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Bureau of ~ e r o m u t i c ~ ,  Department of the Zavy 

PIaLImMARY ALTIz.IIIDE PERF CE CHARACTERISTICS OF !lX8 J57-P-1 

TURBOaT E H G m  WITH FIXED-AJilEA EXHAUST BOZZLF: 

By Harry E, Bloomer md Robert R. Miller 

An investigation t o  determine the al t i tude performance of the 
J57-P-1 turboJet engine and components was conducted a t  the NACA Lewis 
al t i tude wind tunnel. Data were obtained over a corrected inboard rotor 
spead r a g e  from 56 t o  106 percent of rated speed, with intercompressor 
bleeds both open md closed, a t  al t i tudes from 15,000 t o  50,000 feet  and 
a t  a f l igh t  Mach number of 0.81. The corresponding range of Reynolds 
number indices was fram 0.858 t o  0.213. A l l  data presented were obtained 
with a fixed-area exhaust nozzle sized according t o  the manufactureras 
specification. 

Over-all engine performance parameters are presented as functions 
of inboard rotor speed corrected on the basis of engine in le t  t ~ p e r a t u r e ~  
Cmponent parameters are presented as  functions of their  respective cor- 
rected rotor speeds. A tabulation of a l l  perforntance data i s  included 
i n  addition t o  the graphical presentation. 

Corrected net thrust is wusud ly  sensitive t o  changes i n  corrected 
inboard rotor speed i n  the high speed region. A change of 1 percent i n  
speed, a t  sated speed, produced a change of' 6 percent i n  corrected net 
tmst . 

A t  rated engine speed, increasing the altitude from 15,000 t o  
50,000 feet  a t  a constant f l ight  Mach number of 0.81 increased the 
specific fuel  consungtion 13 percent but did not affect corrected 
net thrust. 
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INTRODUCTION 

At the request of the Na;vy Department, Bureau of Aeronautics, an 
investigation of the J57-P-1 turbojet engine performance was made in 
the altitude wind tunnel at the NACA Lewis laboratory. Presented herein 
are the engine performance data obtained with a fixed-area exhaust noz- 
zle during the first phase of the investigation. 

Data were obtained over a range of corrected inboard rotor speeds 
from 56 to 106 percent of rated speed, at altitudes from 15,000 to 
50,000 feet, at a flight Mach number of 0.81. The corresponding range 
of Reynolds number indices was from 0.858 to 0.213. 

At low rotor speeds, during norm1 engine operation, a portion of 
the engine air flow is bled overboard from between the compressors. This 
is done to avoid compressor surge which occurred at low rotor speeds. 
Data were obtained with and without compressor bleed over the entire 
range of rotor speeds investigated to allow an examination of the effects 
of bleed on surge and engine performance. 

The purpose of this report is to make available the altitude per- 
formance data of the J57-P-1 turboJet engine in usuable form with a 
minimum time delay. Accordingly, all engine and component parameters, 
with the exception of ideal jet thrust, are presented only as functions 
of corrected rotor speed. 

ENGINE INSTrnTION m LNSTRUMENTATION 
Engine 

A cross sectional. view of the J57-P-1 turbojet engine is shown in 
figure 1. This is a two-spool turbodet engine; the outboard rotor con- 
prises a 9-stage axial flow compressor driven by a 2-stage turbine) the 
inboard rotor is made up of a 7-stage axial-flow cqressor and a single- 
stage turbine, The compressors were connected to their respective tur- 
bine units by means of co-axial shafting. The combustor is of the can- 
nular type having eight tubular liners each with a piloting cone and 
six duplex fuel spray nozzles, 

The engine is equipped with two cmpressor bleed ports, which bleed 
air from the discharge of the outboard compressor, thereby lowering the 
outboard compressor pressure ratio and avoiding compressor surge. Open- 
ing and closing of the compressor bleeds is scheduled by outboard rotor 
speed and engine inlet total temperature. Depending upon the value of 
engine inlet total temperature the bleeds are scheduled to open or close 
between 5195 and 5660 rpgl of the outboard rotor. 



The fixed-area exhaust nozzle, used during this phase of the engine 
performance evaluation, was fabricated with the hot discharge area, 2.58 
square feet, prescribed in the manufacturerts Hardbook of Overhaul 
Instructions, and was installed on the engine together with elon- 
gated tail pipe. The purpose of the elongated tail pipe was to permit 
the measurement of accurate pressures and temperatures at the exhaust 
nozzle inlet. 

The data presented in this report were obtained with an inboard 
turbine first stage nozzle and an engine fuel flow divider different . 

than those installed on the engine at the time of the manuf"acturerts 
rating. The effects of these differences on engine thrust and specific 
fuel consumption were investigated and found to be negligible wer the 
range of conditions tested. The ma;nufacturerls rating of the J57-P-1 
engine tested (serial no. P420 150) was 9500 pounds thrust at an inboard 
engine speed of 9602 rpm, sea level static conditions. 

Instrumentation 

The location of the instrumentation stations is shown in the cross- 
sectional view of the engine in figure 1. In addition, a table is in- 
cluded indicating the number of total and statfc pressures and the num- 
ber of total temperatures measured at each station. 

Installation 

The J57-P-1 turbojet engine is shown installed in the altitude 
wind tunnel test section in figure 2. Ambient air was dried and either 
heated or refrigerated and then supplied to the engine by means of inlet 
ducting. The engine was supplied fuel of" the type MIL-F-5624A grade JP-4 
from the facility fuel system. 

Performance data were obtained at a flight Mach number of 0.81 at 
altitudes from 15,000 to 50,000 feet. Inboard rotor speed was varied 
from 5100 to 9700 QIU st every altitude except where compressor surge, 
overtemperature operation of the turbine, minimum fuel flow (approxi- 
mately 200 lb/hr, minimum allowable setting of test facility fuel con- 
trol throttle), or combustor blow-out were limiting factors. Data were 
obtained over the entire operable range of engine speeds at all alti- 
tudes investigated with the compressor bleeds both open and closed inde- 
pendent of the bleed schedule. 
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Turbine temperature limit was determined from the average of four 
control thermocouples equally spaced at the outlet of the outboard tur- 
bine. The average turbine outlet temperature was not allowed to exceed 
1100~ F (1560' R). Engine inlet temperatures were set at standard mACA 
values for each flight condition. 

Ideal jet thrust was calculated from pressures and temperatures at 
the exhaust nozzle inlet. Jet thrust was calculated by assuming an ef- 
fective velocity coefficient of 0.975, see reference 1. The symbols 
used in this report are defined in the appendix. 

RESULTS AND DISCUSSION 

All of the fixed-area engine data obtained during the altitude per- 
formance investigation are comgiled in table I. 

Engine Performance 

The relation between the inboard and the outboard corrected rotor 
speeds is shown In figure 3. A change in engine inLet Reynolds number 
did not change the speed match of the two rotors; but opening of the 
compressor bleeds does produce a small change in the speed match. 
Flagged symbols indicate operation with both compressor bleeds open 
and refer to the right hand ordinate. 

The occurrence of compressor surge causes a discontinuity in the 
engine steady state operating line, with the bleeds closed, at each 
flight condition investigated, The boundaries of these surge regions 
are denoted in appropriate figures throughout this report by crossed 
symbols. For compressor surge information see reference 2. 

Engine inlet corrected air flow is presented in figure 4 as a func- 
tion of inboard rotor speed corrected with station one pressure and tem- 
peratures to sea Level static conditions. The open da"ca points represent 
engine air flow with bleeiis closed, The flagged data points indicate the 
air entering the outboard compressor with bleees open. The solid data 
points indicate the air entering the inboard compressor when the bleeds 
are open. Corrected air flow at rated corrected inboard rotor speed was 
163 pounds per second at Reynolds number indices greater than 0.612, As 
Reynolds nmber index is decreased below a value of 0.612 air flow de- 
creases (154 lb/sec at a Reynolds number index of 0.213). 

The Vgriations of corrected fuel flow, exhaust gas temperature, and en- 
gine pressure ratio are shown as functions of inboard corrected rotor speed 
in figures 5, 6, and 7, Fuel flow and exhaust gas temperature increase as 
Reynolds number index decreases. The limit marks at the high speed 
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end of the temperature curves, figure 6, indicate the point of limiting 
turbine outlet temperature and w i l l  a lso  appear where practical i n  fol- 
lowing figures. Engine pressure ratio, figure 7, i s  not affected by 
Reynolds number as  much as fuel  flow and temperature but an increase i n  
pressure ra t io  does occur a t  the low value of Reynolds number index, in  
the high speed range. As would be expected, bleeding a i r  from the cam- 
pressor has a pronounced effect i n  lowering engine pressure ratio. 

The variations of corrected net thrust and specific fuel  consump- 
tion with corrected inboard rotor speed are presented i n  figures 8 and 
9. Although there i s  no effect of Reynolds number on je t  thrust there 
i s  an increase i n  minimum specific fuel  consumption from 1.057 t o  1.169 
i n  decreasing the Reynolds number index from 0.858 t o  0.213. Thrust i s  
very sensitive t o  changes i n  inboard corrected rotor speed in  the high 
speed region. A speed change of 1 percent, near rated, produces a 6 per- 
cent change i n  net thrust,  

Ideal je t  thrust i s  presented as  a function of exhaust nozzle pres- 
sure drop parameter, 1.25 p9 - 

Po ' i n  figure 10. These data correlate 

t o  one straight l ine  a s  predicted i n  reference 3. 

Canponent Performance 

Outboard compressor. - Outboard compressor corrected- a i r  flow, pres-. 
sure rat io,  and efficiency, are presented as functions of outboard cor- 
rected rotor speed in  figures 11, 12, and 13. The a i r  flow data (fig. 
11) are similar i n  appearance to the data shown i n  figure 4 where the 
same a i r  flow was plotted against inboard corrected speed. There i s  
l i t t l e  effect of Reynolds number on pressure ra t io  ( f ig .  1 2 )  but opening 
the bleeds drops the pyessure ra t io  from 3.60 t o  3.25 a t  a speed of 6000 
rpm and a Reynolds number index of 0.858. Open bleeds, however, allowed 
the compressor to  operate s t a l l  f ree  over the complete range of engine 
speeds and Reynolds number indices, (see ref. 2 .  ) Outboard compressor 
efficiency, figure 13, changes from a m a x i m u  of 88.3 percent a t  a 
Reynolds number index of 0.858 t o  a peak value of 85.2 percent a t  an in- 
dex of 0.213 with closed bleeds. Opening the bleeds improves the peak 
compressor efficiency a t  a l l  values of Reynolds nunber index but the peak 
i s  also shifted farther from the design speed. Crossed symbols denote 
the boundaries of the compressor surge region. 

Inboard compressor. - Inboard colnpressor corrected a i r  flow, pres- 
sure ratio, and efficiency are presented as  functions of corrected in- 
board rotor speed i n  figures 14, 15, and 16. The trends i n  the a i r  flow 
curves, figure 14, are the same a s  those shown i n  figure 4 with about the 
same percent effect of engine in le t  Reynolds number. Inboard compressor 
pressure rat io,  figure 15, i s  affected more by changes i n  engine in le t  
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Reynolds nurnber than i s  outboard pressure ra t io .  Opening the compressor 
bleeds does not a f fec t  inboard pressure r a t i o  appreciably. Reynolds 
number, again, has sizeable e f fec t  on inboard ccanpressor efficiency 
a s  shown i n  figure 16. Maxkum efficiency changes from 87.5 t o  83-5 
percent over the range of Reynolds number index investigated. Opening 
the compressor bleeds, i n  the case of the inboard compressor, lowers 
efficiency; t h i s  i s  contrary t o  the trend shown i n  outboard campressor 
efficiency. 

Over-all compressor uni t .  - Over-all compressor a i r  flow i s  pre- 
sented i n  f igure 4 and was discussed previously. Over-all compressoE 
pressure r a t i o  and efficiency are  presented a s  functions of corrected 
inboard rotor  speed i n  f igures  1 7  and 18. Pressure r a t i o  i s  affected 
by engine inlet Reynolds number only a t  the high speed end and drops 
about 10 percent when the bleeds a r e  opened a t  rated speed. Over-all 
compressor efficiency, shows the same trends a s  the individual compres- 
sor efficiencies;  namely a decrease i n  efficiency with a decrease i n  
Reynolds number index, 

Combustor. - The variat ion of combustion efficiency and combustor 
t o t a l  pressure lo s s  a s  functions of corrected inboard rotor  spee% are  
presented i n  figure 19. Combustion efficiency decreases with the lower 
c ~ b u s t o r  pressures, associated with low Reynolds number indices. A t  
rated speed, peak efficiency changes from 99.4 t o  97.1 percent over the 
range of Reynolds number indices covered. Combustor t o t a l  pressure lo s s  
decreases from a value of about 8 percent a t  the lower corrected speeds 
and leve ls  off t o  5.5 percent a t  rated engine speed. 

Over-all turbine uni t ,  - Over-all turbine pressure ra t io ,  corrected 
gas flow, and turbine efficiency a s  functions of corrected inboard rotor  
speed pare shown i n  figure 20, Turbine pressure r a t i o  r i s e s  t o  a maximum 
value of about 4.43 a t  a corrected inboard speed of 8500 r p m  and remains 
essent ia l ly  constant over the r e s t  of the high speed range. A constant 
value of corrected gas flow i n a c a t e s  tha t  the turbine i s  operating with, 
choked flow over the range of speeds investigated. Over-all turbine ef- 
ficiency shows a clefinite effect  of engine i n l e t  .Reynolds number, espe- 
c i a l l y  a t  the lower value of corrected rotor  speed. A t  the highest values 
of Reynolds number index the turbine efficiency i s  almost constant a t  85 
percent over the range of speeds investigated. The low values of 
Reynolds number index bring about a decrease i n  efficiency t o  83 percent 
a t  rated speed. 

Lewis Fl ight  Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, April  26, 1954 



The following symbols a re  used i n  t h i s  report: 

F~ 
j e t  thrust ,  l b  

idea l  j e t  th rus t  lb ,  calculated frcan pressure and temperatures a t  
FJ9 the exhaust nozzle i n l e t ,  i b  

Fn net thrust ,  l b  

Q acceleration due t o  gravity, 32.2 fi/sec 2 

M Mach number 

rotor  speed, r p m  

t o t a l  pyessure, 1b/sq f t  

s t a t i c  pressure, lb/sq f t  

gas constmt 

t o t a l  temperature, OR 

s t a t i c  temperature, OR 

velocity, f t / sec  

air f l m ,  lb/sec 

f u e l  flow, lb/hr 

gas flaw, lb/sec 

r a t i o  of specific heats 

where 

6 r a t i o  of absolute t o t a l  pressure i n  engine t o  absolute s t a t i c  
pressure of MACA standard atmosphere a t  sea l eve l  
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'-I efficiency 

P density, slugs/cu f t  

f3 r a t i o  of absolute t o t a l  temperature i n  engine t o  absolute s t a t i c  
t e q e r a t u r e  of NACA standard atmosphere a t  sea l eve l  

cP r a t i o  of absolute viscosity of a i r  i n  engine t o  the absolute vis- 
cosity of a i r  of NACA standard atmosphere a t  sea l eve l  

U * Reynolds number index 

Subscripts: 

a a i r  

b combustor 

c combined 

cr c r i t i c a l  

i idea l  

i n  inboard 

out outboard 

t turbine 

0 a l t i t ude  t e s t  condition 

1 outboard compressor i n l e t  

2 inboard compressor i n l e t  

3 inboard compressor discharge 

4 inboard turbine i n l e t  

5 outboard turbine i n l e t  

6 outboard turbine discharge 

9 exhaust nozzle i p l e t  
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TABLE I. - ALTITmlE PERFORMANCE DATA OP TIDA J-57-P1 TURBOJET ENGINE 

C O N F ' I D r n  TAT. 

Reynolds 
number 
index 

(station 2), 

6 d * 2 6  

1.853 ----- 
1.671 
1.617 
1.440 ----- 
1.070 
1.743 
1.597 
1.319 
1.060 

1.368 
1.344 
1.285 
1.220 
,9787 
.a041 
.6863 

-6439 
i.268 
1.180 
-9332 
.7707 
.680T 

----- ----- 
.9304 
.8880 
.7495 
.SO80 

.4600 

.a970 

.a524 

.7255 

.5754 

.4750 

0.6148 
.5873 
.6013 
.4885 
.3217 

.2972 

.5507 

.4908 

.3607 

0.4776 
.4849 
.4604 
.4495 

'3953 
-4525 
.3773 
.3148. 
.2633 

Reynolds 
number 
index 

(station 1 , 
6 d * l d  

0.8351 ------ 
.82180 
.a584 
-8650 
.a490 

.a639 

.a627 

.a701 

.a716 

.a635 

0.6085 
.6129 
.6105 
.6120 
.6120 
.6130 
.6109 

.6044 

.6216 

.6092 

.6147 

.6147 

.6133 

----- ----- 
.4225 
.4231 
.4231 
.4344 

.4331 

.4306 

.4283 

.4322 

.4311 

.4248 

0.2683 
.2642 
.2705 
.2642 
.2665 

.2583 

.2639 

.2666 

.2655 

0.2077 
,2111 
.2089 
.2124 

.2124 

.2159 

.2142 

.2234 

.2142 

speed 

borrected, 
*out -, 
6 
rpm 

6183 
5891 
5403 
5131 
4595 
3966 

3026 
6007 
5217 
4197 
2971 

6422 
6101 
5769 
5426 
4647 
3421 
2372 

1830 
6248 
5515 
4480 
3241 
2397 

---- ---- 
6152 
5778 
4978 
2714 

1875 
6500 
5849 
4828 
3650 
2468 

6608 
6205 
6173 
5259 
2957 

2486 
6402 
5328 
3814 

6616 
6538 
6229 
5868 

5331 
6414 
5153 
4002 
3195 

Outboard 

N ~ ~ ~ .  
rpm 

6152 
5925 
5429 
5156 
4680 
3974 

3035 
5989 
5207 
4189 
2974 

6223 
5918 
5596 
5258 
4503 
3315 
2301 

1778 
6013 
5354 
4337 
3137 
2320 

6242 
6241 
5760 
5410 
4657 
2532 

1754 
6052 
5456 
4504 
3402 
2300 

6079 
5729 
5700 
4856 
2730 

2300 
5900 
4915 
3518 

6092 
6071 
5736 
5403 

4913 
5890 
4745 
3685 
2942 

Engine 
inlet 

indicated 
temperature, 

T1 9 

9( 

514 
525 
524 
524 
520 
521 

522 
516 
517 
51 7 
520 

487 
488 
488 
487 
487 
487 
488 

490 
481 
489 
486 
486 
486 

--- --- 
455 
455 
454 
452 

454 
450 
452 
450 
451 
451 

439 
443 
443 
L43 
443 

444 
441 
442 
442 

440 
447 
440 
440 

441 
438 
440 
440 
440 

engine 

Adjusted, 

%, 
- b K  

rpm 

6189 ---- 
5429 
5171 
4607 
3994 

3050 
6043 
5254 
4231 
2992 

6216 
5911 
5589 
5258 
4503 
3315 
2298 

1772 
6049 
5342 
4341 
3140 
2322 

---- ---- 
5709 
5369 
4622 
2525 

1749 
6036 
5428 
4487 
3393 
2291 

6134 
5752 
5729 
4885 
2752 

2305 
5935 
4954 
3546 

6129 
6048 
5793 
5457 

4942 
5949 
4783 
3707 
2971 

Ambient 
static 

pressure, 
po, 
lb 

sq ft abs 

1173 ---- 
1185 
1186 
1185 
1172 

1180 
1184 
1186 
1180 
1184 

774 
776 
777 
777 
776 
775 
774 

771 
774 
774 
775 
775 
774 

491 --- 
488 
486 
488 
488 

483 
488 
487 
489 
487 
483 

295 
293 
299 
290 
290 

289 
291 
290 
289 

230 
242 
226 
229 

234 
236 
235 
247 
231 

 light 
Mach 
number, 

M~ 

0.776 ----- 
.793 
.a17 
.816 
.all 

.823 

.a04 

.814 

.821 

.815 

0.809 
.816 
.810 
.812 
.813 
.815 
.815 

.814 

.a15 

.815 

.815 

.a15 

.814 

----- ----- 
.820 
.826 
.819 
.840 

.852 

.826 

.828 

.833 

.832 

.825 

0.825 
.828 
.831 
.838 
.847 

.822 

.828 

.844 

.a43 

0.822 
.806 
.844 
.847 

.829 

.829 

.830 

.823 

.847 

'~un 

1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 

46 
47 
48 
49 

50 
51 
52 
53 
54 

Equivalent 
ambient 
air 

temperatwe, 
t 
0;' 

459 --- 
465 
462 
459 
460 

460 
457 
457 
456 
459 

431 
431 
431< 
430 
430 
430 
431 

433 
425 
432 
429 
429 
429 

--- --- 
401 
400 
400 
396 

396 
396 
398 
397 
396 
397 

386 
390 
389 
388 
387 

391 
388 
387 
387 

388 
396 
385 
385 

388 
385 
387 
388 
385 

Altitude, 
ft 

15,000 

25.000 

35,000 

45,000 

50,000 



TABLE I. - Continued. ALTITUDE PERFORMANCE DATA OF THE J-57-P1  TURBOJET ENGINE 

Run 

1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

12 
13 

Jet thrust Engine 
total 

temperature 
ratlo, 
Tg/T1 

2.907 - - - - - 
2.385 
2.181 
1.825 
1,591 

1.308 
2.888 
2.309 
1.702 
1.333 

3.140 
'2.898 

Net thrust Engine 
total 
pressure 
ragfo, 
P9/P1 

2.380 - - - - - 
1.769 
1.532 
1.147 
.a947 

0.7702 
2.098 
1.552 
1.004 
.7724 

2.551 
2.313 

Corrected 
F /6 
jlbl 

11998 ----- 
7986 
6580 
3983 
2084 

1165 
10103 
6619 
a941 
1099 

13286 
11719 

- 
Fn, 
$b 

6339 - - - - 
3741 
2781 
1134 
105 

-387 
4978 
2615 
297 
-549 

4870 
4155 

Inboard engine speed 

Adjusted, 
pj/6,, 
lb 

10013 - - - - - 
6773 
5668 
3452 
1797 

1018 
8658 
5726 
2557 
951 

7566 
6705 

rdeal, 

Fjji, 
lb 

10145 - - - - - 
6947 
5818 
3543 
1823 

1040 
8872 
5878 
2616 
976 

7664 
6821 

Adjusted, 
Fd6,. 
lb 

-- 
6414 - - - - 
3741 
2779 
1133 
107 

-388 
4983 
2612 
297 
-548 

4931 
4188 

Fj, 
lb 

9891 - - - - 
6773 
5673 
3454 
1777 

1014 
8650 
5731 
2551 
952 

7472 
6650 

Corrected 
(station 21, 

- Nin 

6 
7893 ---- 
7570 
7428 
7155 
---A 

6547 
8076 
7701 
7193 
6659 

7975 
7864 

Corrected, 
FdS1, 
lb 

7689 - - - - 
4410 
3201 
1308 
124 

-445 
5815 
8020 
342 
-634 

8669 
7325 

Corrected 
(station 1). 
- Nin 

d.5 
9756 
9502 
9050 
8762 
8193 
7686 

6960 
9795 
9012 
8016 
7014 

9879 

Nin. 
rpm 

9707 
9556 
9094 
8804 
8201 
7701 

6080 
9766 
8994 
8000 
7021 

9670 

Adjusted, 
Nin 

3 

9765 ---- 
9094 
8830 
8250 
7740 

7015 
9854 
9075 
8080 
7063 

9658 
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TABLE I. - Continued. ALTITUDE PERFORMANCE DATA OF THE J-57-P1 TURBOJET ENGINE 

~ u n  ' 
1 
2 
3 
4 
5 
6 

7 
6 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 - 
37 
38 
39 
40 
41 

42 
43 
44 
45 

46 
47 
48 
49 

50 
51 
52 
53 
54 

t 
lb/aec 

1k0.22 - - - - - - 
116.35 
1MJ.06 
87.08 - - - - - - 
52.02 
140.19 
117.55 
84.39 
56.41 

101.73 
96.70 
88.60 
80.63 
59.36 
39.58 
28.03 

Zl.78 
98.89 
85.73 
61.78 
41.02 
30.87 

----- ----- 
63.41 
58.16 
43.24 
20.99 

13.95 
66.20 
60.44 
45.19 
30.03 
a0.06 

42.14 
39.00 
39.43 
28.65 
12.94 

12.75 
40.33 
31.77 
18.92 

32.68 
33.34 
30.39 
28.24 

22.78 
32.68 
23.59 
16.09 
12.60 

Corrected 

wa 
-%- 
lb/sec 

169.25 - - - - - - 
137.67 
125.03 
100.49 - - - - - - 
59.98 
163.32 
135.54 
97.13 
65.21 

175.18 
165.26 
151.95 
138.12 
101.68 
67.68 
48.04 

37.61 
168.31 
147.11 
105.52 
90.06 
52.85 

------ ------ 
165.50 
151.62 
112.90 
S3.55 

35.59 
176.09 
156.42 
115.87 
77.33 
52.42 

177.67 
166.10 
163.99 
122.02 
54.63 

55.45 
172.49 
134.26 
80.32 

177.88 
176.50 
164.47 
150.32 

121.08 
171.67 
124.56 
81.43 
66.53 

A d u t e d  

~ ~ , ~ ~ ~ + g ,  
ba 
lb/aac 

141.06 - - - - - - 
116.35 
107.85 
86.49 - - - - - - 
58.88 
139.08 
116.41 
83.81 
56.03 

103.05 
97.57 
89.22 
81.11 
59.72 
39.90 
28.21 

22.01 
99.09 
86.59 
62.09 
41.23 
31.02 

- ----- ------ 
64.74 
59.56 
44.02 
21.18 

14.16 
69.22 
61.47 
45.64 
30.42 
20.46 

43.32 
40.56 
40.02 
29.74 
13.46 

13.34 
42.02 
32.91 
19.68 

34.18 
33.47 
32.06 
29.43 

23.33 
33.04 
23.99 
15.61 
13.02 

- Wf, 
lb/hr 

6745 
6913 
4073 
3175 
1770 
987 

407 
6318 
3557 
1346 
455 

5155 
4292 
3435 
2650 
1216 
440 
220 

188 
4760 
2930 
1158 
405 
225 

3621 
3642 
2716 
2195 
1049 
222 

201 
3360 
2271 
1010 
404 
239 

2225 
1785 
1790 
856 
220 

134 
2082 
1014 
350 

1815 
1819 
1465 
1196 

752 
1708 
714 
332 
167 

Specific 

Wf/Fn. 

1.064 - - - - - 
1.089 
1.142 
1.561 
9.224 

----- 
1.269 
1.36 
4.532 ----- 
1.059 
1.033 
1.025 
1.037 
1.472 ----- ----- 
----- 
1.247 
1.254 
2.407 ----- ----- 
- - - - - ----- 
1.018 
1.035 
1.209 ----- 
----- 
1.206 
1.197 
1.726 ----- ----- 
1.076 
1.046 
1.044 
1.125 ----- 
--- -- 
1.274 
1.359 ----- 
1.098 
1.093 
1.071 
1.077 

1.159 
1.271 
1.463 
15.81 ------ 

Air_ Flow 

W e  
lb/aec 

13.53 
11.33 
9.10 
7.19 

9.59 
8.79 
7.07 
5.05 
4.33 

6.58 
5.85 
5.25 
3.88 
2.86 

4.02 
3.46 
2.52 

3.28 
2.60 
2.08 
1.69 

Puel 

Adjuated, 

.a<' 
lb/hr 

6867 ---- 
4073 
3179 
1778 
1002 

410 
6 3 X  
3583 
1362 
457 

5211 
4321 
3451 
2686 
1223 
444 
221 

189 
4827 
2947 
1166 
408 
227 

---- ---- 
2724 
2213 
1051 
223 

203 
3390 ---- 
1012 
407 
242 

2326 
1871 
1635 
899 
233 

140 
2195 
1067 
370 

1920 
1812 
1578 
1271 

780 
1761 
738 
326 
176 

flow 

corrected. 

- 
.Iw& 
lb/' 

8223 ---- 
4778 
3637 
2039 
1154 

466 
7402 
4116 
1555 
526 

9459 
7797 
6264 
4835 
2219 
801 
401 

343 
8745 
5336 
2111 
738 
480 

---- ---- 
8088 
6526 
3130 
651 

586 
10008 ----- 
2976 
1196 
718 

11103 
6911 
8729 
4273 
1088 

682 
10482 
5033 
1743 

11651 
11174 
9352 
7510 

4705 
10637 
4444 
1984 
1038 

fuel 

&* 
1.071 
----a 

1.089 
1.144 
1.569 
9.364 

----- 
1.28 
1.372 
4.586 ----- 
1.057 
1.032 
1.023 
1.037 
1.47 ----- ----- 
----- 
1.252 
1.251 
2.409 - ---- ----- 
- - - - - ----- 
1.01 
1.028 
1.198 ----- 
----- 
1.202 ----- 
1.721 ----- ----- 
1.087 
1.05 
1.05 
1.134 ----- 
----- 
1.282 . 
1.33 ----- 
1.105 ----- 
1.082 
1.087 

1.168 
1.284 
1.473 
15.38 ----- 

W a n  
lb/aec 

140.22 ------ 
116.35 
108.06 
87.08 
63.15 

52.07 
126.66 
106.22 
75.89 
49.22 

101.73 
96.70 
88.60 
80.63 
59.36 
39.58 
28.03 

21.78 
89.30 
76.94 
54.71 
35.97 
26.54 

----- ----- 
63.41 
58.16 
43.24 
20.99 

13.95 
61.62 
54.59 
39.94 
26.15 
17.20 

42.14 
39.00 
39.42 
28.65 
12.94 

12.75 
36.31 
28.29 
16.40 

32.68 
33.34 
30.39 
28.24 

22.78 
29.40 
20.99 
14.01 
10.91 

conaunption 

Ad.l~ated,~Corrected. 

Wf 

&& 
1.069 ----- 
1.083 
1.136 
1.559 
9.306 

----- 
1.273 
1.363 

----- 
1.081 
1.064 
1.057 
1.070 
1.521 
6.675 ----- 
----- 
1.295 
1.293 
2.486 ----- ----- 
----- ----- 
1.087 
1.106 
1.291 ----- 
----- 
1.294 ----- 
1.853 ----- ----- 
1.170 
1.145 
1.131 
1.219 ----- 
----- 
1.381 
1.472 ----- 
1.194 
1.177 
1.163 
1.170 

1.258 
S.384 
1.586 
16.957 ------ 

C o e t d  ' 
(atation 1)1 

Wa,;;fi, 

lb/aec 

147.56 
122.47 
86.66 
56.90 

151.99 
132.03 
93.44 
61.43 
45.44 

159.70 
141.28 
102.41 
67.33 
44.94 

155.30 
119.55 
69.62 

154.44 
110.83 
70.90 
57.60 

Coik-ected 
(atation 2)1 

Wa,g*, 

lb/sec 

56.10 ----- 
53.30 
52.13 
49.47 ----- 
44.24 
55.11 
52.97 
48.80 
43.34 

56.17 
55.51 
54.26 
53.16 
50.46 
45.79 
40.28 

34.19 
54.90 
53.10 
49.10 
44.49 
38.99 

----- ----- 
54.86 
53.88 
50.37 
42.40 

32.41 
55.30 
53.84 
49.53 
44.53 
38.17 

54.95 
54.17 
63.55 
51.05 
41.34 

44.84 
54.10 
50.87 
44.56 

54.61 
54.54 
53.91 
52.55 

50.07 
53.45 
49.79 
43.19 
42.35 
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TABLE I. - Concluded. ALTITUDE PERFORMANCE DATA OF THE J -57 -P I  TURBOJET ENGINE 

Run 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 

2s 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
38 

37 
38 
39 
40 
41 

42 
43 
44 
45 

46 
47 
48 
49 

50 
51 
52 
53 
54 

Cca~bu~~tion 
effiaiency, 

nb 

1.004 ----- 
1.000 
1.013 

.981 

.927 

.915 

.998 
1.002 

.986 

.915 

.996 

.991 

.995 

.998 

.991 

.914 ---- 
---- 
.990 

1.009 
.986 
.931 ---- 
---- ---- 

0.987 
,965 
.961 ----- 

----- 
.997 
.977 
.951 
.774 ----- 
.980 
.979 
.979 
.968 
.433 

----- 
.949 
.952 
.729 

0.956 
.958 
.972 
.955 

.948 

.954 
,967 
.759 
,825 

Cmbustor 
p ~ e a s u ~ e  

$'!: 
-5- 

0.0550 - 
.0511 
.0512 
.0561 
.0699 

.0770 

.0589 
,0552 
.0624 
.0748 

0.0563 
.0553 
.0532 
,0525 
.0582 
.0742 
.W09 

.0877 

.0580 

.0882 

.0590 

.0724 

.0796 

----- ----- 
0.0555 

.0530 

.a535 

.0771 

.0859 

.0545 

.0595 

.0545 

.0679 

.0768 

.a549 

.a558 

.0545 

.0568 

.a703 

.a785 

.0554 

.0567 .0647 

0.0542 
.a537 
.0554 
,0540 

.a539 
,0550 
.a591 
.0633 
,0681 

-st 
hater' 

(EBZY$;l) 

4018 .-... 
2783 
2333 
1446 
847 

593 
3589 
2568 
1124 
585 

3021 
2697 
2292 
l.RR& 
974 
Z 
309 

252 
2641 
1889 
894 
430 
307 

2137 ---- 
1752 
1479 
807 
222 

166 
1873 
1417 
737 
323 
192 

1286 
1102 
1119 
613 
148 

127 

1103 656 

220 

1020 
1027 
879 
759 

509 
904 
451 
201 
130 

Combined 

er%:::zy, 
nT 

0.8501 ------ 
.a389 
.8507 
.a455 ----- 
.a387 
.8514 
.8500 
.8485 
.8387 

0.8483 
.8537 
~8431 
,8561 
.W24 
.8429 ----- 
----- 
.8588 
.a435 
A571 
.8507 ----- 
----- ----- 

0.8581 ----- 
.8873 ----- 
----- 
.a523 
.a523 
.a559 
,8493 ----- 
.a421 
.a365 
.a418 
.8374 ----- 
----- 
.8391 
.8397 
.8250 

----- 
.a333 
.8385 
,8378 

.a268 

.a295 
,8268 
.8161 
.SO00 

CwnDined 

ratio, 
PdPs 

4.486 _ _ _ _ _  
4.471 
4.454 
4.384 
3.807 

3.302 
4.482 
4.462 
4.212 
3.206 

4.465 
4 . 4 3  
4.470 
4.447 
4.409 
3.597 
2.807 

2.036 
4.465 
4.467 

-4.327 
3.446 
2.609 

----- _---- 
4.462 
4.445 

&$.%% 2.967 

2.128 
4.467 
4.460 
4.409 
3.821 
2.706 

4.43b 
4.490 
4.445 
4.432 
3.188 

2.754 
4.421 
4.415 
3.865 

4.427 
4.431 
4.431 
4.428 

4.390 
4.431 
4.417 
4.046 
3.399 

Turbine 

is$!$? 
04 

lb/sec 

31.15 ----- 
30.93 
30.79 

30.44 ----- 
30.13 
30.63 
30.61 
30.20 
29.58 

31.27 
31.28 
31.03 
31.03 
30.80 

30.88 ----- 
----- 
30.52 
30.35 
30.04 

29.68 ----- 
----- ----- 
30.78 
30.78 

30.75 ----- 
----- 
30.&1 
30.66 
29.95 

29.03 ----- 
30.56 
30.69 
30.19 

30.86 29.40 

----- 
30.30 
29.98 
29.59 

----- 
30.59 
30.77 
30.50 

30.63 
30.18 
30.36 
28.61 
30.18 

efficiency 

Combined, 
~ l , , , ~ b .  

0.8473 _ _ _ _ _ _  
.a566 
.8501 
.8480 ----- 
.8238 
.8238 
.a546 
.8551 
.8347 

0.8207 
.8365 
.8441 
.8440 
.SO55 
.el70 
.7582 

.6866 

.7883 

.8481 

.a391 

.SO85 

.7797 

_ _ _ _ _  ____-  
0.8300 

.a422 

.SO56 
,7941 

.6873 

.776 

.8228 

.8286 

.el26 

.7993 

.so22 

.8205 

.a235 

.8137 

.8152 

.8050 

.7788 

.a234 

.7883 

0.796 
.8100 
.SO95 
.8214 

.SO64 
,7778 
.a094 
,7936 
.7717 

Compreaea 

Outboard, 
nc,out 

0.8609 -_____ 
.a838 
.SSP6 
.a766 ----- 
.85W 
.8589 
.8888 
.a867 
.a971 

0.8358 
.8654 
.8750 
.8782 
.843 
.8227 
.7708 

.7517 

.SO97 

.8929 

.a693 

.a509 

.8101 

_ _ _ _ _  _ _ _ _ _  
0.8545 

.8764 

.8519 

.7778 

.6667 

.7970 

.8577 

.8686 
,8426 
,8125 

,8275 
.a520 
.8549 
.8428 
,7883 

.7570 
,8080 
.8651 
.a119 

0.8263 
,8336 
.a396 
.a555 

.a348 
,8066 
.8517 
,8208 
.7843 

Cnnpreseor 

Outboard. 
p2/y1 

3.728 _ _ _ _ _  
3.093 
2.828 
2.326 ----- 
1.442 
3.245 
2.705 
1.977 
1.384 

3.403 
3.660 
3.406 
3.113 
2.358 
1.601 
1.240 

1.123 
3.410 
2.948 
2.153 
1.472 
1.204 _ _ _ _ _  _ _ _ _ _  
3.738 
3.426 
2.623 
1.329 

1.133 
3.585 
3.164 
2.378 
1.644 
1.220 

4.095 
3.813 
3.806 
2.841 
1.404 

1.298 
3.568 
2.775 
1.715 

4.126 
4.084 
3.806 
3.511 

2.886 
3.592 
2.607 
1.818 
1.455 

total  

corrected, 

T@. R  

1509 _ _ _ _  
1238 
1132 
947 
825 

679 
1489 
1199 
884 
698 

1628 
1503 
1388 
1265 
981 
753 
625 

568 
1640 
1338 
971 
748 
637 

_ _ _ _  _ _ _ _  
1519 
1389 
1089 
660 

558 
1749 
1458 
1086 
801 
653 

1746 
1600 
1593 
1242 
713 

858 
1776 
1332 
895 

1794 
1754 
1653 
1513 

1299 
1813 
1304 
956 
828 

T ~ .  
0% 

1494 _ _ _ _  
1250 
1143 
849 
829 

683 
1490 
1194 
880 
693 

1529 
1414 
1306 
1186 
921 
707 
588 

538 
1519 
1261 
910 
703 
597 

-___ _ _ _ _  
1331 
1217 
953 
574 

488 
1517 
1269 
945 
696 
587 

1477 
1364 
1358 
1059 
608 

563 
1509 
1134 
762 

1522 
1512 
1402 
1283 

1104 
1529 
1106 
811 
7M 

Inboard, 

0.8777 _ _  ---- 
,8683 
.86%1 
.a514 ----- 
.8301 
.8515 
.a555 
.@SO1 
.8214 

0.8599 
.8523 
.8546 
.8493 
.a06 
.8320 
.7652 

.6667 

.8254 

.8414 
,8409 
,8010 
,7881 

_---- 
0.8522 

.SO7 

.SO42 

.8216 

,6933 
.a171 
,8310 
.a270 
.8153 
.7952 

.83W 
,8399 
.8420 
.a275 
.a434 

.a382 

.a084 
,8236 
,8019 

0.832 
.a405 
.a349 
.8324 

,8256 
,8084 . ,8109 
,8037 
.7889 

Enhauat-ps 
temperatwe 

Adjusted, 
T e a *  

R 

1513 _ _ _ _  
1250 
1150 
961 
838 

691 
1517 
1215 

898 702 

1526 
1411 
1303 
1<188 
921 
a07 
587 

532 
1537 
1255 
911 
702 
598 _ _ _ _  _ _ _ _  

1308 
1199 
939 
571 

486 
1509 
1256 
938 
692 
563 

1504 
1375 
1372 
1073 
618 

566 
1529 
1152 
774 

1542 
1501 
1431 
1310 

1116 
1561 
1124 
822 
717 

pressure 

Inboard, 
P ~ / P ~  

3.136 _ _ _ _ _  
2.797 
2.659 
2.404 ----- 
1.953 
3.197 
2.827 
2.376 
1.917 

3.218 
3.096 
2.961 
2.809 
2.436 
2.070 
1.675 

1.381 
3.296 
2.991 
2.488 
2.090 
1.728 _ _ _ _ _  __-__ 
3.112 
2.959 
2.558 
1.803 

1.390 
3.384 
3.125 
2.618 
2.188 
1 . 7 4  

3.289 
3.142 
3.148 
2.713 ----- 
----- 
3.352 
2.892 
2.237 

3.299 
3.264 
3.161 
3.012 

2.717 
3.355 
2.796 
2.301 
2.024 

ratio ' 

Combined, 
p3fi1 

11.69 _ _ _ _ _  
8.649 
7.519 
5.593 
4.143 

2.616 
10.37 

7.648 
4.698 
2.735 

12.56 
11.36 
10.09 
8.744 
5.745 
3.315 
2.076 
--- 

1.552 
11.24 
8.817 
5.358 
3.077 
2.081 

_ _ _ _ _  _ _ _ _ _  
11,632 
10,139 
6.708 
2.397 

1.575 
12.130 
9.887 
6.225 
3.597 
2.127 

13.47 
11.98 
11.98 
7.708 ----- 

------ 
11.96 
8.024 
3.837 

13.61 
13.353 
12.03 
10.56 

7.839 
12.05 
7.290 
4.184 
2.946 



C
O

N
FID

EN
TIA

L 

i %b
N

 
4

0
 

q
m

 
l
m
 

o
a
, 

k
 

P
I 

F! 0 

C
O

N
FID

EN
TIA

L 



Figure 2. - J57-P-1 turbojet engine instal led i n  a l t i tude  wind tunnel. 
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compressor b leeds  open 
@ Points  i nd ica t e  regions of com- 

operation i s  poss ib le .  ( @ 
surge boundary, no d a t a  point ) .  

Figure 3. - The va r i a t ion  of corrected outboard r o t o r  speed wi th  
correc ted  inboard r o t o r  speed over a range of Reynolds number 
indices .  F l i g h t  Mach number 0.81. 
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amount of air  flow 
tween compressors 
indicake both eom- 

s open - air  flow into 

Figure 4. - The variation of corrected a ir  flow with corjrected 
inboard rotor speed over a range of Reynolds number indices. 
Flight Mach number 0.81. 



Figure 5 ,  - The var i a t ion  of corrected f u e l  flow wi th  corrected 
inboard r o t o r  speed over a range uf  Reynolds number indices .  
F l i g h t  Mach number 0.81. 
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Figure 6. - The variation of corrected exhaust gas t o t a l  tempera- 
t u r e  with corrected inboard ro to r  speed over s range of Reynolds 
number indices,  Fl ight  Mach number 0,81. 
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Figure 7.  - The va r i a t ion  of engine t o t a l  pressure  r a t i o  wi th  corrected 
inboard r o t o r  speed over a range of Reynolds number indices .  F l i g h t  
Mach number 0.81. 



Figure 8. - The variation of corrected net thruet with cmected inboard 
rotor speed over R rsnge of Reynold8 number inclicee. Flight Mach 
number 0.81. 





Figure 10. - The va r i a t ion  of i d e a l  j e t  t h r u s t  wi th  exhaust nozzle pres-  
su re  drop parameter over a range of Reynold8 nwiber indices.  F l igh t  
Mach number 0.81. 



compressor bleeds open 

pressor  surge - no s teady s t a t e  
operation is  poss ib le .  ( @ 
surge boundary, no da ta  po in t ) .  

Figure 11. - The va r i a t ion  of corrected a i r  f l o w  wfth correc ted  
outboard r o t o r  speed over a range of Reynolds number indices.  
F l i g h t  Mach number 0.81. 
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Flagged points i nd ica t e  both  
compressor bleeds open 

@ Points  i nd ica t e  regions of com- 
pressor  surge - no steady s t a t e  
operatl.on is  poss ib le .  ( @ 
surge boundary, no d a t a  p o i n t ) .  

Figure 12 ,  - The variation of outboard compressor pressure r a t i o  
with correc ted  outboard r o t o r  speed over a range of Reynolds 
number indices  ., Fl igh t  Mach number 0,81. 
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Figure 13, - The var ia t ion of outboard compressor efficiency with 
corrected outboard rotor. speed over a range of Reynolds nunber 
indices. Fl ight  Msch number 0.81, 
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Figure 14. - The va r i a t ion  of corrected Inboard air flow with cor- 
rec ted  inboard r o t o r  speed over a range of Reynolds numl~er indicea,  

' 

Fl igh t  Nach number 0.81. 



Figure 15, - The va r i a t ion  of inbosxd compressor pressure ra.t;io w j t h  
correc ted  inboard r o t o r  speed over a range of Reynolds number indieecp, 
F l i g h t  Mach number 0+81, 
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Figure 16. - .The variation of inboara compressor efficiency with cor- 
rected inboard rotor  speed over a range of Reynolds number indices. 
FLigl~t Mach number 0,81. 



Figure 17. - The variation of over-all CompTessor preeeure ratio wfth 
comeeted inbopt~d rotor speed over a range of Reynolds nmber tndieee, 
Flight W c B  number 0.81 



Figure 18,  - The vmis t lon  of over-all compressor efficiency with cur- 
xected inboard rotor  speed over a range of' Reynolds number indicees 

\ 

\ 
Flight  Mach number 0.81. 



F i g u r e  1 9 ,  - The v a r i a t i o n  of  combustion performance p a r m e t e r a  w i t h  
c o r r e c t e d  inboard r o t o r  speed over  a range  of Reynolds number i n d i c e s .  
F l i g h t  Mach number 0.81. 



Figure 20, - The var ia t ion of turbine parromance pmameters wlth eor- 
rected inboard rotor speed over s rmge of Reynolds number iradice8. 
Flight Mach number 0,81. 
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