4 

I I 
. 5  

Reynolds rider index 

Figure 15. - Effect of alt i tude on corrected  net thrust and corrected 
spec i f i c   fue l  consumption. Mach number, 0.9. 
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