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RESEARCH MEMORANDUM

ATTTITUDE PERFORMANCE OF J35-A-17 TURBOJET ENGINE
IN AN ALTITUDE CHAMBER

Bj K; R, Vincent and B, M. Gale

SUMMARY

An lnvestigatlion of the altitude performance characteristles
of an Allison J35-A-17 turbojet engine has been conducited In an
altitude chamber at the NHACA Iewis laboratory. Engine performance
was obtained over & range of altitudes from 20,000 to 60,000 feet
et a £light Mach mmber of 0.62 and a range of flight Mach nmumbers
from 0.42 to 1.22 at an altibude of 30,000 feet.

The performance of the engine over the range Investigated could
be generalized up to an eltitude of 30,000 feet, Performance of the
engine at any £light Mach mumber in the range investigated can be
predicted for those operating condiitions at which critical flow
exists in the exhaust nozzle with the exceptlion of the variables
corrected net thrust, and net-thrust specific fuel consumptlon,

INTRODUCTION

An Ilnvestigatlon was conducted in an NACA Lewils altitude cha.m'ber
to determine the altltude performance characteristlics of an
Allison J35-A-17 axial-flow turbojJet englne, The engine used for
this investigation was a staniard productlion englne, The range of
simulated flight conditions extended from flight Mach numbers
of 0.42 to 1.22, assuming 100-percent ram recovery, at an altitude
of 30,000 feet, and. from altitudes of 20,000 to 60,000 feet at
a flight Mach number of 0.62.

Altitude~performance data for the engine are presented in both
graphical and teabular form, In addition, the performance data
have been generalized to standard sea-level conditlons to determine
the extent to which altitude performance may be predicted from
gea~level operation of the engine,
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APPARATUS AND PROCEDURE
Engine

The Allison J35~A-17 axlal-flow turbojet engine (fig. 1) has
eleven stages of compression giving a compression ratioc of approx-
imately 5 to 1 at the rated engine speed of 7800 rpm, eight com~
bustion chembers of the through-flow type, and a single-stage
axisl-flow turbine, A fixed conical exhaust nozzle having a diam-
eter of 17.69 inches was Iinstalled on the engine, Operation of
the engine with this nozzle produced a tall-plpe gas temperature
of 1265° F (1725° R) at rated engine speed, at static sea level
condiitions, for the particular tall-pilpe conflguration used. At
these operating conditions the guaranteed rated thrust 1e 4500 pounds
with a specific fuel consumption of 1,08 pounds per hour per pound
of thrust and an air filow of 85 pounds per second., The maxIimum
dimensions of the engine are & 40-inch diameter and a 146-inch
length. The dry engine weight without starter generator and
tachometer generator 1s 2220 pounds.

For this investigation the standard sngine fusl-control system
was removed and a J33-type fuel pump, barometric, and throtile were
Installed. Thege alteratlions were made in order that the performance
of the engine could be obtained ocutside the limits Imposed by the
fuel-control system. An alumlnum accessory cover and bell cowl
(fig. 1) were installed at the compressor inlet to obtain a smooth
alr flow into the coupressor. ’

Altitude Chamber

The altitude chamber in which the englne was lnstalled is 10 feet
in diameter and 60 feet long (fig. 2). The chamber is divided into
an inlet sectlon and an exhaust section separated by a steel bulkhead.
The engine was mounted on a thrust measuring bed In the inlet section,
ard the tall pipe of the englne extended through the bulkhead into
the exhaust sectlion, Freedom of movement for the tall pilpe was
provided in both axliel and radial directions by meauns of a geal com~
posed of three asbestos board rings., A calibration of the thrust
inicatars was mede.

Air is suppllied to the inlet sectlon of the chamber through a
supply line from the laboratory alr system., Combustion alr can be
obtained from this system over a range of temperatures from -40° to
850 ¥, Fine control of the inlet-air tempersture is obtained by the
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uge of electric heaters installed in a bypese line upstream of the
chamber. The inlet and exhaust pressures are conbtrolled by means
of remote~controlled valves 1in the supply lines and the exhaust
lines, respectively. A set of stralghtening vanes is Instelled in
the chamber upstream of the engine to provide a uniform alr-flow
digstribution at the engine inlet,

The hot gases dlscharged from the exhaust nozzle of the engine
are removed from the exhaust sectlion of the altitude chamber through
e diffusing elbow and & dry-type primary cooler. A dry-type
secondary cooler downstream of the exhaust valves further cools the
hot gases before passing them into the laboratory exhaust system,

Instrumentation

The locations of the instrumentation stations Por the engine are
shown in figure 3. The detailed location of the separate temperature
and pressure probes within a given statlon 1s shown in figure 4
for thoge statlions at whilch data are presented herelin, Preassure and
temperature probes at each gtation were mo located that a mean value
of temperature or pressure could be obtalned by mechanical,
olectrical, or arthmetlical averaging of the Indlvidual readings.

Engine-inlet pressure and temperature were set, for a given
run, using the readings of the Instrumentation st statlon 1. The
instrumentation at station 2 was used in calculating the altitude
correctlion factors 6 ani & and the compressor pressure ratilo.
Alr flow and Jet thrust were computed using the erithmetical average
of the total temperatures and pressures, and the mechanical average
of the four wall static pressures at station 8 (appendix). The.
thermocouples at station 9 were provided by the manufacturer and
used in determining the slze of the exhaust nozzle to be installed
on the engine for the purposes of thils investigetion, The atmos-
pheric pressure surrounding the Jet nozzle was sensed by & tube
installed on the downstream side of the bulkhead dlviding the inlet
and exhaust sections of the altitude chamber.

Fuel flow was measured by two rotameters connsected in serles;
two rotameters were necessary to cover the entire range of flows
and 4o keep the physlcal sigze at a minlmum, Calibretion of the
?otameters wes made with the type of fuel used in the investigation
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Procedure

Inlet and exhaust pressures and Inlet teémperature were set to
correspond to the desired flight conditions in the NACA gtandard
atmosphere assuming l00-percent ram recovery. The pressures were
set to within 0.02 Inch of mercury and, In general, the Inlet

temperature to within 45° F. "The range of altitudes covered wasg
from 20,000 to 60,000 feet at a flight Mach number of 0.62, and

the range of flight Mach numbers covered was from 0,42 to 1.22 at
an altitude of 30,000 feet. At each flight condlition, the engine
apeed was varled over a range from approximately 5500 to 7800 rpm,

The additional ingtrumentation at station 8 used to measure
the alr flow through the engine dictated the uwse of a longer tail
pipe to obtain a smooth velocity proflils. A tell-pipe length of
65 inches was therefore used In place of the 30-inch tail pipe
supplied by the manufacturer. The alterations necessitated a
statioc sea-level calibration of the engine before the simmlated
eltitude performance was determined in order to compare the cel-
ibration with that obtained by the menufacturer during the engine
acceptance tests,

RESULTS AND DISCUSSION
Sea-Level Calilbration

The installetion of the long tail pipe and more extensive
ingtrumentation increased the back pressure in the teill pipe and
reduced the engine speed a2t which rated teil-plpe gas temperature
was obtailned. In an effort to more nearly realize rated englne
speed and rated tall-pipe gas temperature simultaneously, the
exhaust-nozzle diameter was increased from 17.47 to 17. 69 inches.
Engine performance at static sea-level pressure with both the
original 17.47-inch and 17.69-1nch exhaust nozzles 1s shown in
figure 5, along with the manufacturer's acceptance test with the
original tall pipe amd exhauest nozzle. The addltlon of the long
taill pipe and extra instrumentation raised the corrected tail-plpe
gas temperature approximately 70° for a given corrected engine
speed (fig. 5(c)). When the original nozzle wes replaced by the
larger nozzle, the corrected tail-plpe gas temperatures dropped
approximately 30° below those encountered with the manufacturer'’ 8
original teil pipe and nozzle above an engine apeed of 6500 rpm.
The change in nozzle dlameter reduced the corrected Jet thrust
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about 3 percent (fig. 5(a)) and the corrected net-thrust specific
fuel consumption by 1.5 percent (fig. 5(b)). At the conclusion
of the investigation reported herein, a calibration run was made
and the results obtalned after 52 hours of engine operatlon are
included in figure 5. At the end of the S2-hour perlod, nelther
the corrected Jet thrust nor the corrected net-thrust specific
fuel consumption had changed. Above a corrected engine aspeed

of 6000 rpm, the corrected tall-pipe gas temperature decreased
about 1 percent for a glven corrected engine spsed., The data
presented in figure 5 are alsoc tabulated In table I.

Simulated Flight Performance

Simulated altitude performance date obtained in this inves-
tigation are presented in table II. The data were adjusted to
correct for small variatlons in compresscr-inlet pressure and tem-
perature from the deslred standard f£flight conditions and are
presented in table ITI and in figures 6 and 7,

Effect of altituwde, - The effect of altitude and engine speed
on Jet thrust, net thrust, air flow, fuel flow, net-thrust specific
fuel consumption, and tail-pipe gas total temperature are sghown in
figure 6§ for a £light Mach number of (.82, The reductlon of Jet
thrust, net thrust, air flow, and fuel flow with increasing altitude
is shown in figures 6(a) ®o 6(d) The net-thrust specific fuel
consumption decreased as the altlitude was Increased from 20,000 to
40,000 feet below rated engine speed (fig. 6(c)) and then 1ncreased
with further incresses in altltude. The decrease, in part, was
caunsed by an increase 1in ccmpressor Mach number and compressor pres-
sure ratlio associated with the lower temperatures at the higher
altitudes; the adverse trend came from the effects of Reynolds
number (reference 1) on the compressor efficlency and the decrease
in combustion efflcliency. For a £light Mach number of 0.62, &
minimum net-thrust specific fuel consumption of 1.21 pounds per
hour per pound of thrust occurred at an altltude of 40,000 feet
at an engine speed of 7000 rpm, 800 rpm below rated speed.

The tail-pipe total gas temperature (fig. 6(f)) was umaffected
by changes in altitude up to an altitude of 40,000 feet. The
increase in tall-pipe total gas temperature above an altituvde of
40,000 feet 1s attributed to the decrease in compressor efficilency
at the lower Reynolds numbers, which requires more work from the
turbine to meintain a given rotational speed and hence & higher
turbine-inlet temperature.
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Effect of Flight Mach number. - The effect of flight Mach num-
ber on engine performance at an altitude of 30,000 feet 1is shown
in figure 7, in which the performance variables are shown as
Punctions of englne speed for & range of flight Mach numbers, The
Jet-thrust and air-flow curves (figs. 7(a) and 7(c)) show the
typical Increases encountered with Increasing flight Mach number,
The net-thrust and fuel-flow curves (fige. 7(b) and 7(d)) show the
typical crossover point between engine gpeeds of 6200 and 6800 rpm,

The net-thrust specific fuel consumption shown in figure 7(e)
Increased for a glven engine speed as the flight Mach number
increagsed. A large portion of the increase occurred at flight
Mach numbers between 0.42 and 0.62. A minimum net-thrust specific
fuel consumptlon of 1.15 pounds per hour per pound of thrust
occurred at an engine speed of 6800 rpm, a flight Mach number
of 0.42, and an altitude of 30,000 feet. At rated engine speed,
Increasing the flight Mach number from (.42 to 1.05 increased the
apecific fuel consumption from 1,22 tec 1,32 pounds per hour per
pound of thrust,

The tail-pipe total gas temperatwure (fig., 7(f)) decreased with
increasing flight Mach number below sn englne speed of 7000 rpm, and
increased with increasing flight Mach munber near rated engine speed.
At rated engine speed, Increasing the Flight Mach number from 0.42
to 1,05 raised the tail-pipe total gas temperature from 1600° to.
1850° R,

Generalized Performance

The performance date shown In figures 6 and 7 Have been gen-
eralized by means of the altitude correction factors & and B,
The generalized data are tabulated in table III and presented 1n
figures 8 and 9. The correction factors were derived on the assump-
tion that the effect of compressor Reynoclds number would be neg-
ligible (reference 2)., The performance data will thus generalize
ag a function of corrected engine speed if this asssumptlion is

correct,

Effect of altitudse., - The effects of altitude on the generalized
variables corrected Jet thrust, corrected net thrust, corrected air
flow, corrected fuel flow, corrected net-thrust specific fuel con~
sumption corrected tail- pipe total gas temperature, and compressor
pressure retic are shown in figure 8(a) to 8(g). Generalization
of these variables was not obtained above an altitude of 30,000 feet

over the complete speed range.
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The effect of decreasing compressor Reynolds number on the compressor
is to decrease the alr flow and the campressor efficiency (refer-
ence, 1), which results in & change in the engine operating line
giving rise to an increased compresscr pressure ratioc (fig, B(gs),
and consequently the nongenerallzation of the performance data .
above an altitude of 30,000 feet.

Iack of = continued decrease in air flow (fig. 8(c)) with the
change In altitude from 50,000 to 60,000 feet 1s atiributed to
instrumentation errors,

Effect of Piight Mach number. - The effect of flight Mach num-
ber on corrected engine-performence data at an altitude of 30,000 feet
s shown in figure 9. When the exhaust nozzle becanes choked the
Mach number of the flow at any polnt within the engine 1s dependent
only on the compressor Mach mumber and, therefore, for & glven com-
pressor Mach number the conditions of flow similaridy are satisfiled
and the performance is independent of the flight Mach number., The
relation bebtween corrected englne speed and flight Mach number for
exhanst-nozzle choking is shown in figure 10.

For the range of corrected engine speeds where the exhaust
nozzle is choked, the performence variables air flow, fuel flow, and
tail-pipe total gas temperature gemeralized (figs. 9(d), 9(e), anmi
g(g)). Although corrected jet thrust can not be expected to gen-
eralize because of changes in the pressure ratlo across the exhaust
nozzle, the corrected Jjet-thrust parameter, developed in reference 3,
wag indepenient of flight Mach number when the exhaust nozzle was
choked (apperdix), (fig. 9(b)). The corrected net thrust and net
thrust specific fuel consumptlon were alsc Independent of ‘flight
Mach number above & flight Mach number of 0.62 {figas. 9(c) and 9(f)).
At higher altitudes, where the effect of compressor Reynolds number
on engine performance is more pronounced, nongeneralization of the
data might be expected. -

SUMMARY OF RESULTS
Altitude performance of & J35-A-17 turbojet engine was inves-
tigeted in an altltuie chamber over a range of altitudes from
20,000 to 60,000 feet at a flight Mach number of 0.62 and a range
of flight Mach numbers from 0.42 to 1,22 at an altitude of
30,000 feet. The followlng results were obtained,
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1. At a flight Mach number of 0.62 the genseralized performance
varisbles corrected Jet thrust, corrected net thrust, corrected air
flow, corrected fuel flow, corrected neb-thrust specific fuel con-
sumption, and corrected tall-pipe total gas temperature generalized
up to an altitude of 30,000 feet,

2. For corrected engine speeds at which critical flow existed
in the exhaust nozzle, the generalized performance variables cor-
rected Jet thrust parameter, corrected alr flow, corrected fuel flow,
and corrected tall-pipe total gas temperature were independent of
flight Mach number at an altitude of 30,000 feet.

3. For a flight Mach number of 0.62, a minimum net-thrust
gpeclific fuel consumption of 1.21 pounds per hour per pound of
thrust occurred at an altitude of 40,000 feet at an engine speed
of 7000 rpm, . . :

4, At rated engine speed, tall-pipe total gas temperature
increased with increasing altitude above 40,000 feet. At
80,000 feet, the tail-pipe total gas temperature at rated engine
speed exceeded the 1limit of 1725° R of the engine. No significant
variation in teil-plpe total gas temperature wlth flight Mach num-
ber occurred at rated engine speed., Thus, operation of the engine
was not temperature limited by varilations in flight Mach number,

Lewis Flight Propulsicn Laboratory,
National Advisory Committee four Aeronautics,
Cleveland, Ohio,
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APPENDIX - CATCULATIONS
Symbols
The following symbols are used 1n the calculations and figures:

ares, sq It

<

velocity coefficlent, C, ="
11

thrust, 1b

acceleration of gravity, 32.2 Pt/s00%

enthalpy of gas based on toi-.al temperature, Btu/1b
enthalpy of gas based on static temperature, Btu/1b
difference between total and statle enthalpy, Btu/ld
mechanical equivelent of heat, 778 £t~1b/Btu
engine speed, rpm

total pressure, in. Hg absolute

static pressure, in. Hg absolute

universal gas conété.nt, 53,34 £5-1b/(1b)(°R)

totel temperature, °R

static temperature, R

velocity, £t/sec

air flow, 1b/sec
fuel flow, 1b/hr

gas flow, 1b/sec
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4 ratlo of specific heats

o] ratio of compressor-inlet total pressure to standard sea-level
pressure, 29.92 in, Hg absolute

e ratio of compressor-inlet total temperature to standard sea-
level temperature, 518.4 °R

Subscripts:

i . indicated

J Jet
n net
8 seal

t exhaust-nozzle throat

0] free-gtream conditions

Numbered subscripts refer to ingtrumentation stations within the
engins (fig. 3). Prime superscripts refer to calculations assuming
an lsentroplic process.

Mathods of Calculation

Temperature. ~ The static temperature was calculated from the
indlcated temperature by the following relatlon:

Tg,1 -

P
1+ 0.96(—§) -1
tg

where the temperature ratio was determined by using reference 4 and
agsuning:

t8=

¥
(2
tg,1 \Pg

02¥%1L:
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Tg - tg =Tg 1 - tg 1

Reference 4 accounts for the variation in 7 (for air) due to tem-
perature. The factor 0.96 is an average recovery factor for the
thermocouples,

Alr Plow. - Alr flow was determined from the measurements of
indicated temperature and total and static pressures in the tall
plpe at station 8 as follows:

70.42 pg Ag

Wy =———35 8 \[2
g Rtg &7htg

where reference 4 was used to determine AHg. The air flow is then

W W g
a,8 * "8 ~ Zsoo

* Added to these computed values of alr Pflow were a midframe leakage

correction determined from a calibration supplied by the menufacturer
andl a cooling alr flow measured by means of a flat plate oriflce.

Filight Mach number. - The flight Mach number wes determlnsd from
the equation . o S

x=1
YO T \ N
Yo = 7—1(po)

Flight veloclty. - The flight velocity was determined from the

equation N

Jet thrust. = The Jet thrust was determlined from the pressure
and temperature readings taken at stations 8 and 10 and calculated
from the followlng eguations:

W, V.t .
F, = 2876 L 70,42 A, (p, - D)
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where C, = 0.975, Ay = 1.7083 squere feet, and

V' = Alng(H -ht*) .
For criltical flow in the exhaust nozzle,

Py = Pg (}%i)?&

For subcritical flow,

Py =Py =P1o

Net thrust. - Net thrust was determined by subtracting the inlet

momentum of the air, at the particular simmlated flight speed, from
the Jet thrust. Thus

W,V
= - .80
F, = FJ 5

Jot-thrust parameter. - The Jet-thrust parameter can be developed
from the followlng equatlon for Jet thruet:

WV
Fy = -8-% 4 70.42 Ay (24 - Po)

If twe different flight Mach numbers x ard Yy are applled tc the

engine, both at the same corrected engine apea@ and both causing
critical flow In the exhauat nozzle, then

(‘_’g‘;’z)x -(5). - o ny (520,

(8, -3, - 22
J ¥

Because 1t 1s assumed that the gas flow and throat veloolty will
generalize, these two equations are equal and

ozvl
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E\ L (E3) - Pt\ _ [P0\ _ (P4 g
(), - (3), = o= aef3), - (), - (3), - (3,
Dt D
&) - (),

(FJ + 70.42 Py At) (FJ + 70.42 By AJG)
x y

Also

Therefore

& 3]
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TABIE I - STATIC SEA-LEVEL CALIBRATIONS

[A1titude, O; average fiight Mach number, q

W
Point| Compressor- Exhaust Compressor-| Engine |Jot thrugt | Tell-pipe Net-thruat |Accumilative
iniet total static inlet total| speed F total grs | specifilc fuel sngline
pressure, Pp| pressurs, Pgl temperature K (1.‘3) temperature | consumption tine
(in. Hg abs.)|(in. Hg abs.) To (rpm) ' Tg Hf/Fn (br) |
(R} | (°R) 1b/(1b)(hr)

1 29.40 29.%§ 573 2970 254 1634 3.063 4.25

2 29,40 29.38 577 4088 533 1545 2.253 4.25

3 29.40 29,37 579 5567 1287 1450 1.474 4.25

4 29.40 29.38 579 6l2z 1811 1461 1.250 4.25

5 29.40 29.39 - 582 6678 2433 1550 1.164 4.25

6 29.40 29,39 577 7058 .| 3045 1643 1.133 4.25

7 29-40 29.36 577 7422 3646 1750 1.119 4.25

8 29.33 29.30 570 7793 4269 1735 1.107 8

g 29.33 29.35 571 7420 3633 1633 1.100 §

1o 29.32 29.30 - 589 7053 3066 1535 1.099 8

11 29.32 £9.30 567 6682 2513 1457 1.130 3

12 29.34 29,35 571 8131 1819 1383 1.228 6

13 29.32 29.33 574 5574 - 1129 “(a) 1.694 8

14 29.33 29,35 579 4096 533 1486 2.429 B

15 .29.31 29,30 572 2872 - 252 1574 3.733 5

16 29.35 29.37 549 2972 265 1516 (a) 52

17 29.35 29.35 555 4085 556 1445 (a) 52

18 29.35 29,35 556 5567 1327 1347 1.334 52

19 29.28 29.28 555 6123 | 1877 1346 1.183 52

20 29.35 29.35 557 6680 2543 1433 1.113 52

21 29.35 29.35 557 7040 - 3132 1515 1.082 52

22 29.35 29,35 562 7426 (a) (a) (a) 52

23 29.32 29.32 561 7784 4337 1704 1.104 52

%Data unavailable

¥
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PABLE II - PRRFORMANCE AND OPERATIONAL DATA OBTAINED AT SIMULATED ALTITUDE CONDITIONS
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1]/20,000 |17.90 |13.77|1.300 ]| 474 |6566|1121|37.22) 818| 928 925 |2.499 | 240 67 185| (o) | 45
220,000 | 17.89 j13.75!1.501 | 477 61231161542 .49] 1173| 1049 | 104% |3.096 | 240 a7 165 (a 45
3|20,000 [17.89 |13.75|1.301 | A78 |66B0({2534|48.24(1780| 1238 | 1233 {5.814 | 236 [ 120 185 (a) | 45
4 |20,000 [ 17.90 |13.77|1.300 | 480 TO45] 2779 | 50.61) 2260| 1579 | 1574 [4.228 ) 225 140 205]| (2 45
5{20,000 | 17.88 |13.76|1.300 | 483 |7414|3201(562.95] 2700| 1504 | 1501 [4.644 | 220 | 169 236 45
620,000 | 17.87 [13.74[1.301 | 482 7758 1612 | 1610 |4.905| 220 173 255 45
780,000 | 10.00 8.85{1.131 | 42¢ 5569 982 993 |2.549 | 120 38 153 36
830,000 | 10.00 | 8.89|1.124 | 482 |6120 1104 |1102 |5.700| 125 77 154 36
9 150,000 | 10.00 8.88|1.126 | 428 6676 1270 | 1267 |4 .57 | 130 S5 166 36
10]30,000 | 10.02 8.89 1,127 | 422 TOBS 1378 | 1368 |4.843 | 136 1035 184
111350,000 [ 10.02 8.881.128 | 427 7422 1488 | 1489 |[5.185| 140 110 |1 205
12|30,000 | 20.00 . l1.126 | 428 [7761 1609 | 1615 |5.416 140 | 120 |13 |238
13130,000 | 11.54 . 1.2098 | 447 5567 914 918 |2.691 | 145 34 116
14 (50,000 | 11.58 . 1.300 | 450 6125 1053 | 1053 |5.369 | 145 7€ 148
15|30,000 | 11.65 . 1.3501 | 444 6680 1250 | 1248 |4€.215| 145 7 167
16(30,000 | 11.5¢ . 1.300 | 445 TO42 1378 | 1379 |4.660| 145 109 214
17(30,000 | 11.67 . 1.501 | 448 7408 2257 1497 | 1502 |5.024 [ 150 122 2358
18 |30,000 | 11.51 - 1.296 | 447 7778 1616 | 1617 |5.272| 180 130 258
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TABLE II1 - PERFORMANCE DATA ADJUSTED TO STANDARD ALTITUDE AND QORRECTED 70 STANDARD SEA-LEVEL ATMOSPRERIC CONDITIONS

Polnt| Altitude]|Averagse] Engine speed Jet hhz)-ust Net thrust | 4ir flow Fuel flow Net-thrust |Xxhaust-ges temperature
(£e} :ng;? (rpm)} (1o (1) (1n/sec) {1/ ) apsoifio fuel (on)
° consumpiion
noader )
Tajl pipa jJet nozzle
Alti A1ti-] Sea | Sea leve
tude tude |level

Ty ’8/. 29.’_/.
1] 20,000 | o.82 | 58620 43 11016 1018
2 | 80,000 6168 1061 [1141 1141
S | 20,000 67086 1260 |1348 1537
4 20,000 7068 1387 |14908 1488
] 2000 T407 1503 |16xr7 1819
[} 1,000 7SS 1812 1736 1731
; 50,000 | 0.42 | 585a 288 1212 1ms
8 | 30,000 8123 1107 | 1387 1368
9 ;000 6838 1887 [1540 1535
10 1,000 7058 1361 |[1694 1880
11| 30,000 7388 1474 |1807 1806
g | 30,000 TT45 1502 |1958 1957
13 30,000 0.62 5546 90T 1061 1063
14 000 a0ag 1040 [2218 1214
18 000 8680 1253 1463 1409
18 000 1578 (1809 1607
17 30,000 7594 1491 |1743 1747
18 30,000 T 1504 |1978 1878
pt-) 30,000 0,78 | 5857 asa Ml 9T
20 30,000 8098 998 |lile 113
21 | 80,000 8851 1e24 11374 1368
3 50,000 7081 1362 |1881 1848
23 30,000 7404 1502 11888 1680
24 | 30,000 770 1612 (1809 1806
28 50,000 Q.91 [ 5883 803 869 954
26 30, 6138 719 |1059 1056
27 | 30, 8701 (o) | (a) 1381
28 | 30,000 7089 1386 11499 494
20 50,000 7432 1880 4 1638
30,000 e 16351 j1res 1781

31 | so,000 | 1.08 |s&e=s 75 | 800 707’
ag 80,000 o178 968 (1000 Lok
33 %0,000 6T4L 1237 (1879 1373
4 30,000 7181 1410 1458 1481
56 | 30,000 7470 1539 | 1582 15868
30,000 7860 1663 (2719 178
87 | 30,000 | l.22 |[61l36 898 | ar2 847
38 | 30,000 874 847 43
30,000 1156 {1120 11320
40 50,000 8683 1154 |1119 1127
41 30,000 TOLD 1544 |1303 l1ace
42 | 30,000 .| TR 1509 [1463 | 1486
43 40,000 | 0.82 86802 926 1154 1133
44 40,000 8089 1058 |1e87T lge2
45 | 40,000 6679 1266 |l882 1049
46 | 40,000 7081 1504 |1709 1707
47 | 40,000 7418 1506 |1847 146
48 | 40,000 TT36 1606 [1971 1974

49 50,000 | O.62 6108 1097 (1346

&0 50,000 Beva 1326 |1624 1637
81 0,000 rozg 1457 (1761 1784
82 ,0 7392 1547 |18968 1908
83 ,0 TRy 1888 |2045 2058
54 60,000 Q.62 6838 1355 (16681 1688
a5 ,000 8997 1454 |181¢9 1831
&8 »000 7 1688 11940 1958
87 'y 76T 1758 2130 2156

%D te unavailable
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(e) Statiom 1.
Figure 4. -~ Instrumentation details,
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Figure 4. - Instrumeptation detalls.
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Figure 4., - Imstrumentation detells.
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Figure 5. - Effect of exheust configuration end engine time on performence of engine at
static sea-level preasures.
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Figure 5. - Concluded. Effect of exhaust configuration and engine time on per-
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Flgure 6. - Effect of altitude on engine performsnce.

Flight Mach number Ho, 0.62.
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Figure 6. - Continued. Effect of altltude on engine performance.
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Figure 6. - Continued. Effect.of altitude on engine perfoarmance.

number MD, 0.62.

Flight Mach



30

NACA RM ES50I15

3500
Altitude
(£t)
o 20,000
A 30,000 />
3000 V 40,000
(a] 50,000 /
b 60,000 p
2500
”
£ oo /
~ /
o Pod y
o 1500 . /w
: /
= / // /)v/
1000 // / / e /3
500 ] //D)
v o -
%5000 5500 6000 6500 7000 7500 8000

Figure 6. - Continued.
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Effect of altitude on englne performsnce. Flight Mach
number My, 0.62.
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Figure 6. - Continued. Effect of altitude on engine performence. Fl:l.éht Mech
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Figure 6. - Concluded. Effect of altitude on engine performance. Flight Mach num-
ber Mo, 0.62.
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Figure 7.:- Effect of flight Mach number on engine performance
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Figure 7. - Continued. Effect of flight Mach number on engine performance. Altl-
tude, 30,000 feet. ’
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35



36

Fuel flow, We, 1b/hr
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Figure 7. - Contlnued. Effect of flight Mach number on engine performance. Alti- Lt
tude, 30,000 feet. ’
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Corrested jet thrust, Fj/o, 1b
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Figure 8. — Bffect of altitude on corrected engine performances Flight Mach
number Mg, 0.62.
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Figure 8. - Continued., Effect of altitude on oorrected engine performance,
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0291



1420

NACA RM ES0QI15

41

Altitude
(£%)
o 20,000 °
A& 30,000
v 40,000
o 50,000
N 60,000
90
b
. @/K
85 /A/ /
A 5
P/v /
3] A A .
$ 8o A
B avd
= o
Y
S /N /
™~
'% 75 : *
- /
3 4 /
Q
(=l
H / t/
6 7 7
o
o
o o
-3
e
-]
g i
e v
&
55 1 L
5000 55 6000 8500 7000 7500 8000 8500

Figure 8. - Continued.
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Flight Mach number Mg, 0.62.

Effect of altitude on corrected engine performance.
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Corrected fuel flow, W,/048, 1b/hr
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Figure 8. - Continued. Effect of altitude on corrected engine performance.
Flight Mach number MU,, 0.62.
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Corrected net-thrust specific fuel consumption, We/FAf8, 1b/(hr)(1b thrust)
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Figure 8. - Continued. Effect of altitude on corrected engine performance.
Flight Mach number Mg, 0Oe62.
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Corrected tall-pipe total gas temperature, Ty/0, °R
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Pigure 8. — Continued., Effeot of altitude on corrected engline performance,
Flight Mach numbexr Mg, 0.62.
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Compressor pressure ratio, Py/Pp
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Figure 8., ~ Coneluded. Effest of altitude on corrected engine perfomnce.
Flight Mach number M,, 0.62.
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Corrected jet thrust, FJ/O, b
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Figure 9. = Effect of flight Mach number on corrected engine performance,

Altitude, 30,000 feet.
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Filgure 9., = Continued. Effect of flight Mach number on corrected engine

performance., Altitude, 30,000 feet.



Corrected net thrust, F,/5, 1b
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Figure 8. = Continued. Effect of rlight Mach number on corrected engine
performance, Altitude, 30,000 feet.
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Corraoted air flow, WAB/0, 1b/sec
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Figure 9. = Continued. Effect of flight Mach number on corrected englne

performance, Altltude, 30,000 feet.
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Corrected fuel flow, We/64B, 1b/nr
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(e) Corrected fuel flow.

Flgure 9, - Contimmed. Effect of flight Mach number on corrected engine

performance. Altitude, 30,000 feet.
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Corrected net~thrust specific fuel consumption, Wp/Fpy®, 1b/(hr)(1b thrust)
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Figure 9. = Continued,

Corrected engine speed, /4@, rpm
{f) Corrected net-thrust apecific fuel consumption.

rerformsnce. Altitude, 30,000 feet.

Effeoct of flight Mach mumber on corrected engine
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Corrected tall-pipe total gas temperature, Tg/6, OR

NACA RM ES0I15

Flight
Mach
number
- Mg
- 0.42
S .62
A .78
v .91
a  1.05
D l.eg
2000
%4 8
1800 ] _
Lg/( .
1600 P
1
1400
7
o -
1200 - o
P
&
1000 : // . ui
d /
V//P// i
b
. BV ~E |
5000 5500 §000 8500 7o w5 BO00 8500

Figure 9. —~ Concluded.

Corrected engine speed, N/v@, rpm

(g) Corrected tall-plipe total gas temperature.

performanc

Effeot of flight Mach number on corrected engine
ee Altitude, 30,000 feet,
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Corrected engine speed, N/ V73, rpm
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