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ATLTTTUDE-WIND-TURNEL INVESTIGATION OF PERFORMANCE Am
WINDMITLING DRAG CHARACTERTSTICS OF WESTINGHOUSE
X24C-4B AXTAL-FIOW TORBOJET ENGINE
By Carl L. Meyer and Harry E. Bloomer

SUMMARY

An investigation has been conducted in the NACA C evel and alti-
tude wind tumnel to evaluate the performance and windmilling drag
characteristica Of an original and a modified tuxrboJet engine of the
sane type. Data have been obtained at simulbted altitudes fxrom 5000
to 45,000 feet, simulated fl|ight Mach numbers from0.02 to 1.08, and
engi ne speeds from 4000 to 12,500 rpm. Engine performence deta are
presented for both engines t0 show the effects of altitude at a
flight Mach nunber of 0.25 anmd of flight Mach nunber at am altitude .
of 25,000 feet. Performance of the original and modified englnes i S
compered for a range of simulated flight conditlons. The performance
data are generalized to show the applicability of methods used to
estinmat e performance at any altitude fromdate obtai ned at a given
altitude. Engine-windmilling-speed and windmilling-drag data are
presented for a range of simuleted flight conditions.

Pexformance vari abl es dependi ng upon fuel consunption that are
obt ai ned from data at one altlitude cannot be used t 0 prediot t hese
verisbles at ot her altitudes; however, thruft and air-fl ow values
can be predicted for a limted range of altitudes from aata taken at
one altitude. The exhaust-nozzle-outlet total tenperature increased
at high engine speeds as the altitude was raised, and decreased at
all engine speeds as the flight Mach nurber was increased for a
limited range of fllght Mach numbers. AV engine speeds greater than
10, 000 rpm, t he specific fuel consumption based on net thrust was
not appreciebly affected by change8 in altitude from 5000 t 0
35,000 feet, but was markedly increased by 8 further increase in
altitude to 45,000 feet. Im general, the specific fuel consumption
based on net thrust increased as the flight Mach number wasi ncreased.
The net thrust at maximum engine speed for the modified engine was
3 to 20 percent greater than that of the originsl engine; t he ape-
eific fuel consumption based on net thruet at meximm engi ne speed
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was comparable for the two engines. For an airspeed of 500 mles
per hour at an altitude of 25,000 feet, the windmilling drag was
approxi mat el y equal to 11 percent of the meximm net thrust at that
flight condition.

INTRODUCTION

An investigation was conducted in the RACA Clevel and al titude
wind tumnel from Merch to August 1947 +o evaluate the performence
characteristics of an original and a modftfied turbojet engine of the
seme type. The main components of t he englnes were similar except
that the modified engine i ncl ude& changes mede by the menufacturer
to 1mprove velocity and temperature distributions within the englne.
Data have been obtained for a range of sinulated altitudes and flight
Mach mmibers throughout t he operabl e range of engi ne speeds. Exten-
sive instrumentation wes installed in the engi nes t 0 obtain detailed
i nform& on on the individual components of the englnes, as well as
over-all engi ne performence. The operational cheracteristics are
presented in reference 1.

Engine performence data are presented herein to show the effects
of altitude at a flight Mach number of 0.25 and of flight Mach nunber
at an altitude of 25,000 feet. Performence of the original and
modified engines is compared for a range Of simileted flight condi-
tions. The applicability of methods used t 0 generalize t he data in
order to estimate t he performence et various altitudes from perform-
ance date obtalned at a given altitude is discussed. Data are also
vresented to show the effects of altitude and airspeed on engine
windmilling speed and windmilling drag.

DESCRIPTION OF ENGIRE

The turbojet engine used in the altitude~wind-tunmel investigation

i S an early experimental Westinghouse 24C engine having a sea-level
gtatic thrust rating of 3000 pourds at an engine speed of 12, 500 rym.
At this rating, the air flow is approximately 58.5 pounds per second
and t he fuel comsumption is 3200pounds per hour. The engine has an
ll-stage axial-flow compressor with a pressurerati o of approxi mately
3.8 at rated engine speed, a double-anmulus conbustion chanber, a
two-stage t urbi ne, and a fixed-areas exhaust nozzl e. The over-all

| ength of the engineis 1.19l inches, the meximm dianeter is 28-J§mnches,
lar

and the total weight is 1158 pounds. The modified engine was s

to the original engine except for minor chenges mede by the mamufac-
turer i n t he compressor and t he conbusti on chanber.



226

NACA EM No. E8J25a 3

Air enters the engine through an amnnuler inlet and passes into
t he compressor through e single row of inlet gulde vanes. The cm
rressors Of the original and modified engines were similer with the
exception of the eleventh-stage rotor blading. For the modified
engl ne, the loading on the eleventh-stage rotor blades was reduced
in order to obteln a more nearly uniform velocity dlistribution at
t he compressor OUt | et.  This reduced | oadi ng was accomplished by
twisting the bl ades, in the direction of reduced angle of attack,
3° at the midspan and 6° at t he tip.

After belng compressed, the alr is dlascharged from the com=-
preseor t hrough t wo rows of straightening vanes and an ammuler dif -
fuser into the double-anmulus combustion chember. Fuel i S injected
into the two anmuli of the combustion chamber from two concentric
fuel manifolds. There are 36 fuel nozzles in the outer manifold
ring and 24 in the imner manifold ring. 'me fuel nozzles for the

original engine had a rated capacity of 7— ga.'L'Lons per hour at a

differential pressure of 100 pounds per squar e inch, as compared
with 7 gallons per hour for the modified engine. The fuel used

t hroughout the investigation conformed t 0 specification AN-F-28,
Amendment 3. Alr entering the combustion chamber is divided into

t hr ee anmular streams by the t W concentric Ffuel nuni fol ds. For
the original engine, a screen having 60-percent blocking area was
installed in the outer anmuler alr stream and one of 40-percent
blocking ares was installed in the intermediate ammler air sitream.
For the modified englne, these screens were replaced by two screen%
of 30-percent blocking ar ea.

The double-anmlus combustion chamber is of the gbep type.
Steps 1 and 2 admit primary ailr through smell circular wall per-
f orations. For the original engine, secondary air entered the
combusti on chember through rows of circular hol e%in steps 3 and 4.
For the modified engine, secondaxry air entered t he combustion chamber
t hrough a single row of | arge rectangular holes instep 3. The
total area of t he combustion~chamber-well perforations was t he same
for the original and nodified englnes.

Gases from the combustion chamber flow through the two-stage
‘turbine into the tall plpe and exhaust through a flxed-area exhaust
nozzle. Each turbine stage consists of a stator and a rotor. The
turbi ne rotor assembly includes the shaft and the first- and
second- st age di sks.
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As a result of the various changes included in the nodified
engi ne, the manufacturer rai sed the allowable oper ati ng temperature
limt for this engine. The maximum temperature, as indicated by
any thermocouple at the turbine outlet, was limted to 1250° ¥ for
t he ori gi nal engi ne as compared with 1400° F for the modified engi ne.
The engi ne modifications and the revised tenperature |imt permitted
a reduction in exhaust-nozzle-outlet area from183 square inches
for the original engine to 171 square inches for the modified engine.

INSTALLATION AND FROCEDURE

The engines were installed in a wing nacelle in the test sec-
tion of the altitude wind tunnel (fig. 1). For this installation,
an extended inlet duct 5 feet long and an extended tail pipe 3 feet
long were used. Cowling wes eliminated from around the engi ne.
Instrumentation Was installed at several stations i n t he engine
(fig. 2). The instrunentation installed in the original and nodi-
fi ed engines Was the same except at the turbine outlet, where addi-
tional thermocouples Wer € installed for the modified engine to glive
a nore conpl et e temperature Survey.

I nl et Bressures correspondi ngto the desired flight Mach num-
bers were obtai ned by introducing dry refrigerated air from the
tunnel make-up air systemthrough a duct to the engine inlet.This
air was throttled fxrém approxi mtely sea-level preasure to the
desired total pressure at the compressor inlet; the static pressure
in the wind-tunnel test section was naintained at the pressure
corresponding to the desired altitude. The duct fromthe tunnel
make-up air systemwas attached to the engine inlet duct by neans
of aslipjoint with a labyrinth seal in order that drag and thrust
valuescould be determined by use of the tunnel balance scales.

Engine performance data were obtained at simulated altitudes
from5000 to 45,000 feet, simulated flight Mach numbers from 0. 09
to 1.08, and engine speeds fram idling speed (4000 rpm) to rated
speed (12,500 rpm). The compressor-inlet air temperatures Were
hel d atapproxi mat el y NACA standard val ue8 corresponding to the
gimulated fl|ight conditions, except at high altitudes and | ow
flight Mach numbers; NO inlet-air temperatures bel ow 440° R were
obtained. At the high altitudes, the maximm engine speed was
limted by the turbine-outlet tenperature and minimm engine Speed
was |limted by conbustion blowout.

Thrust was determ ned by cal cul ation from tunnel balance-scale
measurements and al so by cal culation frompressure and tenperature

928
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meagurements obt ai ned at t he exhaust-nozzl e outl et (station 8).
Power - of f dxreag runs were nade i n order t0 correct the balance~scale
measurements f or external-drag forces. The val ues of thrust pre-
sented herein wexre obtai ned from measurements made with the tunnel
bal ance scales. Air fl ow was calculated from pressure and tempera-
ture measurements obtained at the engine inlet (station 1). Com

pl et e rem~pressure recovery was assumed at t he compressor Inlet in
the cal culation of equivalent airspeed and flight Mach nunber. The
synbol s and the methods of calculation used in this report are pre-
sented i n t he appendix,

RESULTS AND DISCUSSION

Because no inlet-sir temperatures bel ow 440° R were obtained,
t he equivalent amblent static temperatures were considerably sbove
t he standard values at high altitudes and | ow flight Mach numbers.
The various altitude performance date presented in this report have
been corrected to the standard al titude temperatures by use of the
factor 84, the ratio of absolute anbient static temperature to
absolute anbi ent static temperatureof NACA standard at nosphere at
the respective altitude. Perfornmance data corrected by this method
maybe scmewhat different from data obtained under actual conditions
because of the effect of Reynolds nunber on scapressor performance.

An exemination of the data has shown that the average ratio of
the jet thrust cal cul ated fromtunnel balance-scale measurements t 0
the jet thrust cal cul ated fromtenperature and pressure measurements
obtal ned at the exhaust-nozzle outlet was 0.987 for the original
engine and 0.976 for the modifled engine. The values Of +thrust pre-
sented in this report were calculated from bal ance- wal e measure-
ments except for those instances where the aforementioned | et-thrust
ratio deviated considerably fromthe respective average ratio.
Where t hi s deviation was encountered, t he specific fuel consumption
based on balence-scale neasurenents of net t hrust was i nconsi stent
and, therefore, the | et thrust was taken 88 the product of the Jet-
thrust ratio and the jet thrust cal cul ated fr om measurements at t he
exhaust-nozzle outlet. Net thrust, presented in the following
di scussion, was determ ned by subtracting the initial free-stream
momentum of the inlet air fromthe jet thrust.

Engine Performance

Effect of altitude. - Performance data obtained with both engines
at a constant flight Mach mmber of 0.26 at altitudes from 5000 to
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45,000 feet are presented to show the effect of altitude on the
variation with engine speed of net thrust (fig. 3}, air flow

(fig. 4),fuel consunption (fig. 5}, specific fuel consumption based
on net thrust (fig. 6), fuel-air ratio (fig. 7), and exhaust-nozzle-
outlet total temperature (fig. 8). The trends of the performance
date for the original and modified engines are simliler,

At engi ne speeds greater than 10, 000 rpm, t he spe¢ific fuel
conswmption based on net thrust (fig. 6) was not appreciably
affected by changes in altitude from5000 to 35,000 feet, but was
mar kedl'y increased when the altitude was further raised to
45,000 feet., Fuel-airratio (fig. 7) increased 8s the altitude was
raised; t he increase in fuel-air ratio became NDI € pronoumced at
high altitudes. The minimumfuel-air ratio at each altitude
occurred at an engine speed between 9000 and 10, 000 xpm.

The average total temperature neasured at t he exhaust-nozzle
outlet increased at hi gh engi ne speeds 88 the altitude was rai sed
(fig. 8). For engine speeds bel ow approximately 10, 500 rpm,
increasing the altitude to 25,000 feet decreased the exhaust-
nozzl e-outl et total tenperature. Increasing the altitude from
25,000 to 35,000 feet decreased the tenperature at engine speeds
bel ow 10,000rpm for the original eanglne and at engi ne speeds
between 8000 and 9500 rpm for the nodified engine. A further
increase in altitude to 45,6000 feet increased the tenperature at
al | engine speeds.

Effect of flight Mach nunber. - Performence data obtained with *
both engines at an altitude of 25,000 feet and flight Mach numbers
from0.25 to 1.08 are presented to show the effect-of flight Mach
nunber on the variation with engine speed of met thrust (fig. 8), air
flow (fig. 10), fuel consunption (fig. 11), specific fuel consunption
based on net thrust (fig.12), fuel-air ratio (fig. 13), and exhaust-
nozzl e-outl et total temperature (fig. 14). In genexal, t he perform-
ance trends Of the original and modified englnes are similar.

Rai sing the flight Mach number fromO0.25 to 0.53 decreased
the met thrust (fig. 9) throughout the entire range Of englne speeds,
As the flight Mach number was Ilncreased beyond 0.53, the net thrust
decreased at | ow engi ne speeds and increased at hi gh engine speeds.

As the flight Mach nunber was raised, the fuel consumption
(fig. 11) decreased at | ow engi ne speeds and increased at high enginse
speeds. For the original engine, the specific fuel consumption based
on net thrust (fig. 12(a)) increased at 811 engine speeds 83 t he
flight Mach nunber was raised to 0.98, but was unaffected by a

928
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further increase in flight Mach nunber to 1.06. For the nodified

engi ne, the specific fuel consumption based on net thrust (fig. 12(b))
increased at 811 engine speeda as the flight Mach number was

increased to 1.06. For the original engine, raising the fl|ight Mach
number reduced the fuel-air ratio (fig. 13(a)) throughout t he range

O engine speeds. For the nodified engine, raising the flight Mach
number to 0.87 reduced the fuel-air ratio throughout the range of
engine speeds; however, 8 further increase in flight Mach number to
1.08 resulted i N increased fuel-air rati os at hi gh englne speeds.

At all engine speeds, for the original engine, the exhaust-
nozzle-outlet total temperature (fig. 14(a)) was reduced as the flight
Mach number was increased to0 0. 98, but was not apprecisbly affected
by further increasing the flight Mach nunber to 1.06. For the modi-
fied engine, the exhaust-nozzle-outlet total tenperature (fig. 14(b))
was reduced at 811 engine speeds 8s the flight Mach mumber was
raised to 0.73; at high engine speeds, however, the temperature was
not appreclably affected 8s the flight Mach nunber was inocreased
from 0.73 to 0.87, but wes increased by 8 further increase in flight
Mach nunber to 1. 06,

Comparison of engines. - Maximum engine Speed was either the
rated engine speed of 12,500 rpm or & temperature-limited engine
speed that was 1888 than 12,500 rpm. The i nstrumentati on installed
at the turbine outlet was different for the tw engines; 25 thermo-
coupl88 were used in determning the average turbine-outlet temper-
ature for the Origi nal engine 8s compered W t h 49 thermocouples for
the nodi fi ed engine. The measured turbine-outlet t enperat ures of
the original engine are considered to be | ower than the actual tem-
peratures. For the purposes of this report, however, the
temperature-limited engine speed of the original engi ne is defi ned
ag t hat engine speed at whi ch t he average turbine-outlet i ndi cat ed
temperature was 1520° R. For t he modified engine, the t enper at ure-
[imted engine speed i S defined 8s t hat engine ed at which the
average turbine-inlet total temperature i S 1865™R These average-
temperature limits correspond approximately tc the maximmmt ur bi ne-
outlet temperature limlts used when the englnes were in operation.

The performance Of the original engine | S compered with that
Of the modified engine on the bamsis of the variation of net thrust
(fig. 15) and f specific fuel consumption based on net thrust
(fig. 16) with airspeed at meximm engine speed. The data (f these
figures were cbtained from figures 3, 6, 2, emd 12, ani from similer
additional figures. The maximm engine speed was 12,500 rpm at
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altitudes of S000 and 15,000 feet for the range of airspeeds inves-

tigated and at an altitude of 25,000 feet for airspeeds greater than
approximately 365 niles per hour for the original engine and

420 niles per hour for the nodified engine. At the lower airspeeds

at an altitude of 25,000 feet and for the range of airspeeds inves-

tigated at altitudes of 35,000 and 45,000 feet, however, the meximue
engine speed was a tenperature-limted engi ne speed less than

12,500 rpm.

For the range of airspeeds investigated, the net thrust at max-
imum engline speed Of the nodified engine (fig. 15) was greater t han
that of the original engine by 7 to 20 percent at an altitude of
15,000 feet, 5 to 14 percent at an altitude of 25,000 feet, approx-
imetely 6 percent at an altitude of 35,000 feet, and 3 to 19 percent
at an altitude of 45,000 feet. As the airspeed was increased
within the range investigated, the difference between the net thrust
at maxi num engi ne speed of the modified engine and that of the
original engine increased at altitudes of 15,000 and 25,000 feet,
was essentially unaffected at an altitude of 35,000 feet, and
decreased at an altitude of 45,000 feet.

For the range of airspeeds investigated, the specific fuel
consumption based on net thrust for the nodifi ed engine at maximum
engine speed (fig. 16) was equal t0 or less than that for the
original engine except at equi val ent alrspeeds greater than

600 mles per hour at au altitude of 25,000 feet and 275 mles per
hour at an altitude of 35,000 feet. In npDSt cases, however, the
gpecific fuel consunption based on net thrust fox the nodified
engi ne at nmaxi mum engi ne speed Wwas within 2 percent of that for

t he original engi ne.

Genexralized Perf or nance

The altitude performance date presented i n figures 3 to 8 have
been generalized to standard sea-level conditions by us8 of the
factors & and 8. The generalized performanc8 data are presented
in figures 17 through 22, The concept of flow simlarity and the
application of dinensional analysis has led to the devel opment of
these factors with which data obtained at several altitudes nay be
generelized. |n the devel opnent of this method of generalization,
t he efficiencies of t he engline components were considered to be
unaffected by changes i n altitude. Any changes | N component effi-
ciencles therefore lessen t he possibility of generalizing data
obtained at different al titudes to asingle curve.
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Data obtalined with both engines at a constant fiight Mech num-
ber O 0.25 at altitudes fr om 5000 to 45,000 feet are compared tO
ghow the effect of 2ltitude on the corrected values of net thrust
(fig. 17), air flow (fig. 18), fuel consunption (fig. 19), specific
fuel consumption based on net thrust (fig. 20), fuel-air ratio
(fig. 21), and exhaust - nozzl e-outl et total temperature (fig. 22).

Net-thrust date (fig. 17) generaslized t0 a single curve at
altitudes up to 25,000 feet for the range Of corrected engine speeds
end at all altitudes at low corrected engine speeds. At high cor-
rected engi ne speeds, however, the corrected net thrust i ncreased
8s the altitude was raised above 25,000 feet. The air-flowdate
(fig. 18) generalized to a single curve for all englne speeds at
altitudes Up to 15,000 feet for t he original engine and at altitudes
up to 25,000 feet for the modified englne; further inereases in
al'bi('jbuﬁ.e reduced the corrected air flow at all corrected englne
speeds.

Corrected fuel consumption (fig. 19), cnrected specific fuel
consumption based On net thrust (fig. 20), corrected fuel-alr
ratio (fig. 21), and corrected exhaust-nozzle-outlet total tempera-
ture (fig. 22) increased markedly as the altitude was raised.

Turbine, compressor, and combustion ef fi ci enci es decreased
over most of the operating range (f engine speeds as the altitude
was raised. Because of the effect of altitude om conpressor and
t urbi ne efficiencies, higher corrected temperatures W thin the
engine were required as the altitude was raised; the increase in
correct ed temperature as the altitude was ralsed is shown in fig-
ure 22. Increased corrected temperatures and corrected pressures
wlthin the engi ne caused t he corrected net thrust to increase at
hi gh corrected engi ne Speed888 the altitude was raised above
25,000 feet. ‘'™he decreased Cormonent and combustion efficlencies,
as the altitude was raised, resulted in increased corrected fuel
consunption and, consequent|y, increased corrected fuel-air ratios
and corrected specific fuel consumption based on net thrust. The
stanfard temperatures at altitude were not exactly simmlated in the
investigation, which may have had some effect on the measured values
of specific fuel comsumption.

Performance veriables depending upon fuel consumption that are
obt ai ned from data at one altitude cammot be used to predict these
Vari abl es at Ot her altitudes. Thrust and alr-flow values, however,
can be predicted for a limited range of altitudes from data obbtained
at one altitude.
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Windmilling Dreg

The variation of engine windmilling speed and windmilling drag
with airspeed at altitudes from 5000 to 45,000 feet i S shown in
figure 23, The windmilling engi ne speed i S essenti al | y unaffected
by changes in altitude and varied almost |inearly with airspeed.
Windmilling drag, in general, increased 8s the airspeed was increased
and decreased as the altitude was rai sed. The windmilling englne
speed and drag of the two engines are camparable.

The variation of the ratio ' windmilling drag to neb thrust
at maximum engi ne speed with airspeed at an altitude of 25 000 f eet
i S shown i n figure 24. The data of this figure were cbtained from
figures 15 and 23. An examinastion of the data fromother altitudes
has shown that the rati 0 of windmilling drag to net thrust at max-
imm engine speed is not appreciably affected by changes i n altil-

t ude within the range of airspeeds investigated. The windmilling
drag is approximately equal to 1 percent of the net thrust at
mexinmum engine speed f or an airspeed of 200 Ml es per hour and
increases t0 11 percent at an alrspeed of 500 miles per hour.

SUMMARY OF RESULTS

An investigation of the performence of two turboj et englnes
O the same type in the Cleveland altitude wind tunnelat altitudes
from 5000 t 0 45000 feet and flight Mach numbers from 0.09 to 1.08
gave t he fol | owi ng results:

1. Performance vari abl es depending upon fuel consumption that
are obtained fromdata at one altitude cannot be used to predict
these veriables at other altitudes; however, t hr ust and air-flow
values can be predicted for a |inited runge O altitudes fromdata
taken at one altitude.

2. Increasing the altitude raised the exhaust-nozzle-outlet
total temperature at high englne speeds for both engines. For the
original engine, the exhaust-nozzle-outlet total tenperature was
| onered at al |l engine speeds by increases in flight Mach number to
0.98 and was unaffected Dy 8 further increase in flight Mach num-
ber to 1.08. For the modified engine,t he exhaust-nozzle-outlet
total temperature was lowered at 811 engine speeds by increases in
flight Mach mumber to 0. 73; however, at hi gh engine speedst he
temperature was not appreci ably affected 88 the flight Mach nunber
was increased fromo.73to 0.87 and was raised by a further increase
inflight Mach nunber to 1.08.
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3. At engine speeds greater than 10,000 rpm, specific fuel con-
sumption based on net thrust was not appreciably affected when the
altitude was ralsed from 5000 to 35, 000 feet, but was merkedly
increased when the altitule was further raised %o 45, 000 feet.

The st andar d temperatures at altitude were not exactly similated in
the i nvestigation, which mey have had some ef fect on the measured
val ues of specific fuel consumption.

4. In general, the specific fuel consunption based on net
‘thrust increased as the flight Mach mumber was ralsed.

5. A comparison of originasl- and modified~engine performance
dat a showed that the net thrust of the modified engine at maximum
engine speed was 3 to 20 percent greater than that of the original
engine. In most cases, the specific fuel consumption based On net
thrust for the modified engi ne at meximum engine speed was within
2 percent of that for the original englinse.

6. The windmllling englne speed and drag of the two engines
are comparable. At an altitude of 25,000 feet, the windmilling
drag i s approximately equal to 1 percent of t he net thrust at max-
Imm engine speed at an airspeed of 200 m|es per hour as compared
with 11 percent at an airspeed of 500 miles per hour.

Tewls Flight Propulslon Iaboratory,
National Advisory Commititee f Or Aeronautics,
C evel and, ¢hio.
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APPENDIX - CALCULATIORS
Symbol s

826

The follow ng symbols are used in this report:

cross-sectional area, sq ft

thrust-scale reading, Ib

specific heat of gas at conmstamt pressure, Btu/(1b)(°R)
external drag of installation, IDb
windmilling drag, | b

jet thrust, Ib

net thrust, Ib

fuel-air ratio

accel eration of gravity, 32.2 £t/sec?

mechani cal equival ent of heat, 778 £t=1b/Btu
flight Mach nunber

engine speed, rpm

t ot al pressure, 1b/sq ftabsol ute

static pressure, 1b/sq ft absol ute

gas conatant, 33.3 £1-1b/(1b)(°R)

total temperature, R

indicated temperature, °R

static tenperature, °R

velocity, £t/sec

air flow, lb/eec
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We

W.f.‘/?n

Subscri pts:
0

X
1
2
8

fuel consumption, 1b/hr .

specific fuel consunption based on net thrust,
1b/(har)(1b thrust)

rati o of specific heats

ratio of absolute anbient etatio pressure to absolute
static pressure of NACA standard atnosphere at sea
| evel

ratio of absolute anbi ent static tenperature to absolute

static tenperature of NACA standard atmosphere at sea
level

free air stream

engine-inlet duct at slip joint
engine inlet

compressor i nl et

exhaust-nozzle out | et

The data are generalized. to NACA standard sea-level conditions
by the following paraneters:

Fn/o

(£/a) /e
N/+6
T/
(Wgv6) /5
We/(54/6)
We/(Fn4/6)

corrected net thrust, | b

corrected, fuel-air ratio

corrected engine speed, rpm

corrected exhaust-nozzle-outlet total temperature, °R
corrected air flow, 1b/sec

correctedfuel consunption, 1b/hr

corrected specific fuel consumption based on net thrust,

1b/(br) (bt hrust)
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Met hods of Cal cul ation

Thrust., - Thrust was determ ned by caloulation from: (1) tunnel
balance-scale measurements, and (2) pressure and temperature measure-
ments obtained at the exhaust-nuzzle outlet (station 8). The thrust
values presented herein were obtained by use of the first method.

Jﬁt thTust was determned from bal anoe-scal e measurements by use of
the relation

W
a
FJ=B+D+?VI+AI (Px'Po)

Jet thrust was determined from pressure and temperature measurements
obtai ned at the exhaust-nozzle outlet by use of the relation

78'1
27g Py 78 )
FJ=—78_1P8A8 % -1|+ Ag(pg = P

Net thrust was determined from bal anoe-scal e nmeasurements by use of
the relation

WS
Fn = FJ - ?? Vb

Windmilling drag. - Windmilling drag was determined from
balance-scale measurements by use of the relation

LA .
Dw = 7? Vb - FJ

Air flow - Engine air flow was calculated from pressure and
tenperature neasurements obtained at the engine inlet (station 1) by
us8 of the relation

71‘1
7
W, A [ 2ecp <1:E) t 1
R tl Pl
Tenperatures. - Engine-inlet and exheust-nozzle-outlet t enper -

at ures wer e calculated from the indicated temperature, using a
thermocouple recovery factor of 0.85, and respective val ues of
pressure, temperature, and ratio of specific heats:
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Ty
t = =5
1 + 0.85 (2)7 -1
. D

The equi val ent anbi ent static temperature was determined from
the relatlion

T
to = —28 _
72'1
7
P, 2
0 %o
Airspeed. - The airspeed was determined (assuming complete ram-
pressure recovery) from the relation

-1
72

P\ 72
VO = ZchptO 55 -1

Flight Mach nunber. - The flight Mach number was det er m ned
(assum ng conplete rampressure recovery) from the equation

77t

¥
P 2
My =|s——T (—2> -1
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Flgure 1. = Installation of turboj et engins i n altitude wind tunnsl.
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Pigure 3. =~ Effect of altitude on variation of net thrust with
engi ne speed. Flight Mach nunber, 0. 25.



wed

NACA RM No. E8J25a 21

Altitude
(%)
o 5,000
o 15,000
o 25,000
A 35,000
2400 f
2000 //
- 5 1600 //
~t
=
<4
B 1200
&
e
>
z 800 /I F ya //
/ A
Y
400 / ‘//
A
03 4 5 3 10 12 14x 103

. Engi ne speed, N, rpm
(b) Modified engine.

Pigure 3. - Concluded. Effect of altitude on variation of net
thrust with engine speed. Flight Mach nunber, O0.25.
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Figure 4. = Effect of altitude on variation of air flow with
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Figure 4. = Concluded, Effect of altitude on variation of air
flow with engine speed. Flight Mach nunber, 0.25
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Fuel consumption, We, lb/hr

NACA RM No. EBJ25a
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Figure 5. = Effect Of altitude on variation of fuel consumption
with engine speed. Plight Mach nunber, 0.25.
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Fuel consumption, We, 1b/hr

RM No. E8J25a 25
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Figure 5. = Concl uded,

consunption with engine speed.

Flight Mach nunber,

0. 25.
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Specific fuel oo nsumption baed on net thrust, We/F,, 1b/(hr)(1b thrust)

NACA RM No. E8J25a
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Figure 6. = Effect of altltude on variation of specific fuel con-
su#gtlonobgged on net thrust with engine speed. Flight Mach
nunber, 0. 25.
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Specific fuel consumption based on net thrust, We/Fy, 1b/(hr)(1b thruet)
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Fuel-air ratio, f/a
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Figure 7. =~ Effect of altitude on variation of fuel-air ratio

with engine speed.

Flight Mach nunber, 0. 25.
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Fuel-air ratio, f£/a
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air ratio with engine speed. Flight Mach nunber,

Engi ne speed, N, rpm
(b) Modified engine.

Effect of altitude on variation of fuel-—
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Exhaust—nozzle—~outlet total temperature, Tas
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Figure 8. - Effeat of altitude on variation of exhaust-nozzle-

outlet total tenmperature with engine speed. Flight Maech
nunber, 0. 25,
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Exhaust-nozzle—outlet total temperaturs, Tg, °R
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Pigure 8. - Concluded, Effect of altitude on wariation of

exhaust-nozzle~outlet total tenperature with engine speed.
Flight Mach numnber, 0. 25.
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NACA RM No. E8J25a
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Figure 9. - Effect of flight Mach number on variation of net

thrust with engine speed. Altitude,

25,000 feet.
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Exhaust-nozzle—outlet total temperature, Tg, °R
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Figure 8. ~ Conoluded. Effect Oof altitude on variation of

exhaust-nozzle—~outlet total tenperature with engine speed.

Flight Mach nunber, 0. 25.
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Figure 9. - Effect of flight Mach nunber on variation of net
thrust with engine speed. Altitude, 25,000 feet.
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Figure 8, - Concluded. Effect of rlight Mach number on variation
of net thrust with engine speed. Altitude, 25,000 feet.
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Figure 10. - Effect of flight Mach nunmber on variation of air
flow with engi ne speed. Altitude.25,000feet,
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Figure 11. - Effect of flight Mach number on wariation of fuel

consunpti on with engine speed. Altitude, 25,000 feet
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Specific fuel consumption based on net thrust, wf/Fn' 1b/(hr)(1b thrust)
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Figure 12. - Effect of flight Mach number on variation of specific

fuel consunption based on net thrust with-engine speed. 4
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Figure 14, — Effect of flight Mach number on varlation of exhaust-nozzle—
outlet total temperature with engine speed, Altitude, 25,000 feet,
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Speoific fuel consumption based on net thrust, Wp/Fp, 1b/(hr)(1b thrust)
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Flgure 16, — Variation of specific fuel consumption based on net thrust with
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Corrected net thrust, F,/6, 1b
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Corrected alr flow, (W,\8)/5, 1b/sec
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Figure 18. - Effect of altitude on variation of corrected air
flow wfth corrected engine speed. Flight Mach nunber, 0. 25.
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Corrected fuelconsumption, Wp/(0<), lb/hr
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NACA RM No. E8J25ha

4400

Altitude

4000 / (£t)

5,000
15,000
25,000

V] v
-—\_-.o

35,000
45,000

P
4>00°

3600 /

B
3

2800

exo Il

00 //

cted fuel cons ymsion, We/(6V®), lb/hr
N
SN

Cormact
aorre
l_l

3

O

AN

A 0N

1200

AV
A

oA
=

800

o]
b

400

4 6 8 10 1z 14x10°
Corrected engine speed, N/@, rpm

(b) Modified engine.
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Corrected specific fuel consumption based on net thrust, Wf/(Fn@, 1b/(hr)(1b thrust)
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NACA RM No. E8J25a

Corrected specific fuel consumption based on net thrust, Wf/(Fn"l'G), 1b/(hr) (1b thruat)

53

Altitude
(ft)

NN
1

5,000
15,000
25,000

35,000
45,000

4p0no

,,.—-—*“‘4[::::::::;4,

R —

s
[+4)

-“‘---
—
i
e

\
AN
T\ B
VAN
SN
AN\
1.0 : W

Corrected engine s

peed, ¥N/N@, rpm

(b) Modified engine,
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Corrected fuel-air ratio, (f/a)/e
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Corrected fuel-air ratio, (f/a)/6
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Figure 21. = Concluded. Effect of altitude on varlationof

corrected fuel—alir ratfo with corrected engine speed. Flight
Mach nunber, 0. 25.
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® rrecte® exhaust-nozzleout™ t total temp=r=zture, TB/GL °R
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Figure 22. - Effect of altitude on variation of corrected

exhaust -nozzl e-outl et total tenperature with corrected engine

speed.
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NACA RM No. E8J25a

Corrected exhaust-nozzle-outlet total temperature, Tg/6, °R
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Figure 22. = Concluded. Effect of altitude on variation of

corrected exhaust-nozzle-outlet total tenperature with
corrected engine speed. Flight Mach nunber,
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Engine windmilling speed, N, rpm

Windmilling drag, Dy, 1b
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Filgure 23, — Varlatlion of engine windmilling speed and windmilling drag with
airspeed,
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Engine windmilling speed, N, rpm

Windmllling drag, Dy, 1b

Altitude
(£t}

5,000
15,000
25,000
55,000
45,000

qp>ono

8000

8000 P

,4(
4000 }{u:a/ i

[ =&
An//
7
2000
£ A
0 =" ol
400
O
300 - 4 /é / |
- ///// ////ﬁy
K
200 4 7A|_
ane
. /)7'
100 4 /g/ // ] }/'/7
/?g //// 1
== <&
°s 100 200 300 200 500 600 700

Alrspeed, Vg, mph
{b) Modified engine,

Figure 23, — Concluded, Varlation of engine windmilling speed and windmllling
drag with airspeed,
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