St &

Gopy 6 :

Ty

NACA RM E55]11

RE

—— o ————
v

CLASSIFICATION CHANGED

(pCLASSIFIED

s e ——
0. o e e m———
—————

RM E55]11

. & 2
HMCLASSIFIED

SEARCH MEMORANDU M

0 B

ALTITUDE PERFORMANCE EVALUATION

-
-

N OF J71-A-11 TURBOJET ENGINE -
Q“'; By James W, Useller and George-E. Pappas
L
]
'g: Lewis Flight Propulsion Laboratory
1 Cleveland, Ohio
N!. R
‘5‘ ——=saw R -
= -
mﬁmwmwmmt&wmumwm-mﬂn&m
of ml'hll TUJSIBU.BC anﬂm tha trapamisaion or revelxtioa of whick in any
»y,

JATFONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
March 30, 1856

cg\b s

\ \‘\‘! \_ r\“)



LT6E

CT-1

é&ﬂ...-bam.-_.__-_ _—

'3 1176 01436

SN
NATIONATL ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM

ALTITUDE PERFORMANCE EVALUATION OF J71-A-11 TURBOJET ENGINE

By James W. Useller and George E. Pappas

SUMMARY

An investigation of the altitude performence of the J71-A-11 turbo-
Jjet engine was conducted in the NACA Lewis altitude wind tunnel. Data
were obtained with five exhsust=nozzle areas and with the varlable-area
exhaust nozzle interlinked with the control system at condltlions simu-
lating £l1ight at a Mach number of 0.8 and altitudes of 35,000 and 45,000
feet. Data simulating operation at zerc flight Mach number at an alti-
tude of 15,000 feet are also included. Engine component performance data
are presented In eddition to the over-all engine performsznce.

INTRODUCTION

In cooperation with the U. S. Alr Force, an altitude performance
eveluation of the J71-A-11 turbojet engine was made in the NACA lLewis
altitude wind tunnel. A calibration of the Douglas thrust rake was also
made to provide a means of measuring thrust during the flight applica-
tion of the J71 turbojet engine. Data were cbtained wlth flve exhaugt-
nozzle areas and with the engine control system modulating the fuel fiow
and engine speed.

The engine performance was obtained for a range of engine rotor
speeds from 4500 to 6100 rpm at conditions simuleting flight at a Mach
number of 0.8 at altltudes of 35,000 and 45,000 feet. Performance data
were also obtalned at zero flight Mach number at an altitude of 15,000
feet. Component performence data are presented in addition to the over-
all englne performance.

APPARATUS ANRD PROCEDURE
Engine

The J71-A-11 turbojet engine (fig. 1) has an annular inlet, a 16-
stage axial-flow compressor, a cannular-type combustor wlth 10 cylindri-
cal Inner liners, a three-stage turbine, and a varisble-area iris-type
exhaust nozzle. The engine has a military thrust rating of 9700 pounds
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at 6100 rpm and & turbine-outlet gae temperature of 1150° F at sea-level
statlc conditions.

To facilitate acceleration in the engine-sgpeed range below 85 per-
cent of rated speed, the engine is equipped with two-position compressor-
inlet gulde vanes and four air-bleed ports at the campressor elghth
stage. -The gulde vanes are closed and the bleed ports open up to 85 per-
cent of rated rotor speed. At higher speeds, the ports are closed and
the guide vanes assume the normal open position.

Instrumentation

Instrumentation for measuring temperatures and pressures was in-
stalled at varlous stations throughout the engine as shown in figure
1(a). The table accampanying the figure indicates the number and type
of measurements obtained at each station. Air flow to the engine was
measured by a venturli section in the ram pipe ahead of the engine.

Figure 1(b) shows a schematic of the arrangement of the totel-
pressure and temperature probes in the engine tall pipe. The pressure
probes of the Douglas rake were manifolded to indicate an average prea-
sure, while the probes of the more camprehensive survey (station 9) were
read Individually. The comprehensive pressure survey wssg made with in-
strumentation supplied by Arnold Engineering Development Center (AEDC)

and was located 6% inches downstream of the Douglas rake.

Instellation

The englne was mounted on & wing section that spanned the 20-foot-
diameter test section of the altitude wind tunnel. Dry, refrigerated
airy was supplied from the tunnel make-up air system through a duct to
the engine inlet. The inlet-air duct was connected to the engine by
means of a frictionless slip-joint which permitted installation drag and
thrust to.be measured by the tunnel balance scales. The alr leakage
through the engine-~iniet-screen actuator ports was callbrated and in-
cluded in the values glven for engine air flow.

Procedure

Steady-state performence data were obtained at conditions simulat-
ing flight at a Mach number of 0.8 at altitudes of 35,000 and 45,000
feet. Datas were.also obtalned at a simulsted altitude of 15,000 feet at
zero flight Mech mmmber. For the 35,000- and 45,000-foot flight condi-
tions, the engine was operated with both the variable-area exhaust
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nozzle interlinked with the engine control system and with five fixed
exhaust-nozzle areas. The flve exhaust-nozzle areas were established by
limiting the stroke of the variable-area exhsust-nozzle operating mech-
anlism to establish exhaust areas of 100, 104, 108, 114, and 119 percent
of rated area. The variable-area exheust nozzle had an area range from
rated to 126 percent of rated exhaust area. ZEnglne speeds from 4500 to
6100 rpm weré Investigated with each nozzle area. All operation was
with the inlet gulde vanes and compressor-bleed ports fixed in the nor-
mal, high-speed positions.

All performence date were obtained at standard NACA inlet condi-
tions of pressure and temperature corresponding to the indicated flight
conditions. In addition, data were cobtained at an altitude of 35,000 .
feet, with the interlinked control system, et iniet-air temperatures of
475°, 450°, and 430° R.

The fuel used throughout this investligation conformed to the specl-
Tications of MIL-F-5624a, grade JP-4, and had a lower heating value of
18,700 Btu per pound and a hydrogen-carbon ratio of 0.171.

A 1list of the symbols used herein is contalned in the egppendix, and
e tabulation of the data obtained 1s presented 1n table T.

PRESENTATION OF DATA

The over-all engine performance of the J71-A-11 turbojet engine
using five exhaust-nozzle aress ig presented In Pfigures 2 to 4 at zero
flight Mach number at an altitude of 15,000 feet and a flight Mach num-
ber of 0.8 at altitudes of 35,000 and 45,000 feet. The specific-fuel-
consumption date presented were based on the thrust measured by the bal-
ance system. All exhsust-gas temperature date, unless otherwise noted,
are based on measurements from the AEDC rake. All engine performance
data have been adjusted by the factors &g and 68g to NACA standard
altitude conditions to eliminate small devietions 1n setting test con-
ditions. Similar engine performance ddta are shown in figure 5 for the
two higher altitudes when the engine fuel flow and exhsust-nozzle area
were modulated by the menufacturer’s control system. To evaluate the
effect of deviation of the engine-inlet-alr temperature from NACA stand-
ard temperature (440° R) for the indicated fllight condition, the engine
was operated at inlet-ailr temperatures of 4300°, 4400, 450°, and 475° R.
The varlation of the net thrust and fuel flow with iInlet-air temperature
is shown in flgure 6.

The performance of the engine components (campressor, combustor,
turbine and tall pipe) is presented in figure 7. Data are shown for op-
eration with the five exhaust-nozzle sreas and with the variable-ares ex-
haust nozzle. The component performance has been adjusted to sea-level
conditlons to permit generalizstion of the data. The deviation of some
of the performance varlables with the variable-areas exhaust nozzle from
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the efficiencies obtained with the fixed areas in the low-speed range i1s
due to the fact that at low speeds the nozzle area, when operating on
interlinked control, was larger than that of the largest fixed-nozzle
setting.

It was anticipated that, when the engine was installed in the flight
vehlicle, the Douglas thrust rakes installed in the tail pipe would pro-
vide an-average tall-pipe total pressure that can be used to indicate a S
functicn of jet thrust that will be readable during flight operstion.

To evaluate the average pressure reading indicated by the Douglas rake,
a8 more comprehenslve pressure survey was installed as near as practical
10 the plane of the Douglas rake. The indlcated tail-pipe total pres-
sure from the Douglas rake is compared with the average pressure deter-
mined from the detalled survey 1in figure 8. The fallure of the data for
operation at an altitude of 35,000 feet ta coincide with that at 45,000
feet is probebly due to a shift in the pressure profile in the tail pipe
and/or a shift in the swirl pattern leaving the turbine as the turbine
operating conditions are chenged with altitude. The tall-pipe total . _
pressure determined by the Douglas rake may be used to determine a jet-

thrust parasmeter as is shown in figure 9. The thrust parameter shown

here is based on the balance-system measurements and shows relatively

good agreement with the values of the pressure parameter based on the ~
Douglas rake average total pressure. A detailled discussion of the devi-
ation and relisbility of the thrust parameter is contained in reference 1.
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A calibretion of the air leakage through the engine-inlet-screen
actuator ports is shown in figure 10. For flight Mach numbers less than
0.4 the legksge flow is into the englne 1nlet, and for higher Mach num-
bers the leakage is out of the engine inlet. The engine¢ alr-fiow dats
presented include the air leakage and represent the actual air flow to
the compressor. o : : R I —- R

Lewis Flight Propulsion Laboratory _
National Advisory Comuittee for Aeronautics
Cleveland, Ohio, October 11, 1955
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APPENDIX - SYMBOLS
area, sq ft
Jet thrust from AEDC rske
Jet thrust from Douglas rake
Jet thrust from balance system
net thrust from Douglas rake
net thrust from balence system
Msch number
engine rotor speed, rpm
total pressure, 1b/sq ft
static pressure, 1b/sq ft
total temperature, °r
air flow, 1b/sec
fuel flow, 1b/hr
welght flow, 1b/sec

correction factor for varlation of speclfie heats,

T
~1
(=
* z
T *

-y
-1
r* 4+ 1 r
2

ratio of specific heats

ratio of total pressure to NACA standard total pressure et indi-
cated flight condition

ratio of total pressure to stetic sea-level pressure, P/2116
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! efficiency, percent

8y, ratio of total temperature to NACA standard total temperature at
indicated flight condition

6g; ratio of total temperature to static sea-level temperature, T/519

Subscripts:

b canbustor

c compressor R . -

e compressor-inlet screens

t turbine

o free stream

1 engine inlet

2 compressor outlet

3 caombustor inlet

4 turbine inlet

5 turbine ocutlet

9 exhaust-nozzle inlet . -

Superscript: .

*

NACA standard sea-level condition

REFERENCE

1. Sivo, Joseph N., and Fenn, David B.: A Method of Measuring Jet Thrust

of Turbojet Engines in Flight Installations. NACA RM E53J15, 1954.
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TADLE 1. - ALTITUDE FERFORMANCE

Rus | Altitude, | Flight Enzine | Altitude B 'ine- Engine- | Coxpresscr-| Conpressor- Turbine- Turbine- | Turbine— Turbira-
ft Mach speed, statie inlet inlet outlet outie’ inlet inlet outlet outlet
nunmber, N, pressure, tusal tewper- total temperaiure, total temper- total tamper-
My rpm Yor prissure, | sture, | Pressure, T, pressmre, | ature, | pressure,| ature.
1b/sq €t 2y Ty P., o} Pyr Tes Pg, »
Ib/sq £t R lb/alq fe lb/eq ft %R lb/:l.u (32
Pixed-ares
1 15,000 [+] €103 ‘1183 1198 456 10,510 944 8372 2175 2968 1584
2 5300 119G 1198 455 ¥,947 919 8432 2037 2786 1458
z 5704 1197 1202 458 9,313 8888 1830 2632 15718
+ 83504 1196 1202 463 8,877 883 8298 1642 2443 1307
o 5301 1197 1205 480 a,037 856 7618 1737 2374 1232
3 8102 1197 463 7,286 854 68 1837 2088 b3Y 34
T 4903 1197 1208 467 +»543 al4 5178 1658 1912 1114
] 8101 1197 1206 456 10,540 940 9798 2078 2810 1487
9 5904 1192 1198 463 9,655 g24 9148 1988 2605 1393
10 6904 1202 12086 457 9,812 920 1961 2640 1391
11 5706 1202 1211 458 8,250 898 8805 1861 2560 1311
12 5508 1202 1215 460 8, 703 a7s 82268 1773 /S l242
13 8502 1194 1203 459 8,646 875 8153 1785 2326 1250
14 5302 1191 1186 458 7,964 851 7541 1sa7 2163 1717
i5 5254 1201 1210 459 7,819 48 7437 1854 2122 1180
1& 5104 1191 1198 457 7,332 824 6934 1587 2017 1118
17 4901 1193 1198 452 6,704 798 5330 1483 1879 1062
18 6102 1197 1198 452 10,164 933 9622 3 2627 1428
18 5903 1197 1204 459 9,624 g8 9106 1897 e4m 1323
3700 1197 1207 462 8,052 8574 2337 e
21 5505 1197 1208 465 8,418 88z 7968 1720 2187 1198
P 5303 1187 1207 464 7,770 as7 7344 1826 cO4L 1134
23 5108 1196 1209 468 7,059 837 6661 1540 1891 1063
24 4903 1185 1206 471 6,343 s12 5974 1465 144 1042
28 6088 1197 1203 453 10,075 9530 1943 2468 1348
26 5302 1198 1204 482 9,549 910 5034 1828 2355 1268
27 5705 1197 1208 453 8,893 888 8517 1732 2239 1154
23 5507 1195 1206 456 8,422 868 7965 1647 2100 1138
23 5300 1197 1204 460 7,784 848 1350 1559 1965 ple -1
30 S104 11%8 1207 458 7,125 B24 &118 1482 1838 1035
31 4900 1285 1202 460 8,430 801 /055 1415 1723 ke
32 8101 1195 1203 454 9,508 925 8272 1918 2368 1324
33 8104 1191 1191 462 9,761 236 1910 2333 1518
34 5904 1191 1194 467 #,191 217 8693 1004 2204 1lw40Q
38 5104 1293 1198 467 8,844 02 8176 1717 2047 L1y
38 5503 1193 1197 472 6,030 a84 589 1828 1967 112e
37 5502 1193 1201 481 7,868 895 7432 1649 1829 1140
38 6302 1193 1198 477 7,301 [:0:1:3 6981 1553 X 1074
39 BlO1 1192 1197 471 6,768 a%8 6382 1467 1714 x5
40 4905 1193 1200 475 6,158 815 STas 1409 1623 396
ot
41 55,000 0.8 6103 BO%.1 T8.2 430 6,817 43 6472 2257 1940 1625
42 5897 $08.0 777.6 450 6,471 918 6116 1823 1495
4 5685 510.0 779.0 451 6,089 BaY 5743 1875 1713 1397
L4 5496 607.0 179.2 450 5,720 a68 5417 1834 1595 1e95
&4 5300 508.2 779.3 447 5,239 845 4965 1744 1456 1230
+6 51c4 504.0 T8L.2 450 4,860 823 4588 1625 1324 1144
47 4502 507.4 780.4 450 4,239 795 4052 1485 1189 1060
48 4698 50%8.0 T78.7 450 3,007 767 3376 1357 1043 260
49 4301 £06.2 778.2 451 5,341 739 3132 1245 827.% 883
S0 6102 510.5 780.5 452 6,659 944 6317 2144 1803 1526
&1 8102 509.4 782.4 453 6,740 941 6385 2150 1815 1327
52 6100 500.5 779.0 454 5,638 942 §342 2188 1826 1548
53 $900 510.2 780.6 452 6,510 919 5981 1700 1431
54 5700 £10.7 782.2 452 5,563 897 5858 1914 1598 1347
-3 5500 509.9 781.2 452 3,550 8712 6272 1803 1430 1067
56 2437 501.0 772.2 450 5,574 889 52487 180% 1431 126%
57 5303 S01.1 172.4 450 5,162 a4s 4887 1699 1389 1189
58 5234 510.2 780.1 450 4,982 838 4717 1653 1311 1155
59 5104 502.8 172.7 452 4,682 817 £428 1674 1236 1101
80 4901 500.5 172.1 460 4,231 791 3981 1448 1119 1018
61 4700 489.3 T13.4 461 3,730 767 1322 981 .1 227
62 4581 499.6 768.3 €30 3,461 35228 1236 203.8 881
63 6097 506.89 178.9 451 6,575 930 5237 2071 1708 14680
64 5904 506.9 778.0 454 6,240 913 B 1945 16X3 1363
85 5704 504 .8 T74.3 453 5,869 889 $S60 1821 503 1288
66 5504 504 .8 778.0 454 5,487 865 5185 1710 1404 1187
a7 5298 504.8 778.2 452 » asg 4782 1 1263 1118
(] ] 5103 513.2 787.6 452 4,635 817 4388 1490 1170 ¥
6% 4904 504.1 TT5.4 452 4,073 781 3831 1374 1051 304
0 4698 506.2 T76.7 452 ’ 764 3462 1263 $30.0 ara
n 4555 509.5 T10.0 483 3,376 145 31568 1193 880.7 a33
7R 6102 497.3 769.0 447 6,480 925 6134 1597 1304
73 5 496.3 767.8 450 8,146 08 5816 1871 1505 1291
T4 5701 97, 767.2 449 » 883 5486 1758 1420 1018
75 £99.1 170.7 451 5,441 861 5148 1652 1326 1143
78 5300 499.3 770.8 451 5,030 a37 4752 16568 1223 1072
7 5104 495.9 7689.1 a7 4,809 812 4340 1452 1108 9
78 4908 +*98.0 170.1 448 4,158 787 3904 1345 1000 S28
78 4703 498.3 T71.3 447 3,701 759 3465 1237 893.8 853
B0 4580 LT 77Ll.1 448 3,474 745 3247 1185 843.9 Bis
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OF J71-A-11 TURBOJET ENGIRE

Teil-pire Tail-pipe | Tail-pipe Tail-pipe Engine- Inlet Puel Jet Jet thrust Jet Exhaust-
total total temperature tewperature Inlet BeTeen flaow, | thrust [ (AEDC reks], thrust nozxle
pressure ssure | (1EDC rake}, {Dougles air flow, | leakage,| Wr. | scale, Prar area,
(AEDC rake), | (Douglas Tgs reks}, Wa,1» Va1 lb}hr Fy.es r rake}, Ag,
Pg. rake), o Tg.pr ib/sec Eﬁ———?— e 1b Py pr percent
1b/sq £t Pg,ps , L 4 rated area
ib/sq £t 1b/sec
exhaust nozrles
2301 2902 1540 1547 100.61 2.20 8438 62352 63835 6598 100 1
2726 2724 14358 1448 98.55 2,08 4765 5681 56837 5849 100 2
257L 7 1364 1572 85.06 1.87 42002 5144 5293 5172 100 3
2405 2383 1301 1306 89.86 1.85 3676 46804 4685 4665 100 4
2224 2218 1230 1231 85.87 1.59 5189 4025 4115 4104 100 -3
1 1168 1171 79.70 1.19 3405 3478 3475 100 ]
1879 1877 1118 1117 71.78 <71 2299 2813 2821 2019 100 7
2724 2720 1469 1478 100.26 2.03 5059 5887 5998 8010 104 a
2 2535 1390 1403 28.62 1.97 4383 5310 5408 B426 104 9
2887 2575 1380 1338 28.82 2.08 4435 5409 S542 104 10
2440 2439 1306 1514 95.97 1.83 35940 4940 SO045 7 104 11
2282 2284 1243 8 90.54 1.52 3452 4410 4422 4431 104
2264 2264 1250 91.11 1.61 3452 4378 4488 4478 104
2105 2106 1184 1189 85.22 1.50 3041 3850 3896 104
79 1165 1172 a85.52 1.32 2908 3754 3752 3767 104
1968 1967 1127 1147 al1.81 1.28 2648 3357 3388 3419 104
1 1856 1087 b 76.42 1.08 2273 2876 2867 104
2554 2559 1407 1414 99.02 2.14 4726 5478 65586 S600 109
2402 2413 1524 87.85 2.00 4096 3 S153 5157 108
2301 2272 1257 125% $2.88 1.80 3828 4551 4614 4577 109
2108 7 1202 90.42 1.58 75 4028 4202 4135 109
1978 1588 1142 1143 85.85 1.37 2769 3493 3526 109
1837 184S 1092 1094 78.73 1.10 2388 2899 2988 I005 109
1718 1715 1047 1046 73.15 .95 2008 2355 2800 109
2431 2426 1338 100.48 2.13 £396 5234 5359 5344 11¢
2263 2298 1263 1261 28.11 1.85 4804 4825 4874 114
2141 2176 1199 93.98 1.66 342¢ 4354 4320 £370 114
2043 1146 1145 88.18 1.55 3017 3845 3792 3849 114
1893 1913 1 I 85.75 1.38 63568 3551 3361 3338 114
1770 1790 1047 1049 80.52 1.18 2286 20824 2874 2812 114
1887 1874 1 1004 73.93 1.00 19735 2405 2381 2394 114
1320 1308 101.46 2.10 4224 5043 119
2197 2274 1315 1307 99.28 2.20 4108 4973 490) 5012 118
2141 1239 96.17 2.00 3580 4383 4490 119
1957 1169 <49 1.86 3164 4075 5905 3891 119
1901 1902 11as 1120 28.29 1.61 2760 3838 3542 3531 119
le28 1874 1148 1138 85.57 1.50 2747 3521 3315 3397 118
1747 1781 1085 1087 o 1.37 24 2932 119
1659 1874 1036 1057 76.84 1.17 2737 2508 9
1581 1587 1000 988 71.64 .95 1792 2361 2106 2118 219
los87 1896 1592 1601 &4.14 -5.68 3652 4732 4833 4852 100
1780 1894 1470 1480 62.49 -3.73 3175 4372 2439 4555 100
1668 1668 13088 1402 §0.86 -5.79 4032 4095 4113 100
184% 1551 1282 1293 58.55 -3.688 2461 3692 3702 3720 100
1454 1424 1221 1239 55.92 -3.93 2110 3267 5547 3551 100
L] 1282 1142 1152 52.42 —4.02 1782 2893 2882 100
1147 b3 1051 1055 48.48 -4 .10 1416 2598 2421 2430 100G
2017 1019 265 982 44 .44 -£.12 1130 1975 1872 1974 100
904.9 805.1 888 831 40.57 -4.18 a4 1581 1694 100
1755 1750 1497 1508 654.34 -3.72 3514 4591 4602 104
1770 1766 1508 1517 84.34 -5.69 3385 4549 4620 4632 104
1778 1774 1318 63.7% =3.71 3408 4485 4605 4618 104
X 3 1411 1423 62.23 -3.78 2950 4195 4224 4239 104
1851 13532 1346 60.79 -5.79 2WB25 3915 3935 104
1442 1448 1257 1265 57.69 -3.88 2285 3514 3539 3528 104
1443 1448 1257 1289 58.02 -3.89 2293 5 3554 3577 104
1184 1192 55.25 -5.97 199¢ 3133 3183 3182 104
1284 1292 1152 1157 54.45 ~5.96 1858 3010 104
1197 lass 1102 51.97 -4.01 1639 2708 2728 2741 104
1074 108%L 1018 1015 48.37 —4£.10 1540 2295 2504 104
852.7 860.2 935 44.15 -4.20 1058 1880 1867 1875 104
a82.7 aas.5 8%0 a8T 41.58 -4.19 806 1622 1619 1623 104
1652 1658 1435 1438 62.96 =5.72 3175 4T44 4323 4331 108
1560 1569 1546 62.01 =5.T4 2792 4061 4035 4 109
1450 1461 1281 1265 60.40 81 2426 37235 3822 3841 lo9
1341 1361 1189 1190 57.85 -67 358¢ 347TT 3499 109
1247 1117 1116 54.89 -5.98 1 2957 2850 2865 108
1129 1145 1038 10359 52.02 —4 .02 1479 2558 2543 2563 109
1091 1015 962 961 48.57 -£.09 274 2260 2163 109
8sa.2 08.5 889 888 44 .89 —4.15 954 1783 1754 1768 109
az22.7 859.0 a2 840 41.51 -4.20 a1s 1531 1455 1480 109
1531 13580 1380 65,09 -3.72 29712 4119 4 4313 114
1438 1463 1287 1267 £3.30 -3.78 2580 3914 3935 3958 11¢
1347 1377 1212 1209 61.41 -5.82 2264 3514 3801 3626 114
1254 5 1142 1137 59.43 -3.89 1959 3219 5296 114
1151 1187 1073 1065 56.72 -5.94 1688 2836 2893 2527 114
1041 1077 1002 891 53.335 -4.04 1415 2470 2489 2527 114
941.4 978.8 930 4£9.46 -4.10 1156 7 2074 2120 114
845.9 875.6 asg 850 45.88 —4.18 918 1881 1 1732 114
-1 -1 82€ 818 43.52 -4 .20 al2 1501 1503 1555 114
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TABLE I. - Concluded. ALTITULE PERFOHMANCE
-
Altitude, | Flight | Bngine | Altitude Engine- |Engine- | Compreasor- | COMprennor- RurbIne- ine-] Turblne- ] Xurbine-
re Mach |} speeq, static iniet inlet outlet outlet inlet inlet outletl outiet
» N, Pressure, total temper- total temperature, total temper- total Lempirr -
My rpa Pas pressure, ature, |pressure, Tas pressure, ature, pressurs, ature,
1b/sq ft 1r Ty» 2r e Ter Fg» Te 2]
1b/3q £t °r 1v/8q £t 1b/oq ft % in/8q £ R @w
2]
Fixed-are ﬂ'
35,000 ©.8 6103 480.7 770.1 454 €574 928 6025 1832 1518 1336
5903 495.7 271.1 452 8072 908 5743 1819 1440 1oy
5703 498.2 7712.2 454 5744 885 5436 1724 1367 1179
5498 497.7 775.0 450 5388 857 5086 1625 byl 1110
5301 487.3 770.7 450 4989 834 4717 1630 13rh 14 E
5102 497.3 769.7 450 4566 811 4284 1423 1070 9756
4900 - 498.4 770.2 450 4117 784 3860 13513 952.4 02
£776 499.0 T71.9 450 3835 768 80 1248 498.1 a5s
4632 498.0 768.8 450 3506 751 5276 1182 833.1 813
45,000 0.8 5997 314.8 481.7 42 4215 927 2273 1ouh 1678
5904 316.4 482.7 447 4098 916 36892 2192 111 1587
5701 317.7 483.2 444 3862 896 36865 2049 1041 1455
5301 517.7 482.2 446 3303 247 3159 1807 930.7 1768
4300 316.3 483.1 448 2702 T93 2583 1035 T46.7 1078
47385 318.8 465.8 443 2601 772 2359 1439 687.7 1012
G100 519.4 485.9 460 4188 $58 3373 2282 114t 1599
5902 316.6 482.9 480 3967 932 3761 2120 1076 1505
5697 318.3 4684 .4 460 37715 916 5540 1998 1005 raun
318.2 482.5 449 3523 873 5341 1872 948 1310
530% .2 485.5 450 3229 843 3066 1767 864 1250
3224 318.9 483.0 460 5093 848 2928 1724 8d5.3 1708
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EY
OF J71-A-11 TURBOJET ENCGINE
Tail-pipe Tail-pipe | Tatl-pipe Tall-pipe Engine- | Inlet Fuel Jet Jot thrust Jet Exhaust~
- total total ap re perature inlet Boreen flow, | thruat | (AEDC rake), | thrust nozzle
preassursa asure {AEDC rake), {Douglas aipr flow, | leakage,| Wp, scale, "_1 e {Douglas area,
(AEDC rake), | (Douglas T, rake), Wa,1s ~To1 | 1b/hr [ Fy,aes n’) rake), Ag,y
Pg, rake}, °: Tg,D» 1b7lsc e v®a, s Fy,p percent
1b/eq £t 1’; D~ og - Sm b rated area
— 1b/8q £t 1b/sec
g exbaust nozrles
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T14.7 810.8 81g 808 42.22 —4.20 a1s 1488 1401 2457 119 as
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© 1143 1140 1539 1551 38.99 -3.73 2174 2798 2868 2076 100 9
< 1972 1082 1433 1447 37.90 -35.73 1900 2679 2626 2833 100 a2
887.4 907.5 1256 1275 34 .50 -5.99 1582 2064 2087 2119 100 a3
< 8.1 §65.2 1078 1080 30.03 —4.03 952 | 1551 1481 100 94
o~ 657.6 663.8 1013 1017 24.58 -£.08 alz 1530 1548 1388 100 85
t 1109 1109 1571 59.18 -3.68 20841 2866 2878 104 -]
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906.7 914.5 1322 1326 37.68 -5.79 1596 % 2562 23574 1Q9 108
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972.2 loss 975 870 54.968 ~3.93 1415 2578 247S —_—
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17580 1788 1571 1581 60.61 -3.79 3583 3865 4474 4499 -—
1582 1885 1410 1427 59.47 =3.77 2792 3938 5579 —
1241 1286 1188 55.84 -4.25 2068 3168 5214 5221 ——
1012 109¢ 1077 1076 55.21 -5.90 1624 2456 2719 -_—
216.7 881.2 990 5l.24 —4 .00 1285 2145 2142 2249 —
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Flgure 1, - Schematic diagram of J71l-A-11 turbo jet engine with
instrumentation stations and details,

Lise

TLrSSH WY VOVE




oYL(

NACA RM E55J11

L
-~ o] .
‘ ©
@ v
O i
i
| ‘.
0O ® 0 O—4— 0 & O
O
® :
(O] I_a"’
O
Douglas thrust rake
r18.80
7 © Thermocouple
Ie) C Total pressure
®
(@
@
O
® *
® o \
°oe o lof) !
® o ® t
—L+5g o :,
@
o} e,
o e
®
o
X
O
L
O

Comprehensive survey at station &.

{p) Tail-pipe instrumentation detalls.

Figure 1l = Conocluded.

]

Schematlc dilagram of J71-A-11 turbojet engine,
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(b) Engine fuel flow.

Figure 2, - Performance of J71-A-11 turbojet engine
with flxed=area exhaust nozzles. Altitude, 15,000
feet; flight Mach number, O.
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Figure 2. — Contlnued. Performance of J71-A-11l turbojet engine
with fixed-area exhaust nozzles. Altitude, 15,000 feet;

flight Mach number, O,
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Figure 2, -~ Continued.
with fixed-area exhaust nozzles. Altitude, 15,000 feet;

flight M=ach number O.

Performance of J71-A-11 turbojet engine
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(e) Net thrust measured by balance system.
Figure 2. - Continued. Performance of J71-A-11 turbojet engine

with fixed-area exhaust nozzles. Altitude, 15,000 feet;
£flight Mach mmber, O.
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(b) Engine fuel flow.
Figure 3. - Performance of J71-A-11 turbojet engine

with fixed-area exhaust nozzles. Altltude, 35,000
feet; flight Mach number, 0.8, '
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Figure 3. = Continued. Ferformance of J71-A-11 turbojet engine
with fixed-area exhaust nozzles. Altitude, 35,000 feet;
flight Mach number, O.8.
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Figure 3., = Continued. Performance of J71-A-1l turbojet engine
wlth fixed-erea exhaust nozzles. Altitude, 35,000 feet;
flight Mach n‘mber, O.8.
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(e) Net thrust measured by balance system,

Figure 3, = Continueds Perfarmance of J71-A-l1ll turbojet engine
with fixed-area exhaust nozzles. Altitude, 35,000 feet;
flight Mach number, 0.8,
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Figure 3. - Concluded., Performence of J71-A-11 turbojet engine
with fixed-aresa exheust nozzles. Altltude, 35,000 feetl;
flight Mach mumber, O.8.
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(b) Engine fuel flow.

Figure 4.~ Performance of J71-A-ll turbojet engine with
fixed—area exhaust nozzles. Altitude, 45,000 feeot;
flight Mach number, 0.8.
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Filgure 4. - Continued. Performence of J71-A-11 turbojet engine
with fixed~area exhaust nozzles, Altltude, 45,000 feet;
flight Mach number, 0O.8.
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Figure 4. - Contimieds Performance of J71-A-11 turboJet engine
with fixed-area exhaust nozzles. Altitude, 45,000 feet;
flight Mach number, 0.8.
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Figure 4.-Concluded. Performance of J71-A-~1l turbojet
engine with fixed-area exhaust nozzles.

45,000 feet; flight Mach number, O.8.
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Figure 5.- Simulated flight performance of J71=-A-11
turbojet engine using interlinked control system
and variable-area exhaust nozzle. Flight Mach

number, 0.8.
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Figure 5. = Continued. Simulated flight performasnce of
J71-A-11l turbojet engine using interlinked control
system and variabl e-area exhaust nozzle. Flight Mach
number, 0.8,
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Simulated flight performance

of J71-A-11 turboJet engine using interlinked control
system and variable-aree exhaust nozzle.
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Figure 6. —Effect of engine-inlet temperature on altitude
performance of J71l-A-1il turbojet engine. Variable—ares
exhaust nozzle interlinked with engine control system.
Altitude, 35,000 feet; flight Mach number, 0.8.
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control system. Altitude, 35,000 feet; flight Mach
number, 0.8.
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