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RESEARCH MEMORANDUM

PERFORMANCE OF YJ73-GE~-3 TURBOJET ENGINE
IN ATTITUDE TEST CHAMBER

By Harold R. Kaufman and Wilbur F. Dobson

SUMMARY

The steady-state performance characteristiecs of the ¥YJ73-GE-3
turbojet engine were determined 1n a Iewls altitude test chamber for a
range of exhaust-nozzle areas at simulated altitudes from near sea
level to 55,000 feet and £light Mach numbers from O to 1.2. The cor-
responding range of Reynolds number indices was from 0.96 to 0.12.

A method of performance calculation based on engine pumping char-
acteristics is also presented. Engine performance calculated by this
method is presented for a wide range of flight conditlons.

The use of an exhaust-nozzle area sized to glve rated conditions
at sea level would permit operation near the point of minimum specific
fuel consumption for a wide range of filght conditions, but would cause
excessive exhaust-gas temperatures at rated speed at high altitudes.

At rated corrected speed with a choked exhaust nozzle (rated area),
decreasing the Reynolds number index from 1.0 to 0.1 decreased the
corrected air flow 5 percent and increased the corrected exhaust-gas
temperature 120° R.

INTRODUCTION

The over-all performance of the ¥YJ73-GE-3 turbojet engine was
determined in an altitude chamber at the NACA Lewls laboratory and is
presented herein along with the starting characteristics for two
altitudes. Component performsnce for this engine is presented in ref-
erence 1. The YJ73-GE-3 differs from the YJ73-GE-1A turbojet engilne
reported in references 2 and 3 in that the first-stage turbine nozzle
area is 10 percent less.

The J73 englnes are provided with variable-position inlet guide
venes, which are closed a2t low engine speeds to avold surge during
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rapid accelerations. Although the inlet guide wvanes of the YJ73-GE-3
are normelly closeéd with steady-state operation below 6800 rpm and open
at higher speeds, the engine control was modified during the investi-
gation to allow them to be open or closed at any speed. Because stand-
ard operation at crulse, normal, and militery conditions is with open
inlet guide vanes, most of the data presented herein were obtained with
the inlet guide vanes in the open position. A limited amount of data
was obtained with the vanes in the closed position.

Performance datae were obtalned over a range from sbout 70 to 10C
percent of rated speed with several exhaust-nozzle areas at simulasted
altitudes from neasr sea level to 55,000 feet and £light Mach numbers
from O to 1.2. The corresponding range of Reynolds number indices was
from 0.96 to 0.12. One exhaust-nozzle area that gave epproximately
limiting exhsust-gas temperature at reted speed and sea-level static
conditions was included. Additional data were obtalned at 35,000 feet
at a flight Mach number of 0.8 to show the effects of changes in inlet-
air temperature on performance.

Data sre presented in the form of engine performance maps at
several flight conditions and in the form of engine pumping character-
istics. Engine performance calculated from pumping characteristics is
presented graphlcally for flight conditions from sea level to an
altitude of 60,000 feet and from O to 1200 knots true flight speed. All
experimental data are presented in both graphical and tabular form.

APPARATUS AND PROCEDURE
Engine

The engline, shown installed in the test chamber in figure 1, has
an over-sall length of 146.5 inches and dlameter of 36.75 inches. It is
equlpped with 21 veriable-position inlet guide vanes that rotate
simultaneously through 30° from closed to open at 6800 rpm when speed
1s increasing and close at 6800 rpm when speed is decreasing. The
open-position angle between the englne center line and a tangent to the
vanes is 0O° at the root and 13° at the tip.

The 12-stage axial-flow compressor has a préssure ratio of 7, a

constant tip diameter of 32% inches, a first-stage hub-tip radius ratio

of 0.455, a twelfth-stage hub-tlp ratio of 0.880, and a tip Mach number
of 0.,997.

The combustor 1s cannular type, with ten tubular inner liners.
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The first stage of the two-stage turbine has 40 stator vanes, while
the second stage has 53. The rotor tip diameter of the first stage 1s
29; inches, and that of the second is 31% inches. The hub-tip radius

2
ratios of the first and second stages are 0.73 and 0.64, reqpectively.

The manufacturer's performence ratings at standard sea-level static
conditions are as follows:

Rated quantity Military | Normal

Speed, rpm 7950 7615
Maximum specific fuel consumption,

1b/(br)(1b thrust) 0.917 0.887

Minimum Jjet thrust, 1b 8320 7840

Air flow, 1lb/sec 142 ———

Turbine-outlet temperature, °F 1185 1085

Installation

Altitude test chamber. - A sketch of the altitude test chamber and
some of 1ts associated ducting is shown in figure 2. The test chamber
is 14 feet in diameter and 20 feet long. The test bed on which the
engine was mounted is connected by a linkage to a balance diaphragm for
thrust measurement. A screen and honeycomb are installed in the cham-
ber upstream of the test section to smooth and straighten the inlet-
gir flow. The front bulkhead, which incorporated a labyrinth seal
around the front of the engine, prevented the flow of inlet air directly
into the exhaust system and provided a means of maintaining a pressure
difference acroes the engine. A bellmouth cowl was installed on the
front bulkhead to obtain a uniform wvelocity profile at the inlet of the
compressor.

Alr supplied to the inlet section of the altitude chamber can be
either refrigerated or heated dry alr, or atmospheric air. Exhaust
gases from the jet nozzle pass through an exhaust section, a primasry
cooler, an exhaust header, and a secondary cooler before entering the
exhauster system. The inlet and exhaust pressure controls were designed
to operate throttle valves automatically to meintain constant ram
pressure ratio and exhsust pressure.
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Instrumentation. - The locations of instrumentation stations _
throughout the engine together with schematic sketches of the instrumen-
tation at the engine inlet and the exhaust-nozzle inlet are shown in
figure 3. All pressures were measured with alkazene or mercury manom-
eters and photographically recorded. Temperatures were measured with
iron-constantan and chromel-alumel thermocouples and were recorded by
gelf-balancing potentiometers. Engine speed was measured by a chrono-
metric tachometer and fuel flow with a calibrated rotameter.

Procedure

During the investigation the refrigeration system was changed to
permit lower inlet-air temperstures, and at the same time the engine was
overhauled. Therefore, the investigation was separated into two phases
with the inlet-air temperatures varying from about 440° to 520° R for
the filrst phase (before engine overhaul) and from sbout 380° to 440° R
for the second phase (after engine overhsaul).

Most of the engine performance data were obtalned in the first phase

and are presented in table I. The approximate flight conditions and
corresponding Reynolds number indices obtained in this phase are shown
in the following table:

Altitude, | Reynolds number index
ft for flight Mach number,
N,
of -
0 0.4 10.8 |1.2
o 0.96 | cccn [ === _——
15,000 mm== | «=== |1 0.88 | ===~
25,000 ———— | ==== | .59} ----
35,000 T .39 | 0.58
45,000 e e | .24 | —mmm
55,000 ----|0.12 A5 | —---

The inlet-air total temperature and pressure and the statlic pressure in
the test section surrounding the exhaust nozzle were meintailned at
approximately the desired altitude values except at the sea-level static
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condition. The average inlet total pressure of the data cobtained at the
sea-level static condition actually corresponded to a pressure altitude
of sbout 2000 feet. In addition, the static pressure in the region
surrounding the exhaust nozzle was slightly higher than the inlet total
pressure, causling a slight reverse ram. The sea-level static condition
was difficult to simulate in the altitude facility. The disparities at
the sea-level static condition were due to this difficulty and were not
normal experimental error. Although these difficulties prevent the
direct presentation of the sea-level static data in the form of a per-
formance map, the usefulness of the data for pumping cheracteristies is
not affected.

Improvements 1ln the refrigeration system permitted the use of colder
inlet-air temperatures in the second phase of the progrem and thereby
extended the range of the investigstlion to higher corrected engine speeds.
The data obtained in the second phase are presented in table II. The
approximete £light conditions and Reynolds number indices cbtained in
the second phase are shown in the following table:

Altitude, Reynolds number index
ft for flight Mach number,
M,
of ~
0.4 0.8
35,000 | W ==—=- 0.461
45,000 |  ===-- . 304
55,000 0.140 .176

The lower inlet-air temperatures obtained in the second phase resulted
in higher Reynolds number indices for similer £light conditions. The
effects of differences in Reynolds nunmber indlices and the performsance
changes accompanying the engine overhaul were reduced by graphical and
analytical adjustments to the dsta obtalned in the second phase. The
magnitude of these adjustments was sbout 2 percent, which is of the
same order as the variastion that would be expected between production
engines of any given model.

Data were obtained with four exhsust-nozzle areas at each £light
condition. The physical details of the nozzle configuratlons sre given
in figure 4. The fixed exhaust nozzle wlth an asrea of 2.388 square
feet (fig. 4(a)) was designed to give approximately limiting exhaust-
gas temperature at sea-level static conditions and is referred to as

..
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the rated nozzle. A clamshell varisble-ares exahust nozzle (fig. 4(b))
was used to obtain the two intermediate areas of 2.514 and 2.694 square
feet. The largest exhaust-nozzle area, 3.688 square feet, was obtalned
with a straight tail pipe attached to the outlet of the diffuser (fig.
4(c)). In order to extend the range of the investigation closer to
compressor surge, an additional smaller-than-rated exhaust-nozzle area
was used at the 35,000-foot eltitude and 0.8 Mach number flight
condition.

The inlet guide vanes were normally gcheduled to begin opening or
closing, depending on whether the engine was accelerating or deceler-
ating, respectively, at 6800 rpm. The control was modified during the
investigation to permit opening or closing the inlet guide vanes at
any speed, thereby extending the speed range investigated with both
inlet-guide-vane positions.

The fuel used was MIL-F-5624A, grade JP-4, with & lower heating
value of 18,700 Btu per pound and a hydrogen-carbon ratic of 0.171.

The symbols and methods of experimental data reduction are given
in eppendixes A snd B, respectively.

RESULTS AND DISCUSSION
Performance Maps

Performance maps are useful for the compact presentatlion of a
large amount of altitude performance information. The performance maps
for seven flight condltions with altitudes from 15,000 to 55,000 feet
and Mach numbers from 0.43 to 1.23 are shown 1in figure 5. Only data
obtained with open inlet guide vanes are shown. These data have been
adjusted by the factors 8y and 6g +to compensate for deviations from

standard saltitude pressures and temperatures. The deviations from
eltitude conditions were small except for some high-corrected-speed
date taken at low inlet-gir temperatures.

The exhaust-nozzle areas glven on the performance maps are ccld
projected areas. As the discharge coefficients of exhaust nozzles vary
with tempersture, pressure ratio, and configursastion, the effective flow
areas will differ from the values shown on the performance maps. Curves
to convert cold proJected areas into effective areas can be found in a
subsequent section.

At thrust levels below maximum, different values of specific fuel .
consumption maey be obtalned by varying the exhaust-nozzle area and
engine speed simultaneously. In order to determine the bhest exhaust-
nozzle-area schedule within the range investigated, the exhaust-nozzle
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areas corresponding to minimum specific fuel consumption for several
thrust levels at each flight condition were obtained from figure 5 and
plotted as a function of thrust in figure 6. For the high thrust levels
(cruise and military) that would be employed over most of a normal
flight plan, the exhausi-nozzle aree for minimum specific fuel consump-
tion varied from sbout 2.4 to 2.5 square feet. However, use of rated
exhaust-nozzle asrea (2.388 sq ft) gave specific fuel consumptions with-
in 2 percent of the minimum values,

Pumping Charscterlstics and Performence Prediction

Treatment of a turbojet engine as a pump (ref. 4) and presentation
of its characteristics in terms of air flow, pressure ratio, and tem-
perature ratio represent one of the most useful forms for performance
calculetion. One advantage of the use of pumpling characteristics is
thet the engine performance can be determined apart from the effects of
inlet and outlet ducting, so that the calculation of the effects of
different ducting combinatlons on over-all engine performance is pos-
sible. The pumping characteristics, combustlon efficiency, and exhaust
ducting losses of the YJ73-GE-3 turbojet engine are presented in this
section to ald performance calculastion at any flight condition within
the range of Reynolds nunber indices covered by the lnvestigation.
Sample problems illustreting the use of the curves presented in this
section are given in appendix C.

Pumping characteristics with a range of exhaust-nozzle areas. -
To simplify the presentation, date for one reference Reynolds nunber
index were used to show the relation of corrected engine speed, engine
temperature ratio, and engine pressure ratio. Curves are then given to
provide correction to other Reynolds number indices. 1In order to
obtain maxlimum ranges of corrected engine speed end engine tempersture
ratio, the 35,000-foot altitude and 0.8 Mech number flight condition
was used as the reference. The Reynolds number index of this flight
condition is 0.39.

The pumping characteristics at a Reynolds number index of 0.39 are
shown in figure 7. The ailr-flow and pressure-ratio correction curves
are shown in figure 8. The correctlon curve of air flow was found to
be independent of temperature ratio and corrected speed, while the
pressure~-ratio correction curves were independent only of temperature
ratio. To find the engine pressure ratio and corrected air flow at a
given engine and flight condition, the following steps are used:

(1) From the desired inlet temperature, exhaust-gas temperature,
and engine speed, find the engine temperature ratio and corrected
engine speed.
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(2) By using the engine temperature ratio, the corrected engine
speed, and figure 7, find the engine pressure ratio and corrected air
flow that would be obtained at a Reynolds nunmber index of 0.39.

(3) Calculate the Reynolds number index from the total temperature
and total pressure of the desired flight condition.

(4) From the corrected engine speed, the Reynolds number index, and
figure 8, find the correction factors for engine pressure ratic and
corrected alr flow.

(5) Multiply the pressure ratio and corrected air flow obtained
from step (2) by the correction factors from step (4).

The engine pressure ratio and corrected ailr flow obtained by the
preceding method agree with faired experimentel values within about 1
percent, except for the pressure ratiocs corresponding to the lowest
temperature ratios at each speed, where slightly larger variations were
found.

Pumping characteristics with fixed exhaust-nozzle area. - The
pumping characteristics presented in figures 7 and 8 are sultable for
engine performance calculations when a varisble-area exhsust nozzle is
trimmed to give a desired exhaust-gas temperature. However, use of fig-
ures 7 and 8 for an engine with a fixed-area exhaust nozzle would require
trial-and-error solutione._ _In order to obtain direct solutions at

approximately rated exhaust-nozzle area (2.388 sq ft), figure 9 was
constructed. Figure 9 1s limited in epplication to exhaust-nozzle
pressure ratios greater than 2.5. For pressure ratios below sbout 2.5,
the exhaust-nozzle discharge coefficient (fig. 10(a)}) varies so that
the use of the pumping characteristics of figures 7 and 8 and trlal-
and-error solutions would be required.

Reynclds number effects can be determined from figure 9. For a
corrected speed of 7950 rpm, the corrected air flow decreased from 142
to 134.5 pounds per second and the temperature ratioc inecreased from 3.1
to 3.4 when the Reynolds number index decreased from 1.0 to 0.1l. The
corrected-air-flow and tempereture-ratio changes correspond to a 5-
percent decrease and a 120° R (corrected temperature) increase,
respectively.

Discharge coefficient. - For conditions in which the exhaust nozzle
is unchoked or if discharge coefficient varies with pressure ratio, the
variation of effective exhsust-nozzle area with exhaust-nozzle pressure
ratio must be known to obtaln a solution with figures 7 and 8. The
discharge coefficients of the four exhaust nozzles used in thils inves-
tigation were plotted against pressure ratio in figure 10 to permit
calculation of effective area from cold projected area.
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Combustion efficiency. - For the calculation of fuel flow, combus-
tion efficiency must be known. Combustion efficiency 1s plotted in
figure 11. The derivation of the correlsting psrameter, the product of
alr flow and exhsust-gas temperature, can be found in reference 5. Use
of this curve with sir flow and engine-inlet and exhaust-ges tempersa-
tures enables calculation of fuel flow and, hence, specific fuel
consumption.

Exhaust ducting losses. - As was mentioned previously, the tail-
pipe and exhaust-nozzle losses are not included in the engine pressure
ratio. In order to permit calculation of thrust, the tail-pipe total-
pressure loss and exhsust-nozzle effective velocity coefficient are
presented in figures 12 and 13, respectively. The sharp rise of the
tall-pipe total-pressure loss ratlo at high values of turbine-outlet
gas-flow parameter resulted from choking at the turbine outlet.

Thrust Correlation

Correlations of jet thrust with an exhsust-nozzle pressure-drop
parameter are presented in references 6 and 7. Jet thrust correlations,
when used in conjunction with pumping characteristics, may be used for
thrust prediction. Correlations of Jjet thrust with exhaust-nozzle
pressure drop obtained in this investigation are presented in figures
14 and 15. In figure 14 the thrusts for all four nozzle sreas have
been divided by effective area (discharge coefficient times projected
area) to generalize thrusts to a single curve. Figure 15 is for the
nozzle area that gives approximstely rated temperature at sea-level
static conditions. These correlations are limited in applicatlon to
choked flow in the exhsust nozzle, which was assumed in the derivation
of the correlating parameter.

Effect of Inlet Temperature on Performence

In order to determine the applicability of data at other inlet
temperatures than were used during the investigation, data were obtained
with inlet-air temperatures from 482° to 621° R at an altitude of
35,000 feet and a flight Mach number of 0.8. A flixed exhaust nozzle
with an area of 2.37 square feet was used. The veariations of corrected
air flow, corrected net thrust, and corrected fuel flow with corrected
engine speed for three inlet temperatures are shown in figures 16(a),
(b), and (c), respectively. At a constant corrected speed, corrected
alr £low decreases slightly with increasing inlet temperature, while
both corrected net thrust and corrected fuel flow increase with increas-
ing inlet tempersasture. The variation of engine temperature ratio with
engine pressure ratio for the three inlet temperatures is shown in
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figure 16(d). At constant corrected speed, the temperature ratio in-
creased with inlet temperature. The pressure ratio also increased
slightly with increasing inlet temperature.

The variation of the engine performsnce. parameters with inlet tem-
perature was due at least in part to changes in Reynolds nurber index
associated with changes in inlet temperature. The range of Reynolds
number index corresponding to the inlet-temperature variation was from
0.40 to 0.29. The change of performance varlebles for & Reynolds num-
ber index change from 0.40 to 0.29 was calculated from the pumping
characteristicse of figure 9 for & corrected speed of 7000 rpm. The
results of these calculations and the corresponding informstion for
variable-inlet-temperature data from figure 16 are shown in the follow-
ing table:

Corrected |Corrected |Temperature |Pressure |Corrected net
fuel flow| alr flow ratio ratio thrust
Change due to
Reynolds
number
effect,
percent 2.6 -0.7 1.4 0 1.1
Total observed
change,
percent g.6 -1.1 2.8 0.6 2.5

Comparison of the values indicates that much of the change of per-
formance variables with inlet temperature can be charged to Reynolds
number effects. Considering the accuracy of the data, correcting for
inlet-temperature effects should not be necessary for corrected air
flow, temperature ratio, pressure ratlio, or corrected thrust over the
range of temperatures investigated. 1In the case of corrected fuel
flow, however, a significant difference of 7.0 percent exists between
the total change of 9.6 percent and the change of 2.6 percent predicted
for Reynolds number effects alone. The specific heat of the products
of combustion of fuel and alr increases with fuel-air ratio and tempera-
ture. Calculation showed that the lncrease in specific heat accounted
for 5 of the 7-percent difference in corrected fuel flows. To predict
fuel flows over wide ranges of inlet temperature, fuel flows should,
therefore, be calculated from alr flows, inlet and outlet temperatures,
and combustion efficlencies, instead of from generalized fuel-flow
plots. The recommended method of fuel-flow calculation was used for
the predicted performance in the next section.
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Calculated Performance from Pumping Characteristics

Predicted performance is included to facilitate estimstions of
airplane performance. Performance of the YJ73-GE-3 turbojet engine with
a 2.388-square-foot exhaust-nozzle ares was calculated from the pumping
characteristics for a wide range of f£light conditions and is plotted in
figure 17. A standard NACA atmosphere and complete ram recovery were
assumed. The accuracy of the calculated thrusts and fuel flows in
figure 17 is within about 2 percent.

Because the discrepasncies discussed previously in setting up the
approximete sea-level static flight condition do not affect the data of
figure 17(a), these datas provide an accuraste indication of sctual sea-
level capabilities of the YJ73-GE-3 turbojet engine with a fixed exhaust-
nozzle area of 2.388 square feet. The thrust, air flow, and specific
fuel consumption at rated speed and sea-level static £light conditions
were 8800 pounds, 142 pounds per second, snd 0.92 pound per hour per
pound of thrust, respectively.

As mentioned before, errors in measuring temperatures and setting
up the sea-level static £flight condition resulted in the use of an
exhaust-nozzle area (2.388 sq ft) that caused exhsust-gas temperatures
to be sbout 25° R below the limiting value. The thrusts and fuel flows
would have been slightly higher if the exhdaust-nozzle area had been
sized to give limiting exhaust-gas temperature. At rated speed and
sea~level statlic conditions, the thrust and specific fuel consumption
would have been about 8960 pounds and 0.93 pound per hour per pound of
thrust, respectively.

Additional factors must be considered to determine the performance
in an actual installation. The exhaust nozzle may be larger than that
used here to give maximum performance with high ambient temperature.
Another reason for increasing the exhaust-nozzle area could be the
poesible requirement that rated speed snd exhaust-gas temperature be
obtained simultaneously at static conditions with distorted and throt-
tled inlet flow. OFf course, inlet losses are present at all £flight
conditions and their effects should always be considered.

Altitude-Ignition Characteristics

The effect of fuel flow on altitude ignition was determlned at
altitudes of 35,000 and 45,000 feet with MIL-F-5624A, grade JP-4, fuel
over a range of windmilling engine speeds (fig. 18). In order to
determine whether ignition could be obtained for a given combination
of fuel flow and windmilling engine speed, speed and fuel flow were
maintained constant during the ignition period. Fuel tempersasture was
sbout B80° F, and engine-inlet air temperature varied from 5° to -50° F
at 35,000 feet but remained about comstant at -35° F at 45,000 feet.
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Results show that the minimum fuel flow required to obtaln ignition
increased with windmilling engine speed. To obtain ignition at wind-~
milling speeds below 2500 rpm, a higher fuel flow was required at
45,000 that at 35,000 feet.

CONCLUDING REMARKS

The performance of the YJ73-GE-3 turbojet engine was determined
over a wide range of flight conditions in an altitude test chamber.
With an exhaust-nozzle area of 2.388 squere feet, the performence at
sea-level static conditions was: meximum thrust, 8800 pounds; air flow
at rated speed, 142 pounds per second; specific fuel consumption at
rated speed, 0.92 pound per hour per pound of thrust.

The use of an exhaust-nozzle ares sized to give rated conditions
at sea level would permit operation near the point of minimum specific
fuel consumption for a wlde range of flight conditions but would cause
excesslve exhaust-gas temperatures at rated speed at high altitudes.

At rated corrected speed and s choked exhaust nozzle (rated area),
decreasing the Reynolds number index from 1.0 to 0.1 decreased the
corrected alr flow 5 percent and increased the corrected exhaust-gas
temperature 120° R.

In order to predict fuel flows over wide ranges of inlet tempera-
ture, fuel flows should be calculated from alr flows, inlet and outlet
temperatures, and combustion efficlences, instead of from generalized
fuel-flow plots.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Chio, June 23, 1954
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APPENDIX A

SYMBOLS
The following symbols are used in tﬁié ;;;6rt:
area, sq ft
thrust scale reading, 1b

discharge coefficient, ratio of effective flow area to cold
projected exheust-nozzle ares

effective-velocity coefficlent, ratio of scale jet thrust to
nozzle-inlet rake jet thrust

external drag of installastion, 1b
jet thrust, 1b

net thrust, 1b

dimensional constant, 32.2 ft/sec?
Mach number

engine speed, rpm

total pressure, 1b/sq £t =bs
static pressure, lb/éq ft abs

gas constant, 53.3 £t-1b/(1b) (CR)
total temperature, R

static temperature, CR

velocity, ft/sec or knots

air flow, Ib/éec

fuel flow, 1b/hr

gas flow, Ib/sec

Iun —
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ratio of ambient @bsolute statlic pressure to absolute static
pressure of NACA standard atmosphere st respective altitude

ratio of engine-inlet total pressure .to _absolute statlec pressure

ratio of sbsolute equlvalent ambient static temperature to
absolute static temperature of NACA standard atmosphere at

ratio of sbsolute engine-inlet total temperature to absolute
atatic temperature of NACA standard atmosphere at sea level

ratio of absolute viscosity of alr at engine inlet to viscosity

14 o
T ratio of speclfic heats for gases
Ba
5z,1
of NACA standard atmosphere at sea level
LS combustion efficiency
Oa
respective altitude
6,1
?
of NACA standard atmosphere at sea level
Subscripts:
a air
e equivalent
ef effective
f fuel
g gas
i indicated
J Jet
N exhaust nozzle
r rake
s scale
0 free-stream conditions
1 engine inlet
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3 compressor outlet

4 combustor inlet

5 turbine inlet

6 turbine outlet

7 exhaust-nozzle inlet
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APPENDIX B

REDUCTION OF EXPERIMENTAL DATA

Flight Mach number. - The egquivalent flight Msch number, with
complete ram pressure recovery assumed, was calculated from the

expression

Y-1

T
2 1
Mo:e B Yy -1 (;6) -1

Equivalent temperasture. - Eguivalent static temperature was deter-
mined from amblent static pressure and engine-lnlet total pressure and

temperature:

Ty
tO,e = T_l

@)

Alrspeed. - The following equation was used to calculate airspeed:

Vo,e = Mo,e A'TgRto,e

Tempersture. - Total temperatures were determined from indicated
temperatures wlith the following relation:
r-1
n(5) "
P
T -
r-1
P
1+ 0.85 = -1
(%)

vhere 0.85 was taken as the recovery factor for the thermocouplies used.

Air flow. - Alr flow was determined from pressure and temperature
measurements In the engine-inlet alr duct and the following equation:
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Gas flow. - The total welght flow through the engine was calculated
as follows:

Vg
g = ¥e,1 * 360
Exhaust-nozzle effective-velocity coefficient. - The velocity

coefficient was calculated as the ratio of scale Jjet thrust to rske jet
thrust. Scale Jet thrust was obtained from the equation

W, 1V
F. =B+&

Rake Jet thrust was calculated from gas flow and an effective-
velocity parameter:

F e ¢
Jr g ef

The effective velocity, which includes the effect of excess pres-
sure not converted to velocity for supercritical pressure ratios, 1is
given for an ideal convergent nozzle:

A - P
N\PN 0
vef:vN""'—('ng—')

where Vi, AN’ and py are the velocity, the area, and the static
pressure at the vena contracta. The term Vef/q/gRTG is called the

effective-velocity parameter and 1s a function of exhsust-nozzle
pressure ratio and the ratio of specific heats.
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APPENDIX C

PERFORMANCE CAICUTATION FROM PUMPING CHARACTERISTICS

Three methods of performance prediction based on pumping charscter-
istics are presented to permit calculation of engine performance for
most engine operating conditioms.

Case A is for an engine with an exhaust nozzle of known area Iin
which the exhaust-nozzle pressure ratio is high enough (well above
critical) that the discherge coefficient is constant.

Case B is for an engine ln which the exhaust-gas temperature 1s
known, but the exhaust-nozzle area 1s not (e.g., where a control trims
a variable-area exhaust nozzle for a desired temperature).

Case C is for an engine with an exhaust nozzle of known area when
the exhaust-nozzle pressure ratio is low enough to change the discharge
coefficient.

Case A
To demonstrate case A, a flight speed of 600 knots and an altitude
of 15,000 feet are chosen ag the Tlight conditlon. Rated engine speed
and an exhaust-nozzle area of 2.388 square feet are assumed. The

following quantities are known:

po = 1193 1b/sq ft

to = 465° R
Vg = 600 knots
N = 7950 rpm

From these quantities the following parameéters may be calculated:
Vo = 1013 ft/sec
Py = 2149 1b/sq ft

Ty=50°R . ... .. . .

alIl,l = l.OlS

S

3166



991¢

CX-3 back

NACA RM ES4F22 ——

-\’eT,l = 1-030
B, l/cp-\/e:T,'l‘ = 0.940

N eT,l = 7718 rpm .

From figure 9,

Wa“/eT,l/aT,l = 138.4 Ib/sec
Pg/Py = 2.11
T,/T, = 2.94

and
Wg = 136.5 1b/sec
Py = 4534 1'b/qu £t
T, = 1617° R

Fuel flow. - To calculate fuel flow and thereby obtain gas flow,
the following steps are required:

W T, = (136.5) (1617)
= 221x109
From figure 11,
T, = 0.975
The engine temperature rise is
T; - T; = 1087° R
From reference 8,

(Wp /3600 Wg) = 0.0149

ideal
Dividing by efficiency to cobtaln actual fuel-air ratio,

(We/3600 W) = 0.0153

actual

138
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The fuel flow is

3600 (Wg) (Wp/3600W,) actual

7520 1b/hr

HF
I

The gas flow is

x
i

= Wy + (Wp/3600)

138.6 1b/sec

Exhaust-nozzle-inlet pressure. - To calculate the exhaust-nozzle-
inlet pressure P77 the followlng steps are necessary:

Wo/T7/Pg = 1.229

From figure 12,
(Pg - P7)/Pg = 0.0205

and

P, = Pg [1 - (pg - P—,)/Ps]

4441 1b/eq ft

Thrust. - To calculate thrust the following steps are necessary:
P/pg = 3.723

Ratio of specific heats vy, for a fuel-eir ratio of 0.0153 and &
temperature of 1617° R is 1.334. From the exhaust-nozzle pressure
ratio, the ratio of specific heats, and reference 9, the effective-

velocity pearameter Vef/q/gRT can be found:

Vor/~VERT = 1.472

The effective veloclty is

1.472+/gRT,

2455 ft/sec

]

Vef
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The ideal or rake Jjet thrust is

Fj,r = VéfWg/g

= 10,570 1b
From figure 13,
Cy = 0.986
The actual or scale jet thrust is
Fj:s = CVFJ:I'
= 10,420 1b

Subtrecting inlet momentum to get net. thrust,
Fnh = Fj,s - (Vowa/g)

6126 1b

Summery. - Summarizing the performsnce and rounding off numbers to
glve more realistiec Ilndications of accursacy,

T, = 1620° R
Wg = 137 Ib/sec

7500 1b/hr

=
]

= 6100 1b

Cese B
To demonstrate case B, a flight speed of 600 knots and an altitude
of 15,000 feet are chosen as the flight condition (the same as case A).
For the engine, rated speed and limiting exhsust-gas tempersture are
assumed. The following quantities are known:
Po = 1193 1b/sq ft
to = 465° R

VO = 600 knots
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N = 7950 rpm
T

- o
7= 1645 R

From these quantities the followlng parameters may be calculated:

Vo = 1013 ft/sec

P, = 2149 1b/sq ft

Ty = 550° R
ST,l = 1.0186

8p,1/0-/8p,1 = 0.940
N/~/6p,1 = 7718 rpm

T,/T; = 2.991

From figures 7 and 8, using the method outlined in the text,

WoVBp 1/8p,1 = 138.7 1b/sec
Ps/Pl = 2.172

and
Wy = 136.8 1b/sec

Py = 4666 1b/sq 't

Fuel flow. - To calculate fuel flow and thereby obtain gas flow,

the following steps are required:

W,T, (136.8) (1645)

225%105

From figure 11,

1. = 0.975
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UL
The engine temperature rise’is

= o
T7 - Ty = 1095~ R
From reference 8,

(Wz/3600W,) = 0.0154

1deal
Dividing by efficlency to obtain actual fuel-air ratio,

(Wp /36000, ) = 0.0158

actual

The fuel flow is

We = 3600 (Wg) (We/3600W5) 0o
= 7780 1b/hr
The gas flow is
Wg = Wg + (W.»/3600)
= 139.0 lb/éec
Exheust-nozzle-inlet pressure. - To calculate the exhaust-nozzle-

inlet pressure P7 the following steps are necessary:
Wg-\/T7/P6 = 1.208
From figure 12,
(Bg - P,)/Pg = 0.0192
and

4576 1b/sq ft

Thrust. - To calculate thrust the following steps are necessary;
P_,/po = 3.836

and T7 for a fuel-air ratic of 0.0158 and a temperature of 1845° R is
1.332. From the exhaust-nozzle pressure ratio, the ratio of specific

heats, and reference 9, the effective-velocity parameter Vef/w/gRT
can be found:
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Vep/~/eRT = 1.484

The effective velocity is

1.484+/RT,

= 2496 ft/sec

Vef

The idesl or reke jet thrust is

Fj:r - vefwg/g
= 10,780 1b
From flgure 13,
Cy = 0.987
The actual or scale jet thrust 1s
FJ,B = CVFj:r
= 10,640 1b

Subtracting inlet momentum to get net thrust,

F

I

n=Fy,8 - (WgH/e)

6335 1b

Exhaust-nozzle area. - To find out whether the exhaust-gas temper-
ature chosen is within the physical capabilities of the exhaust nozzle,
calculastion of the exhsust-nozzle ares 1s necessary.

From figure 10(s),
Cp = 0.985

(The exhaust-nozzle area 1s expected to be smaller than 2.388 square
feet, because a higher value of T; was used in case B than in case A.

Therefore, fig. 10(a) is used.)

Using the totsl-to-static pressure ratio at the exit of the exhaust
nozzle, the ratlio of specific heats, and reference 9, the exhaust-
nozzle area can be found:
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Static-pressure parameter = 0.801

. - (Wg) (+/T7) (0.801)
N ™ 1.010(cp) (oy) (+/&/R)

2.366 sq ft

(The value 1.010 was an approximste correction for thermal expansion
used for all experimental data.)

Summarizing the performance and rounding off numbers to give more
realistic indications of accuracy,

Wy = 137 1b/sec

Wp = 7800 1b/hr

F, = 6300 1b

Ag = 2.37 sq ft

Case C

The simlilerity of the mathemstical steps in cases B and C msakes &
numerical example of case C unnecessary. The differences between the
two methods are: for case B the exhaust-gas temperature is known,
while for case C it 1s unknown; for case B the exhaust-nozzle area is
unimportant (except that it should fall within the geometrical limita-~
tions), while for case C the exhsust-nozzle area is known and is one
of the factors affecting exhaust-gas temperature.

The solution of case C is accomplished as follows:

(1) Assume an exhaust-gas temperature.

(2) Solve for exhaust-nozzle ares (using the steps given in case B).

(3) Assume new values of exhaust-ges temperature and solve for
exhaust-nozzle ares untll either the desired value of area is obtained

or until sufficient polnts have been obtasined to cross-plot for
performance at the desired exhaust-nozzle area.

B e
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TABLE T, - ENGINE PERFORMANCE DATA.

{(a) Inlet guide vanes open.
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TABLE L. - CONTINUED. ENGINE PERFORMANCE DATA.

(a) Continued.

Inlet guide vanes open,
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TABLE I.

(a) Continued.

- CONTINUED.

ENGTNE PERFORMANCE DATA,

Inlet gulde vanes open.

Ayn | Approximate|Reynelds |Tei-pipa|Plight |Equiv- Enging- Turbine- Turbing- |fail-pipe tg:ll temperarurs,| Tail- ngine speed,
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TABLE I. - CONTINUED. ENGINE PERFORMANCE DATA.
(a) Continued. Inlet gulde vanes open.

Mr flow, 1b/mes oabus- | Combom- Purl flow, 1b/r lh:::- Beals jet thrusty, Jb Scale net thrwet, 1b Nt thrust Bpivifir Fotl  |Eoglrk | haginee
srunl, ] pageseed,| Cor- | B0 [ ELm fpop oy T fuated, [Gorreeted Aotwsl,] MaJasted,] Cor- (Roteal,[Mdiusted;| fow- bl Lropar- | presmure

o Mjasted, reated, wffi- | parem- * ' v 4 t#n-t N " reated, "| reoted, I%E Jature | matio,

¥y [YavTs Y nimoay, :t;r, LI r Fio|sm ’.1.-/"- r Fos [P |77 ratie, | PfFy

e N Y nT? —.._',r._ tevBra| ° "1,-"2 5.;..' 2 [rotual,[adjusted, | Cor T
LY bl ' ' 1 ER L YR m?"
'
LWL ;
. 0,1,
Exhanat-nossle aren, #,504 »q £t

o | 1342 ] 137.2 (4.2 7075 7308 711 | 7re8 | TR 8005 a8 | 7700 606 |o.o08 | 0.913 c.w1 | 5088 | P27
4 | 151,38 1.7 |41, 5800 5830 T209 T8 | 1373 Tac 8okl 7315 wop 6061 1895 4 . 2.93 2,184
50 | 125,8 | 124.7 |1M.e 558% 5770 03l | ema | aan3 (] Hep | AR a7 038 | .e61 B W73 | 2,751 | 1.7
B | 1e5.0 | 1P8.B [1M.4 B5B5 518 B85 | w25 | 610 saes o | w0 s a1 | a7 871 BT | 2us | 1,878
e | 10m.1 [ 1100 |114.2 3T 4210 | 4508 | 4504 s wuss | wEw 4855 | .78 N A0 | 2411 | 1,88
65 |oe.6 [ 11,5 [118. 3018 s apoT | 4588 | 4540 L8l 8Tl 4001 W7l | e85 -B6? B8 | 24U | 1,860
5 | s 68,5 | a1.3 2210 2360 2388 | 1800 | 1427 1873 153 1827 1878 130 [1.243 | 1.264 Loxa | wa3se | 1.234
= | o33 .6 | 88,2 2300 2383 M1k |17 | 2Ta 1814 1 1188 1014 183 [1.501 | 1m0 1.M7 | 2488 | 1238
= | 119.6 | 1M |82 8520 7321 sood | amno | aES? 43 | 1o0ay | 422 8 6o52 (1.168 | L.1% 1.183 | 2,08 | 7,228
s | 125.0 | 1m3.5 |143.7 520 E8L1 7458 | 8oT2 | o708 87T | 10167 | bese be13 £588 | 1.1b8 | 1,081 1.184 | 2,974 | 2.137
sa |3128.2 | 13m.5 |la2.0 E470 82350 158 | amo | 8290 8840 saes | saco ] ee |1.148 | 1.1T 1.188 | g.8%8 | 2,088
ce |117.7 | uLe.0 [13.0 s 6148 6308 | 753 | 7300 7380 ame | 4344 ME7 5113 (1, 1.158 1,15 | 2.m2 | j.917
60 | 108,1 | 100.0 |110.1 L] 5 | 6358 | Bl4a BL48 sows | ence 2608 2915 [1.29% | l.2a® 1,018 | 2.208 | 1.438
Q| 170 LANES o 1030 1185 1891 1383 (] m 1m0 199 [E.m2 | 5048 5,07 | 1,87 MY
e | e2.3 84,2 |143.4 wno | 417 5oea | BI87 585 |aoemz | 3sad ma a5l 1.180 | 1.8 1. 8.022 | %162
e | 8.5 BE.6 |lal.d 3380 304 1154 7 5500 | 80 1,157 | 1.13a 1.17a | 2.300 | 2.008
a4 | 7.4 L T {0 Mo AMS | 4045 an P ann 87 | 1.139 | 1.1 1,150 | 2.a08 | 3.00
es | &1.9 &.0 |111.7 2000 1973 B0 | BEY | 3370 5373 [T T 1824 84 (1.2338 | 1.218 1.268 | 2.238 | 1.801
88 | 443 .5 | 1, no 708 a8 | 04 | 1338 1989 %359 118 177 512 |4.0M | 3.078 4110 | 1m0 988
| na M |30 Qs | e 7a68 | save | M s7a4  |1p30a | Su2a 3811 8083 |1.228 | L.2m 1.7%0 | 2.0 | 2.100
@ e M2 13,89 »e | 4 Ap0E | 6135 | epEl ssse |1lor | spsa 360 sasl |1.184 | 1,178 L1 | 280 . 064
1] 11.0 al,l |13.8 P el -3 3000 5o A0g | 5 5 1o 237 oM 44 | 1.20 | 1,29 1.22 2,54 1.863
T | es.7 aa,p |118.1 m 1050 L7 | 3m1 | 287 wom eazn | Jade 1508 A0 | 1.2e7 | 1.2 1% | R0% | 3.408
7| 403 1.0 | 10,4 s 350 54 | 1371 | 1685 bt} 61 m— —— core | mamee —— a=em= | 1,340 e
T 52,0 58,4 |laR.4 G 262 TMT 3740 | 258 a1 lome 300 308 #HEl | l.1e2 1.1 1.817 5.080 7.141
75 | BB, B0 1482 210 | 2074 107 | aond | 4 e 1140 arm 1508 |3.103 | 1.0 1.1M | 5301 | z.337
n | S8 B4 [141.2 RE50 2108 e | aT a7 s | %o alm 6086 | 1,176 | 1.101 1.137 [ .08 | 2.0848
™ | s 55,8 {148, 2586 ™"t | | Ak stes 10421 | exvs 2008 esse |1.0m | 1,0m 1,181 | 5.084 | 2.188
™ | e R’ 1wm.7 0w Son B | TR assR | amz a4 soe | 1,180 | 1,008 1,1m | 2,887 | 1.m7
17 | Bo.3 5,2 |1AL.4 1M1 T WS | R 3039 upy | 17es m dsen | 1,045 | 1,084 1,087 | #.639 | 1.ma8
18 | 4.0 .3 |15 130 3ng [ma | 2078 ROG9 oI | 1007 [ waom |10 | l.eew L3R | 2.285 | 1.48¢
™ | 4.8 ma | a8 410 454 | T 7 2] [ 5 |o4m | 2300 5.937 | 1,708 o4
80 | 34 54.3 [|143,7 1870 ot |24 245 (1088 | 2mm 1 728 | 1.145 | 1.140 1.085 | 5.408 | 2.0M
8l | 3.4 55,8 [140. 1 ™7 | 26Ty | 2288 o8 | lo217 | 2uB2 1441 e | 1.127 | 1.121 L2 | S.1P8 | 2.144
a | e M4 [142.0 1ns 1048 ™= 2265 280 (17 | 1480 1424 7629 | 1.220 | 1,144 L.£38 | 5,040 | 3,10
8 | m.a .1 |17 1385 1373 an | NN 2280 [T 1 1571 Teoh |1.206 | 1,242 1,238 | 2.4 | 2,088
st | 30.3 3.4 (1.7 1300 130 mes | 1968 | lass 1588 0@ | 1008 1148 606 |1.185 | 1,134 L2 | 2,708 | 1,000
[ 0.4 [198.0 1128 s 5875 | 1808 | 1605 Y e 1080 b 42 [1.na [ im L,200 | 2,888 | 1,808
o | 4,0 £6,7 [11T.4 e 129 arEe | 1385 | uere — R e — 3B | memem | e —— 282 | 1,60
&7 | 14,3 174 | 72, 3 3 1840 i | E0O 50L 8971 [ 83 1590 | 4.183 | 3.7 GATL | LTA7 934
8 | 20.0 0,0 [145.0 3.24 | 1188 1150 1457 e | Larr =0 [ e 2.e719 |12.80 L34 | 5.305| 9.004
m | 20,0 21,0 [141.8 3.20 [11m1 M aas | 1471 | LiED 405 | LmRL Y] 903 LMo | 127 1e8 3. 2,180
90 | 0.0 fo,0 [1a1.0 e,m |1 102 788 | 1387 | 12m7 N0 ] 20 Se17 | 187 | 1,83 1,337 [ .4a]| 2108
n | s 20,8 3.0 2.87 |1oes 72 i | 1378 1530 e a7 Ml 0o | L. | 113 Lese | .0m | a.080
% | ws 17 pxm, 2,60 | 862 s |0 | LN 1198 T 100 718 md |1.Aar | 1,150 Lt | 2.m3]| 1,880
2 u.1 1.1 [Pl .00 [l 58 Bix2 lo8e "7 1085 e 537 587 4018 | 1.2H4 1.852 1,802 £.050 1,783
[ ] 15.7 1.2 [115.8 1,08 ] Eld 3881 438 ——m — — S o= | e ——— —— .3 1,480
] 10 10,0 . -] M 240 1858 097 544 RT0 a3 ha 00 | 2,802 2,468 2,883 1.840 ]
" 18.0 18 [140.8 nm Ha a8t [ ] 1075 | 1023 s To0 731 | 1,1M 1.15 1.974 3,447 2,218
n | 158 e @, .3 | ME AL sy | 1005 | 47 Frg #3961 10 Yol 678 | 1,186 | 1,110 1988 | 3.3 R.042
e | .7 164 14,1 2.5 | 0 [} 8708 28 | 433 [ [T ) 75 747 7015 |1.204 | l.098 e300 | s.esr| a0
|y 1.4 8.0 .41 | s 84S s 3 ne 4l 7 L |l.dey | 1,002 1.015 | 3.0e8 | a.142
100 | 14,7 1.8 130.3 2.5 | m0 e 188 [T " e [ 700 0875 {1.1%W | 1.009 125 | 3a88| 2.104
01 | 1e.0 5.2 {128.5 2,08 | T8 "ot a4 3 aar T4 M Ba4P [ 1,178 | 1,02 1.006 [ X.000( 1.M0
108 | 14,4 4.0 129, 1.08 | 8 87 &007 m | ] s T " 1. 1.17a 1,518 | 2.80| 1.me9
10| n.s 12.1 18,5 144 | = a4 ua 9 | ope 528 BCAS 550 2 =08 | 1,800 | Lam 1,508 { 2.487 | 1.083
104 | 8.5 1.8 |08 1.08 | ¢ 04 3688 | -— —_ — —_ a— e | —— ] m———— [ I T
18| 8.4 [N | me 215 e —— — — — e e | e—— ] e—m— m———— . 1.128
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TABLE I.

(a) Continued.

- CONTINUED. ENGINE PERFORMANCE DATA.

Inlet guide vanes open.

891

Run |[Approximate|Reynolds|Tail-pipe|Flight |Equiv- Engine- Engine- Turbine- Turbine- Turbine-|Tall-pipes total Lewperature, Tail- Bngine speed,
altitude, munber | atatlc Mach |alent inlet inlet inlet outlet outlet OR pipe rpo
23 ihdex, |pressure,|nuaber,{ambient]| total total total total total [actual,[Adjusted,|Corrected,| 'otal [Lctual Jadjusted Corrected,
.1 Pos "0 air temperature, [pressure, |temperature, |tempersture, | pressure, T /8 £_/8, pressure, N
—= static Ty, Py, Ts» Tg» g, 7 2 Lt B! . WG| WA
VT, s e aEE temper- 1b R 1b Y
ature, §q Tt abs %G Tt abs ey
0,er
°r
Exhaust~nozzle area, 2,894 3q ft
106 0 0.938 2053 ] 514 505 1833 1807 1445 3851 1403 1417 1442 3762 79558 7995
107 942 2039 0 514 205 1942 1750 1400 3772 1358 1372 1398 3664 7788 7827 7895
108 942 /050 0 513 508 1944 1640 1504 3547 12712 1287 1308 3458 7420 7465 7528
lo9 .958 2056 [} 911 506 1876 1485 1181 5083 1148 1186 11680 3058 £688 8739 8778
110 .978 2035 a 513 508 2 1380 1163 2424 1140 1154 1170 2403 5498 BB31 5588
111 15,000 0.888 1180 0.805 | 445 505 1808 1736 1384 3458 1333 1393 1379 3363 7953 a2 8078
112 .888 1183 -B0R | 447 S04 1805 1880 1334 3345 1292 1344 1331 3247 7788 7942 7801
4113 .890 1191 788 | 447 S04 1812 1 1210 3061 1194 1242 1250 2581 74135 7563 7528
114 .88l 1188 .803 | 448 506 1818 13198 1011 2420 1005 1043 w——— 2382 8878 8805 67635
118 .890 1194 -785 | 460 307 1810 1010 781 1585 798 824 817 1562 5411 5499 5475
116 ] 25,000 0.985 775 0.814 | 445 504 1197 1750 1z82 2285 1347 1302 1387 2208 7949 7814 8067
117 +585 174 813 | 448 504 1195 1700 1327 2202 1307 1263 1348 2135 7795 7682 7910
118 588 778 811 | 445 504 1183 1380 1209 2011 1199 1159 1235 1988 7411 7285 7521
119 380 769 815 | 448 505 1189 1323 1013 1580 10158 979 ——— 1552 6874 6583 8768
120 .585 778 811 | 448 sp7 1198 1018 788 1048 801 789 820 1029 §445% 5554 5908
121 35,000 0.596 486 1l.22 384 498 1207 1773 1387 2521 1586 1402 1423 2236 79585 8058 8121
1a2 591 479 1,22 -— 499 1200 1707 1332 2244 1317 1351 1370 2167 7794 78956 7948
123 .582 488 l.24 382 500 1195 1577 1216 2049 1218 1254 1282 1987 T441 7553 7581
124 .82 477 l.23 388 503 1198 1300 980 1583 992 1015 1024 1535 6686 6753 §791
128 .378 482 l.21 391 508 11688 887 849 880 670 8 877 835 5470 2492
128 .4a7 478 .818 | 392 444 497 1770 1398 1398 1575 1381 1805 1508 7964 7908 4811
127 427 462 .812 | 382 44 490 1687 1290 1468 1255 1260 1487 1418 7619 7854 238
128 570 498 199 | 47 BO4 758 1763 1412 1441 1354 1nes 1395 158% 7953 7468 8071
129 .388 485 .803 | 439 497 748 1885 1340 1311 1297 1183 1554 1282 1794 7380 7984
130 570 503 793 | 448 S04 761 A703 1546 139 1 11851 1348 1548 7792 | 1307 9007
131 371 485 803 { 440 487 787 1570 1232 1301 1207 1080 1280 1264 7420 7019 7682
132 370 498 2798 | 447 504 %7 1578 1226 1239 1212 1088 1248 1224 7400 6947 7510
133 -428 480 .813 § 391 443 485 1393 1089 1246 1067 1074 1251 1204 69350 8951 7501
134 378 s02 <608 { 441 498 769 1324 1018 1036 1018 208 1058 1018 aes9 8§08
135 «370 801 794 | 444 500 79 1010 798 874 mno 830 684 5428 5113 S530
136 | 45,000 0.267 288 0.828 | 390 443 487 1190 1417 973 1388 1400 1827 940 7964 8000 8820
137 .2689 306 .819 | 391 H3 475 1653 1312 220 1278 1288 1498 889 76814 7837 9241
138 267 298 .828 [ 3391 e 466 1613 1213 897 1248 1233 1459 866 7508 7529 811s
139 229 307 809 | 441 499 472 1795 1408 897 1390 Je38 1445 869 7830 7484 807
140 -230 34 2795 | 444 800 478 1800 1400 903 1596 1238 1449 875 7905 7438 8054
14) a7 0 .813 | 441 489 488 1750 1383 810 1356 1209 1410 844 1795 7562 1949
42 227 308 802 | 443 500 470 1730 884 1339 1188 1390 8357 7778 7322 7962
143 .223 301 808 | 443 500 481 1620 1281 789 1264 1113 1302 768 7420 8392 7580
U4 287 301 .B809 | 392 443 483 1413 1098 T8 1093 1096 1281 780 a924 6934 T454
145 228 300 794 ] 444 500 488 1355 1040 839 1046 228 lo88 615 8874 6279 £800
148 -229 320 778 | 449 S03 477 1080 S 427 838 5 888 415 5472 8121 8558
147 | 35,000 0.132 179 0.815 | 439 497 anm 1860 1503 549 1442 1291 1508 531 7970 7541 Bl44
148 .l48 188 L7958 | 441 497 285 1787 1422 529 1386 1217 1428 513 7771 73368 7941
149 .138 195 786 | 443 498 a"s 1847 1319 602 1274 1130 1328 4B7 7448 7018 7605
150 -138 198 WT77 | 444 498 a5 1327 1044 379 1021 904 1084 366 8347 8158 5684
151 135 192 17 | A4S 499 208 1173 919 270 fag 814 938 288 5788 5437 3900
182 .105 193 .388 | 483 498 214 192% 1562 421 1508 1925 1269 408 7958 7181 8104
153 .123 193 430 | 479 497 219 1837 1484 408 1432 1178 1498 386 7714 6987 7883
134 .118 200 -422 | 481 498 ans 1897 1388 5 1324 1082 1380 375 7389 6581 7523
158 12 204 473 | 478 498 258 1433 1230 367 1187 208 1247 367 6318 2263 7080
138 110 202 370 | 487 500 ] 1410 1135 300 1121 305 1184 6|3 &8 S1¢2 2488
- [] ] » N

22
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TABLE I. - CONTINUED. ENGINE PERFORMANCE DATA.

(a) Continued. Inlet gulde vanes open.

Z22.E¥SH W YOVH

s -

e,
L

Raa| e flow, 1pJem Combus-(Combua-] _ Pael low, Lo/ Raks | Sealc Jot thrust, Lu Bcala not thrust, 1b  [Met throst spoeific fusl |Engline
un &
At T WA uated] cor S0 [ pana- [Mrunt T A doared Joorrasted, | e o, Potand ;[ MTustea] Gor- ~faetual Jaaqustea] Gor- oonzuwption, emper-
reoted, . rested, regted,
¥y |, “i"" prar, | Ve v, ¥ ’isr. 1o [P F Fa,a [Fo, o Fa el ;‘Fr"'
aViy, a’7 Ve, (. .ui.ﬂ. 'u;" Aotwal,|Adjusted,] Cor- 1
L™ . ’ ’ 51 .1 Y reoted,
1 r“” L . S S
LI, -y
-1 [ Y .‘fa
’ 0,8 1)
Ixhaust-poxxle ares, 2.004 nq £t
108 153.2 | 138,7 |1435.9 | o965 | 28,7 |ElEm | sm7 578 | sapo | sa41 TIE6 | 7800 | éa41 | 7158 1800 0.89 | 2.778 | 1.892
7] ami7 | 13407 Jadlle . 17,9 | 5750 | %94 8364 | 6545 | G5m s75a | 7177 | esed | a7e I 885 | 2,888 | 142
108]| 170.8 | 128.8 |134.8 988 | 18,0 | d8s0 | BOTE B34l | B785 |easo | so17 | esds | saso | &7 6543 852 | 2,88 | l.e25
1oe| 106.9 | 111 |11s.0 962 [ 125 | 2500 | 3em 5000 | 4127 |4151 | da7mn | w48 | 4161 | 4271 i 55 | 2.p73 | 1,880
1lo| =8 10,4 | N1 888 | 7,78 | Plo0 | 2197 epdd | 1704 (2722 | 1790 | 1817 | 1mn | 1790 1017 1.25¢ | 2,263 | 1.210
1] 1ps.e | 1256 |1es.l | 0,041 | 188 | B350 | sS59 si05 | 79w [7m71 | Tes4 | eeme 4701 5450 1178 | 2.850 | 1.918
1| 22,8 | 12103 |41 987 | 18,9 | 4830 | Bome ssa4 | 7616 |7n81 | 7817 | Bos7 425 51435 1141 | 2583 | 1,882
us| 117.7 | 1s.e |155.5 975 | 140 [etmo | 4119 4177 | 67Ra | a4z | esE6 | 7Tedn B3 Qa0 1363 | 2.569 | i.em
4} 1.0 | a83,5 |118.2 098 | 10.2 | asso | 2445 2622 | 4688 | om0 | coem | —==- -— —_ cor— | 1,968 | 1.33%
16| “sa.9 82,7 |"75.8 | 1.m& | 500 | aB2 [T 1008 | 1877 [18se | 16} | 17mL —_— —— a—— | 1.574 .76
16| #.5 | as.0 [1e3.7 [ o972 [ 110 [3500 | meas spo0 | Besk (sgos | sa7m1 | eles | 3045 | 3oms 5384 1.9 | 1.188 | 2.895 | 1.e07
1| a0s | &3 Jlan 082 | 10,8 | 3ew0 | 3370 5613 | BoE& [4p70 | B4 | sane | 2887 | 2697 5060 Ll |10 2,523 | 1.803
18| 7.2 73.5 |134.7 71 | Tw.2s | 2885 | zem 4790 | 4447 |481 | 4383 [ 7ar0 | 2320 | 2% 4108 1.1 | 188 | 2.370 | 1.ssz
1s| sa7 | e 3172 | 1. 8,77 |18 | 1m0 2914 [ 318 |mmr | == [ = | ——| —— —— = | = | 2020 | 1.32¢
120] 42.3 { 45,8 | 732 | 1,008 | 3.39 | 5719 5 1055 | 1137 |10%0 | 1028 | 1800 | —e- | —em- e | eem | === | —— | 17880 872
; 122 &2,e | 83,9 |12 | 00984 | 213 | 3580 | 3718 8407 | map |eors | ezen  |l0e42 | 3085 | mm 1.0 | 187 | 1ae7 | 2,745 | 1.ses
) 199 | =3 | ey |12z | cevo | 20.8 | 3x10 | ey s95. | Eeml |E78 | 6020 floaci | 277a wee 1012 |2, 1.098 | 2,639 | 1.870
v 23| 1.4 | m21 1382 001 | 9.8 |emo | asm1 4900 | 6370 |4225 | sema foame | gojo | f1md =99 |1.%e6 [ 1,365 | 2,391 | d.432 | 1.718
24| eri7 | 7000 11707 92 | 0.7 | 1573 | 1mmm ese0 | 3871 |3735 | 280 1248 2108 |1.282 | 1.2 1.282 | 1972 | 1,520
- 8| 431 | 43 | s 995 | 2.4 | 309 =20 557 |41 |iewr | 1m0 | &m0 | - | — Py putwiunl [ubnir ekemely W v T
196 S8 | %69 [le.8 o6t | 732 |emeo | 200 apoé | zeas |z7am | smes  [1oesr 291 | 26 sase | 1,083 | 1.0e8 | 1,171 | s.0e2 | 2,108
127| 501 | es.1 |12l a87 | 878 2078 8174 | %36 |3z | 3sor | eesy | @om1 | game sesa | 1.082 | 1.08¢ | 148 | zier7 | 137
128 | sl.7 | %81 |43 o | 9.6 |2300 | mEe em? |37 |sess | Eee¢ | e00l | 1es5 | 1a08 €285 |1.0a6 | 1.41 | 1,235 | 2.a87 | 1,00
129 B0,8 | 85.1 |1iD,B o6l | ass 2037 ao71 | 5120 |3187 | 3e53 | ame2 | 1851 | 1mod sp50 | 1,130 | 1.010 | 1.155 | 2.a10 | 1.78
130 | 60,8 | 53.5 |Ll3a.7 w7 | 268 | 2100 | 1980 Ep2a | 313 |3oas | xoaa | e | 1782 | arsm abfe | 1.099 | 1R | 127 | 2097 | 1%
131 | 48.7 | 81.6 |133.3 053 | 5.8 1156 | 1813 soxl |9e2s |e7eo | meos | 7795 | 1Bmi | 1Bss 4208, | 1244 [ L0m2 | 2,280 | 2420 | L.70
132 | 48,4 | 61,8 |133.3 980 | 280 |18 | 1813 873 | o186 |omm7 | asay | vema | s | 1ese 1084 | 1182 | 1,110 | 1.R00 | 2.d08 | 1.ssm
vy | so.8 | 35 |133.e w2 | 6.3 | 1873 | teor aric |s7ee |eess | erao | ver7 | 1ees | 250 4138 |1.085 | 1.080 | 1,185 | 2.400 | 1.88%
134 | 45.4 | 5.6 |117.1 [ 1i008 | .41 | 1ome 1003 208 |mme | e | mem | - — | ,—— | = | 255 | 2i0s0 | 1.8
135 | 2¢.9 | 28.3 | a8 oot | 1,06 | ecs % 160 | e7e | em sa0 | 1907 a8 [T} 157 |B.265 | 7.786 | e.42l | 1.600 .88
128 | m.8 | 35,8 [145,7 [ o088 | ¢.83 |1688 1730 a170 | 2ase |esow w39 |1 1487 exie |3.s9 | 2.8 | 10854 | 30353 | ®.084
137 | 3,5 | 3.4 [141.8 9o | 1.8 |1 1448 s |zie0 | mas | ews | 17m | 2 Ess0 |1.125 | 1,008 | 1.216 | 2.mA5 | 1.9%7
138 ] a8 | 5.0 |42 g9l | 42,3 1379 2113 | 2075 gz | L 1an =561 |1.002 | 1,088 | 1,170 | 2811 | 1,825
19 | 51,8 | 33,8 [1lze.B w3 | e |ua 8570 205 | aose | p200 | 1230 | 1em s814 1.8 | 1.00 1101 | 2788 | 1.600
140 [ 3,5 | 3.6 [137.a K] 4.40 |1ae0 | 1311 #43] |eown [20s0 | 020 | 9152 | 1986 | 1am1 s678 |1.131 | 1,08 | 1,52 |27 | 1.807
141 | 3.8 | 3.0 |140.7 995 | 4.0 [1338 | 1oms 2000 | 1985 w08 | 1iae | 1185 g7 |1.048 | 20085 | 172 |27 | 1.6e8
1z | ma | 35,2 198, ose | 4,08 |2 1st0 37 197 1855 | 8351 10 ater |12 | 1200 | l.Eee | =.e78 | 1l.a38
145 | 2.5 | 231.8 |1me.0 w77 | s.er |10 | 1oe7 5 734 [deas | Wee | mes 21 | s 468 |18 | 1.2 1.2 2808 | 1,710
i | 51,2 | 3.9 1318 o8 | 3l |looe | 1029 wes [1voz |1ae7 | 1728 | o 6 | ME 4927 |1.o88 | 1,087 | 1,174 | 2,487 | 1,880
145 | 26,7 | 27,2 |115.0 890 | 2,00 | 878 653 5100|1207 [—— | ~~ R T coen | e [ ameme | mmee | Room2 | 20344
148 | 174 | 17.9 | T5.8 o7 | 148 | me 281 408 | Tda1 | s a8 | 1826 | e | aeem e oo | e | -——= ] 1,888 .85
147 | 19.1 | 21.5 [142.4 |o0.058 | 2,78 | o84 pas 7447 1201 [1289 | 1Mz | oms 783 | el 5829 [1.9%0 | 1183 | 1877 | 2.0 .
168 | 19.0 | 20.4 |137.7 e | ase | sa B8 2692|1208 |1156 | Li74 | aeas 74 | aas soot |1.308 | i.238 . 2.748 | 1.866
16 | 18,5 | 1e.1 [120.7 oo | 238 | BB 602 joas [1os0 | 1020 503 gea | 815 247 |78 | 202 | 1,305 | e8| 1,70
150 | 14,0 [ 15,2 [1o4.2 | 808 | 1,81 | 418 377 5089 — | - —_ | - e |e— | === | -Z— | 2:080 | 1.285
161 | 1o.8 | 111 | 75.a N1 98 | eme 217 17 | = | 30 M | o538 82 a2 s07 |a.oew | 2.ese | e.t6 | i.p4m T
15 | 14.5 | 357 |138.8 g | 2as | mo 897 s | My | e tas | nass %35 sz |i.2as |1a0e | iaee | sooee | 1.ees
153 | 141 | 1.4 (13302 918 | 2.0 | M0 838 010 | 97 | s e | e 6500 | 88 E791 |1.185 | 1. 1ece |28 | 1.870
154 | 13.8 | 148 [188.9 936 | 1.3 | moo 518 e T s | snzg a8 | 4 4700 |1.3es | L.oso | 1.220 | 2.5m9 | 1.708
155 | 1s.8 | 4.2 {l19.2 029 | 1,85 | 498 e 4500 | 63l | e see | 5379 sa0 | 365 3450 |1.g04 | 1267 | L3l | 2408 | L3O
ise [ 0.5 | 11 | eals 72 | 1.8 | 380 308 8438 | x5 | 38 384 | 3670 554 | 240 a2 |19 | 121 | Laa [ 20242 | 1i3sR

£e




TABLE I. - CONTINUED. ENGINE PERFCORMANCE DATA.

(a) continued.

Inlet guide vanes open.

Run roxisete| Reyuolds| Tril-pipe [Flight aiva Engine- Turbine- Turbine- Turbine-] Tail-pipe tg;-l tesperaturs,] TALl- Engine speed,
titude, | noxber | static Mach mt inlet inlet ::Lr; outlet mtlet pipe pm
ft index, {pressure, [nusber, jaxblent~ total botal total total Tunl] adios o total Tual mdjus
n., 1 Po. Hy ' ale {temperaturs,| pressure, |[teupereiure, | temperature | pressure, ur_, ) /ahd. 1',/ nted, pressure, "‘" L tud [Corrected,
et RS :uun T1e Py, :g. 1 Pas L) ®r.1 P7. NV | WU
o871 |5g Tt a5 aper- = In R 1 1o
+1|3a T A0 ature, W W CRixT
3
Eximunt-norsls area, 5,608 »q It
157 4] 1.081 2053 [} 812 EO% 1938 1578 llgy nn 1174 1%0 1212 2988 7949 8005 8074
158 ML 2054 0 B11 503 1937 16238 1148 2963 1139 157 1178 2750 ", 7840 1000
139 959 2080 0 0] 301 1957 1427 1082 2826 1084 loes 1102 2864 7411 7485
180 870 RO57 [+] Boa S01 1878 1240 929 2514 Wb 088 9179 2447 8887 6740 G678
161 1.000 057 1] 502 500 2004 1225 1018 2039 a0 1023 1057 *eL 439 BoA2 s
182 992 057 o 504 502 2020 1305 1019 2235 948 026 | 1032 2218 482 5574
163 . B85 2051 [s] 308 504 2057 1283 1120 2150 1114 1145 1147 2140 45993 4857 488)
184 | 18,000 0,889 1131 0.795 | 442 497 laga 1660 1171 o8zl 1158 1218 1209 2418 7926 a8 509y
145 -8y0 1190 LTS | 4] 497 1804 1800 1150 2755 1120 116Q 1189 2580 7790 1980
188 892 117e LAL2 | 442 800 181¢ 1386 lom B4 1028 1079 1045 2i7a 424 1617 BB
147 520 1365 .786 | 430 505 188% 1388 1030 25a1 1085 1059 1054 213 7411 TH30 Ml
188 -850 10 .782 | 451 507 185 1170 251 1942 453 973 873 174 5701 8780
158 «811 1153 L7980 | 430 9 1m1n 12} aLl 1432 a8 asp AR 1382 Ea04 88 IS4
170| @5,000 0.683 794 Q.803 | 415 4688 1213 1847 1181 18357 1187 1294 1894 T8 8088 a7
1 547 188 802 | 418 469 lags 1603 113% 1904 1128 1180 1242 1834 7197 M0 [Frvd
17 L858 788 800 | 421 ATS 1188 1575 102¢ 1725 1022 1043 11r s THOY THB1 TT42
imn 807 788 000 | ¢85 488 1187 1183 84S 1349 sz s 208 21 8653 830 8361
174 .50p 7898 000 | 140 454 1% Bar 287 208 B3 858 T4 891 5338 567 450
175 35,000 0. 584 i 1.25% | a3 93 1208 1160 853 1314 858 gs8l 890 1130 65887 a78] 8318
iTe JBas 483 1.25 | 384 5 1208 1158 a0 1383 853 875 ear 1091 8635 &138 5785
177 -7 ] 492 1.2235 | 388 506 1201 875 24 819 a4 g8 a87 190 554 % w78 5918
178 423 487 807 | 396 s T47 A208 1274 1193 1190 1= lowy 1256 THE geas
118 ~ABL 49 b0l | 393 e 751 1680 12 pu-. ] 1189 1138 132§ 1082 778 Ti85 8Ae
i80 Y- 432 S | 395 L] 758 1385 a4 1141 lasl 1028 1200 979 740 T410 2004
18l -487 4185 A2 | 30 2 754 unw M " “e aTE 101y €21 [ -] 719 VR4S
pi 434 491 804 | 56 42 ™1 a0 &al2 821 521 228 T 1] e 5814 f2-15 1
185 | 45,000 0.258 e 0.821 |39 49 458 - 1218 T4 1201 1192 1500 a8d 7858 TE28 8504
184 278 1) 780 1408 456 438 — 117 Bld 1 1153 1371 T04 7958 78350 8ins
1a8 .27 b JTIT 405 434 498 —— 1171 04 1158 1108 13¥3 L ™7 7880 +
186 .27 535 701 (40 AE4 498 ——— 1062 a5 1058 1028 1208 [ L] 384 1274 1886
1a7 R0 304 802 |3 445 8k —— ar? 76 an .77 1029 508 585 6875 7213
182 -288 91 .B50 | 30€ 438 487 —— 1 4aqQ1 "% [ 704 388 Basd - 18] 5087
188 | A% 000 0.168 254 0.T0S | 703 488 354 ——— 1333 Bid 1273 1174 1411 477 ? 1844 8
190 .189 249 Ll% | TRe 488 Bl ——— 1250 526 1212 112t 1342 461 7788 7487 2191
151 .169 250 119 |20 470 M9 ——— uan 482 1508 100 1224 423 588 7008 1784
142 .19 =) B3 | 704 T2 352 —— 03 108 o] -2 993 si7e a0 8388 [
193 -18% M3 .MNng |12 478 M8 —_— e 453 197 0 an 411 aps2 5984 [:EL ]
1 =158 o -399 | 417 (11 a9 m=—- 13635 4% 133% 1153 pya L} 3ES apos 14567 3440
198 155 204 388 |04 458 200 ——— 1222 401 la14 1058 1354 e7 7840 0 a7l
198 183 o4 ST7 | 403 454 20 -— 1098 JER 1085 348 123 335 7187 ET18 7412
197 -192 253 L50) | 398 463 260 =—— 04 5185 984 804 1120 S SOBD 5888
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3166

TABLE I, - CONTINUED. ENGINE PERFORMANCE DATA.
(a) Concluded. Inlet gulde vanes open.
Run Alp flow, lb/sec Combus~-|Coubus-| Fuel flow, lb/hr Rake Scale Jet thrust, 1b Scale net thrust, 1b Net thrust specific fuel |Engine| Engine
hctual,[Adgusted,| Cor- | 120 pﬁﬂ_ Acbual,| Adjusted, Corrected, | et . [Kotual, [Adjusted,] Cor-  [Aotual,|Adjusted,| Gor- Thuaption, Somper-] prassura

’

Wy [¥avTa rected, |1 ency, ;t.er, Vp W | ¥ Fior| Pi,a [F3,0/00 x-;z.:ted, Po,a |Pn,e/0a ";“d’ TE‘E%F ratio, 1
8, 20 %1 Gy |SaVOry| 16 Ei.u_' 554! Actual,|Mjusted,| cor- | ¥ 1
br,1 1 Ay o/, ") rected,
nosl__f ¥y
Y O
n,x¥oa O
' Fn,s %7, 1
Exhaupt-nozzle area, 3.888 sq ft

157 1133.8 137.0 |1l44.2 0,989 | 15,7 4430 4599 4927 5030 | 4498 4637 4926 4498 4837 4928 0.9856 | 0,995 1,001 |2,354 1.640
158 | 131.7 154.8 |141.6 .988 | 15,0 4070 4226 4514 4326 | 4213 4339 4801 4213 4339 4601 866 974 982 (2,287 1,633
159 | 127.4 129.4 ]135.3 .988 | 13.8 3440 5565 3785 3789 | 3694 3789 3992 3894 3789 3992 9352 941 «948 2,124 1,444
180 | 110.4 112.5 [118,) 867 | 10,4 2440 25368 2660 2563 | 2554 2828 2758 2554 2828 2735 +956 .968 974 |1.888 1,273
181 | 70.7 71.5 2.5 283 7.06 | 1715 1798 1826 1131 | 1125 1158 1178 1128 1158 1176 1,825 | 1.580 1.88¢ (1,990 1,104
182 ] 7.5 12,8 3.8 +979 7.4 | 1715 1791 1822 1123 | 1114 1148 1164 1114 1146 1184 1,540 | 1.547 1.860 (1,988 1.103
185 | 4a,2 49,1 49.4 +961 5,37 | 1482 1530 1542 604 5808 807 811 588 807 611 2.490 .B20 2,525 [2.210 1,057
184 | 128.2 123,35 |145.0 0,98} | 14,8 4110 4225 49551 6329 | 5938 5951 8972 2733 2738 3208 1.504 | 1.543 1.537 2,330 1,565
165 | 124,3 121.4 |142.7 .085 | 13,9 3840 3958 4803 6053 | 5742 5759 4736 2579 2587 3025 1.489 | 1,629 1.522 [2,254 1,526
166 | 119.6 1168,1 |138.7 .968 | 12,3 3080 3201 5287 | 4877 4940 56882 1765 1768 2058 1.745 | 1,780 1.778 |2,052 1.401
187 | 122,7 114.8 |1%6.0 .895 | 12.8 3040 2938 3481 5221 | 4985 4882 5531 1810 1721 2033 1.680 | 1.707 1,705 2,030 1,369
168 | 102.4 100.2 ]1l18,0 1.001 8.75 | 1688 1680 1965 3284 | 3018 299% 3518 393 590 450 4.239 | 4.303 4,289 1,802 1.070
189 ( 73.9 1, ad,l 1,000 4,79 B48 a6l 651 1336 | lee7 1227 1431 - —m—— — — romme 1,304 .789
170 | 89.0 86.4 J147.4 0.998 | 10.4 5018 5815 4628 | 4401 4381 7680 2184 2159 %81l 1.374 ] 1.3599 1,447 12,494 1,627
171 | 86.2 4.4 |144,2 974 9.88 | 2780 2018 Sli4 4311 | 4117 4101 Ta4R 1989 1962 34563 1.412 | 1.438 1,486 |2,592 1,503
172 | 83,0 02.1 ]140,3 +964 B,49 | 2240 2260 4137 3708 | 3491 5488 6165 1414 ule 2497 1.584 | 1.600 1,656 |2,182 1,438
173 70.7 9 |121.2 «977 8,05 | 1’34 1232 2857 2433 | 2027 e 3057 434 4 187 2.053 | 2.843 2,942 [1.748 1.127

174 | 42,2 42,1 72.0 +956 2.84 3683 354 848 68% 625 616 1990 ——— ———— —— e B ———e 11,367 » 7488
175 ] 68.8 70,7 |118.2 1.032 5,89 | 1110 1173 1983 2080 3084 5186 433 451 759 1,718 1.088
178 | &7.5 70,1 |118,8 .994 6.768 | 1121 1186 2002 5111 | 2893 3046 5080 400 421 702 1.699 1,085
177 | 52.4 63,8 9l1.2 913 3.36 354 389 832 1648 | 1413 1462 2490 r——— - el 1,268 132
178 | 85,7 57.1 ]148.3 980 8.85 | 2030 2074 6204 30168 | 2904 2978 oase 1847 15838 4303 2,678 1.705
179 | 55,5 58.4 |145.0 »902 6.32 | 1870 1694 B68S 2874 | 2746 2784 7738 1395 1415 3851 2.854 1.648
180 | B4.3 55.1 |141.6 <991 6,60 | 15352 1548 4644 2836 | 2433 2482 6837 1110 1123 3119 2,312 1,515
lal | 48.7 50,3 [128.7 1.004 4,30 980 1003 2980 1860 | 1751 1783 4913 557 547 1507 1,959 1.256
102 | 35,0 36,3 90.9 »950 2.17 304 313 938 898 886 808 1933 ——— — —— 1,408 827
163 1350 6338 1758 18715 8143 918 963 4250 2.6875 1.687
184 ——— —— 1760 1833 7500 920 864 3930 2,65 1.64)
105 ——— ee— 1709 1501 7291 6883 796 3604 2,58 1,881
186 ——— a—— 1501 1380 6578 §69 618 2643 2,33 1.478
187 658 3201 1051 1065 4795 343 548 1084 1,875 1,241
160 269 1287 489 517 2264 ——— — ——— 1.481 .878
1a8 ——— 1089 824 6567 582 448 3462 2.72 1,536
180 - 1059 a12 a377 648 420 3300 2.89 1.487
191 ——— —— —— —— — —— ——— .37 1.578
192 —— - 838 478 3627 223 187 1342 .92 1.158
1935 — — [ it —— b [uisisd s — 1.70 1,300
T [e— [N (- —— JE— ——— —— ——— 708 82 5169 458 415 3382 2,88 1.471
198 | - — | | - — — e | 811 459 | 1581 395 | 3% |29s3 2.61 1.424
298 | oo | Aol [ooIIiT R B J— timm | el | 4% 311 | s723 | 290 [ 284 140 2.38 1,292
197 — — ——— - —— ——— J— — ——— —— —-—— ——— ——— —— 2.01 1.130
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TABLE I. - CONTINUED. ENGINE PERFORMANCE DATA.

{b) Inlet gulde vanes closed.

Rm)Approxinate|Heynelds [Tadl-pipe|Plight |Bquiv- Frgina- Engine- Turbine- Torbine- ‘Turbioe- |2ail-plpe tg;n.l teaperature,| Tall- Engine spe+d,
altitode, mbrr atatla Mach ,1-;111: .I.nl-.: h]!.-l-.lt 1n1-§ cutist wtlm.t piDe
e ex, |prassure, |mmsber, 1ent tot’ to totx! total to total
51,1. Por I-lr1 t.q;rntnre,. pn;m-., t-:';rttnrn, ttq);wntum, pro;suru, n;m’ Mjusted, c;:;::m' pro;nrc, M’:"u' L‘:’j’u‘m ra'n/'ul-ed,
1b statie 1* 1° 1 6 67 T T1/0s L1 7 1/5; W, -JU; 1
o Fﬂ‘ﬂi foper-| o 1n °n o 1b b '
tmgn.: q W IT A58
'*
Eximust-noszls area, 2,388 8q It
1 0 0.960 2048 Q =1 51T 1997 1507 1252 apre 1246 1241 125l 2899 7081 T078 T104
e B8 2038 [+] 5271 B1B 2000 1540 nis 2032 1108 1104 111¢ @568 Q19 [ ) 2L
3 «HI 2043 0 52 320 2080 1240 1102 2580 1070 1034 1048 237 3015 H000 S010
4 2038 [+] B21 520 2028 1285 1151 a2 1135 1131 1133 @02 4081 4073 AT
5 79l 2054 1] 520 oy 07 1255 1184 2161 nwo 1izs 1170 2153 3804 3800 3804
8 | 18,000 0.861 1184 0.821 | 449 509 ls11 1347 1054 2285 1096 1094 1077 #Ta8 7083 7210 7152
7 06 1188 L8135 | 4%0 509 1800 1205 938 2045 936 Ll T 2000 6438 5843 6602
a .618 | 450 510 1788 87 s 1535 189 ki3 783 1597 5500 5590 5550
9| %,000 0,568 BOO Q.798 | 458 514 759 1400 1098 384 1102 982 1113 238 TOBT 5na7 7121
10 -] 496 JT94 | 455 12 O 145 918 455 e M2 Ll 45 6540 085 5%45
11 . 582 48 .B0G | 455 514 757 1107 ATE 785 ary ™S 482 T2 5085 SB8% 8014
12 380 497 <797 | 485 513 e 990 788 B89 T 887 0% 873 34T 088 M9
Extoust-norxls arw, 2.514 s It
15 o 0. M8 2056 o 521 B17 lomn 1767 1432 3162 1421 1416 1427 3088 7945 7930 79680
14 980 2009 0 521 517 2000 1727 1387 5135 1385 1578 1589 2058 77 TI87 7
13 . 200} Q 138 517 2005 1620 1305 S04% 1304 1269 1508 204a 74 7401 7428
16 R .H 2058 0 821 £17 2004 1430 1182 M0 1185 1160 1190 27ea 6810 8e57 [k
17 -5 208] Q 318 27 FH0R7 1230 nos 2583 1078 iote 1082 2371 5082 6032 5042
18 | 58,000 0.400 411 0.502 | 418 472 0 le1s 1200 1104 1365 1192 13 1013 THD 7114 AR
15 L 4 08 | 4RO 47 T 1850 1230 1078 1221 1145 1337 1060 797 7E52 2168
20 -598 494 500 | 423 £17 733 ux 1122 1010 1iwe i1 izel 944 s 7158 T34
21 .37 46 600 | 429 404 56 Lae3 07a 01s 72 893 1048 a8 aras 8454 74
92 pe-1).) 4683 798 | 438 495 167 217 138 sm T2 L2 ™ o 5148 4075 5pE9
Ixtwnst-possle arsm, 2.884 sq It
2% | 53,000 0.432 449 0,008 | 394 448 781 1515 1s2 1048 1170 1188 1382 1012 794 THS anie
o A2 4499 L5 | ans 48 kit 1450 1128 1007 1119 1113 1305 9735 T80 7758 A5e3
25 <432 435 796 | 396 45 151 1354 07 45 1008 1020 1195 B3¢ 7408 7391 Tag?
26 432 499 <790 | 396 448 TEE 1147 aTa oa2 878 870 losdo 839 6670 648 TS
27 -419 481 304 | IS “r 38 910 TO4 708 11 TOA Bes 884 anaz 5618 591
Exhrust.noxxle arsa, 3.688 eq Ik
n Q 0.95¢ 2075 ] B 818 2021 1458 1134 2476 1120 1114 1122 2408 7943 40 7901
29 <880 1] 521 B17 207 1420 1106 U4 lom 1063 1W3 o304 T T8 TI82
30 - 969 04 -] 500 e 2022 1340 1048 418 1038 1053 1041 370 £403 508 TN
3 584 201 -] 118 ald 2030 1340 00 367 958 270 978 asap 54883 s67T0 &R0
= -T2 2010 L] 516 Bl¢ 039 11580 981 220 Ml T %o 2235 o723 240 LTl
53 | 54,000 0.407 a7 0.509 | 412 486 749 1333 290 e o4 M3 1098 728 7984 7188 B40g
54 389 " .B15 | 418 £70 745 44 m 3 B8 1041 T4 7793 7593 ales
= 418 445 -81% | 405 47 TAT 1180 80 ThR a0 B3l 968 ) 7404 7541 a
- “4ba 48) HR | 43 16?7 7587 90 m 857 nt [ ) Y 27 i3 ] (1%} ]
37 408 A e | 4l4 468 Lil 170 708 (=] ns 680 185 =4 S o Bl
58 -407 .813 | 412 447 T35 7 841 807 845 621 m 8y 5657 &5

9e
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TABLE I. - CONCLUDED.
(b) Concluded.

Inlet guide vanes closed.

ENGINE PERFORMANCE DATA.

3166

v

Run Afr flow, lb/mec c::bun- Gmibun— Puel flow, lb/hr Rake Seale Jet thrust, 1b Scale net thrust, 1b | Net thruat speoific fuel |HEngine | Engine
Actual,|Adfuated,| Cor- a!‘g?- p:,.::_ Actual,| AdJusted,|Corrected, tg::lt- Actual,|Adjusted,| Cor- [Actual,|Adjusted,| Cor- nog;u-ption, :m:r- p::::ﬁ!:.
v, [wavEg [Tt etency, eter | we e ¥ oo | Fape [Fr,/te P50 Py [P0/t |T3E s ratio, | Po/Py
5 [V, a7 i raviny) ® B‘,l:"" gl ot Thagurtsd, [ Tor To/Ty
,
Br,1 2V )1 V1 NP a| W "0';'4'
f
Fo o7
n,e v ]
Fn; T,
Exheust-nozrle area, 2.386 sq It
1 1.7 .9 97.0 0,980 | 11.4 3300 3402 3504 |3542 63 3577 3871 ——
2 77,4 80.5 81.8 .9860 08.58 | 2280 2341 2394 [2348 317 2405 2451 ————
3 59.5 8l.a 82,4 1,012 8,38 | 1534 1585 1808 |1381 13357 1383 1401 ———
4 40,3 42.0 42,1 930 4.58 | 1280 1328 1334 708 845 870 873 e | me—
5 35.5 3.9 35,0 818 3,92 | 1180 1195 lz0) 514 483 502 S04 | ——
8 84,9 85.5 98.3 0.880 a.%6 | 2270 2368 26877 5902 B7as 3837 4372 1495 | 1530
7 78.7 79.2 91.7 +958 7.38 | 1860 1725 1971 {5124 3055 3125 3693 986 | 1009
] 84,2 85.4 78.3 980 4.91 800 842 954.711814 1718 1770 2038 21 22 38,09
9 35,3 37.8 97,8 0,984 5.88 ) 1022 946 20863 [1659 hest 1640 4592 734 731 2048 1.392
10 33,2 35.8 92.9 .961 3.22 750 7 2130 363 1307 1318 5607 45), 454 1272 1.663
11 29.8 32.8 a2,8 1.008 2,80 498 486 1399 po38 985 1001 2781 218 219 609 2,284
12 25.5 27.4 7.0 4953 .02 360 336 1015 732 882 883 1912 2 g 82 1‘8.5!
Exhaust-noxxle area, 2,514 aq ft
13 94.8 7.8 |100.4 0,974 | 13,5 4350 4452 4802 |4090 158 4203 412 m——— | ———
4 84.3 97.2 99.6 .70 | 13.1 4100 4207 4347 [3960 067 4171 4292 —— | w———
15 95.2 85,9 98.2 .986 | 12,2 3620 3711 3827 54 720 3629 3033 wman | ewem
16 87.5 90.1 9?.1 2994 | 10.4 2830 2803 2989 {2986 55 5118 3197 mmen | -
17 87.5 59,5 59.9 1.048 8.20 | 1470 1617 1538 308 371 1415 1431 st Bd
18 38.4 40,1 ]lo3.4 0.980 4.08 ]1514% 1490 “7 118 2094 56825 1106 | 1120
19 38,5 40,0 ]103,2 993 4,70 | 1405 1372 4125 (2041 L1761 1776 4941 801 807
20 37.1 38,7 99.9 975 4,18 1171 1139 3432 {1809 1747 1761 4808 87 a4
21 35.6 37.3 98,2 .987 5.48 a37 g 2426 1501 463 1489 4098 +b684 S66
22 24,0 2.4 €5.8 .864 1.78 322 305 921.6| 589 583 583 1829 ~29 ~29
Exhaust-nozzle area, 2.894 aq £t
23 39.5 40,3 |103,2 0.977 62 |40 1434 4206 2,0200773 1805 4996 807 a22 2214 1,747 | 1,748 1,805 2.623 | 1.391
24 39.0 39.1 |101,4 +963 4,537 |1310 13508 3961 (1875 L7335 1730 4858 785 793 AR28 1.848 | 1.843 1,778 2,509 '
25 40,2 40.5 (105.0 .979 4,12 |1132 1136 3441 [LDO4 L7352 1742 4801 783 788 2150 1,484 | 1.480 1.6801 2.298 | 1.285
28 37,0 37.0 96,3 932 3,24 750 47 2273 Q391 1387 1584 97 500 AN 1405 1.500 | 1.495 1,818 1,964 | 1.145
27 30.7 3.8 8l.8 +948 2,18 402 415 1245 a78.7 { a7 ar? 2435 29 102 205 4.08) | 4,052 4,376 1.591 +8592
Exhaust-nozzle area, 3.6088 aq £t
28 96.4 100,7 (102,9 1,002 |1l1.0 2040 2091 2976 519 321 2370 2430 —— 2,162 | 1.225
29 96.0 99.9 [10R.1 .088 [10,7 700 2741 2824 (2219 221 2 —— 2,106 | 1.211
30 96.2 98,2 (100,53 996 9.95 | 2380 2425 2497 2058 079 2121 R175 we—n 2,008 | 1,196
31 90.2 91.8 93.68 977 8,75 | 1990 2030 2082 {1708 .714 1747 1786 ———— 1.880 | 1.161
32 5.3 78.7 77.8 .983 7.08 | 1833 1571 1592 1161 L147 n72 19 ——e~ 1.851 | 1.108
33 39,3 41.1 [105.1 0,978 3.87 990 990 2951 1304 204 1324 3656 312 319 2.116 | 1.083
M 39,0 41,3 [108,3 986 3.67 088 894 2650 {1315 1229 1270 5490 244 252 . .039
35 39.0 40.8 [103,6 966 3.51 745 79 249 (1200 11,35 1168 3210 181 186 1,880 «9933
36 6.2 37.8 26.1 922 2,60 452 448 1332 862.0 | o8 817 2253 m—— | —— 1.535 .8679
37 38.3 37,6 98,1 .969 2,80 430 428 1862 850,.4 | 824 831 2297 e | e 1,528 .0882
38 335.4 34.9 8s.8 938 2,17 303 302 885 85¢4.8 | 654 566 1833 —aun | . 1,390 +8040
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TABLE II. ~ ENGINE PERFORMANCE DATA OBTAINED AFTER ENGINE OVERHAUL.

Tun] Approximate] Reynolda| Tall-pipe|Fiight |Equiv- |  Engine- Engine- | Turbine- Turbing- | Yarbins-|fail-pipe total temperaturs,] Teli- Enxine apecd,
altitude, mmd er | statio n::h :.1:1\& mt:; inlet um; cutlet ouz:;t °R plpe rpm
e ex, |pressure, T, et Lo total tota total tof —y total
[ P, My alr  |temperature, |preasure, [tenperaturs, | tesperature, [pressurs, Actual,] AdJusted, | Co ted, Pressurs, Actual idjusted | ted,
TR R static Ty, P, Ty, 5, Ps, ™ | T8 Ty/8 3 Py, LI B 727" B TAVC 2o
VoI ol 1 °n °R 1 1
arure, &g Tt abs 2 foa b T b
to, s
R
Fxhaust-nozsle ares, 2.388 mq ft
1 | 35,000 0.470 478 0.82) | 3ss 405 730 2010 1810 2048 188 | 1779 2084 1991 7978 | ezes |sms
2 4TS 4 819 | 346 41% u2 2018 1812 2009 1817 | 1742 2023 1965 7958 | 8260 | &m0
3 483 464 613 | 3ax 434 747 1887 182y 1847 1800 | 1846 1814 1509 7943 | 8064 | asa?
4 480 481 .81 | 343 412 M7 —em 1833 - el R - ———— 7763 | soss |ama
5 442 40l .820 | 385 437 748 1915 1s47 18680 1529 | 1864 1818 1837 7748 | 78353 | Bt
(] 409 485 .els | 380 408 49 - 1468 ——— — ——— - e 7589 | 798 |mseo
7 438 482 .45 | 3aa 440 748 1800 1449 1754 1457 | 1458 1684 1718 424 | 7476 8083
8 489 483 .894 | 357 408 754 1783 1398 1845 1400 | 1948 1789 1798 7383 § 7759 ]esas
] 4 480 A7 | e 410 e 1617 1288 1546 1966 | 1304 1827 1828 s9vz | 7Tee3 | 7eA7
10 A3 492 .3 | 30 ‘440 U9 1438 1148 138 1184 | 1168 1561 8547 § 6580 {7110
11 418 418 808 | 3w 451 738 1083 (] 736 an 880 1oos 719 5287 1 S234 Jse%0
12 | 45,000 0.340 291 0,826 | 3as 375 488 2007 1618 1339 107 | 1923 2235 1296 7941 | 8sgs | 9347
13 e 228 816 | 324 387 8] 1970 1548 1299 1540 | 1888 278 1289 71735 | 4538 | eBM4
1« 3% 303 L8038 § 322 364 483 1037 1472 1262 1488 | 1788 201 1234 7683 | 8388 9083
18 338 283 813 | 3af 348 1737 1334 1188 1388 | 1878 1954 1158 7562 | oos8 8742
18 W31 298 J804 1 330 373 Ith 1887 1262 1108 1288 | 1508 1781 1078 e9gs | 7838 lazb4
17 267 297 BL A 4+ 481 2017 1693 1182 1621 | 1620 1908 118% 797 | 79e3  |as2l
18 261 287 .22 | 389 442 "7 1875 1608 1185 1580 | 1586 1888 1139 7835 | 7874 | 2490
19 1278 299 808 | 388 439 4680 1780 1438 1056 1422 | 1440 141 1031 7365 | 7409
20 ) m 82 ] 883 442 470 1497 1192 837 189 | 1180 1396 817 esly | sele (7173
2 271 308 93 1 %96 448 1070 [T w2 872 [T 1018 13 s | sols 58
22 55,000 0.208 181 0.829 | 337 383 264 2037 1851 24 1840 | 1912 2222 79 7877 | 8307 [mes
23 208 182 .820 | 338 384 263 1890 1839 769 1s20 | 1788 2064 752 7608 | 5201  |a|da
24 218 1M 2194 | 340 385 W 1197 1480 757 1437 | 1861 1947 720 7408 | 7960  |as1e
25 212 190 .808 | ¥39 383 29 1820 1310 sa1 1294 | 1500 1733 665 e93s | 7460 Jaor2
|28 des 175 .841 | %a7 4“2 278 2067 1690 138 1850 § 1687 M9 722 7980 8883
27 e 177 837 | 3a8 s 280 1078 1608 s 1884 ] 1s00 1882 os8 | 7748 { 7787 [AB77
28 158 78 832 | I “a 280 1833 64 a3 1488 |} 1482 1894 38 | 7388 ] 71348 ]7018
29 .As0 a A | as 484 1510 1218 s 1209 | 1158 1385 470 Jeme | 8397 |em1e
30 .180 19¢ ST | 411 481 291 1207 978 288 %8 978 1124 260 |s60p | 000 (3634
31 161 197 “ow | 570 382 21 1980 1863 579 | 1587 ] ess 270 863 ] 7851 | 78 |apie
32 158 188 417 | 80 382 213 1797 1488 M3 1438 | 1531 1954 E27 |75k | T4m
33 180 197 408 | 370 342 a1 1787 13712 818 1388 | 1442 i.ua 604 | ease 4 7208 |al4s
34 )2 152 438 1 425 41 219 2087 1888 e 1839 4 isis | 1928 s31 | 7814 | 7314 a4ty
35 JA27 18 468 | 4t 442 218 1883 1544 S0« |1sie | 40l 18 90 7435 | 7188 {aosY
36 - J153 198 A8 ] 429 “s 18%0 12714 ko) 1257 | dise 1488 387 1338 | a3sk  {TOS8
37 127 138 434 ] 432 “s a3 1810 i 1281 47 1273 | i 243 jssy | 3201 ]oasy
! Ixmnst-nossle ares, 2,514 2q It
38 {59,000 0.180 188 0.800 | 368 418 282 1897 487 701 1502 | 1800 1874 884 | W4 | m178  |essL
39 477 179 .823 | 3se 413 279 1880 1440 [1sd 1488 | 1578 1838 884 | 7838 | mL).7 8742
%0 178 183 808 | 37 418 28] 1807 1328 ™2 1532 | 1430 1670 817 | 7403 | 7e82 |a2vy
4 178 14 002 | 3s8 415 281 1385 1111 510 1082 | 1158 1354 490 {BB49 | #7858 [73%4
42 178 103 804 | 367 414 280 1140 904 m 888 4 1110 1Y | BTS2 | 5993 |sM0
43 o184 %0 12 | a9 o 281 1200 s 1585 | leas 3.361 ees (7930 | 7080 [e3en
“ == 188 I I — —— 283 ——= 1872 @ ool et —— 839 | 1788 | oo |-e-o
43 .48 201 .38 | 402 “s 208 1757 jrity sa9 1se5 | 1as 3.108 871 | 7373 | 1290 7954
45 .88 197 2188 | 408 a8 21 1800 191 488 1191 | 83 2.6 47¢ |e838 | 8589 [ T083
47 2161 " Al | 309 413 223 1983 — 1548 | 1838 148 —- | 798¢ | 9 w27
. 142 1 A3 | 38 413 225 1887 1517 832 1482 | Lees 1883 807 | 71788 | 1TiE  ]ATOM
4 A0 193 Y- 413 221 1740 1394 505 1379 | 1588 1133 s |20 | 7382 [AS17
50 237 1 450 | 397 415 218 1823 1230 440 1 | iiee 1822 424 | 6721 | asar  |7534
s1 13 8 433 | 309 413 214 1897 loal 336 1009 | 1004 1287 527 83 | ssos  |eEs?
Exhaust-norsle aras, 2.884 wq It
52 38,000 .180 174 543 | 398 405 27 1817 1403 876 u2e | 1874 1823 881 | 7932 | a3ss {9003
53 By 17 A3 | 338 408 Fiad 1737 1330 Hus 1387 | laga 113 &2 |7780 | a177  [a798
M 180 10 424 | 381 410 an 1879 1228 591 1209 | 1338 1686 664 | 7360 | 08 H
= 172 173 831 | 384 414 212 %7 1044 <87 1038 | 1119 1299 487 |ezas | sse2 7373
58 -170 180 819 | 376 s 217 e 9% ¢ m i) $81 207 3388 | 5507 |6884
37 143 it 408 | 302 408 22 1828 1426 502 1428 | 1432 18351 480 | 7934 | 1932 jaam
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TARBLE II. - CONCLUDED. ENGINE PERFORMANCE DATA OBTAINED AFTER ENGINE OVERHAUL.

Ar Tlow, lb/msa C:iﬁ\u- "E Fusl ow, Ih/Ir Rl.zl Aauln jot thrust, 1 Ssale ne, chemt, b Wel thrust pprific fuel |Hapime | frgine
Artwal| Mjuweed,| Gore | srri- parum- [Actual,[adjusten, | Gorreerad, o e [Aetal, [adiusted] Cor— [wcCanl .| Adiunted,| Gome Tofup e LA
rected,| oy nter Teeted, Teotml, e
Yoo [l b T e Ve % o ’{(,’“ P [T | r P [Tre/® | B : patle | ity
S P | W ooy~ ! ¢L ! ' 1,&nl- Lctual,[Adjatsd,| cor- | T2/Ti
Ha e 1)) .1 T v Teared,
L1 ] b L3
Tau ¥ iELE
Ethuimi-porrie arsa, 2,30 ag It
1 | s8.7 59.6 |imL.1 .84 | 3830 3080 11730 | 4780 | 2557 5107 | 1oame | pimd | g 01 | L.700 | L.TeB l.aaz | 3.078 | 2,789
+ | sa.B 9.0 (l40.0 9,00 | 390 884 150 | ase | d087 4883 | 13310 | 3280 | 3400 8312 | .18 | 1.4 1.20p | 5.008 | 2,008
3 | 573 542 |Li0.4 1.17 | 3400 =48 10534 | 4480 | 2580 M 8638 "l ont 213 | 5.658 | 2.688 5.0 3,87 | p008
4 | 839.8 4 542 |1ED.4 1.14 | 300 =17 10141 —=m | - — —— —_—— — -_— m——— | — —— —— —_—
b | s8.0 B8.1 (1474 a.88 | 1w 3288 pasl 4296 | I541 2431 a3 ;4] 982 o8t 3.308 | 3, 3.808 AT 2.013
& | san 7.3 |us.a 8,86 | 3040 268 bl = | . ——— moe | e | - [ [V e JEVIVEGR | R —
7 | B4.B BE,.0 [145.3 7.47 | 2700 2608 a5 e | eer R0 s 08 958 es7 | 2.7 | 2.0 3.230 | 3,986 | 2.3
a | k7,0 88,8 [145.8 8.10 | eho0 5038 48R3 asa | an L5068 nmAa | em | B a1 | 1,006 | 1.0 1328 | 3,448 | 2,447
9| B - FTT Y 7,12 | o550 648 1500 2£07 | 3872 8l | loisd | 9359 | M9 8100 L99831 1.036 1.1 | 3,13 | 2,
10 | 47.1 1.5 1R 5,44 | 1858 1808 s087 a1l | 1195 181 [ 50 1] e5 | 2,h12 | 2.50 2,728 | 2,803 | 1010
11 | M.0 .0 [ L) 218 48 B=0 1505 a5l | 1e: palts 4308 los 1o 308 L.0R8 | #A.083 b.i68 1.931 1.001
.2 M, A €15 | 60 /40 15441 07k | 82 ] 14800 | 2280 Ml2 10604 1,0m8 | 1.177 1,288 4,308 2.1
5.0 3.4 |140.0 8.8 T 18208 3080 | 3087 51 14078 | 2200 20TE 10088 1.045 | 1,1B1 1,043 4. 14 2,819
3.7 50,87 |147.0 0.87 | IO M7 ura 10 | 248 ] e 20ne 2134 8658 1,008 | 1,138 1.5 4.027 2,788
31,8 3B.53 [147.8 8,90 (1000 an 1068 | 00 | 2758 Foat] 1ame] | 100 | 1ee9 o] 599 | 1.0 188 | 3,780 | 2.8M
. 34.21 |142,0 4.87 | 1880 181 W0 [ PBA | b onae nEs | 1881 | 1738 1800 (82 | 1,0m 1.1m | 5,384 | 2,430
5.0 .0 |148,3 8,48 | 2100 2158 losna M83 | P05 2001 10882 | 1891 1s81 pars 1.1 | 1113 1.200 5.878 a.&M
35.8 38,8 |lag,p B,5 | oS0 #210 10817 418 | 81 2043 12597 1851 1aes BSaA 1180 | 1.1M 1.814 3.h70 2.000
3.0 =0 13,7 4,70 | 1878 178 B | W | U TR | 10B4 | 151F | 1BbT Bk |1.108 | 1.0 1,206 | 3.038 | 3.788
.0 .5 [1#0,A BB | Jobs 1098 LA e | 1107 u ie8d 414 418 1aad 4.6 | .40 2.840 2,600 1,781
4.0 .1 52,0 1.0 M3 SR 1500 403 | 1m0 1080 4833 L - a3 noe b.CaR | B.003 B.417 1,906 068
2.8 LT (1485 3.78 | 1b30 17es 13443 | 1m4¢ | 1904 2008 | J41m1 | 3378 | M 0930 | 1.aae | 1,018 1.81¢ | a.282 | o.888
23.2 00 |148.4 3.53 | 1400 1583 12188 1749 | 1740 1848 15180 1208 1228 ne7 1.142 | 1,851 1,508 5,958 PallY
g2.9 0.4 |141.4 3.09 | 1830 1583 10471 1HE | 1m8 1k02 Nan 113 1120 e 1.088 | 1,180 1.078 5.7 Fu?
22,8 20,80 13,3 2.8 | 1080 1134 am 1506 | l4bd 145 10843 Mo 961 8873 1.110 | 1,196 1508 3.379 2,00
20,7 7.4 |81 . 5,43 | 180 1540 11642 | 1sea | 1730 181 | 131ee | 1810 | 1300 21 |1.ae7 | 1.168 T | 3.0mE ) 2.Eh
20.5 21,8 (141,7 S 5.21 | IR0 15m 10377 1579 | 1838 1788 o882 nm 16 aso 2.6E4
12,5 .8 (13,7 1008 2,83 | 1079 1154 am 1408 | 1447 1887 10N 24l 1o TRER 2.5
16.7 15.4 (10,3 B 1.60 e 4057 L] 71 &3 000 25 ”. a0 1.T08
[ B, | 80,8 718 .08 | 3515 EE] £450 s | 1m 1M 138 | =emm | e — 7
1l 18,1  |140.4 | 2,75 |05 1150 1% | 1 | ey 1 | ussT | 1008 n B8 A.800
18.3 8.0 |134.8 2 2,5 11 960 10648 1078 | 1043 N 10458 oM [ asal PP ]
18, 5.2 [13a.4 S .10 a1l anl o (1] i) 72 Ha saz A4
18,4 140, +K36 68 | 1017 M loasc 1180 | 1188 11% 1118p (1] L] 083 2,409
14,9 1354 M1 | 2,25 asa UG e | 10i2 1088 | 10214 N 837 7006 2,312
12,5 108.4 T T m BAD 8o | sas 3} st 3 T 4Gt 1,181
6.7 9.9 «T18 S8 a e x40 m m 174 lowe b1 ® [ 1.108
Extanyt-nogrlé ares, £.514 aq ft
21.¢ 21.9 0.6 0. 007 3.20 | 1508 1383 10005 © | 1427 | 1899 1830 PR1Md 1087 1L 157 1.208 | 1.241 1.344 3.811 @08
n.o 22.4 |MB.3 «B11 3.25 | 1288 1380 10470 la8 | 1B60 W54 Q1756 168 1. 7T 1.830 | 1.274 1,318 3,540 Ted2?
1.b 21.4 144 +BL 2,08 | 1012 1084 [~ ] 1371 | 1388 l428 pésal a8y #00 sn 1.174 | 1.8 1.53 3.m1 1,979
1a,1 18.2 g2l AT 1.08 708 1 1414 e 1008 310 47 588 4118 1,208 | 1.243 1,Hb 2.807 1,81
18.3 15,3 Jlop.A REL 1.4 108 438 ar s By Lo s e 1188 1,700 | 1.782 1908 7,138 L0
20.4 Nn.5 |1k, WI18 5.2 ar L_1i] 15 | 1488 10455 s 21 8T 1,505 | 1.3¢R 1,453 1.3 .00
— —— |- —— - |11€% —— | — | 1PE] _— L T e ey el B e ——— | -——= | 2309
10.9 1%.3 136.5 83 8.78 134 TEAD 1z | 1581 1z85 L] 684 840 U 1.080 | 1,088 3100 7040
17, $.0 p1e.bs ] .04 850 L1] BaEY [, 1 [ s 7184 haw L] 4058 1.117 | 1.089 7883 1.AM0
11.0 18,5 Q435 M8 | 2,82 {10 10184 | = 104|108 ’m [ 8M1  f1.161 | 1.142 3.8 | e
1.4 18.1 p@.a o | 2,48 | ww 13 F 1o | 204 1008 BART [ 7 | 1.048 | L4 .88 | 2,884
4 |10 1.9 15,8 07 | 2,21 | 3@ FL e ] 5 1810 | 1.106 | 1.080 3.5 | 2.u0L
50 | L. 15.2 [ee.8 38 | L.se | w08 615 5878 03 | e 7 57 HE 864 535 | l.1a | L.1o0 2,582 | 2,057
18,0 12.4 [iok.0 .- 1,23 405 113 4“1 s 215 219 48 i ATE 4,438 | 8,370 £, 180 1.184
Rxmumi~posxle aréa, 2,88 5q fi
o2 | 22.4 25.4 hmo 5,18 | 1238 1430 10007 | 182 | 1601 1147 11184 | 1060 | L83 s |17 | 1.0 1.336 | 3.811 | 2.440
55 [en,T 8,8 1585 5,08 | 1118 1778 9630 | 1sas |1517 1658 | 1a5ea 910 | loce 7810 |1.149 | 1.20m Lar | 3.2 |
o | 28,0 er3 17,1 £,70 | oep 101 il | 1388 | 1350 12 | looes ol7 [1¥] 01T | 1.143 | 1033 1.200 | 2.0 | 2.108
as |1a,% £0,0 Qx1.0 1.3 715 o478 | 2027 | o8 pi Bild M0 5 lear | e.6% | m.em7 1.907 | 2.7 | 1700
=8 | L.l H.8 7.0 7 b 87 erit 531 2574 0 74 B35 4,700 | 4.003 5.1M 1.438 780
87 | 17,1 ls.6 pdas.a 2,44 | 988 (L] 1014 | losa | 1w 1o i am i tid .108 | 1.100 . XA | #2381
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Figure 1. - Installation of YJ73-CE-3 turbojet engine in altitude chamber.
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Primary exhaust-gas cooler

Exhaust section

Air-straightening vanes

Flgure 2. - fchematic dlagram of altitude test chamber with engine installed In teet sectlon.
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Exhaust nozzle
0

Bellmouth cowl Compressor Combustor Turbine
Station ] 5 4 5 6
]
I L ! [ H
Air flow /- 2 =
H
|
Btation Jocation Totel- Statlic- | Wall
pressure | pressure| static~
tubes tubes pressure
orifices
0 Tall-plpe region 0 4 0
1 Engine inlet 36 16 4
3 Compreasor outlet 20 4 2
4 Combustor inlet 5 0 0
51 Turblne inlet 9 0 0
o Total pressure & Turbine cutlet 24 0 8
e Static pressure 7 Exhaust nozzle 28 16 i

20 o Total pressure
20 ¢ Btatic pressure

¢ Thermocouple

Station 1

¢ Thermocouple

Figure 3. - Croes sectlon of turbolet engine instaliation showing lnstrumentation statioma.
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CX~6 back

NACA RM E54F22 ai—

Diffuser Tall pipe Exheust nozzle

=

(a) Fixed conicel nozzle; ares, 2.388 square feet.

N oy oot e o e

=

(b) Clamshell-type nozzle; erea, 2.514 and 2.69
square feet (two positions).

il

L CD-3658

(c) Tall pipe only; area, 3.688 square fest.

Figure 4. - Sketch of exhaust nozzles.



Exhsust-gas temperature, T7, %R

Al NACA RM ES4F22

Exhaust-
nozzle
—— —— = 8pecific fuel consumption, area,
1b/(ar) (1b thrust) Scale net Axs
thrust, | &9 ft
2.388
1700 Fn,s '
1b
Limiting exhaust- 6000
gas temperature /// N
1600 /, 2.514
/]

1500 N
/ ——7?& 2.694

Y,
1400 4ooo/< / y o,L.}Z’:b?’J

™.

™\
2
>
&&
‘SZ

LN

1300 L
YV DX s
A/ L7 //'/"»A,ésea__.
000 ~* A .
/ v d
1200 ,/,ﬁ //’7}// // /
/ 4// /’, ///
4 7 i /
1 2" A
1100 2000 //<Z<7f / //<:’12;2 ,/’.ﬂa,&(
2% 25 4
7 1\/ 74:7/// -7
ﬂ [ /////\,-90//
- %2554
lOOW/J&' ’}/.://, /7/
|7 A
900 :&5’5/4—.////
o K= /
a i /
> 74
800 —
5400 5800 © B200 - BBOU T 7000 - 7400 7800 8200 8600

Engine speed, N, rpm

{a) Reynolds number index, 0.88; altitude, 15,000 feet; flight Mach num-
ber, 0.803.

Figure 5. - Engline performance maps.



NACA RM EB4F22 ol 45

8 F"z'hmulzt,-__
',?,‘ nozzle
area,
1700 Ay
Limiting exhaust- £t
a8 temperatu:L'n[ . 8q '
Scale net / 2.588
1600 thrust,
Fn,s
1b
— w= — Specific fuel consumption, 4000 /2.514
1b/(hr)(1b thrust)
1500 7
3500/ f w,.{,b
1400 y £ A—
y }\\7/-', "
& / / 2.694~L/7, <
B 3000, 77N
5 %/ / v
& A AL i
. 1800 ! ~ 717
. g A T2 4 2
5 ¥ 77T
g A |/5.688
1200 —
g 4 4—7 4 /
il
" moo/ // 5 IV 4’/
; /(>< A2 7 ’6 1
& 1100 /] e / 4
\ -
3 4 X Z
£ 1500 >< \| 4z 1 o
/ ]
1000 /\/ ,Zé{—’/ /
1009& \E_A/’//// (S
N 1 A
900 / \. prd > 1’//
N >E— T~
oA ey —
o) / /
800
d
P
/
700
5200 5600 6000 6400 6800 7200 7600 8000 8400
Engine speed, N, rpm
(b) Reynolds number index, 0.59; altitude, 25,000 feet; flight Mach num-
ber, 0.804.
. Figure 5. - Continued. Engine performence maps.



Exhaust-gas temperature, T., OR

S NACA RM ES4Fz2

Exhausgt-—
nozzle
ares,
1700 ? —
Ay,
Limiting exhaust- 8q Tt
gas temperature==

Scale net / 2.388

1600 thrust,
F?{,B //\ ,2.514
—_— — —— 3500 )
o e YA A
/, / 2,694
1400 2009 / / //
,/47 /] 43 /
-
1300 2500/ N:_l? / )5/ £
i;' 74'/17/ 54
N/
1200 — ,//'// /é,// /‘/3.685__
/: . Vi 7/,/
’
1100 /’/’/ 4 / 7/4
15001 L~ 7 // o
A A7 1A
1
1000
wol{d N 7L
/7 ~ 7/
900 /// pORd. 4
7/\ // ’/ /
| 500, A ,4
/// 1=
) 2 /]
80gsoo 6000 .. 6400 6800 7200 7600 8000 8400

Engine speed, N, rpm

(c) Reynolds number index, 0.58; altitude, 35,000 feet; flight Mach
number, 1.23.

FPigure 5. - Continued. Engine performance maps.
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NACA RM E54F22 L 47

Exhaugt-gas temperature, '1‘7, oR

Exhgust-
nozzlie
area,
Scale net\— Ay
——— =—— —— Specific fuel consumption, thrust,
oo 1n/(br) (1b_thrust) Toe | | 5388
E
1700 A
Limiting exhaust- /
gas temperature |
1 ~
2.20 (e}pprox.)/g
1500 1
2800; /
INAWE)
514
1500 %//\\‘ 4 /fz
2400
yAmd] /
VAN BVAT
1400 / 4 L ¢ // o ;T
N A Al eon
X /7 // ~$’/ /i /
1500 ™ /OQ/‘/ ~, i 4 /
/ 'Q'-/ y. / // y i
- [ S
1200 ,/ / & //yib t
1603 ///, 7/ L
1100 / /7 74‘ 7 /’j:a;/s.sae
4 Y/
oo />/ _ ///7{,/
1000 A 4 7//
T o7
/1 \\?0/,/{/ /%*1-40
e Z
80 Vel \?:'9‘%
100 / \-/ s — 1.60
N A A4
800 // \X)//"ﬁ
100 X =1 |
7 L
e
70gooo 5400 5800 6200 6600 7000 7400 7800 8200 8600

Engine speed, N, rpm
(d) Reynolds number index, 0.39; eltitude, 35,000 feet, flight Mach number, 0.805.

Figure 5. - Continued. Engine performance maps.



48

Exhaust-gas tempersturs, T7y ]

b NACA RM E54F22
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Figure 5. - Continued. Engine performance maps.
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Figure 16. - Effects of inlet temperature. Altitude, 35,000 feet;
flight Mach number, 0.8; exhaust-nozzle area, 2.37 square feet.
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Figure 16. - Continued. Effects of inlet tempersture. Altitude, 35,000 feet;
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Figure 17. - Continued. Predicted performance from pumping characteristics.
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Figure 17. - Continued. Predicted performance from pumping characteristics.
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complete ram recovery assumed.
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