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ARTITUDE-WIND-TUNNEL INVESTIGATION OF A 400Q0-PCUND-THRUST
AXTAT~FLOW TURBOJET ENGINE
I11 - PERFORMANCE CHARACTERISTICS WITH THE
HIGH-FLOW COMPRESSOR

By Williem A. Fleming and Rlcherd L. Golladay

SUMMARY

An investigation was conducted in the Cleveland altitude wind
tunnel to determine the performance of an axial-fliow turbojet engine
having a thrust rating of 4000 poundés with a high-flow compressor.
The range of the investigation extended from pressure altltudes of
5000 to 40,000 feet with ram pressure ratios from 1.00 to 1.82. The
data presented cover a range of pressure altitudes from 20,000 to
40,000 feet and ram pressure ratios from 1.09 to 1.75. A comparison
is made between the engine performsnce with high~flow and low-flow
compressors. The data presented also show how the performence lis
affected by enlarging the tail-pipe-nozzle area. Methods of gener-
alizing the data discussed in a previous investigation are applled
to the data obtained in thia investigatlion.

Tnstallation of & high~flow compressor in the engine in place
of a low-flow compressor, at & corrected emgine speed of 7600 rpm
and a rem pressure ratio of 1.40 gave an Increase In corrected
jet thrust of 11 percent, im corrected net thrust of 6.5 percent,
in corrected net thrust horsepower of 6.5 percent, in corrected
fuel consumption of 14 percent, and in corrected alr flow of 12 per-
cent. With the high-flow compressor,the specific fuel consumption
besed on net thrust horsepower was slightly increased above the

- yalues obtained with the low~flow compressor. Increaslng the tall-

pipe-nozzle area resulted in & reduction in thrust with a small
increase in specific fuel consumption based on Jet thrust and on
net thrust horsepower. An increase in alrspeed resulted in a cor-
responding decrease in specific fuel consumption based on net
thrust horsepower. At a pressure altltude of 30,000 feet and an
engine speed of 7500 rpm, the specific fuel consumption based on
net thrust horsepower wes 1,03 at 480 miles per hour end 0.80 at
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630 miles per hour. The methods of generallzing the data dlscussed
in a previous investigation are further substantiated by the data
presented In this report.

IRTRODUCTION

An Investigation has been conducted in the Cleveland altltude
wind tunnel to determine the operatiomal and performance character-
istice of an axial-flow turbojet engine. The investigetlions wlth a
high-flow compressor were conducted over a range of pressure alti-
tudes from 5000 to 40,000 feet and ram pressure ratios from 1.00
to 1.82 with tunnel temperatures from 60° to -50° F. The tunnel tem-
peratures were held at approximetely NACA standard values for each
altitude condition. Performance end windmilling drag characteristics
of the englne with the low-flow compressor are presented in refer-
ence 1. Tests were also run with a high-flow compressor installed
in the engine to incirease the thrust wlthout Increasing the size or
the weight of the engine. Operatlonel characteristice of the engine
with & low-flow coupressor end with a high-flow compressor are dis-
cussed in reference 2.

The high-flow compressor unlt reported hserein does not represent
any englne ccntemplated for production by the engine manufacturer,
but does represent the Initlial attempt of the engine menufacturer to
obtain increased performesnce by modifying a standard unit with the
quickest and eimplest methods available at the time of the 4000-pound-
thrust axlal-flow turbojet engine Investligation.

The results of performence lnvestigations on the engine with
the high-flow compressor over a range of pressure altitudes from
20,000 to 40,000 feet and ram pressure ratios from 1.08 to 1.75
is presented. Messurements of thrust, horsepower, fuel consumption,
and eir flow were made at several pressure altitudes and ram pres-
sure ratios throughout the range of operable engine speeds. A
comparison is mede of the performance of the engine in the stan-
dard configuration with the low-flow compressor and in the revised
configuration with the high-flow compressor. The effect of tall-
pilpe-nozzle area on engine performsnce is dilscussed. A further
check was made cn the applicability of the methods discussed in
reference 1 that were used to generalize the data.

The engine configuration was changed several times during the
investigation with the high-flow compressor In an attempt to obtain
satisfactory engine operation. Two taill-pipe nozzles, one 18 Inches
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1
and the other 195 inches 1n dlameter, end standard and large-size

turblne nozzles were used. A further description of the englne con-
figurations is presented in referencé 2.

Alr was Introduced Into the engine through a duct at pressures
corresponding to ram pressures for various flight speeds. Extensive
instrumentation was installed on the engine to obtain detalled infor-
mation on the individual components of the engine as well as the
over-all engine performance.

SIMBOIS

The following symbols are used in the report:

FJ Jet thrust, pounds
¥ net thrust, pounds
Hy total preasure at cowl inlet, station 1, pounda per square

foot absolute

H, /ro ram pressure ratio

N ecnvgine.-speed s YPM

Pg tunnel embient pressure, pounds per square foot absolute
thp net thrust horsepower

Vg alr flow, poundis per second

Wf fuel consumption, pounds per hour

Wf fuel comsumption, pounds per second

We/W,  fuel-air ratio

Wf/FJ specific fuel consumption based on Jet thrust, pounds per
hour per pound thrust

Wf/'bhp specific fuel comsumption based on net thrust horsepower,
pounds per thrust horsepower-hour (same as,corrected
value)
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3 ratio of absolute total pressure at campressor inlet
to absolute static pressure at NACA standard
atmospheric conditions at sea level

] ratio of absolute total temperature at compressor inlet
to absolute static temperature of NACA standard
atmogpheric conditions at sea level

The followlng generalized englne and performance parameters are
obtained by correcting the data to NACA standaxd atmospheric con-
ditions at sea level.

FJ/B corrected jet thruset, pounds
Fn/B corrected net thrust, pounds
N/+6 corrected engine speed, rpm

thp/(846) corrected net-thrust hbrsepowef
(WgﬂE)/& corrected air flow, pounds per-second
We/(848) corrected fuel consumption, pounds per hour

Wf/(FJ{E) corrected specific fuel consumption based on Jef thrust,
pounds per hour per pound thruset

we/(W,6) corrected fuel-air ratio

WIND-TUNNEL INSTALIATION AND PROCEDURE
Description of Engine

Because the J33 turbojet engine had not been operated with the
high~-flow compressor before ita installation In the wind tunnel, no
static sea-level rating was avallable for the engine in this con-~
figuration. The high-flow compressor differed from the low-flow
compressor in that the blade angles of the rotor and stator blades
were Increased approximately 5°. The change of blade angle increased
the air-flow rate 12 percent above that obtalned with the low-flow
compressor at maximum engine speed (7600 rpm). With the high-flow
compressor the engine has the same physical dimensions and weight
as with the low-flow compressor. The over-all length of the engine
is approximately 14 feet; the maximum dlameter, 36 inches; and the
total welght, 2300 pounds. The high-flow compressor has 1l axlal-flow

gGs
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stages and provides & presaure ratlo of about 5 at 7600 rpm. On
the engine are eight individual combustion chambers, each of which
is Jolned to the adjacent chambers by smell interconnecting tubes
for cross ignition. A single-stage turbine drives the compressor.
Two tall-plpe nozzles were used during the runs with the high-flow
compressor; one nozzle was 18 inches In dlameter and the other was

1
192 inches. A standard turbins nozzle having an area of 106.7 sgueare

inches was used wlth the l8-inch-diameter tall-pipe nozzle, and a
turbine nozzle having an area of 121.0 square inches was used wilth

the lS%'--inch-diameter tall-pipe nozzle. The runs with the 19%—1110]1—

diemeter tail-pipe nozzle and part of the runs with the 18-inch~
diameter tall-plpe nozzle were conducted with & tail pipe on the
engine that contained & row of vanes immediately behind the turbine.
Thege vanes were installed in an attempt to reduce the swirl in the
Jet.

Installation and Procedure

Installation of the engine with the high-flow compressor was
the same as with the low-flow compressor (reference 1). The
description is repeated in this sectlon.

The engine was supported on & 7-foot-chord airfoll installed
in the 20-foot-diesmeter test section of the wind tumnnel (fig. 1).
The cowling extended back only as far as the rear of the compressor;
the combustion chambers and the tall pipe were thus cooled by the
movement of the air in the test section. Inlet pressures corres-
ponding to flight at high speeds were cbtained by introducing dry
refrigerated air from the tunnel make-up alr system throttled
from approximately sea-level pressure to the deslred pressure at
the engine inlet. The wind-tunnel pressure and temperature cor-
responding to the test altitude were malnteined. The make-up air
duct was connected to the engine Inteske by means of & slip Joint
located 40 feet upstream of the engine (fig. 2, station X). The
use of a slip Jjoint permitted engine-thrust and Installation-drag
measurements to be made with the tummel scales. An orifice for
messuring the air flow is shown In the ram-pipe installation, but
the results obtained were not sufficlently accurate to be used.
The velocity in the tumnel test section varied from 40 to 100 feet
per second, as induced by the ejector effect of the jJet and by the
tunnel-exheuster scoop located immediately downstream of the test

gsectlion.

The engine was extensively instrumented as shown in figure 3.
Temperature &md pressure measurements of the alr and the gasea were
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made at eight stations in the engine (fig. 4). Thrust was measured
by the balance scales and was also calculated from pressure and
temperature measurements obtalned with the tall-pipe-nozzle rake.
(See fig. 5.) In order to correct the scale thrust measurements,
power-off drag investigations were conducted with the engine Inlet
covered so that the externel drag coefficient of the installation
could be determined.

¢eg '

METHODS OF CALCULATION

The thrust was determined by two methods: (1) measurement
directly on the balance scales and (2) calculation from temperature
and pressure measurements cbtained with the tall-rake survey (fig. 5)
located at the tail-pipe-nozzle exit. The thrust values measured by
the second method are presented becausse they glve more conslstent
results than some of the measurements with the balance scales. The
Jet thrust calculated with the tall-rake survey was mmltiplied dy
the factor 0.985;, which was discussed in reference 1, in order to
obtain the actual Jet thrust. This factor was further substantiated

by date obtained with the high-flow campressor.

The rate of engine air flow was determined by two methods:
(1) caloulation from temperatures and pressures obtained with the
tail-rake survey at station 8 and (2} celculstion from temperatures
and pressures obtalned with the cowl-inlet survey at station 1. The
values obtained from the tall-rake survey are presented because they
more closely sgree with heat balances made through the engine. The
methods end the equatlions used to determine the englne performance

are presented In reference 1.

RESULTS AND DISCUSSION
Effect of Altitude, Tell-Pipe-Nozzle Area, and Ram
Pressure Ratio on Engine Performance

Effect of altitude. - The performance data for the engine at a
ram pressure ratio of approximetely 1.40 are presented for the
18-inch tail pipe at pressure altitudes of 20,000 and 30,000 feet

and for the lQ%'—-inch tall pipe at pressure altitudes of 20,000,

30,000, and 40,000 feet. The jJet thrust (fig. 6), the net thrust

>
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(f1g. 7), the net thrust horsepower (fig. 8), and the fuel consump-
tion (fig. 9) decreased as the altitude increased owing to the
reduced density of the air and the consequent reduced mass air flow
through the engine at altitude (fig. 10).

In the upper range of engine speeds » the specific fuel con-
sumption based on jet thrust (£ig. 11) fell cn & single curve for
pressure altitudes of 20,000 and 30,000 feet but was slightly
higher at 40,000 feet. In the range of lower engine speeds, the
Increase 1n specific fuel consumption as the altitude became
higher is abbtributed to lower component efficiencles st high
altitude.

The specific fuel consumptlion based on net thrust horsepower
decreased slightly with increasing eltitude (fig. 12). As the
altitude was increased from sea level and the ambient temperature
wasg correspondingly decreased at constant engine speed and ram
pressure ratlo, the compressor pressure ratioc slightly Increased.
The improvement in cycle efficlency accampanying the increased
compressor pressure ratlo resulited in & slight decrease in specific
fuel ‘consumption besed on net thrust horsepower at high altitudes.
As the ambient temperature was reduced at a constant ram pressure
ratio, the alrspeed decreased In proportion to the square root of
the ratio of free-stream total temperature at altitude to sea-level
amblent temperature '\!5 . Thls reduction in alrspeed thereby
resulted in a reductlon in net thrust horsepower and fuel consump-
tlon proportional to '\5 The net thrust horsepower and the fuel
consumption decreased proportionately, therefore the specific fuel
consumption based on net thrust horsepower was not dependent on
alr temperature.

The fuel-alr ratio increased slightly with altitude throughout
the entire range of engine speeds. (See fig. 13.)

Effect of tail-pipe-nozzle ares. - A comparison of ‘the engine
performance shows that with the 19%—111::11 nozzle =t en engine speed

of 7600 rpm there were reductions of approximately 20 percent in
Jet thrust (fig. 6), 30 percent in met thruet (fig. 7), 30 percent
in net thrust horsepower (fig. 8), and 19 percent in fuel consump-
tion (fig. 9). The tall-pipe temperatures were lower with this
nozzle than with the 18-inch nozzle for corresponding engine speeds.

The weight air flow was slightly lower with the lS%'-—inch nozzle

(fig. 10). The air flow measured by both the tall-pipe survey and
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the cowl-inlet survey was lowest wlth the lQ%hinch nozzle. No
explanation for these results 1lg known.

The epecific fuel consumption based on Jet thrust was about
the ssme with both tall-pipe nozzles at 7600 rpm and pressure alti-
tudes of 20,000 and 30,000 feet (fig. 11). At lower emgine speeds
the specific fuel consumption was considersbly higher with the

19%-inch nozzle. The specific fuel consumption based on net thrust

horsepower was higher with the 19lu1nch nozzle throughout the entire
range of engine speeds (fig. 12). At 7600 rpm the apecific fuel
consunption was approximately 1.03 with the 18-Inch nozzle and 1.186

with the lgéhinch nozzle. With the 19l-inch tall-plpe nozzle, the
pressure at the compressor outlet was lower than with the 18-inch
nozzle, and the compressor pressure ratio was corresponéingly
decreased. The reduced compressor pressure ratlio resulted in s
lower cycle efficiency and therefore higher specific fuel consump-~
tions based on Jet thrust and on net thrust horsepower.

The fuel-air ratio (fig. 13) was lower with the 19l-1nch
nozzle throughout the entire range of engine speeds. Witk this
nozzle and the large turbine nozzles, the back pressure on the tur-
bine was reduced. In both cases the pressure ratio across the tur-
bine was approximately the same and, consequently, the back pressure
on the compressor wae also lower; the work required to drive the
compressor was therefore less. The result was that the englne could
be operated at each speed with a lower turblne-inlet temperature and
consequently with & lower fuel-air ratio when the large tail-pipe
and turbine nozzles were used.

Effect of ram pressure ratio. - Performence data were cbtained
at a pressure altitude of 30,000 feet and rem presaure ratlos of
1.09, 1.40, and 1.75 with the 18-inch taill-pipe nozzle and standard
turbine nozzles. The Jet thrust increased with ram pressure ratlo
throughout the entire range of engine speeds (fig. 14) owing chiefly
to the corresponding increase in weight air flow (flg. 15) and Jet
velocity. The fuel consumption also increased with ram pressure
above 6000 rpm (fig. 16), but at lower englne speeds the fuel con-
sumption was less at high ram pressures. The net thrust (fig. 17)
and the net thrust horsepower (fig. 18) increased with ram pressure
ratio at high engine speeds but at low engine speeds both were lower
at high ram pressure ratios. The fuel-air ratio was lower at high
ram pressures throughout the entire range of engine speeds (fig. 19).
The fuel-air raio 1s dependent on the temperature required at the
turbine inlet to drive the turbine. As the ram pressure ratlo ls
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Increased, the pressure ratlo across the compreassor becomes less,
but the pressure ratlio across the turblne changes negliglbly. The
work per pound of alr flow required to drive the compressor is leas
at high ram pressure ratios and the temperature rlse required per
pound of alr through the combustlon chamber 1s therefore lower
because & lower gas temperature is requlred to drive the turbine.
This reduction in temperature rise per poundi of air at high ram
pressure ratlos glves the corresponding reduction in fuel-air ratlo.

The specific fuel consumptlion based on jet thrust (fig. 20) and
net thrust horaepower (fig. 21) rapldly decreased as the ram pressure
ratio was increased. At an engine speed of 7500 rpm and & ram pres-
sure ratio of 1.40, correspondling to a true airspeed of about
480 miles per hour at a pressure altitude of 30,000 feet, the epe-
ciflc fuel consumption based on net thrust horsepower was 1,03. For
the same englne speed and & ram pressure ratio of 1.75, corresponding
to & true alrspeed of ebout 630 miles per hour at & pressure altitude
of 30,000 feet, the specific fuel consumption based on net thrust
horsepower was 0.80,

Effect of Altitude and Rem Pressure Ratlo on
Generalized Performance

Effect of altltude. - As previously dlacussed in reference 1,
an analysis of jet-engine performance data has given reduction param-
eters thet generalize experimental performemoce data taken at any
altitude in order thet these dabte may serve to estimate Jet-engine
performence at all altitudes. The epplication of the reduction
factors 6 aend & +to the engine performance parameters glve the
following generalized parameters: corrected engine speed N/@
corrected Jet thrust F /5 , corrected net thrust F /5 s corrected
net thrust horsepower thp/ (8+48), corrected air £low (W 18) /5,
corrected fuel consumption Wf/ (d3F), corrected specific fuel con-
sumption based on Jet thrust We/(F '\[_ ), specific fuel consumption

based on net thrust horsepower Wf/thp , &and corrected fuel-air
ratio wp/(Wgo).

Applications of scme of these reduction factors are shown 1in
curves of generalized performsnce obtalned at pressure altlitudes of
20,000, 30,000, and 40,000 feet at a ram pressure ratio of approx-
imately 1.40. Data were obtalned with the 18-Inch tall-pipe nozzle
at pressure altitudes of 20,000 and 30,000 feet and with the

19%'-inch nozzle at pressure altitudes of 20,000, 30,000, and
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40,000 feet. Performesnce of the low-flow campressor at & pressure

altitude of 40,000 feet and & ram pressure ratio of 1l.41 ies shown .
on the generallzed curves for the 18-inch tail-pipe nozzle. These

performance data with the low-flow compressor are presented in

reference 1. Jet thrust (fig. 22), net thrust (fig. 23), net thrust

horsepower (fig. 24), end air flow (fig. 25) reduce to single curves.

These results further substentiate the data presented in reference 1,

which show that such curves can be generalized.

The corrected fuel consumption (fig. 26) measured at pressure
altitudes of 20,000, 30,000, and 40,000 feet and an approximate ram
pressure ratio of 1.40 lle on & single curve. Reference 1 shows
that the fuel consumption in the low range of engine apeeds increased
with altitude. The engine was not operated at sufficlently low
engine speeds in this series of Investigations to show clearly the
effect of altitude on fuel consumption.

The corrected specific fuel consumption based on Jet thrust
(fig. 27) shows more clearly the effect of altitude on fuel con-
sumption than figure 26. At high engine speeds the corrected spe-
cific fuel consumption based on Jet thrust fell on a single curve
for all altltudes; whereas at low englne speeds the speclific fuel
consumption increased with altitude. Altitude had & very small
effect on the gpecific fuel consumption based on net thrust horse-
power (fig. 28), as discussed in reference 1.

The corrected fuel-air ratio reduces to a aingle curve through-
out the entlre renge of engine speeds with the 1l8-inch tail-pipe

nozzle (fig. 29(a}). With the lQl-inch tail-pipe nozzle, however,

the corrected fuel-air ratio reduces to a single curve only at
high engine speeds (fig. 29(b)). In the range of low engine speeds,
the fuel-air ratio is higher at high altitudes.

Effect of ram pressure ratio. - In general, the effect of ram
pressure ratio on performance as determined from these Investigations
substantiates the results presented in reference 1. An increase In
ram pressure ratio resulted in a corresponding increase In corrected
Jot thrust (fig. 30). The corrected net thrust was lower at a ram
pressure ratic of 1.40 then at 1.09, but above a corrected engine
speed of 7000 rpm the corrected net thrust was higher at a ram
pressure ratio of 1.75 then at 1.40 (fig. 31). The corrected net
thrust horsepower incressed with ram pressure ratlo throughout most
of the operating range (fig. 32); in the lower porticn of the oper-
ating rarge, however, the corrected net thrust horsepower was lower .
at high ram pressure ratios. The corrected fuel consumption wes )
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luwer at high rem pressure ratios throughout & large part of the
operating range (fig. 33), but above a corrected engine speed of
7960 rpm the corrected fuel consumptions for ram pressure ratioa of
1.09, 1.40, and 1.75 were of egual value. The generalization fac-
tors correct the air flow to a aingle curve at corrected engine
speeds 2bove 5000 rpm for all ram pressure ratlos (fig. 34). The
high 1dling speed of the engine at high alrspeeds and at a pressure
sltitude of 30,000 feet prevented predicting whether the correc-
tilon wlll also epply In the lower range of englne speeda. Calcu-
lated data presented in the menufacturer's installation manunal
indicate that a family of curves will diverge in the low range of
engine speeds, showlng an increase in alr flow wlth alrspeed.

Theme data, the generalized data presented for several alti-
tudes, and the data presented in reference 1 show that runs at
several ram pressure ratios give generallzed data, which fall on a
family of curves and show that data must be obtained at each ram
pressure ratio in order to determine the famlly of generallzed
curves representative of the performance at all alrspeeds.

Increased ram pressure ratlos resulted In an appreclable reduc-
+tion in the corrected epecific fuel consumption based on Jet thrust
(fig. 35) and the corrected specific fuel consumptlon based on net
thrust horsepower (fig. 36). The corrected fuel-alr ratios for ram
pressure ratlos of 1.09, 1.40, and 1.75 determine a slngle curve
above a corrected engine speed of 7500 rpm (fig. 37). Below this
engine speed, the corrected fuel-alr retio is lower at high rem
pressure ratlos.

Comparison of Generalized Performance with
High-Flow and Low-Flow Compressors

Generalized performance data obtalned at a ram pressure retio
of epproximately l.4 are cocmpared for the engine equipped with the
high-flow and the low-flow compressors. Data are presented for +the

low-flow compressor with the 16-‘11-1nch tail-pipe nozzle and for the

high-flow compressor with the 18~inch tall-pipe nozzle. These data
were chosen for the comparison because in both cases the turbine-
inlet temperstures at maximum engine speed were close to the maximim
alloweble limit. The date for the high-flow compressor were obtained
at pressure altitudes of 20,000 and 30,000 feet and the data for the
low-Flow compressor, which were presented in reference 1, were
cbtained at & pressure altitude of 40,0(?0 feet. Deta obtalned at a
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pressure altitude of 40,000 feet for the low-flow compressor are
.uged here because they are slso presented in reference 1. These
data can be logically compared with the data for the high-flow com-
pressor at pressure altitudes of 20,000 and 30,000 feet because the
main portion of the generalized performance reduces to & single
curve throughout the entire range of engine speeds. The corrected
values of Jet thrust, net thrust, net thrust horsepower, fuel con~
sumption, and eir flow were higher with the high-flow compressor
throughout the emntire range of englne speeds. At a corrected emgine
speed of 7600 rpm with the high-flow compressor, the corrected jet
thrust was 11 percent higher (fig. 22(a)), the corrected net thrust
was 6.5 percent higher (fig. 23(a)), the corrected net thrust horse-
pover was 6.5 percent higher (fig. 24(a)), the corrected fuel con-
sumption was 14 percent higher (fig. 26(a$), and the corrected air
flow was 12 percent higher (fig. 25(a)). The curves of the cor-
rected values of Jet thrust, net thrust, and net thrust horsepower
for the high-flow compressor change in slope between 6500 and

7000 rpm but wlth the low-flow compressor they were practically
stralght above 7000 rpm. The fuel-consumption curves for both com-
pressors did not change 1n slope and thelr shapes were very similar.
The alr-flow curve for the high-flow compressor began to level off
at an englne speed approximately 1000 rpm lower than for the low-
flow compressor. The thrust and horsepower curves changed in slope
because the alr flow leveled off at a lower englne speed and the
compressor efficlency was lower at high engine speeds with the high-
flow compressor., '

Curves are presented for corrected specific fuel consumption
based on jet thrust (fig. 27(a)) and net thrust horsepower
(fig. 28(a)) plotted against corrected engine speed. The corrected
specific fuel consumption based on jet thrust (fig. 38) and net
thrust horsepower (fig. 39) are aleo plotted with corrected Jet
thrust and corrected net thrust horsepower, respectively, as the
ordinate. The corrected apecific fuel comsumption based on Jet
thrust 1s approximately the seme with both compressors throughout
the entire range of engine speeds (of. fige. 27(a) and 38) except
that at high englne speeds the engine had a glightly lower corrected
specific fuel consumption based on Jet thrust when operating with
the low-flow compressor. The specific fuel consumption hased on
net thrust horsepower ls slightly lower at high engine speeds for
the low-flow compressor (fig. 28(a)), but at lower epeeds the
specific fuel consumption besed on net thrust horsepower 1is about
the same with both compressors. Filgure 39 shows the specific fuel
consumption based on net thrust horsepower to be slightly lower with
the low-flow compressor throughout the entire ranges of thrust horse-
power values for the engine, These results indicate that Increasing

553
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the thrust of the engline by using the high-flow compressor slightly
increased the specific fuel consumption based on net thrust horse-
power end 4id not change the corrected specific fuel consumption
based on Jet thrust.

The fuel-alr ratio wlth both the high-flow and the low-flow
compressors (flg. 29(a)}) was approximately the same at low engine
speeds, but at high englne speeds the fuel-alr ratlo was siightly
higher with the high-flow compressor.

SUMMARY OF RESULTS

From an investigation of the performance charecterlistics of a
4000-pound~thrust axial-flow turbojet engine with high-flow and low-
flow compressors at pressure altitudes from 20,000 to 40,000 feet
and ram pressure ratlos from 1.09 to 1.75, the following results
wore obtained:

1. The use of a high-flow compressor 1in place of a low-flow
compressor in the engine at a corrected engine speed of 7600 rpm
and a ram pressure ratio of approximately l.4 gave an increase in
corrected jJet thrust of 11 percent, in corrected net thrust of
6.5 percent, in corrected net thrust horsepower of 6.5 percent, in
corrected fuel consumption of 14 percent, and In corrected air
flow of 12 percent. Changlng the compressor had a negligible effect
on the corrected specific fuel consumpition based on Jet thrust for
all values of corrected jet thrust. The specific fuel consumptlon
based on net thrust horsepower was ralsed slightly with the high-
flow compressor for all values of corrected net thrust horsepower.

2. Increasing the taill-plipe-nozzle area from that of an

18-inch-diameter tail-pipe nozzle to that of a lS%—inch—diameter

tail-pipe nozzle resulted in an approximste reduction of 20 percent
in jet thrust, 30 percent in net thrust, 30 percent in net thrust
horsepower, and 19 percent in fuel consumption. The speciflic fuel
consumnption based on jet thrust was approximately the same at max-
imum englne speed (7600 rpm) for both tail-pipe nozzles, but at lower
speeds the specific fuel consumption bamed on jet thrust was higher
with the larger tail-pipe nozzle. The specific fuel consumption
based on net thrust horsepower was higher throughout the entire

range of engline speeds with the 19%-1nch-diameter tail-pipe nozzle.

3. The specific fuel consumption based on net thrust horse-
power decreased marxedly as the airspeed was increased; al a pres-
sure altitude of 30,000 feet and an engine speed of 7500 rpm, the
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speclific fuel consumption based on net thrust horsepower was 1.03
at 480 mlles per hour and 0.80 at 630 miles per hour. .

4. The specific fuel consumption of the engine in the upper
range of engine speeds at & given ram pressure ratio remained
essentially the same with variation in altitude. In the lower
englne-speed range the specific fuel consumption increased slightly
with an inocrease 1n altitude.
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' 5. Methods of generalizing the data discussed in a previous
investigation are further substantlated by the date presented in this
peper.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aercnautics,
Cleveland, Ohilo.
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Figure 1. - Concluded.

(b)

Left-side view with cowling removed.
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Figure 3. — Instrumentation of axial-flow turbojet engine for altitude-wind-tunnel Investigations.
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Figure 6.— Effect of engine speed and pressure altitude on
jet thrust at a ram pressure ratio of approximately 1,40

with high-flow compressor,
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Jet thrust, Fj, 1b
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Flgure 6.,—- Concluded.
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Flgure 7,- Effect of cngline speed and pressure altitude on
net thrust at a ram pressure ratio of approximately 1l.40

with high-flow compresscor,
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Net thrust, F,, 1b
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Figure 7.— Concluded,
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Flgure 8,—- Effect of engline speed and pressure altitude on
net thrust horsepower at a ram pressure ratio of approxi-
mately 1.40 with high-flow compressor,
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Fuel consumption, Wp, lb/br

29
Pregssur
alt{itud
3500 1)
o 2d,000
o | 3d,000 of
3000 S
250 i/
200 //
Y
150 )!/ V/,
A/
100 ///
50
¢
] SRR
4060 5000 6000 7000 8000 t

Engine speed, N, rpm
(a2} 18~inch—-dismeter tail-pipe nozzle,
Figure, ©,— Effect of engine speed and pressure altitude on

fuel consumption at a ram pressure ratio of approximately
1.40 with high~flow compressor.,
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Fuel consumption, We, 1b/hr
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Figure 9,— Concluded.
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Figure 10.~ Effect of engine speed and pressure altitude on

air flow at a ram pressure ratio of approximately 1.40 with
high-flow compressor.,
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Spacific fuel consumption based on jet thrust, Wf/FJ, 1b/(br){1b thrust)

33

1,0
Prespure
altipude
(£k) P
o | 20,poo
8 ot 30,poo /3
-
—
+6 I
{a) 18-inch-diameter tail-pipe nozzle.
Tesslire
altitpde
(£t
o |20,0p0
1.0 o |30,0po
o | 40,0p0
p Lo
T
——1+—%
8 J&L—":
.6 1 (]
4060 5000 000 7000 8000

Engine speed, N, rpm

(b} lgg—inch—diameter tall-pipe nozzle,

Pigure 1l.— Variation of specific fuel conaumption based on
ressure altitude at a
ram pressure ratio of approximately l.40 with high-flow

Jet thrust

compressor,

with engine speed and
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Specific fuel consumption based on net thrust horsepower, We/thp, 1b/thp-hr
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Figure 12,~ Varlation of speeiflc fuel consumption based on

net thrust horsepower with engine speed and pressure altitude
at a ram pressure ratio of approximately 1,40 with high-flow

compressor,
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Fuel-air ratio, wp/W,
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Figure 13,.— Effects of engine speed and pressure altitude on

fuel—air rastio at a ram pressure ratlio of approximstely 1.4C
with high-flow compressor,
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Fuel-air ratio, we/W,
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Figure 13.~ Concluded.
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Jet thrust, Fj' 1b
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Figure 14,— Effect of engine speed and ram pressure ratio on
jet thrust at a pressure altitude of 30,000 feet with high-
flow compressor and 18-inch—dlumeter tall-pipe nozzle,
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Fuel consumption, We, 1b/hr
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Figure 16,~ Effect of engine speed and ram pressure ratio on

fuel consumption at a pressure altitude of 30,000 feet with
high-flow compressor and l8~inch-diameter tail-pipe nozzle,
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Figure 17.— Effect of engine speed and ram pressure ratlo on

net thrust at a pressure altitude of 30,000 feet with high-
flow compressor and 18-inch-diameter tall-pipe nozzle,
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Net thrust horsepower, thp
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Specific fuel consumption based on jet thrust, 'r/Fj! 1b/(hr)(1b thrust)
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Figure 20,~ Variation of specific fuel consumption based on jet
thrust with engine speed and ram pressurs ratio at a pressure
altitude of 30,000 feet with high-flow compressor and 18-inch-
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Specific fuel consumption based on net thrust horsepower, wf/thp, 1b/thp-hr
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Figure 21,—~ Varlation of speelfic fuel consumptlon based on net
thrust horsevower with engine speed and ram pressure ratio at
& pressure altltude of 30,000 Teet wlth high-flow compressor
and 18-inch-diameter tail-plpe nozzle,
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Corrected jet thrust, Fj/b, 1b
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Figure 22.- Effect of corrected engine speed and pressure altitude
on corrected jet thrust at a ram pressure ratlo of approximately
1.40. Engine speed and jet thrust corrected to NACA standard
atmospheric conditions at sea level.
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Figure 23.~ Effect of corrected engine speed and pressure altitude
on corrected net thrust at & ram pressure ratio of approximetely
1.40. Engine speed and net thrust corrected to NACA standard
atmospheric conditions at sea level.
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Figure 26.,~ Effect of corrected engine speed and pressure altitude
on corrected air flow at a ram pressure ratio of approximately
1.40. Engine speed and alr flow corrected to NACA standard
atmospheric conditions at sea level.
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Corrected fuel consumption, W,/(6 {8), 1bv/hr
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Speclific fuel consumption based on net thrust horsepower, Wf/thp, 1b/thp=hr
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Flgure 29,- Effect of corrected engine speed and pressure altitude

on corrected fuel-air ratio at a ram pressure ratio of approximately
Engine speed and fuel-air ratic corrected to NACA standard
atmospheric conditions at sea level.

1l.40.
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Corrected fuel-air ratio, we/(W,6)
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Figure 30.- Effect of corrected engine speed and ram pressure
ratio on corrected Jet thrust at a pressure altitude of
30,000 feet with high-flow compressor and l1l8-inch-diameter
tall-pipe nozzle. Engine speed and jet thrust corrected
to NACA standard atmospheric conditions at sea level.
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Figure 31.- Effect of corrected engine speed and ram pressure
ratio on corrected net thrust at a pressure altitude of
30,000 feet with high-flow compressor and l1l8-inch-dlameter
tail-pipe nozzle. Engine speed and net thrust corrected to
NACA standard atmospheric conditions at sea level.
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Corrected net thrust horaepower, thp/(56{8)
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Figure 32.- Effect of corrected engine speed and ram pressure
ratio on corrected net thrust horsepower at a pressure altitude
of 30,000 feet with high-flow compressor and l8~inch-dlameter

tall-pipe nozzle.

Engine speed and net thrust horsepower
corrected to NACA standard atmospheric condltions at sea levels.
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Figure 33.- Effect of corrected engine speed and ram pressure
ratio on corrected fuel consumption at a preasure altitude
of 30,000 feet with high-flow compressor and 18-inch-diameter
tail-plpe nozzle, Englne speed and fuel consumption corrected
to NACA standard atmospheric conditions at sea level,
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Flgure J34.- Effect of corrected engine speed and ram pressure
ratio on corrected air flow at a pressure altitude of 30,000
feet with high-flow compressor and l8-inch-dlameter tall-
pipe nozzle. Engine speed and alr flow corrected to NACA
standard atmospheric conditlons at sesa levsl,
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Figure 35.-~ Varlatlon of corrected specific fuel consumption
based on jet thrust with corrected engine speed and ram
pressure ratio at a pressure altitude of 30,000 feet with
high«flow compressor and 18-inch-dlameter tall-pipe nozzle.
Englne speed and specific fuel consumption corrected to
KACA standard atmospheric conditions at sea level.
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Figure 36.- Variation of specific fuel consumption based on net
thrust horsepower with corrected engine speed and ram preasure
ratlo at & pressure altitude of 30,000 feet with high-flow
compressor and 18-inch-dlameter tall-plpe nozzle. Engine
speed corrected Yo NACA standard atmospheric conditions at

sea level.
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Pigure 37.- Effect of corrected engine speed and ram pressure
ratio on corrected fuel-alr ratio at & pressure altitude of
30,000 feet with high-flow compressor and l8-inch-diamester
tall-pipe nozzle. Engine speed and fuel-air ratlio corrected
to NACA standard atmospheric conditions at sea level.
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Flgure 38.~ Variati

Corrected jet thrust, Fj/6, 1b
on of corrected specific fuel consumptlion
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atandard atmoapheric conditions at sea level.
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