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ALTITUDE-CHAMBER PERFORMARCE OF ERITISH
ROLIS~-ROICE RENHE II ERGIRE
I -~ STANDARD 18.75-INCE-DIAMETER JET NOZZLE

By Zelmar Baerson end H. D. Wilsted
_

An altitude-chenmber investigation was conducted at the NACA
Lewis laboratory to determine the eltitude performance character-
istics of the British Rolls-Royce Nene II turbojet emgine with a
standard 18,.75~inch-diameter Jot nozzle. Results are presented
for simulated sltitudes from sea level to 60,000 feet and for ram-

pressure ratioes from 1.00 to 3.50 (corresponding to flight Mach
mumbers from 0 to 1.47, assuming 10O-percent ram-pressure recovery).

Typical performance-data plots are presented to show graphi-
cally the effects of altitude and flight ram-pressure ratio. Con-
ventional correction methods were applied to the data to determine
the possibility of generalizing each performance parameter to a
gingle curve. A complete tabulation of corrected and uncorrected
engine-performance parameters is presented.

Because compressor pressure ratio and efficilency at high engine
speeds decreased with increasing altitude at altitudes above
20,000 feet, engine-performance parameters could not be predicted for
these altitudes from data taken at one particular altitude. At a
glven altitude, performance data at any ram-pressure ratlo for which
critical flow exlisted in the Jet nozzle could be used to predict
performance at any other ram-pressure ratio in the critical-flow
range. FEngine performance at altitude was affected by compressor-
pexformance variations caused by differences in atmospheric tem-
perature and pressure with altitude. The data indicated that the
net-thrust specific fuel consumption decreased with increasing slti-
tude up to the tropopause (35,332 £t, based on NACA standard atmos-
phere), and thereafter increased with increasing altitude., -
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IRTRODUCTION

Because of the design differences of the British Rolls-Royce
Nene II engine as compared with similar American turbojet engilnes
and because of the high sea-level rating, an altitude performance
investigation of a Nene II engine was conducted in an altitude
chamber at the NACA Lewis laboratory during 1948.

The effect of eltitude and flight speed on the over-all engine
performance, using the standard 18,75-inch-diameter Jet nozzle, 1s
presented herein. Results are presented for simulated conditions
varying from sea level to an altitude of 60,000 feet and for ram-
pressure ratios from 1.00 to 3.50. These ram-pressure ratlos cor-
respond to flight Mach numbers from O to 1.47, assuming 100O-percent
ram-pressure recovery. The conventional method of reducing data to
sea-level conditions (veference 1) was used to determine whether
performance could be generelized; that is, whether data at one
altltude and ram-pressure ratio could be used to predict performance
at other conditions of altitude and ram-pressure ratio.

IESCRIPTION OF POWER PLANT

A cutaway view of the British Rolls-Royce Nene II power plant,
which is & through-flow turboJjet engine having nine combustion
chembers, is shown in figure 1. The engine incorporates a single-
stage double-entry centrifugsl compressor (tip diameter, 28.80 in,)
driven by a single-stage reaction turbine (tip diameter, 24.53 in.).
The turbine-nozzle area is 126 square inches and the jet-nozzle
area 1s 276 square inches. The dry engine welght 1s approximately
1720 pounds (starting panel and generator included) and the maximm
diameter (cold) is 49.50 inches, giving an effective frontal area
of 13.36 square feet.

The sea-level engine performance (reference ZL based on Rolls-
Royce statlic test-bed data, 1s:

Rating Jet thrust | Rotor speed Specific fuel
(1b) (rpm) consumption
(1b/(br)(1b thrust))
Take-off 5000 12,250 1.04
Military 5000 12,250 1.04
Max, cruise 4000 11,500 l1.02
Idle 120 2,600 ————
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From these values 1t can be seen that the rated militery thrust
per unit weight of engine is 2,91 pounds thrust per pound welght,
and the rated military thrust per unit of frontal area is 374 pounds
thrust per square foot. The maximum allowable tall-cone gas tem-
perature is 1365° F.

A sea-level acceptance run of the engine wlith minimmm research
insbtrumentation installed showed a thrust of 5110 pounds and a
specific fuel consumption of 1.01 pounds per hour per pound of
thrust at an engine speed of 12,261 rpm.

APPARATUS AND PROCEDURE
Altitude Test Chamber

The engine was installed in an altitude test chamber 10 Teet
in diameter and 60 feet long (schematically shown in fig. 2). The
inlet section of the chamber (surrounding the engine) was separated
from the exheust section by a steel bulkhead; the engine tall pipe
passed through the bulkhead by means of a frictionless seal. The
seal was composed of three floating asbestos-hoard rings so mounted
on the tall pipe as to allow thermal expansion in both radial and
axial directions, as well as a reasonable amoumt of lateral move-
ment to prevent binding.

Engine thrust was measured by & balanced-pressure-diaphragm-
type thrust indicator outside the test chamber, connected by a
linkage to the frame on which the engine was mounted in the chember.

An A.S.M.E.-type flat-plate orifice mounted in a straight run
of 42-inch-diameter pipe at the approach to the test chamber was
provided for measuring engine eir consumption. Because of the
large veriation in atmospheric conditions investigated, however,
considerable difficulty was encountered with condensation in the
orifice differential-pressure lines desplte repeated attempts to
remedy this situation. The engine air consumption was therefore
calculated from engine pressure and temperature measurements in
the tail pipe, as described in the appendix.

The ram-air pressure was controlled by a main, electrically
operated butterfly valve in the 42-inch ailr-supply line, bypassed
by & l2-inch, pneumatically operated V-port valve. Air was sup-
plied by either a combustion-air (moist, room-temperature) system
or a refrigerated-air (dry, cooled) system at temperatures near
those desired. Final control of air temperature was accomplished
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by means of a set of electric heaters in the bypass line Irmediately
preceding the entrance to the test chamber. The air entered the
teat chamber, passed through a set of straightening venes, and then
entered the engine cowl. The purpose of the cowl was to prevent
circulaetion of heated air from the region of the tail pipe and com-
bustion chambers directly into the aft inlet of the compressor.

This heated alr was therefore mixed with the cooler air supply
before entering the compressor.

The exhaust Jet was discharged into a diffusing elbow mounted
in the exhaust section of the chamber. This elbow ducted the gases
into a dry-type primery cooler., Control of the exhaust pressure
was obtained by means of a main, electrically operated butterfly
velve, bypassed by a 20-inch, pneumatically operated butterfly
valve., The gases then passed through a dry-type secondary cooler
and thence into the system exhausters.

Instrumentation

Compressor-inlet temperature and total pressure were measured
by eight probes, each consisting of an iron-constantan thermocouple
and a total-pressure tube. Four probes were equally spaced around
the periphery of the front compressor-inlet screen, and four around
the back screen, (station 2, fig. 3). Control of ram pressure and
temperature was besed on the averaged readings of the eight probes.
Compressor-discharge pressures were measured at the exit of
compressor-discharge elbows 1, 4, and 7 by seven total-pressure
tubes in each elbow.

Engine tell-pipe temperatures at station € were measured by
means of 25 chromel-alumel, stagnation-type thermocouples located
in an instrument ring, as shown in figure 4. The instrument ring
" also included 24 total-pressure probes, 14 statlic-pressure probes,
and 4 wall static-pressure taps. This instrumentation was located
approximately 18 inches downstream of the tail cone. In addition,
the four Nene engine standard tail-cone thermocouples supplied by
Rolls-Royce Ltd. were mounted in the tall cone and were used for

engine-control purposes.

All pressures, including the thrust-indicator-dlaphragm pres-
sure, were instantaneously recorded by photogrephing the manometer
panel, Temperatures were recorded by two self-balancing, scaming
potentiometers, which required about 3 mimmtes to record all engine
temperatures. Pressure and temperature instrumentation was also
located at other stations throughout the engine; messurements from
this Ilnstrumentation are not reported.
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Engine speed was measured by means of an impulse counter,
which operated on the frequency of an alternating-current three-
phase generator mounted on the accessory case of the engine, Action
of the counter and a timer was synchronized by use of a single
mechanism,

Fuel consumption was measured by & calibrated variable-area-
orifice flow meter, which allowed near full-scale readings for
various ranges of fuel flow by changing the orifice flow area.

With the exceptiomn of air consumption, performance dasta were
generally reproducible within 2 percent. Air-consumptior data
scattered appreclably at high engline speeds and was reproducible
only to within 5 percent with a few points showing even greater
scatter. :

Procedure

Performaence characteristics of the engine were obtained over
a range of engine speeds at simlated altitudes from sea level to
60,000 feet and ram-pressure ratlios from 1.00 to 3.50. Inlet-air
temperestures were, in general, held to within 3° F of NACA standard
velues corresponding to the similated-altitude and ram-pressure-
ratio conditions, Compressor-inlet total pressures were held at
velues corresponding to the simulated £light conditions, assuming
100-percent ram-pressure recovery.

RESULTS AND DISCUSSION

A summery of performance and operational data cobtained at
similated-eltitude conditions is presented In teble I. Altitude
data corrected for small variatlons In compressor-inlet pressure
and temperature settings and for variations in exhasust-pressure
settings are summarized in table II., Table II also includes the
data corrected to conditions of NACA standard sea-level static
pressure and temperature at the compressor inlet.

Similated Flight Performance

Effect of gltitude., - Typical performance data from table II,
obtained at a ram-pressure ratio of 1.30 and simulated altlitudes
from sea level to 60,000 feet, are presented to show the effect
of altitude on Jet thrust, net thrust, air consumption (cooling
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air excluded), fuel consumption, net-thrust specific fuel con-
sumption, and tail-pipe indicated gas temperature (figs. 5 to 10,
respectively). Jet thrust, net thrust, air comsumption, and fuel
consumption (figs. 5 to 8, respectively) decreased rapidly with
increasing altitude, as would be expected with decreasing inlet-
air demnsity. Fuel-consumption dsta at an altitude of 60,000 feet
were unaveilable due to an instrument failure (fig. 8).

The net-thrust specific fuel consumption (fig. 9) decreased
with increasing altitude until 30,000 feet was reached. This
trend then reversed to give an increase as altitude continued to
increase. The decreasing speclific fuel consumption up to an
eltitude of 30,000 feet can be explelned by figure 11, which is
a croes plot (from plots of compressor pressure ratio from table I
and engine speed from table II) of compressor pressure retio
agalinst altitude. At any constant engine speed, the compressor
pressure ratio is seen to increase with increasing altitude until
the tropopause (35,332 ft, based on NACA standard atmosphere) is
reached., This increase results from the increased compressor-tip
Mach number with increasing altitude as the air temperature at the
inlet to the engine decreases. The Increasing compressor pressure
ratio improves the engine cycle efficiency and at the same time
tends to delay the drop in combustion efficiency that would other-
wise result from decreasing pressure and temperature entering the
combustion chambers as altitude is increased,

At altitudes sbove the tropopause, inlet-air temperature 1is
constant and there is nc compressor Mach number effect, At higher
engine speeds, however, compressor pressure ratlo decreased appre-
clably with increasing altitude. The compressor efficiency was
found to follow exactly the same trends as the compressor pressure
ratio for any constant tip Mach pumber. This decreasse Iin compressor
pressure ratio and efficlency combined with decreasing altitude pres-
sure at altitudes above the tropopause resulted in decreased combus-
tion and cycle efficiencies, thereby producing the reversal in specific-
fuel-~consumption trends with increasing altitude shown in figure 9.
The indication that minimum specific fuel consumption occurred at
the tropopause was independent of ram-pressure ratio.

The tail-pipe indicated gas temperature (fig. 10) at the
lower engine speeds decressed rapidly with increasing altitude
until the tropopause was reached. This decrease results, in part,
from the decreased inlet-air temperature; in addition, it has been
shown that compressor pressure ratio incresses with increasing
altitude up to the tropopause, This greater pressure ratio is
then avallable for expansion across the turbine and the Jet nozzle.
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Because at the higher energy level at which the turbine operates an
incregse in pressure retio mekes available a greater enthalpy drop
than that required by the incressed compressor work, there will be
en excess expansion pressure ratio across the turbine. The only
wey to match turbine and compressor work is to lower the energy
level of the turbine by decreasing its inlet temperature, which
results in decreassed tail-pipe temperature as well. This comdition
exists until critical flow is estsblished in the jet nozzle. At
higher engine speeds in the critical-flow range, the entire
increase in compressor pressure ratio 1s no longer available for
expansion within the engine as there 1s & free-alr expansion beyond
the throat of the Jjet nozzle. The expansion ratio from the inlet
to the throat of the jet .nozzle is elso fixed. In order to match
the turbine to the compressor, it is thern necessary to increase the
energy level of the turbine thus increasing turbine-inlet and
turbine~diascharge temperatures.

Computed values of turbine efficiency (not included herein)
vere essentially unaffected by veriations in altitude or ram-
pressure retio in the range of this investigation. Turbine
efficiency therefore did not eppear to contribute materially to
performance varistions resulting from changes in altitude and ram-
pressure ratio.

Effect of ram-pressure ratio., - Performance data obtained at
a simulated altitude of 30,000 feet at ram-pressure ratios from
1.00 to 2,70 are presented to show the effect of ram-pressure
ratio on Jet thrust, net thrust, air consumption (cooling sir
excluded), fuel consumption, net-thrust specific fuel consumptlon,
and tail-pipe indicated gas temperature (figs. 12 to 17,
respectively).

As would be expected with incressing air density at the engine
inlet, an increase in rem-pressure ratio increased the Jet thrust,
alr consumption, and fuel consumption (figs. 12, 14, and 15 s respec-
tively) throughout the range of engine speeds investigated, except
that these trends gpparently reversed for fuel consumption et low
engine speeds (fig. 15). This reversal is in part due to a tend-
ency for the engine to windmill; however, 1t can also be shown that
combustion efficiency incresses with increasing ram-pressure ratio
and both these effects are more pronounced at low engine speeds.

The bresk in the trend between ram-pressure ratios of 1.50 and 1,70
at the higher engine speeds was attributed to disparities in the data.

The net thrust (fig. 13) incressed with increesing ram-
‘pressure ratio for high engine speeds, but decreased with increas-
ing rem-pressure ratio for low engine speeds, This decrease in



8 - . NACA RM E9I23

net thrust results, of course, from an increase in inlet-air

WaV;
momentum aép more rapld than the Increase in Jet thrust or

discharge momentum. (See fig. 13 for values of flight velocity Vp
corresponding to the various ram-pressure ratios investigated.) At
the higher engine speeds, the more rapid increase in jet thrust
overcomes the increasing inlet-alr momentum, and the net thrust
therefore increased with lnoreasing ram-pressure ratio. This engine
characteristic is desirable for high-speed flight, as the Iincreasing
thrust would partly offset the increasing alrplane drag.

The net-thrust specific fuel consumption (fig. 16) inoreased
with inoreasing ram-pregsure ratio,directly reflecting the trends
of the net-thrust and fuel-consumption curves. The break in fuel-
consumption trends between ram-pressure ratios of 1.50 and 1.70,
previously mentlioned, 1s also shown. Thls increase in net~thrust
gpecific fuel consumptlion with increasing ram-pressure ratio
indicates a higher cost in fusl consumption for high-speed flight
than would be sxpected from just the increased thrust requirements
to overcome Iincreasing airplane drag.

The tail-pipe indicated gas temperature (fig. 17}, in general,
decreaced with increasing ram-pressure rgtio. At low engine speeds,
this decrease is due, in part, to the tendency of the engine to
windmill. At all engine speeds, a tempersture reduction caused by
the increasing available energy as the turbine-inlet pressure 1is
raised occurs. This characteristic was discussed in the section
"Effect of Altitude.”

Generalized Performance

Performance date varying in altitude from sea level to
60,000 feet and in ram-pressure ratio from 1.00 to 3.50 were
reduced in the conventionsl manner (reference 1) to standard sea-
level conditions. The development of this method of generalizing
data involves the concept of flow similerity and the application
of dimensional analysis to the performance of turbojet engines,
In this development, the efficiencies of engine components are
considered to be unaffected by changes in altitude; any changes
in component performance therefore lessen the possibllity of
generalizing to a single curve the data obtained at different
altitudes.

Effect of altitude. - Typical corrected engine performance
date (from table I1) obtained at a ram-pressure ratio of 1.30
and simnlated altitudes from ses level to 60,000 feet are compared
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to show the effect of eltitude on the corrected wvalues of Jet thrust,
net thrust, air consumption, fuel consumption, net-thrust specific
fuel consumption, tall-pipe indicated ges temperature, and tail-cone
indicated gas temperature (figs. 18 to 23, respectively).

As can be seen, the corrected values of Jet thrust and net thrust
(figs. 18 and 19) did not generalize, but decreased with increasing
altitude. At the higher engine speeds, thls decrease was attributed
to the fact that the compressor pressure ratio and efficiency decreased
as altitude increased as shown In figure 24. Because of the decrease
in compressor pressure ratio and efficlency, a comparable decrease in
air consumption would be expected, which also contributes to the
decrease in thrust. The decrease in thrust with increasing altitude at
lower engine speeds.is, however, due to other causes. Examination of
corrected tail-pipe pressure showed trends identical to the corrected
Jet-thrust trends, whereas the corrected turbine-inlet pressure 4id not
" decrease with increasing altitude at low engine speeds. Inasmuch as
computed turbine efficiency showed lititle change with altitude, the
decreage in thrust may be the result of proportionately larger pressure
losses in the tall cone at hlgh altitudes, where the tail-cone Reynolds
number 1is lower.

From this altitude effect on compressor pressure ratio, it would
be expected that the corrected alr consumption would decrease with
increasing sltitude at the higher engine speeds. Although there was
considerable scatter in the air-consumption data at high engline speeds,
the mass of date (from table II) did show such a trend. Figure 20
shows that data at altitudes up to 20,000 feet fell on a single curve;
whereas date at higher altitudes, in general, fell progressively lower
at high engine speeds,

Corrected fuel consumption (fig. 21) generalized at a given ram-
pressure ratio for altitudes up to 20,000 feet, but for higher altitudes
increased with altitude throughout the range of engine speeds investi-
gated. At low engine speeds, the increase is repid and 1s due to the
large drop 1in combustion efficiency with increasing altitude. At high
engine speeds, the drop in combustion efficiency 1s mmch less, but it
combines with the decrease 1ln compressor pressure ratio and efficiency
(fig. 24) to cause an increase in corrected fuel consumption.

The corrected net-thrust specific-fuel-consumption curves (fig. 22)
reflect both the increase in corrected fuel consumption at the higher
gltitudes and lov engine speeds and the decrease in corrected net thrust
at altitude. The curves generalized for altitudes up to 20,000 feet, as
would be expected from the net-thrust and fuel-consumption curves; as
altitude was increased above 20,000 feet, however, the corrected net-
thrust specific fuel consumption increased repidly, especielly at lower
engine speeds, At higher ram-pressure ratios, the corrected net-thrust
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specific fuel consumption generalized at somevwhat higher altitudes.
At and below the engine speed for which the calculated net thrust
becomes zero, the net-thrust specific fuel comnsumption is, of
course, theoretically infinite. The corrected tail-plipe and tail-
cone indicated ges temperatures appeared to generalize to a single
curve for all altitudes at a given ram-pressure ratio (fig. 23).
Tail-cone temperature, however, was consistently higher than tail-
pipe temperature, as cen be seen by a comparison of figures 23(e)
and 23(b). This difference was attributed to the location and the
number of thermocouples used in obtaining the two averages.

The decrease in compressor pressure ratio with increasing
altitude shown in figure 24 is believed to be a Reynolds mmber
effect. Performance investigations of centrifugel compressors
end other full-scale engines at the Lewis laboratory hawve shown
similar trends. It is not yet known to what extent, if any, these
effects may be reduced by refinements in manufacture andé design.,

Effect of ram-pressure ratio. - The conventional method of
generalizing data was specifically developed to adjust for changes
in the pressure and the temperature of the atmosphere in which the
engine is submerged. Variations in rem-pressure ratio (flight
speed) change the performance chearacteristics by effectively
changing the compression ratio of the engine. In general, the
increased. operating pressure wlth increasing ram-pressure ratio
ralses the total expansion pressure ratio of the engine (from
turbine inlet to Jet-nozzle throat) until criticel flow is estab-
lished in the Jet nozzle, After critical flow 1s esteblished,
the expansion pressure ratio of the engine remalins constant with
incressing ram-pressure ratioc. The engine is then effectively
submerged in an atmosphere having a static pressure equal to the
pressure existing in the Jet-nozzle throat, and is operating at
a constant effective ram-pressure ratio. The effective ram- .
pressure ratio 1s then equal to the ratio of the compressor-inlet
total pressure to the Jet-nozzle-throat static pressure. With
critical flow in the Jet nozzle, generalization of flow character-
istics throughout the engine should be possible within the limi-
tations discussed in comnection with altitude effects.,

Typical performence data obtained at a simulated altitude of
30,000 feet and ram-pressure ratios from 1.00 to 2,70 are compared
to show the effect of ram-pressure ratio on the corrected values
of Jet thrust, net thrust, alr consumption, fuel consumption, net-
thrust specific fuel consumption, and tail-pipe indicated gas
temperature (figs. 25 to 30, respectively).
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The corrected Jet thrust (fig. 25(a)) did not generalize but
increased almost linearly es ram-pressure ratio was Increased., As
previously discussed, however, 1t would be expected that pressures
and temperatures throughout the engine would generalize when criticsl
flow exists in the Jet nozzle. At this condition, the static pres-
sure in the jet-nozzle throat is equal to or grester than ambient
static pressure, and the Jet thrust is :

WV
=&7
Fs i Aq(p7 - Do)
(A1l symbols are defined in the apperndix.) If two different ram-
pressure retlos, X and ¥, are applied to the engine, both at the

seme corrected engine speed N/ a\/é_ end both causing critical flow in
the Jet nozzle, then

(8, - (), - )
& /x \8/x '\ & Kk
WoV7 ¥ P7 = Po
<—§8-)Y=<—81>Y-A7< 5 )Y

Because it 1s assumed that conditions inside the engine can be
generalized, these two egquations are equal, and

(3, 2,3, )]

Also

Therefore,

() . ()

This paerameter has been plotted (fig. 25(b)) and the data gen-
* eralize very well for engine speeds and ram-pressure ratios at
which there 1s critical flow in the Jet nozzle. A similer plot
has been used by Rolls-Royce Ltd, to generalize thrust data. '
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The corrected net thrust (fig. 26) also failed to generalize.
This fallure results both from the fact that jet thrust does not
generalize without consideration of the excess pressure at the exit
of the Jet nozzle, and from the fact that the inlet-momentum term
W,V
_%?2 i8 not generalized to a single value. If these two factors
are taken Into account, the corrected-net-thrust curve becomes simi-
lar to the corrected-jet-thrust-parameter curve of figure 25(b).

The corrected air consumption (fig. 27) appeared to increase
a8 ram-pressure ratio was increased, but plots of data from teble II
at other altitudes (baving somewhat less scatter) showed no trend
with ram-pressure ratio. The trend of figure 27 was therefore
attributed to an umuisual scattering of the data, and the data as a
whole indicated that corrected values of gir consumption general-
ized to & single curve for a&ll ram-pressure ratios investigated.

Corrected-fuel-consumption date (fig. 28) generalized very well
at high engine speeds, where critical flow existed in the Jet
nozzle. At lower englne speeds, corrected fuel consumption
decreased with increasing ram-pressure ratio. The corrected values
of net-thrust specific fuel consumption should reflect the trends
of corrected values of both net thrust and fuel consumption; inas-
much as the corrected net thrust did not generalize except at ram-
pressure ratios sbove 1.30, a similar trend would be expected in
the corrected net-thrust specific fuel consumption. The data shown
in figure 29 did indicate such a generalization within the limita-
tions of the ram-pressure-ratio effects on corrected fuel consump-
tion. TFuel-consumption vaelues were unavallable at a ram-pressure
ratio of 1.00. The corrected tall-pipe indicated gar temperature
(fig. 30) showed the same trends as the corrected fuel consumption;
the data generalized to a single curve when critical flow was
established in the Jjet nozzle. At low engine speeds, where criti-
cal flow did not exist in the jet nozzle, the corrected tail-pipe
indicated gas temperature decreased with increasing ram-pressure
ratio,

SUMMARY OF RESULTS

The following resulis were obtained from an altitude-chamber
investigation of the performance of & British Rolls-Royce Kene II
turbojet engine under simulated conditions of altitude from sea
level to 60,000 feet and ram-pressure ratio from 1.00 to 3.50
(corresponding to flight Mach mumbers from O to 1.47):
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1. Engine—performence parsmeters could not be predicted for
altitudes above 20,000 feet from data obtained at one particular
altitude, because compressor pressure ratio and efficlency at high
engline speeds decreased with increasing altitude at altitudes above
20,000 feet.

2. At a given altitude, performence data at any ram-pressure
ratio for which critical flow exlisted in the Jet nozzle could be
used to predict performance at any other ram-pressure ratio in the
critical-flow range.

3. Engine performance &t altitude was affected by compressor-
performance varlations caused by differences in atmospheric tem-
perature and pressure. The data indicated that the net-thrust
gspecific fuel consumption decreased with increasing altitude up to
the tropopause (35,332 £t, based on NACA standard atmosphere),
and thereafter increased with increasing altitude.

Lewis Flight Propulsion leboratory,
Netional Advisory Commlttee for Aeronautics,
Cleveland, Ohilo.
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APPENDIX - CALCULATIONS

Symbols
area, 8¢ 't
diameter, ft

thrust, 1b

acceleration due to gravity, 32.2 ft/hecz

enthalpy, Btu/lb’

mechanical equivalent of heat, 778 £t-1b/Btu

" thrust constant

Mach number

engine speed, rpm

absolute total pressure, 1lb/eq £t

absolute static pressure, 1b/sq ft
gas constant, 53.3 f£1-1b/(1b)(°F)

- total temperature, °r

static temperature, °r

velocity, ft/sec

air consumption, 1lb/sec
fuel consumption, 1b/hr

gas flow, 1b/sec

ratio of aspecific heats

NACA RM E9I23

ratio of compressor-inlet abasolute total pressure to absolute
static pressure of NACA standard atmosphere at sea level
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e ratio of compressor-inlet absolute total temperature to absolute
static temperature of NACA standard atmosphere at sea level
Subscripts:
b barometer
thrust-measuring diaphragm

d
1 indicated
J

Jet
n net
o] airplane
8 seal

Station notation (fig. 3):

0 free stream

2 compressor inlet

3 compressor discharge

s tail cone (turbine discharge)

6 tail pipe (upstream of Jet nozzle)

7 Jet-nozzle outlet (throat)

Methods of Calculation
Thrust. - Thrust was determined from the altitude-chamber
thrust indicator (by multiplying the diasphragm pressure by a con-
stant) with an added correction factor to account for the pressure
differential across the tail-plipe seel. The relation used wes

F, = Fy + A,(Pz - 2o)

where

Fy = K(pg - p.b)
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and the seal ares

2
£1d )]
=]
Agy = —

Alr consumpticn. - Engine air consumption was cealculated from
mesasurements of temperature and total and static pressure in the
tall pipe. Total-pressure profiles across the.tail pipe were
plotted for each data polnt; the profiles were then read at eight
points, so selected as to divide the tail-pipe area into four equsal,
concemntric, ammular areas. The following formula wes then applied
to each of the four areas:

Pgh
W = EE; 2gJBH

where
A 1/4 % tail-pipe area (cold)

AH enthalpy difference hetween total- and static-pressure
conditions, determined from reference 3

The static temperature in the formula was calculated from the
indicated temperature by the following relatiom:

_ T6.1
6~ P
6
1l + 0'8(56 - )
where the temperature ratio was determined from the tail-pipe total-
to-static pressure ratioc by means of reference 3. The factor 0.8

is the selected average value of thermocouple recovery factor based
on instrument calibrations.

t

The engine air comsumption was then determined by adding the
gas flowe through the four annular areas and subtracting the fuel
flow, by the following relation:
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Simulated £light speed. -~ The simulated flight speed at which
the engine was operated was deterrined from the following relation:

ul 3
a P 7
V, =7 | 2eR L ¢, 2 -1
P 7-1 e,
where 7 wes assumed to be 1.40.
Net thrust. - Net thrust was calcvlated from Jet thrust by

subtracting the momentum of the free-stream alr approaching the
engine inlet, according to the relatiomn

WV
= - 22
Fo=F; g

where Vp is the simnlated flight speed as previously calculated.

Flight Mach number. - The flight Mach number was calculated
from the compressor-inlet total pressure, assuming 100-percent ram-
pressure recovery, by the following relatiom:

x2=i

: 4
2 2
=Y [== J{== -1
"o 7-1 G’o)
where 7y wes assumed to be 1.40.
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TABLE 1 - PERFORMANCE AND OPERATIONAL DATA OBTATNED AT SIMULATED=ALTITUDE CONDITIONS
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10,000 | 54.82 [ 19.98 [ 1.72 [ 555 | 7,984 | 1480 [ 57,10} @10 | ©37 480 w748 | 21 | 1480 | 160 { 280 | R7
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140,000 | 35,98 | 20,00 | 1.70 | 560 |i0,788 | 4113 |S1.7L | 2805 | 1262 | 848 [3.081 | 20 | 1420 320 400 | 5¢
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TABIE I - PERFCRMANCE AFD OPERATTONAL DATA OBTAINED AT SIMULATED-ALTITUDE CORDITIONS - Goncluded Y@?
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89 an, 8,77 | Bs2B8 | 519 [11,568 | 3887 | 56.86| 2640 | 1426| 1075 |53, 28 §1a| 300 405 30 188
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8,85 5,85 1.48( 443 11,588 1708 £7.558| 1490 | 1474| 1050 | 4.501 475| 220 350 27 1118 {175
8,20 5,081 1.48 | 444 {11,896 | 1887 | 27.30] 1654 | 1558 11765 | ¢.804] 22 478] 280 360 27 130 | 200
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40, 1.08 8,38 2,06 | 430 8,804 8g8| 23,00 AZL 766 350 | 2.0271 11 T00Q| w== 25 27 100 | 120 38
40, 11.28 5,13 :2.19 480 8,002 | 1034 25.54 500 v 510 | 2,401 F 10 TLO| === 7 -] 108 | 130
40, 11.11 D36 | R.08| 482 10,008 | 1475 23.58 910 | 1084 700 | 5.078] 10 TO0 BO 170 28 110 | 1456
40, 11.1% B8,20( 8.15| 482 [10,808 | 1930| 32.48( 1300 | 1258 800 | 3,836| 10 TO0: 200 300 =] 128 {170
40, 11,18 8,80 | 2.15| 480 | 11,588 | 2385 | 34.80( 1780 | 1455 1150 4,194 10 750} ££0 350 29 150 | 185
40, 12.80 | 6.55[2.31( 409 | 9,804 | 1188 20,35 a45 27 50O | 2.452( 1B 620 20 100 27 150 1856 100
40, 12.70 5,68 |- 2,79 | 500 110,012 | 1639 - GR.66F 1080 | 1Q68 700 | 2,093 18 &35 128 200 ea 135 | 188
40, 12,70 5.45 | 2,33 | BOO |10,800| 2088 | 35.40| 1345 [ 12656 850 | 3.498[ 18 61Q| 200 518 g8 1680 | 220
40, 12,80 B.B5 | 2.5 502 {11,878 | £606 | 36.68| 1800 | 1480| 1300 | 4.057] 18 61E| 260 360 B7 170 | 235
40, 12,70 5,60 .79 488 {12,885 | 3022| 35,81 2570 | 1841} 1200 4,885 18 615| 200 300 27 180 | 260
40, 14,59 5.67| 2,89 | 580 2,008 | 1894 | 32.84 708 aqB8 586 |2.P20| 28 Mo 75 108 1.3 160 | 190 81
40, 14.78 5,47 | 2,70 BgD ©,988 | 1857 | 35,78| 1006 | 1086 710 | 2.806 | 28 15| 1%0 £10 87 154 | 185
40, 14.74 B.47| 8,70 | 581 |10,P1R | 83828 | 38,79 1480 | 1877 985 | 5, X 28 710{ 228 55 27 168 | 210
9, 14,90 5. B3| B,70| 524 (11,800 2054| 41,90 2005 | 1458| 1110 5.850| 85 710] 250 370 27 176 | X0
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180 | 40,000 | 19,50 | 5,39| 35,60 5684 | 0,452 1870 | 40.80| T76| 9723| 510 |8.268| 87 BEO| loo | 180 | £6 | 180 | 200| 124
1£1 | 40,000 | 19.44 | 5.38| 5.61L| 563 | 0,976 2%62| 43.99| 1030 | 10P1| 610 |R,576| B7 BEO| 178 | 860 { 27 | 180 | 210

1g2 | 40,000 | 19.28 | 5.49] 3.58| 568 |10,796 | 2078 | 47,14| 1610 | 1287| 800 |3,062| 27 BBO| 250 | 350 | B85 | 200 | 260

183 | 60,000 | 4.45 { 3,35 1.35] 424 | 8,504 ( 207| 11.,08| Z80| 8T0| 480 [L.661| 8% 860 --~ 20 | 24 | 115 160| 113
184 | 60,000 | 4,25 | 5,46] 1,85| 486 |10,140( B48] 13.38| BOB| 1104| 726 |3,004( 30 280| === 35 | &5 | 110 166

125 | 60,000 | 4.45 | 5.46] 1.8 | 485 110,028 ( &91) 14.95| 658| 1235| 876 (4,130| %0 BBO| ==- 75 | €5 | 110|180

186 | 50,000 | 4.45 | 3,36 | 1.33) 424 111,636 | 868| 14.70| B840| 1480 1076 | 4.519| 30 250 50 ) 150 | 24 | 120185

127 | 50,000 4.46 . 1.353| 427 |11,980 | 977) 15.25| ©78| 1588 1276 | 4.811| 30 2B5| 115 | 190 | ®5 | 135 | 820

128 | 50,000 5,85 | 5.45( 1,52 441 | 9,478 | 506| 14,08| 488| 974| 576 [3.088) 22 840| -~ B5 { 26 | 110 | 146| 110
189 | 50,000 5,00 | 3.45| 1.45] 441 |10,008 | 6&619| 14,45| 534| 1083| 700 |3,448( 28 45| wua B0 | 26 | 110( 160

130 | 50,000 | B5.15 | 3.35| 1.54| «42 10,776 | O00| 16,02 698 | 1230 6350 [3.034| 82 245/ 25| 100 | 85 | 120 | 160

151 | 80,000 | B.10 | 3.30 | 1.54( 441 |11,652 | 105 | 16.,94| ©O58| 1480( 1060 | 4,534 B2 220| 100 | 180 | 25 | 130 | 185

132 | 50,000 | 7.58 ( 2.,75| 2.68| 482 | 8,844 | 718| 17.,20| 98| BE1( 500 |R.F70| 10 800| == 25 | 28 | 120 | 145| 103
138 | 80,000 | T.86 | 3.45| B.28| 800 | 9,072 | &86| 17.%9| 408 | 698( 80O [R.281| 18 485| -~ 26 | 23 | 1656 | 195

134 | 80,000 ( 7.168 | B.BO| 8,56| 484 | 9,000 | 736| X6.98| 408] £90( BOO |R.439| 10 8C0| === 95 | 26 | 135|150

155 | 50,000 | 7.4, { 2,70| 2,74| 480 | 0,504, 918| 18,87 6500| 980| 600 [R.,780| 10 800| ~w= B0 | 26 | 120 | 156

156 | 50,000 | 7.85 | 3.45| 2.28| 507 |10,052 | 950} 18,00( B&84]1104| 700 (8,940 1@ 486| 20 76 | 85 | 165 | 816
187 y000 | 7.85 | 5.45] 2,88 | BOR |10,780 | 1268 | 29.,20| 628 | 1E13| B50 | J.445| 18 496] 90 | 145 | 24 | 185 | 380

138 | 50,000, 7.85 | S5.45) 2.28| 502 (11,532 1B39( 93.85| 1146 1439( 1050 | 3.972| 18 428 176 | 265 | B5 | 170| 236

130 | 60,000 7.856 | 3.45( 2.28| 498 | 11,634 | 1888| 23.51| 1200 1483( 1110 | 4.081| I8 410| 190 | £BC | B4 | 175 | 345

1401 50,000 0,08 | 5.97( .89 B8R | I8,873| 2081 B7,11| 1876 1671{ 1390 | 4,260 | 24 475) 260 | 380 | 24 | 180 | £45

14, | 50,000 | 9.28 | 5.87| 2,55 58 | 9,012 7B4| RO.R7| 488 €10| 526 2.5 26 475| --- 55| £1 | 165 | 205 a2
142 | 50,000 | 9.30 | 5.37| 2,78 B24 | 5,B60( 9Bl | 20,87| B88] 1016| 640 [B,5R9| 25 480 20 65| £84 | 180|180

143 | 50,000 | 9.14 | 3.48| 2.67) 688 | 9,040 1003| 21L.84| 630| 1084 710 | 2,757| 08 486| 50 75 24 | 160|180
*144 ) 50,000 | 9,30 | %.72( 8.80; 681 |10,000( 1116| £R.B4| &64] 1108| YRS [2.826| 28 485 36 85| 24 | 180 108

148 | 50,000 | 9,35 [ 5,77 8,48 5493 | 10,768 | 1458 | 24,74 ©42] 1287] 900 | 3.544| £8 450} 120 | 178 26 | 160 800

148 | 50,000 | 9,19 | 3,42| 2,60 624 | 10,860 ( 1477 24,75| 0468| 1284] 0OLB | 3,348| 88 480| 116 | 175 26 | 160 | 200

147 | 50,000 | 9.32 | 5.78| 2.B51| 624 (11,506 1208| 26.66] 1308| 1484| 1175 | 3,801 | B8 4801 200 | %10] 85 | 170 | 215

148 | 50,000 | 9.18 | 3.87| 8,50 519 |11,612 ( 1805} 86.23| 1308[ 1478| 117Y5 | 3.005| 268 490| 200 | 380 &5 | 170 | 920

140 | 50,000 | 12,08 | 5,20 3,88 668 | 9,468 ( 1eR6] 6,26 580| 954] 585 | 2,206| 27 576 50 To| 19 | 190 | 280( 188
is0 | 50,000 | 12,08 | 35,28 5,68 564 | 9,002 ( 1458 27,18 468| 1002 625 |2,538| 28 878 75| 110 B1 | 180 | 325

161 | 60,000 | 2.60 | 2.04] 1.38| 444 | 0,404 | 236] 7.04] ---| 904| 06265 |3.065| 20 200| wuem| -~~~ | 10 | 145| 210| 116
162 | 860,000 | 274 | 1.94) lo4l| £42 | 10,500 ( 357 B.40| «==| 1245] 800 | 3,857 B0 2001 16 15 19 [ 185 260
155 | 60,000 ( R.64 | 2.04| 1,20 2442 |11,016| 409 B.45| =~=] 1511| OR6 | 5,860 B0 800 35 50| 80 | 176| Q70

184 ] 60,000 | 2,60 | 8,04 1.32| 442 |11,620| 483| 8.68| =---| 1479) 1200 | 4.357| 80 200 a6 40| R0 | 170} 276

165 | 60,000 | 9,74 | 2.04) 1,34 440 | 12,520 ( B72| B,T4| =—=| IT14] 1300 | 4.TT7| 20 200| 50 75| £3 | 160 | 255

156 | 60,000 4.15 | B.25| 1.84| 478 | 0,189 | 383| 0.74| 304| 983 626 (2,445| 18 260| ==~ 10 ( 28 | 150 | 1956| 104
157 | 60,000 | 4.25 | 8.15( 1, 481 | 10,016 | 487| 11l.80| 3S86| 1002 700 | S.106| 18 290 wws R | /A | 165| 285

168 | 60,000 | 4.35 | B.1B| B.08{ 483 |10,755( &46| 12,32| 406| 1836] 880 | 3,483| 18 280| === 50 ( 1B | 170 | 246

169 | 60,000 ( 4,30 | B,05| 8.10| 487 |11,5288( 207 13.11| 488 | 1453| 1078 | 4.107| 18 8B0| & 90 [ 25 | 185 ) 246
160 | 80,000 | 4.86 | B.16| 1.98| 483 |13,R80| 940| 13.30| 886| 1684| 13875 | 4,488 18 260 76| 160 | 28 { 162|186

161 | 60,000 | 5.18 | 8.0%| 2.56| 60R | 9,032 428| 11,75 %18} 908| 535 (8,359| B4 B8 == 25| £1 | 180| 10| a3
168 | 60,000 4.97 | B.1B{ 8.%54| GOR |10,024 | 509 | 13.58| 414| 1106| 788 3.960| 85 0} == 501 5 1 150! 185
16% | 60,000 5,00 | B.17( 2.31| 501 |10,800| 781| 15,88| &5680| J2TI| 615 | 3.507| 20 5101 20 75| 85 | 155 185
164 | 60,000 4,98 | B,27| 2.17| 489 |11,620| 948 14,49 784| 1489| 1200 | 4,080 | B6 510| 50| 1RO | 2B | 172| 240

1651 80,000 | 6.77 | B.17| 2.66] 528 | B,976| 468| 18,07| 338| 908] 585 |B.L26, B8 320 - lo| £8 | 1656| 185| 79
166 | 60,000 | 5a87 | 2.1B8| 3.68| B20 | 9,084| 8481 13.53| 410| 1100| 758 | B.768) BY 330 == 25| 88 | 80| 18%| .
167 | 60,000 5,64 | 2.27| 2.49{ 6A0 [10,844| 267| 14.01| 600| 1880 O76 | 3.361) 87 380| 50 75| 25 | 165 196

Ipvarage repreasnting time in altituda chanber,

chasbar,

Ppashes indicate that valuas are wmlmown.

Approximately 22 br had been nooumulated at time of inatallation in altitude
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TABLE II - PERFORFAMCE DATA ADJUSTED TO STANDARD ALTITUDE AKD CORRECTED TQ STANDARD SEA-LEVEL ATMOSPHERIC CONDITIORE
. (A justed for variatlons in rem~presmre ratio)

~E

Point Alt%tude Ram- %ngh)n speod Jet thrust ]{it)thrush Alr Poel Eoti-thruut. lpoieifio Indionted gas
(rt pressure| (rpm {(1v) b oonsumption | conmsumption|fuel consumption rature
ratio (1b/sec) (1\:/hrgt {1/ (hr) (b thruat))'(;aR

Parameter Tall-pipe il-cons|
Alt, | Corr.|Alt. Gorr.f'y + Pghq|Alt.|Corr.| Alt.|Corr. : Alt.|Corr. Alt. Corr. Alt.|[Corr.| Corr.
P,/Po ). AT Fy [P,/B 5 PP/ | o |Wal®/0| Wa (wpoVBl wpfe 'r/fn‘ﬁ_' g |Tg/Y Ts,1/0
1 0 1.00 | 5,972| &,972] ess| esz 488), 833| &35 |27.0¢|37.04 [1159] 1159 | 1.831 1,631 [1205] 1205| 1273
2 0| 1.00 | 7,882] 7,882|1247|1247 GL95 [ 1247|1247 |54.08(54.08 (1684] 1654 | 1.328 1.328 (1209 1z0¢| 1234
5 Q .00 | 9,815| 9,815|3313|2313 €361, |2313|251% |86.84|66.04 |2491) =491 1.0 l.077  |1276] 1278| 131e
4 0 1.00 {10,418|10,415|2702|aT0R 8750 |2702|2702 |71.03|71.0% |2935| 2035 | 1.088 1.088 |1333| 1333 1356
5 0 1,00 |10,806]10,508|204T|2947 6998 120472047 |74.27(74.97 |3008| 3086 | 2.047 1.047 (1351 1351 1409
8 0 1l.c0 |[11,179]11,178|3841|3541 7589 | 5541|354) |80.08(80.08 |5761) 3761 | 1.002 1.088 (1415 1415 1468
7 0| 2.00 [11,437|11,437|3788}3765 7813 | 3785|3765 [82.69(83.89 |3865( 3956 | 1.050 1.080 |1438) 14581 1607
B 0} .00 [11,28%|11,823 |[4497|4407 BE45  [4407|4497 [88.84|88.64 |4738| 4736 [ 1.0%3 1.063 [lee4| 1524] 1608
] o| 1,b0 2045 (12,043 [4610] 4610 8687 |46189(4619 [80,19|00.19 [4042| 4942 [ 1.070 1.0 |[lsso| 1B89) 1s4g
10 0 1.50 | 8,128| 5,002| eez| a8y 3901 | -pe7|-205 |85.64|42.83 [1001} 74g @ o se| e19f 902
11 Q| .30 | 7,993 7,700[15885 1218 1333 196) 150 |64.16|81.22 1412} 1048 | 7.2%9 6.974 (1030| 888
12 03 1,50 | 9,965 5,508 2990|2099 5413 |1189) 915 [63.20]{66.43 |&601] 1853 2.103 2.026 [1178] 1091
13 o} 1.50 |10,789}10,37513996|3073 £187 |1986113528 [02.86|74.15 | 3574 2500 | 1.e98 1.836 [lm0p| 2201
‘14 ) 1.30 ,088110, 662 4493 | 5458 6370 |2417]1850 [95.90|76.85 (3734} e81e 1.589 1.812 |134z| 1p48
1s | 2,000 [ 1.00 | 5,079} 6,196f 3QL| 7es 476 501| 726 |e7.s3fss.78 | 907f 1367 1.811 1.878 |1118| 1201
6 | 10,000 | 1.00 | 7,088] 8,280)1004 2459 6507 [1004[14%9 139.34155.17 | 1278l 19p8 1.272 1.320 [11350 1280
17 | 10,000 | 1.00 | 9,966(10,34 B702 é750 (1883|2702 [=1.23|71.8s5 j1B79} 2B32 1.01 l1.048 llesp| 1327
18 | 10,000 1.00 [10,819)11,215|2404|3485 | wp4s |2404|3405 |86.24|78.8a jeale) 5638 1.003 1.040 1331} 1430}
19 | 10,000 [ J.00 (11,584]12,008|3078[4472 | g520 (3076|4472 [63.00}08.50 |[3140f 4732 | 1.021 1.058 [1488) 1678
g0 | 10,000 | 1.00 |12,217|12,864 (5770|5481 | ppew |3770)5481 [67.49)94 .67 |NEGAY 5875 | 1.034 1.072 [leve; 1706
21 | 10,000 | 1.30 ; £,018%;6,006| 611| 623 97 | -181[-203 {37.90Me.47 1 710 7e2 0 o Bel| 858
22 10,000 | 1.50 | &.9%02§ 8,710}1862 1003 4504 243 256 |e1.76p61,15 JlesTp 1101 | 5.159 &.048 ! #71[ 28
23 | 10,000 1.50 | 9,9164-9,705 2598|2618 6314 | 864| 837 (69.95)60.g7 1ges| 1707 | 2.1® 2,148 [iizo} 1071
24 10,000 1.60 [10,656F10,487[3482|3375 | so7e [1479)1455 |76.30l7s.26 Fosoof 2458 | 1.784 1.715 [1247] 1ipg
25 | 10,000 | 1.50 |11,418f11,172|4604 (4483 | 7181 [R404 3350 (e4.70(e3.88 [3602f 3415 | 1.408 1.456 [sssl 1338
28 | 10,000 170 | 7,979k 7,860 (1201|1284 se65 |-283|-pEs 158.2¢fs1.50 [ ssel ™ co o] L 841} 776
&7 | 10,000 | 1l.70 | 8,108} 7,789;1539(|1318 2697 |-244[-200 [68.91|a2.45 ;i 828[ 7RO @® oo g8} 7B
=] ,000 [ 1.70 | 9,982| o,569|3}60]|2703 5084 2001 70 [74.64 [€6.47 [2000] 1636 | 2.210 2,123 (1123} los8
g9 | 10,000 1.70 (10,087| 9,832|5251|2764 | 5145 | ®11] 779 [78.s3|e8.22 fle9al 1837 | 2.126 2.100 L32[ 1044
0 [ 10,000 | 1.70 |lo0,809710.385 4253 (3620 | 8001 |1690)1446 [65.90|74.71 [2608| 2376 1.708 1.641 [1268| 2170
3 | 10,000 1.70 |11,884]11,186 5456|4668 7047 (26332252 [95.16(82.86: 14048 3323 1.5%5 1.476 [1423F 1318
32 {20,000 | 1.20 | B,086( 8,337 sos1m12 | 4sps | 203l 3e0 'm.aa 86.20 | 7e2f 1308 | 3.700 3.857 | 9R7] 996l
35 120,000 | 1.30, | 9,37e[10,544)1806(3022 || a13e 895 J1496 |45.43 |73.50 |I1380 W 2508 1.86 1.602 [1146) 1339)
34 [ 20,000 1.30 [10,796(11,191 |2405| 4025 71% [l382(2314 (50.01(Se.1B | 1678| 3428 | 1.450 1.482 [1261| 1387
36 | 20,000 | 1.30 |11,628111,9ED(2974/4078 | gpog  |1062(3116 [56.37 89,34 2608 4321 | 1.400 1.451  j1420] 1526
58 | 20,000 1.30 |12,310|1g,7680|3811| 8379 0403 |2614 [4376 |59.80|68.15 |3484( 8048 1.333 1.382 [1e29f 1781[
. . . ) i . i k
37 | £0,000 | 1.50 | 8,898 ©,143|1409|2044 4743 77| 402 [44.81[63.97 2015/ 1495 | 3.860 5.7 | o965 omd4|
38 | 20,000 1.80 110,009)10,1672)32|3078 Eraud 830 1206 {21.11[72.99 |'1520| 2230 1.8%0 1.850 ([liz2| 1is8|-
33 | 20,000 | 1.50 [10,789(10,980|2788]|4044 5743 13481935 [57.02|s1.42 |2121|.3185 | 1.873 1.598 |12%4] 1294
40 [ 20,000 | 1.%0 562 (11,784 | 3833 sa70 7969 |2062 [209), |6R.80(68.80 (2604 | 4267 | 1.408 1.497 [1438| 1482|
41 | 20,000 | 1.80 (1R,200}13,453 (4378|832 S04l [2875[2877 [87.30[06.10 [3774] S564 1.413 1.435 [1814] 1487
1 | 3 ’ .'
i i ! ‘ :
. , i : | : S R
! i i - 1 . E .' " !
" . | . ¥ i ';- |4 i 3 3
Cob e 1 W i | !
T . P 4 K b

ec

ESI6E WH YOVN




4R 20,000 | 1,70 { 8,012| 7,998]|1009
i3 20,000 | 1,70 | B,040| 8,024{1116
44 20,000 | 1.70 | 9,%78| 9,958|2432
45 | 20,000 | 1.70 |10,761|10,750{5138
46 | 20,000 | 2.00 | 9,343] 9,115|210a
a7 | 20,000 | 2.00 | 9,829| 9,c07|essn
48 | 30,000 | 2,00 | 9,860| 9,327 (2573
48 [ 20,200 | 2,00 | 9,82| 9,378|2440
80 | 20,000 | 2,00 9,002| 9,660 2727
51 | 20,000 { £.00 {10,065 (10,30%|35344
sp 20,000 | 2.00 |11,417[11,130|4B63
535 {20,000 | 2.00 ]18,052(11,788|SE7S
B4 ] 20,000 | 2.30 110,044 9,002 (5362
55 | 20,000 | 2.80 |10,820(10,355 4232
o6 | =o,000 | 2.30 |1l1,e81(11,148|5878
87 | 20,000 | 2.30 [12,347|11,804|8817
58 | 30,000 | 1.00 | 7,070| 8,947| 468
5 | =0,000 | 1.00 | 8,844| 9,923| 61
o0 k30,000 | 1.00 | 0,848(11,085| 981
8l | 30,000 | 1.00 |10,614(11,015|1282
B2 { 30,000 1.00 |11,396|19,790|1%04
83 {30,000 | 1.00 1{12,008|15,478|1758
a4 120,000 | 1.30 | 0,048| 8,701| 615
63 | 350,000 | 1.50 110,000[10,899 1445
66 | 30,000 | 1.30 [10,845[11,7R8|1828
87 | 50,000 | 1.30 (11,649 [12,595|2355
8 | 50,000 | 1,30 {12,293|13,29%|2689
89 | 30,000 | 1.50 | 9,087| 9,827 (1069
70 | s0,000 | 1.0 | 9,015(10,504 1881
71 30,000 1.60 |10,781|1),418|2005
T2 50,000 1,60 |11,B64113,243 (2808
75 | 30,000 | 1.50 Y12,300(13, 3179
76 | 30,000 | .70 { 7,058| 0,878 812
75 | 30,000 | .70 | 7,982| 8,506 814
78 | 30,000 | .70 | 9,004 (10,%88)181¢
77 | 30,000 | .70 | 9,001(10,388]170)
7 | 30,000 | 1.70 (10,760 (11,104 |g272
79 | 30,000 | 1.70 [11,87a[12,048|2678
R0 | 30,000 | 1.70 [12,228(18,722|%514
8L | 30,000 | 2.00 | 8,859] 9,008/1288
g2 50,000 | 2.00 | 9,98%|10,150(|2107
85 | 30,000 | 2,00 (10,708|10,987(2706
84 | 30,000 | 2.00 |11,B09|11,745|5445
gs | 30,000 | 2.00 (12,279(12,485|4162

1408
ligs
5112
4016

2294

8083

=110
~112

13527

47.61
50,43

37.88
45.17
46.48
b4.40
36,50

83.78

R2BIZT SBIAD BRABRER
23R828 SEIE L3838

93.41

g2e
628
1490
2102

1154

-

o

1578

794

1904
2685

1e03

-

1674

33511
4351

18680
2310
3249
4354

e
e
———
———

1742
5243
4388
928

2009

81l
1106

989

ade

1750

1474
1820

"Pashes indicats that valnss are mmimawn,
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TARIE IT - PERFORMANCE DATA ADJUSTED TO STANDARD ALTITUDE AND CORRECTED 0 STAXDARD SEA-IEVEL ATNOSFHERIC CONDITIONS - Concluded
(Adjusted for veristions in ramepressurs ratio)

PoirT .?lt%tudo Ram~ '?nglr)\a speed Jet thrust l(l;t)thnut Alr . Fusl Batit.hruut speoific|Indicated gan
It prassurs rpm {1b) b L. ption ytion (fuel consumption te raturs
ratio (1b/g$u) {1o/bx) v/ (br) (1n thruu‘b))_éi:l?ﬂ
Parsmetor| 1-pipe fail-cone
Alt. Corr.|Alt. |Corr. FJ + PAq Alt.|Corr.| Alt.|Corr. |Alt. |Corr. Alt. Corr. Alt. |Corr.| Corr.
Prfrg | § | WAB | F, P j/ts s | By R0 | Ve |MR/8| W [W/0B| Ne/Py | We/PB Ty (Tes 8Ty /0
88 | 20,000 2,30 0,187| 9,1350|1754|R5T0 4351 173| 254 (44,11 (64.85 | 951 | 1388 5.4a81 S.488 B97| 890| g7
67 | 30,000 2,30 [10,088| 9,908(|241B|3542 8503 662| 970 |40.01(72.05 |1353| 1977 2.043 2.037 1101 1092( 1183
88 | 30, 2.%0 |10,769 1@,75'1 3100|4541 a302 |1178|1724 [55.66|78.86 [1e39| 2835 1.847 1.642 |1=2681 1248| 1332
8% | 30, 2.30 1,8a5(11,588|3935| 5764 7625 |1le62|272R |S57.84(|85.00 |2664| 3538 1.448 l.444 | 1457 1428| 1535
80 | 30,000 2.30 » 306 | 12,268 4607|8681 8642 |2488|3848 |61,65)|00.57 |3B70| BR16 1.433 1.429 |1631; 1620 1732
I ) .
gL | 30,000 2.70 8,268| 8,061(1443| 1801 £301 |-288|-357 (43.71|58.01 | A1g| 755 oo co 745 707 778
P2 | 30,000 2.70 |[10,083 | 9,789|2904|3624 5124 &37| 8% |568,0571.83 |16558| 1893 2,289 2.2090 |1107| los0| 1108
B3 40,!000 1.30 a,9d1| 9,910| 580)2408 5620 250 958 (1B8.56,62.64 | a28| 2872 2.716 3.007 913 | 1118| 1160
84 | 40, 1.30 9,083{11,053| 8853|3685 &TTe 4587|1038 (2g.11|82.90 | 757 | 3478 1.821 1.795 |loes | 1308/ 1380
g6 | 40 1.30 |10,B4b]11,996(1147|4760, 7874 6891|2867 124.25|90.84 |102T| 4715 1,487 1.846 |1233| 1612| 1807
gs | 40k 1.30 | 11,528{12,764 (1484|6158 gove 11013|4205 |28, 00|83,72 {1583 6262 1.548 1.489 |1434 1758 1864
a7 | 40,000 1.50 | 8,078] 9,741 6581|2449 548 188{ 875 |20.86|69.17 | Baa| o297 3.138 3.404 915 1077 1128
a8 000 1,50 9,968 10,803 | 1050|3778 8477 AT3| 1702 124.59180.91 | BO4 | J139 X.700 1.844 |lo7e| i262| 1297
B9 | 4D,000 1.80 11Q,710|11,819]|1577| 453 7652 74012665 126,91180.85 {1110 | 4331 1.50 1.827 11207 1421| 1471
0 | «0,boa 1.5 1%, 542|12,821]1741| 8285 ggad | 1079|3881 128,01|92,89 {1518 | 5028 1.408 1.627 | 1487 | 1727 17649
101 | 40,000 1.80 |11,858|12,882(1862|849% 2398 |1203]|4328 [27.88|92.4] ;1681 | 8559 1.397 1.5.8 |1547| 1821 1911
1n2 | 40 1.70 9,901 {10,654 |1175| 3728 Blo4 45611452 |26.20|78.04 | B17| 2765 1.788 1.903 |[1079] 1226| 1303
103 | 40 1.70 |10,729]11,435]1489] 4728 7108 705 (2251 {28.81|as.88 |1147| 3861 1,633 1.740 |1244 1413 1509
W4 | 40 1.7 |11,642|1R,301(1910] 6084 A445 |1091 3466 [2P,90{80.32 |160G| B4RA 1.469 1.568 |1488| 1682 1837
106 | 44,4000 1.70 |12,188|18,928 2194 6988 %547 |1533 42340 (31.45/95.68 11863 | 6301 1.394 1.486 |1653| 1877| 2046
108 | 0 poa 2,00 8,188| 8,351 679|163 857 -49| =132 123.08|50,76 | 4%8| 1285 [o o] [+ o] 766 | B33| B92
107 | 40,bo0 2.00 B8,983| 9,35Q] 978|8640 4604 171| 462 [25.88]68.24 | 565 | 1639 3.408 3.548 880( ©53| 1069
108 | 40,000 2,00 8,977(10,388]11452] 3918 5943 5041361 [A0.0L§77.80 | 904 | 2541 1.794 1.867 |1077| 1187 1p49
9 | 40000 2.00 | 10,774{11,215(1872| 8033 7077 8654|2304 [52.92(85.88 (1278 3881 1.402 1.568 [1a48| 1562| 1484
Q140 2.00 |11,875112,049{2270| 812p 8149 111823188 [34.441809,.28 | 1780 B0OL 1,506 1.88% [1459( 1581 1751
11 | 40, 2.30 5,197 | ©,386|1197|2808 4583 174| 407 |20.24]687.28 | e44| go20 4,863 4.983 92T| 984] 508
112 | 40,000 2.30 |10,002(10,800(1647| 3863 5683 497| 1165 132.04{78.58 | 1069 | 2657 2,161 2,195 1098 1140| 1204
113 m.@gg 2.5 |10,780|1,002 12081 ) 4604 B644 83611960 |36.8%]81.88 |1340| 3207 1. 603 1.6833 |[1251/ 1303| 1360
104 | 40 £.30 |11,637|11,867 25946087 1847 31304|3088 |368.85|84.80 (1BeO | 4508 1.442 1.473 [1480 1530| 1813
1135 -HJJQDO 2.30 |12,282|1%,%25 3037|7227 8807 1640|3847 (30.92]191.835 |2377 | B69X 1.459 1.479 (16421 1710| 1824
116 | 40, 2,70 9,017 8,909 |1297{e50% 092 Sa| 72 (52.83{68.36 | 79| 1413 | 19.66 19.82 201 ©98| 985
117 | 40,000 £.70 {10,008] 9,078 |1882|3783 5eaR 483| 067 |38.25]172,57 |loee| 2038 2.109 2.105 |1008| 1093| 1168
118 | 44,000 2,70 |10,882]1Q0,790 (2424|4845 6344 88411726 [40.43]80.97 | 1489 | 2070 1.724 1.721 |12v8| 1878| 1379
129 | 40,000 2.70 |11,58561)11,542 |2047( 5890 7399 [1318[2634 |42,20|84.53 (2008 | 4005 1.52¢ 1.531 | 1449 1442 1354
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Figare 1. - Cutsway view of Fritiash Rolls-Royce Reme IT turdojet emgine. (Fhotographed Irom Rolls-Royce Manual on Nems aﬁsine.)
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Figurs 3, - Seoticom] alde view of Rriti.ah Rella-Royce Hana IT englins showlpg ingtrumentation stations,
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{9 Total~pregours tube
@ Btatic-proepmme tube
® Thermocouple
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12 Wall gtatio-
R progamre taps
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o9 & O 8 9 0 [

50°

SR

{a) Pressure-probe and thermocouple locationa.
Flgure 4. ~ Tall-pipe ingtyumentation details. (All dimensions givem in inohes.)

£eI6E W VOVN



30 RACA RM E9123
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(c) Thermocouple detail, _

Figure 4. - Concluded. Tall-pipe inﬂtrlnnentatic):n details. (All dimsnsions given in
Inches.
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Jet thrust, Fj’ 1b
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Engine speed, N, rpm

Figure 5. - Effect of altitude on jet thrusf. Ram-pressure
ratio, 1.30.



32 NACA RM E9I23
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Filgure 6. = Effect of altiltude on net thrust. Ram-pressure

ratio,

1.30.



NACA BM E9I23

33
Altitude
(£t}
100 o o
< 20,000 o
A 30,000 ,J
v 40,000
(a] 50,000
80 D 60,000 A
° L
3 /
o)
~ /c/
s 60 [~ >
B
: utll ;
b v
£ /c
= 40 : -
z <>//,/ &’,a&”dkﬁ
o //‘
£
= ] B
N
20 o
N—O—19
ot |
n— OO O
(o]
4,000 6,000 8,000 10,000 12,000 14,000
Engine speed, N, rpm
Figure 7. - Effect of altitude on air consumption. Ram-

pressure ratlo, 1,30.
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Fucl consumption, Wg, 1b/hr
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Corrected jet thrust, Fj/b, 1b
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Figure 18, = Effect of altitude on corrected Jjet thrust.
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Figure 26, = Effect of ram-pressure ratio on corrected net
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Figure 28, - Effect of ram-pressure ratio on corrected fuel
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