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Bureau of Aeronautizs, Navy-Department 

PRELIMINARY RESULTS OF ALTITUDE-WIND-TUVNEL 

INVESTIGATION OF X24C-4B TURBCJET ENGINE 

II - ENGINE PERQ'ORMANCE 

By Carl L. Meyer, and Harry E. Bloomer 

SUMMARY 

An investigation was conducted in the NACA Cleveland altitude 
wind tunnel to evaluate the performance characteristics of the 
X24C-4B turbojet engine over a range of simulated altitudes from . 
5000 to 45,000 feet,simulated flight Mach numbers from C to 1.08, ' 
and engine speeds from 4000 to 12,500 r-pm. Performance data are 
presented to show graphically the effects of altitude at a flight 
Mach number of 0.25 and of flight Mach number at an altitude of 
25,000 feet. The performance data are generalized to show the 
applicability of methods used to determine performance at any 
altitude from data obtained at a given altitude. A complete tab- 
ulation of performance data, as well as lubrication- and fuel- ' 
system data, is presented. 

Performance parameters depending upon fuel consumption that 
are obtained from data at one altitude cannot be used to predict 

' these parametors at other altitudes; however, thrust and air-flow 
values can be predicted for a limited range of altitudes from data . 
taken at one altitude,. The exhaust-gas total temperature increased 
at high engine. speeds as the altitude was raised and decreased at 
all engine speeds as the flight Mach number was increased to 0.98. 
A further increase in flight Mach number to 1.08 did not affect 
the exhaust-gas total temperature. The specific fuel consumption 
based on net thrust increased when the altitude was raised above 
15,000 feet. The specific fuel consumption based on net thrust + 
increased as the flight Mach number was raised from 0.25 to 0.87 
but was not appreciably affected by further Increases in flight 
Mach number to 1.08. 

yCa\CLASS\FIED 
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INTRODUCTION 

An investigation to evaluate the performance characteristics 
of the XXC-4B turbo&t engine has been conducted in the NACA 
Cleveland altitude wind tunnel at the request of the Bureau of 
Aeronautics, Navy Department. Data have been obtained over a 
range of simulated altitudes and flight Mach numbers through- 
out the operable range of engine speeds. Extensive instrumen- 
tation was Installed In the engine to obtain detailed information 
on t.he individual components of the engine, as well as the over- 
all engine performance. Details of the instrumentation together 
with pressure and temperature surveys through the engine are pre- 
sented in reference 1. 

Data are presented herein to show the effects of altitude and 
flight Mach number on engine performance. The applicability of 
methods used to generalize the data in order to estimate the per- 
formance at various altitudes from performance data obtained at 
t-my altitude is discussed. A complete tabulation of performance 
data, as well as lubrication- and fuel-system data, is presented. 

INSTALLATIOK 

The X24C-4B turboJet engine used in the altitude-wind-tunnel 
WvcstSgation has a sea-level static thrust rating of 3000 pounds 
at an engine speed of 12,500 rpm. At this rating, the air flow 
Is approximately 58.5 pounds por second and the fuel consumption 
lo X20:' pounds per hour. The engine has an ll-stage axfal-flow 
c[)mpressor with a pressure ratlo of apprc>ximately 3.8 at rated 
engine speed, a double-annulus c<mbustion chamber, and a two- 
stn*~ turbine. The exhaust nozzle used in this investigation 
had an outlet area of lS3,l square inches. 

The engine was installed In a streamlined wing nacelle in the 
test section of the altitude wind tunnel. For this installation, 
an extended inlet duct, 5 feet long, and an extended tail pipe, 
3 fact long, wero used. For flj,$t Mach numbers below 0.25, a 
wocdcn lfp was attached to the Inlet duct and air was supplieti to 
tlie engine from the tunnel air stream (fig. l(a)). Flight at 
Mach numbers above 0.25 was simulated by Introducin;~. air through 
tile make-up alr duct to the compressor inlet at total pressure6 
ccrreoponding to the deslmd Mnch numbers (fig. l(b)). This air 
~3 dried and refrlgerated in the tunnel make-up air system and 
was throttlod from approximately sea-level pressure to the desired 
prossure at the engine -Inlet. Tho IIlEl.liO-lip air duct was connected 

_ -  _ c-^ C” .  .  -  . - .  ,  
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to the engine-inlet duct by means of a labyrinth slip joint, Which 
permitted thrust measurements to be made with the tunnel balance 
scales. For both inlet configurations, complete free-stream ram- 
pressure recovery was assumed at the compreesor inlet. ' 

The engine was extensively instrumented, as shown in figure 2. 
Pressure and temperature measurements were obtained at eight sta- 
tions in the engine. A more complete description of the engine, the 
installation, and the instrumentation is given in reference 1. 

PROCEDURE 

Performance characteristics of the engine were obtained at 
pressure altitudes from 5000 to 45,000 feet, simulated flight Mach 

, numbers from 0 to 1.08, and engine speeds from 4000 to 12,500 rpm. 
The inlet-air temperature was held at approximately NACA standard 
values corresponding to the simulated flight conditions, except for 
high altitudes and low flight Mzh numbers. No inlet-airstempera- 
tures below -20° F were obtained. A fixed-area exhaust nozzle having 
an outlet area of 183.1 square inches was used. In order to con- 
serve turbine life, the maximum temperature, as read on any thermo- 

*couple at the turbine outlet, was limited to 1250' F. The engine 
was not operated at an engine speed of 12,500 rpm with this exhaust 
nozzle at high altitudes and low flight Mach numbers because of 
excessive turbine-outlet temperatures.. 

Thrust was measured with the tunnel balance scales and was 
also calculated from pressure and temperature measurements obtained 
at the exhaust-nozzle outlet (station 8): In order to correct the 
scale thrust measurements for external-drag forces, power-off-drag 
runs were made for both engine-inlet configurations. Air flow was 
calculated from pressure and temperature measurements mde at the 
cowl inlet (station 1) and at the exhaust-nozzle outlet (station 6). 
Both values of thrust and air flow are presented in the tabulated 
data; calculated performance parameters and all performance curves 
involving thrust and air flow are based on thrust measured by the 
balance scales and air flow measured at the cowl inlet. The 
symbols end the methods.of calculation used in this report are pre- 
sented in the appendix. 

RESULTS AND DISCUSSION 

Performance data obtained at an altitude of 5000 feet and 
static conditions have been corrected to standard sea-level 
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conditions and compared with corrected performance data obtained 
from the Navy acceptance test of the engine at sea-level static 
conditions (fig. 3). The two sets of data, which are aompared 
on the basis of corrected jet thrust (fig. 3(a)), aorreated air 
flow (fig. 3(b)), and corrected fuel consumption (fig. 3(c)) are 
in agreement. A corrected jet thrust of approximately 3100 pounds 
was obtained at a corrected engine speed of 12;500 rpm (fig. 3(a)); 
thus the rated thrust of the engine was obtained. At the corrected 
engine speed of 12,500 rpm, the corrected air flow (fig. 3(b)) was 
approximately 59.5 pounds per second and the corrected fuel con- 
sumption (fig. 3(c)) was approximately 3300 pounds per hour. 

After the investigation at an altitude of 5000 feet and a 
flight Mach number of 0 had been completed, a turbine failure 
occurred. A new turbine assembly was then installed in the engine, 
and data at other altitudes and flight Mach numbers were obtained. 
Although no data were obtained at a flight Mach number of 0 after 
the installation of the new turbine, a study of the data inaicatga 
that the corrected jet thrust would have been approximately 2930 pounds 
at a corrected engine speed of 12,500 rpm and a flight Mach number 
of 0. , 

A summary of pertinent engine performance data is presented 
in table I for the range of operating conditions investigated with 
the new turbine assembly. A summary of lubrication- and fuel- 
system data is presented in table 11 for the 
ditions. 

same operating con- 

Engine Performance 

Effect of altitude. - Performance data obtained at a constant 
flight Mach number of 0.25 at altitudes from 5000 to 45,000 feet 
are presented to show the effect of altitude on jet $hrust 
(fig. 4(a)), net thrust (fig. 4(b)), air flow (fig. 4(c)), Sue1 
consumption (fig. 4(a)>, specific fuel consumption based on net 
thrust (fig. 4(e)), fuel-air ratio (fig. 4(f)), and exhaust-gas 
totfil temperature (fig. 4(g)); As the altitude was raised, the 
jet thrust, net thrust, air flow, and fuel consumption decreased 
uniformly. Above an altitude of 15,000 feet, the maximum engine . speed was limited by turbine-outlet temperature. 

The specific fuel consumption based on net thrust (fig. 4(e)) 
was unaCfected at any engine speed when the altitude was raised 
from 5000 to 15,000 feet, but wan increased at all engine speeds . 
when the altitude was raised'above 15,000 feet. The minimum 
specific fuel consumption at each altitude occurred at an engine 
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speed between 11,500 and 12,000 rpm. At an engine speed of 
11,500 rpm, the specific fuel consumption based on net thrust 
increased from 1.13 pounds per hour per pound of thrust at alti- 
tudes of 5000 and 15,000 feet to 1.34 at an altitude of 45,000 feet. 

The fuel-air ratio.(fig. 4(f)) increased as the altitude was 
raised; the increase in fuel-air ratio became more pronounced at 
the higher altitudes. The minimum fuel-air ratio occurred at an 
engine speed between 9500 and 10,000 rpm for each altitude. At 
an engine speed of 11,500 rpm, the fuel-air ratio increased from 
0.0110 at an altitude of 5000 feet to 0.0174 at an altitude of 
45,000 feet. 

At high engine speeds, the exhaust-gas total temperature 
increased as the altitude was raised. At an engine speed of 
11,500 rpm, the exhaust-gas total temperature increased from 
1315' R at an altitude of 5000 feet to 1540' R at an altitude of 
45,000 feet. At the low engine speeds, the variation of exhaust- 
gas total temperature with altitude was Inconsistent. By use of 
a variable-area e-xhaust nozzle, the exhaust-gas temperature could 
be lowered, thereby permitting operation at maxImum engine speed 
at the higher altitudes. 

Effect of flight Mach number. - Performance data obtained at 
an altitude of 25,000 feet at flight Mach numbers from 0.25 to 

,1.08 are presented to show the effect of flight Mach number on 
Jet thrust (fig. 5(a)), net thrust (fig. S(b)), air flow (fig. 5(c)), 
fuel consumptJon (fig. 5(d)), specific fuel consumption based on 
net thrust (fig. 5(e)), fuel-ajr ratio (fig. 5(f)), and exhaust- . 
gab total temperature (fig. 5(g)). Throughout the entire range of 
engine speeds, raising the flight Mach number increased the jet 
thrust and air flow and reduced the fuel-aLr ratio. 

Raising the flight Mach number from 0.25 to 0.53 decreased 
the net thrust (fig. 5(b)) throughout the range of engine speeds 
for which data were obtained. As the flight Mach number was 
Increased beyond 0.53, the net thrust decreased at low engine 
speeds and increased at high engine speods. 

As the flight Mach number was-raised, the fuel consumption 
increased at engine speeds above approximtely 10,500 rpm and 
docreased at lower engine speeds. The specific fuel consumption 
based on net thrust increased at all engine speeds as the flight 
Mach number was raised from 0 .25 to 0.87, but was not appreciably 
affected by further increases in flight Mach number to 1.08. 
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At all engine speeds, the exhaust-gas total temperature was 
reduced as the flight Mach number was increased to.0.98. A further 
increase in flight Mch number to 1.08, however, did not appreci- 
ably affect the exhaust-gas temperature. At an engine speed of 
12,500 rpm, the exhaust-gas total temperature decreased from 1550' R 
at a flight Mach number of 0.25 to, 1405O R at a flight Mach number 
of 1.08. In order to obtain maximum thrust at high flight &ch 

. numbers, use of a variable-area exhaust nozzle would be desirable. 
By control of the exhaust-nozzle area, a limiting exhaust-gas tem- 
perature and, consequently, maximum thrust could be obtained at a 
given engine speed regardless of flight Mach number. The variable- 
area nozzle, however, should have a thrust coefficient comparable 
to that of? a fixed-area nozzle. 

Generalized Performance 

Altitude performance data. presented in figures 4 and 5 have 
been generalized to standard sea-level conditions by use of the 
factors 6 and 0. The generalized performance data are presented 
in figures 6 and 7. The concept of flow similarity and the appli- 
cation of dimensional analysis to the performance of turbojet 
enginos has led to the development of these factors with which 
data obtained at several altitudeo may be generalized. In the 
development of this method of generalization, the efficiencies of 
the engine components were considered to be unaffected by changes 
in altitude. Any changes in component efficiencies therefore 
lessen the possibility of generalizing data obtained at different 
altitudes to a single curve. 

Fffect of altitude. - -8 Data obtained at a constant flight Mach 
number of 0.25 at altitudes from 5000 to 45,000 feet are compared to 
show the effect of altitude on the corrected values of jet thrust 
(fig. 6(a)), net thrust (fig. 6(b)), air flow (fig. 6(c)), fuel con- 
sumptlon (fig. 6(d)), specific fuel consumption based on net thrust 
(fig. 6(e)), fuel-air ratio (fig. 6(f)), and exhaust-gas total 
temperature (fig. 6(g)). 

Jet thrust, net thrust, and air flow were the only performance 
parameters that generalized to a single curve at any engine speed 
or altitude for which data were obtained. ,Tet-thrust (fig. 6(a)) 
and net-thrust (fig. 6(b)) data generalized to single curves at 
altitudes up to 25,000 feet.for the range of engine speeds and at 
all altltudes -for corrected engine speeds below 9500 rpm. At cor- 
rected engine speeds higher than 9500 rpm, however, the corrected 
jet thrust and corrected net.thrust increased as the altitude 
was raised above 25,000 feet. The air-flow data (fig. 6(c)) 

, 
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generalized to a single curve at altitudes up to 15,000 feet for 
all engine speeds, bxt any increase in altitude above 15,000 feet 
reduced the corrected air flow for all engine speeds. 

Parameters depending upon fuel consumption did not generalize 
to a single curve for my engine speed or alt i tude at which data 
were obtained. Corrected fuel consumption (fig. 6(d)), corrected 
specific fuel consumption based on wt thrust (fig. 6(e)), cor- 
rected fuel-air ratio (fig. 6(f)), and corrected exhaust-gas total. 
temperature (fig. 6(g)) 1 _ ncraased markedly as the altitude ws 
raised. 

Failure of the vari~~3 performance data to generalize to a 
single c.lrve for all altitudes and corrected engine speeds is 
attributed to changes in component efficiencies with altitude. A 
study of the dats has shown that the compressor efficiency for any 
corrected engine speed decra<ased as the altitude was raised above 
15,000 feet. 

The effect of altitude on the components was such that raising 
the alt-ltude resulted in incraesed corrected fuel consumption and, 
consequently, higher corrected fuel-air ratios. This increased 
fuel-air ratio raised the corrected temperatures and the corrected 
pressures within the engine. 

The increased corrected temperatures end corrected pressures 
in the tail pipe were of such magnitude with respect to the 
decreased corrected air flow that the jet thrust and net thrust 
generalized to single curves for all engine speeds at altitudes 
up to 25,000 feet but increased at high engine speeds with 
increases in altitude above 25,000 feet. Rs the altitude was 
raised, the corrected fuel consumption increased at a greater 
rate than the corrected net thrust, which resulted in a rise in 
corrected specific fuel consumption based on net thrust at all 
corrected engine speeds. Performance parameters depending upon 
fuel consumption that are obtained from data at one altituds can- 
not be used to predict these parameters at other altitudes; how- 
ever, thrust end air-flow values can be predicted for a limited 
range af 3;Lt i tUdeo and engine speeds from data taken at one altitude. 

Fffect of flight Mach number. - Data obtained at en altitude 
of 25.000 feet and flight Mach numbers frcxn 0.25 to 1.08 have been 
comps$ed to show the effect of flight Mach number on the corrected 
values of jet thrust (fig. 7(a)), net thrust (fig. 7(b)), air flow 
(fig. 7(c)), fuel consumption (fig. 7(d)), specific fuel consump- 
tion based on net thrust (fig. 7(e)), fuel-air ratio (fig. 7(f)), 
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and exhaust-gas total temperature (fig. 7(g)). The effe& of 
flight Mach number on the generalized performance data was simil,ar 
to the effect on-the engine performance data presented in figure 5. 
Inasmuch aa the data for a con&ant flight Mach number and varying 
altitude did not generalize to single curves, the sea-level engine . 
performance would be somewhat different'fram that presented in 
figure 7. The effect of flight Mach number on sea-level performance, 
however, would probably be sirnil& to that on performance data 
generalized from 25,000 feet. 

SUMMARY OF RESULTS 

An investigation of the performance of the X24C-4B turboJet 
engine in the Cleveland altitude wind tunnel at altitudes from 
5000 to 45,000 feet and flight Mach numbers from 0 to 1.08 gave 
the following results: I 

1. Performance parameter8 depending upon fuel consumption that 
are obtained from data at one altitude cannot be used to predict 
these parameters at other altitudes; however, thrust and air-flow 
values can be predicted for a limited range af altitudes and engine 
ejpeeds from data taken at one altitutie. 

2. Increasing the altitude raieed the etiaust-gae total‘tem- 
perature at high engine speeti. The exhaust-gas total taperature 
was lowered at all engine speeds by incremes in flight Mach num- 
ber to 0.98; however, a further increase in flight Mach number to 
1.08 did not affect this temperature. 

3. The specific fuel consumption based on net thrust was 
unaffected at any engine speed when the altitude was raised from 
5000 to 15,000 feet, but was increased at all engine speeds when 
the altitude W&B raised above 15,000 feet. 
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4. The speoifio fuel 00wmpti0n bud 0n net thruet inww0a 
at all engine qeeda aa the flight Mauh nuuiber was raised fmm 0.25 
to 0.87, but was not appreciably affected by further inoreaees in 
flight Mmh number to 1.08. 

Flight Propulsion Research Laboratory, 
National Advisory Comlttee for Amouautioa, 

Cleveland, Ohio, &amber 9, 1947. 

Carl L. Meyer, (' 
Mechanical Engineer. 

Rarry E. Bloomer, 
Aeronautical Engineer. 

Approved: 
Alfred W. Young, 

Mechanical Engineer. 

Abe Silverstein, 
Aeronautical. Engineer. 
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APPENDIX - CALCULATIONS - 

Symbols 

The following symbol8 are used in this report: 

cross-sectional area, sq ft 

thrust-scale reading, lb 

specFfic heat of gas at constant pressure, Btu/(lb)(ql) 

external drag of InstaLlation, lb 

jet thrust, lb 

net thrust, lb 

fuel-air ratio 

acceleration of gravity, 32.2 ft/sec' 

mechanical equivalent of heat, 778 ft-lb/Btu 

flight Mach number 

mass rate of flow of air, slugs/set 

engine speed, rpm 

total pressure, lb/sq ft absolute 

static pressure, lb/sq ft absolute 

gas constant, 53.3 ft-lb/(lb)(OR) 

total temperature, OR 

indicated temperature, 91 

static temperature, OR 

velocity, ft/sec 

air flow, lb/set 

-.. ,. _ _ L - _ ..-_. . __ .Ic _-_ ._.__.. _._” _ ._-,_ _._.- ____- ..-._-_ 5 .._-_. .-.-.. - -- ._~ - 



NACA F&l No. SJ37L26 11 

fuel comumption, lb/hr 

wf3 

wf/Fn 

gas flow, lb/set 

6pecFfic fuel consumption 
lb/(hr)(lb thrust) 

baeeh on net thrust, 

Y 

8 

ratio of specific heats 

ratio of absolute ambient 
static pressure of NACA 
level 

static pressure to absolute 
standard atmosphere at sea 

8 ratio of absolute ambient static tepnperature to 
absolute static temperature of NACA standard 
atmosphere at sea level 

Subscripts: 

0 free air stream 

x engine-inlet duct at slip joint 

1 cowl inlet 

2 compressor inlet 

8 exhaust-nozzle outlet 

The data are generalized to NACA standard sea-level conditions 
by the following parameters:' 

FJb corrected jet thrust, lb 

Fn/s corrected net thrust, lb 

(f/4/~. corrected fuel-air ratio 

N/O corrected engine speed, rpm 

T&J corrected etilaUSt-gaf3 total temperature, OR 

(Wad@)/8 corrected alr flow, lb/set 

WflW 0) corrected fuel consumption, lb/hr 

‘f/(‘nJ’) corrected specific fuel consumption baaed on net thrust, 
lb/(hr)(lb thrust) 

I 

, 

._ _; __-._. - ___-. ..“̂ .._ _- ,-. .-- .-- -_ -, ~-- _ 
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Methods of Calculation 

Thrllst. - Thrust I&LI determined frcxn measurements on the tknnel 
balance scales and by calculation from temperature and pressure 
meaaurementa obtained at the exhaust-nozzle outlet (station 8). 
Thrust values presented in the figures were obtained with the tunnel 
balance scales. With a wooden lip on the inlet duct and air taken 
from the tunnel air stream, the jet thrust was determined fram the 
balance-scale measurements by mean8 of the following relation: . 

F. =B+D+maVO 3 

When the make-up air duct was attached to the inlet of the engine 
40 obtain high flight Mach numbers, the Jet thrud was determined 
from the balance-scale measurements by UBO of the relation 

F3 = B + D + q& + + (px - po) 

Jet thru& WSI calculated from temperature ad pressure measurements 
obtained at the exhaust-nozzle outlet by use of the relation 

, r 7, - ’ 
2y8 '8 

Fj = y8 - 1 p8A8 

1‘ 
1 +-A8 (Pa - PO) 

Air flow. - Engine air flow wea calculated from temperature 
and p&sure measurements at the cowl inlet (station 1) and at the 
exhaust-nozzle outlet (station 8). Both air-flow measurerments are 
presented in the tabulated data, but the air flow presented in the 
performance curves was obtained fram measurements at the cowl inlet. 
Air flow at the inlet was calculated fram 

C~U flow at the exhaust-nozzle outlet was calculated from the . 
relation , 

. 

_ _~ ._ _ - :. - _. -.- _ . -._ -- .-_. _. .._~ __..___ - _ _.- ._- .*. _ .~ . ~ __ ~._~ __- 
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Air flow ~88 then determined fmn: 

W wf 
a*8 - wi3,8 -3600 

Tenperature. - The engine inlet and exhaust-nozzle-outlet 
statia temperatures were calculated from the indicated temperature, 
using a thermocouple recovery factor cd: 0.85, and respective values 
of pressure, tmperature, and ratio of -specific heats: . ts¶ Ti 

Fli&t Mach number. - The flight Mach number was calculated 
fran the compressor-inlet total presmre with complete ram-pressurs 
recovery assumed. 

REFERENCE 

.l. Prince, William R., and'H&inS, W. Kent: Preliminary Results 
of Altitude-Wind-Tunnel Investigation Of X24C-4B Turbojet 
Engine. I - Pressure and Temperature Distributions. 
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12Sl 
1302 
1426 
1492 
1016 
1036 

971 
llS9 
1252 
1203 
1347 
1462 

891 
891 

1020 
1121 
1226 
lS99 
1605 
1636 

.Olll 

.012@ 

.oore 

.cosc 

.006C 

.007e 

.OoQE 

.0106 

.012c 

.0177 

.01ac 

.012c 

.012c 

.012'1 

.014c 

.0154 

.OlbC 

.OllE 

.OlOE 

.OlOE 

.OllE 

.olsc 

.0143 

.co84 

.0091 

.OOB'i 

.OlOC 

.012c 

.0141 

.oise 

.016C 

.0074 

.0084 

.ooBl 

.OlOC 

%' 
.od 
.014c 
.009: 
.OlOE 
.Olot 
.Oll? 
.0121 
.016C 
.017c 
.015: 
.014: 
.0161 
.0164 
.016( 
.017: 
.0134 
.0124 
.OlJf 
.013: 
.013f 
.OlS 
.0161 
.0164 
.011! 
.oux 

:%I 
.014: 

l .SSS 
1.328 
3.068 
2.161 
1.684 
1.415 
1.356 
1.299. 
1.299 
4.200 
2.967 
1.909 
1.459 
1.229 
1.195 
1.194 
1.207 
4.443 
2.445 
1.786 
1.351 
l.PlJS 
i.eeo 
3.168 
1.833 

?E-E 
1:292 
1.293 
1.269 
1.526 
4.396 
1.791 
1.666 
1.s34 
1.275 
1.504 
1.348 

02.5 
3.40s 
1.646 
1.666 
1.42s 
1.566 
1.500 
5.039 
2.518 
1.639 
1.471 
1.396 
1.565 
6.346 

.2.786 
2.518 
1.759 
1.669 
1.645 
1.43s 
1.368 

12.10 
5.276 
I.042 
1.578 
1.6so 
1.369 
1.345 
1.587 

s 

374 
43s 
497 
680 

1:: 
21s 
268 
SlO 
s49 
100 
176 
la6 
277 
s1a 
526 
391 
447 
122 
214 
S23 
S96 
419 
624 
595 
610 - 
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18 

iun 

-i 
2 
S  
4 
5 
6 

x 

1: 

i8 
13 

E  

it 
18 
19 

;: 
22 

ii: 
25 
26 
?7 

19 
so 
Sl 
32 
33 
34 

3": 
37 

:: 

tt 
.42 

a3 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
5!3 
56 
67 
58 
SH 
60 
61 
61 
OS 
64 
65 
66 
1:7 
60 - 

1 

VEP 

5,wo 
6,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
s,ooo 

15,000 
15,000 
15,000 
15,000 
15,000 
15,000 
15,000 
15,000 
15,000 
15,000 
15,000 
16,WO 
15,000 
15,000 
15,000 
15,000 
15,000 
15,OOtl 
16,OQO 
15,000 
M,@OO 
lS,(?oO 
lE,OOO 
lP,@OO 
25,ooc 
2s ,000 
25,@00 
25,000 
CS,@OO 
25,000 
25,000 
26,000 
25,900 
25,000 
25,000 
26,000 
75,000 
75,000 
25,000 
PC ,000 
?S,OOO 
35,000 
35,000 
2S,OOO 
16,000 
:! 5 ,000 
Z~,OOO 
?S.OOO 
2.*,000 
2s ,000 
z5,ooo 
25,000 
2F,OOO 
2P,OOO 
?S,OOO 
25,OOc 
2S,O@O 
2.5,ooo 
2S,OOO 

2 
Ram- 

Ire SSUF~ 
ratio, 
*z/p0 

1.037 
1.038 
l.OSEl 
1.040 
1;03'? 
1.045. 
1.050 

?% 
1:037 
1.039 
1.039 
1.040 
1.043 
1.048 
1.051 
1.052 
1.046 
1.210' 
1.209 
1.206 
1.210 
1.217 
1.222 
1.221 
1.212 
1.415 
1.420 
1.415 
1.425 
1.423 
1.424 
1.421 
1.@37 
1.@37 
1.@41 
1.C46 
1.046 
1.049 
l.@45 
1.c45 
1.2lC 
1.202 
1.211 
1.203 
1.206 
1.209 
1.213 
1.207 
1.420 
1.417 
1.&B 
1.420 
1.402 
1.42A 
1.424 
1.424 
1.624 
1.629 
1.616 
1.025 
1.633 
1.6S4 
l .PSO 
1.P41 
l.P.77 
l.P46 
1.P46 

3 

Engine 
speed 
(rpa) 

4,000 
6,000 
8.W 
9,000 

10,000 
11,000 
11,500 
12,000 
12,500 

4.000 
6,000 
8,000 
9,000 

10,000 
11,000 
11,500 
12,000 
12,500 

6,000 
8,000 
t),OW 

10,000 
11,000 
11,500 
12,000 
12,500 

A,000 
9,000 

10,000 
l l ,@OO 
11,500 
12,000 
12,300 

6.000 
8,000 
9,000 

10,000 
11,000 
11,500 
12,000 
12,350 

7,000 
8,W 
9,000 

10,000 
11,000 

:: %: 
1z:450 

8,950 
10,000 
10,600 
11.000 
11,500 
12,000 
12,400 
12,500 
10,000 
10,500 
11,000 
11,500 
12.000 
13,500 

Ii,000 
0,000 

10.000 
11,000 
11.500 

f 

4 15 16 

nlit 

19.3 
19.1 
18.8 
18.5 
18.0 
18.5 
18.5 
---_ 
---- 
19.7 
19.5 
19.7 
19.0 
19.0 
18.5 
18.5 
l&O 
-em- 
19.4 
19.4 
19.1 
18.@ 
18.5 
18.1 
17.9 
--_- 
19.5 
19.5 
19.5 
19.@ 
---- 
18.0 
---- 
20.1 
20.@ 
20.1 
19.e 
19.1 
1Q.C' 
-_-_ 
---_ 
20.0 
20.0 
20.@ 
20.0 
2o.c 

E  . --- 
2v.c 
20.0 
19.e 
19.5 
19.@ 
19.0 
---. 
--__ 
19.P 
19.5 
19.3 
19.1 
18.Q 
--_- 
- --- 
__-. 
---_ 
m-w. 
---- 

.l pressures 
in. 

22 
harm 

70 
156 
675 
580 
577 
570 
660 
--- 

1:: 
237 
430 
586 
530 
520 
500 
--- 
113 
193 
e70 
588 
540 
548 
647 
--- 
183 
352 
622 
690 
--- 
560 
--- 
120 
197 
270 
388 
594 
530 
--- 
me- 
--e 
--- 

22 
602 

:z 
204 
232 
340 
693 
696 
327 
500 
--- 
--- 
347 
468 
586 
562 
530 
v-e 
--- 
--- 
-me 
-mm 
-mm 

R@) - 
enl- 
old 

4 

E  
27 

8: 
75 

1:: 
S  

1X 

2? 
39 

:3 
75 

1X 
16 
25 
40 

x53 

Ii 

27 
44 

t," 
94 

ii 

i"7 
24 
30 
37 
42 
-- 

i; 
10 
26 

5": 

ii 
19 
24 
so 
38 
47 
60 

E  
25 
31 
41 
64 
68 

1: 
22 
37 

17 

f 

NACA RM No. SE7L26 

TABLE II - LIJBRICATIO~~ ANDFVELSYSTBY 

7 
Fuel 
temp- 
ratur 
VW 

8:. 

xt 
86 
7s 

if 
47 
32 

s'll 
68 
74 
73 

I?: 
60 
66 
70 

iid 
85 
78 
70 

5: 
58 
86 
76 
50 

ix 
57 

:: 
76 
93 
03 

:; 

t% 

E  
88 

7': 
60 
65 
76 
09 
82 
80 

E: 
50 

2 
96 
86 
81 
64 

:I 
65 
59 

56 

8 1 9 1 10 I 11 1 12 

-P 
lnlei 

18.6 
18.1 
17.6 
17.5 
17.2 
17.3 
17.1 
18.0 
17.7 
16.2 
17.7 
17.6 
17.6 
17.4 
17.3 
17.1 
17.0 
17.8 
18.1 
17.7 
17.7 
17.6 
17.2 
17.1 

iz 
17:a 
17.4 
17.2 
17.2 
17.8 
17.@ 
18.0 
17.4 
17.@ 
16.6 
16.2 
16.3 
16.2 
17.4 
17.3 
__-- 
- -mm 
17.2 
17.0 
16.8 

2: 
17:6 
17.6 
17.P 
17.2 
17.2 
17.1 
17.0 
17.7 
17.7 
16.8 
16.7 
16.6 
16.4 
--me 
17.5 
18.4 
18.2 
18.0 
17.7 
m  

Oil 
49 
P-P 
dlo- 
ihargs 

29 
60 
76 

1:: 
113 
122 
128 
200 

;: 

%  
104 
118 
124 
134 
160 

52 
76 

1;: 
119 
130 
132 
162 

1:: 
113 
124 
152 
139 
122 

1:: 
149 
168 
169 
171 
161 
160 
w-s 
--- 
111 
123 
152 
138 
147 
167 

87 

1:: 
104 
116 
134 
140 
142 

is5"6 
140 
146 
me- 
170 

2 
114 
127 

rossll 
in. 
ooler 
nlet 

31 

2 

:z 
109 
119 
12s 
155 

49 
68 
81 

1:: 
113 
120 
129 
129 

$X 

1:: 
114 
124 
126 
141 

1:: 
108 
119 
126 
133 
117 

1E 
142 
159 
160 
160 
154 
152 
-me 
--- 

E  
126 

::i 
142 

70 
7s 

te" 
a2 

1:: 
lS6 
126 
128 
lS2 
157 
--- 
141 

81 

1:"B 
120 
126 

;e) 
1ole1 
ltlsl 
- 

:: 
57 

t: 
79 
85 
09 
94 

3”7 
x: 
II ix 
97 
42 

z 

ii: 
90 

xi 
66 
72 
76 
84 
87 

z 
62 
72 
86 

1E 
101 

io": 
e-e 
m-e 

IX 
87 
91 

E  

$i 

:ee 
8P 

t: 

t: 
88 

xso 

;o' 
62 
66 

ix 
-aa 

oavenge 

4 
4 
4 

: 
4 

: 
4 
4 
4 

t 

f 
4 

t 

t 
4 
4 

t 
4 

t 

t 

t 

ii 

: 
5 
s 
4 
4 

t 

: 

x 
S  

5 

: 
S  

: 
4 

3' 
3 
5 
S  

; 

t 

t 
4 

b 

. 

__ . . _ - __. . . . _-.- ._ _-I---.___.I--_ .-_-. .----C.-_I-._I~--.---- ~._,_- --.. ~-.-.~- _.- .-._ -. - 
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DATA FOR X24C-45 TURBOJET EMJSNFZ 

19 

N 

13 1 14 1 15 1 16 1 17 1 18 1 19 1 20 1 21 
011 tern eratures 

&F) 

93 

i”s 

ii 
.06 
LOO 
.02 

Ii: 

:z 
L24 
118 
114 
110 
105 
115 

1% 
LOS 
102 
100 

1:"o 
69 
85 
06 
a9 
94 

is 
121 

85 
65 
61 
60 
84 
65 

i5 
75 

ii 
90 
92 
90 
93 

192: 
129 
119 
130 
123 
112 
105 
100 

5: 
77 

'77 

2 
a3 

' 64 

",: 
05 -- 

iiz let . 
85 
2 
E 
03 

8880 
92 

%  
87 
12 
08 
03 
01 
99 
00 

ii 
.oo 
00 

:!: 
99 

7": 
80 
07 
91 
87 
RR 

119 

El 

zl 
65 
67 
00 
80 
65 
74 
78 
80 
07 
08 
tw 
89 

.I5 

.19 

.09 

.20 
,13 
Lo6 
IO3 
97 
75 
76 

T:: 
78 
04 
84 
85 
85 
85 
85 

- 
a?: 
t1e 

ii? 
35 
34 
37 
a0 
39 
B4 

z5 
40 
57 

E$ 
90 
89 
86 

:44 
85 
90 
93 

2 
88 
90 
77 
67 
70 
75 
79 
75 
7H 
.06 
40 
50 
45 
47 
53 
54 
87 
68 
55 
61 

Liz 
69 
74 
74 
75 
96 
00 
94 
0.5 

zi 
65 
81 

ze7 
70 
70 
71 
76 
75 
77 
76 
78 
70 - 

Gear 
case 
wengt 
79 
04 
83 
87 
90 
73 

2 
72 
34 
44 
60 
70 

z 
73 
71 
75 
8.5 
67 
92 

:: 
64 
89 
70 
67 

i: 
71 

2 
95 
35 
45 
4s 
47 
52 
54 
60 
61 
48 
b3 
57 
61 
68 
69 
69 
60 
75 
a2 
76 
84 
82 
76 
75 
71 
66 
68 
69 
70 
74 
75 
70 
75 
74 
76 
17 

mrlnp, 
(fore) 
avenge 
LO3 

aoen~e 
PWP 
schargc 
85 

115 

E:, 
139 
133 
131 
143 
142 

64 

121 
126 
133 
133 
131 
140 
116 
127 
129 
133 
133 
lS7 
143 
132 
103 
112 
123 
132 
130 
136 
156 

68 
62 
84 

1: 
103 
116 
119 

A3 
94 

:z 
119 
122 
123 
125 
122 
134 
131 
142 
140 
133 
136 
132 
115 
120 
122 
124 
130 
132 
110 
119 
121 
128 
131 

2arln 
(aft 7 
venp.e 
.Ol 
.lO 
.20 
.22 
.29 
.21 
~23 
!2H 
130 

t: 

LE 
Ll6 
L21 
L24 
c). 

k”, 
112 

:g3 2 

:;; 
127 
134 
120 

95 
105 
115 

2 
:2: 

it: 
62 
74 
75 

:a 
93 

105 
Lo7 
75 
86 

l"d: 
110 
113 
115 
115 
117 
130 
123 
135 
133 
125 
125 
120 
105 
106 
112 
115 
120 
120 
103 
112 
112 
117 
122 

,avenp.e 
104 
110 
I.20 
122 
129 
121 
127 
L3H 
141 

84 
75 
99 

116 
116 
121 
124 
127 
lS7 
112 
123 
;iif 
124 
127 
136 
130 

95 
105 
120 
123 
124 
13p 
157 

82 
72 
75 
81 
94 

1:: 
111 

75 
86 
96 

El 
113 
115 
122 
117 
130 
123 
135 
133 
129 
131 
129 
105 
106 
114 
115 
124 
127 

:z 
112 
117 
123 

xi? 
:art B  
wenge 
L12 
Ll9 

E23 
144 
134 
143 
147 
154 
70 

LE 

E  
134 
135 
143 
146 
122 
137 
134 
137 
135 
136 
150 
143 
113 
123 
133 
139 
140 
146 
164 

71 
84 

1% 
111 
117 
125 
130 

83 
93 

112 
120 
127 
128 
126 
141 
125 
140 
130 
145 
143 
139 
116 
145 
121 
125 
130 
132 
139 
139 
118 
129 
126 
130 
139 

106 
115 

1:: 
109 
110 

42 

G:: 
89 

?5 
101 
101 
107 

95 
105 
110 
109 
107 
108 
117 
104 

75 
80 
92 

1% 
106 
126 

i% 
60 
66 
75 
75 
03 
85 
60 
66. 
76 
00 
91 
93 
95 
90 

1% 
l@O 
112 
110 
106 
108 
105. 

65 

x60 
100 
105 
104 

R5 
95 

18050 
lob 

ez - 
btal 
Ill 
.ow 
;ali 
K-1 
66 
.OO 
.33 
.oo 
.6S 

2 
tt0 
LB6 
208 

LZ 
134 
150 
166 
LB4 
192 
Loa 
210 

1:: 
149 
165 
181 
190 
197 
21c 
134 
15c 
16f 

iz 
19E 
21i 
lo( 
13: 
141 
16! 
g 
200 
PlC 
118 

:z 
16F 
182 
19: 
19E 
21< 
1% 
16( 
17E 
18( 
18f 
20( 
2w 
2w 
l&f 
174 
18 
191 
191 
12c 

::I 

:: 
p 

11 
I 
) 
i 1 
! 1 
) 
11 
) 1 
1 
5 
3 
5 
I 
> 
, 
I 
, 
i 
) 
, 
1 
, 
3 

: 1 
5 1 
3 1 
1 I 
3 I 
1 I 
4 1 
I 1 
5 - 

E 
37 
)I 
36 
12 

:z 

:: 
48 
56 
73 

ii 

ii 
02 
OR 
96 

E  

t: 
03 
08 
OC 
91 
2 
.a 
91 
.0t 
.3: 
g 
5( 
6( 
7( 
7‘ 
84 
87 
64 
7c 
7: 
77 
8: 
9: 
91 
9: 
.0: 
.OI 
.ol 

: 
:E 
.a 
to: 
10: 
.-. 
LOI 
LOI 
9G 
91 

tt 
LO 
LO 
10 
9' - 

1 

: 

.: 
I 
I 

: 
1 

I I 

; : 
I I 
i ! 

! 
i : 
i : 
i : 
! 
5 1 
! : 

r 

: 
I 
4 

) 
B  : 
' : 
i : 
r : 
j 
7 
9 
3 
> 
2 
1 
3 

: 

0 
3 
4 
a 
4 
0 
4 
4 
4 
7 - 

F) 
r 
i5 
19 
28 
30 
36 
40 
40 
33 
58 
63 
90 
.34 
32 
.40 
.40 
.40 
.40 
.28 
rl6 
.24 
.J% 
16s 
t4a 
L4C 
L44 
LPE 

:z 
13: 
14: 
121 
L4f 
14: 

8: 
9! 
91 

101 
ll( 
101 
LO5 
111 
oe 
92 

LVI 
12: 131 
13: 
13: 
12c 
12( 
14: 
III 
15: 

::; 
12 
12! 
- . . 
121 
121 
131 

:: 
10 
11 
11' 
11 
11 - 

1 
1 

: 
1 
I 
I 
I 
I 
I 
1 

I 3 
I 1 
I 1 
I ? 
; 
i 
i 
a : 
3 
5 
5 
5 
3 
5 
1 
3 
1 : 

I 
i : 
! . 

atures 

r- 
ZT 
40 
60 
75 
SO 
44 
53 
5H 
59 
86 
05 
.34 
.55 
.47 
.I4 
.53 
.57 

:E 
14s 
170 
L2C 
LX 
L51! 
L6C 
152 
--. 

: i 
5 : 
, 
1 
I 
> 

: 
L 
3 
7 
5' 

T 3 
2 
6 
7 
8 

1: 
11 
12 
13 
14 
15 
16 
17 

:: 

2 

2 
24 
25 
26 

:;: 

-_ _._ _ ,_. _ -.. -_ - . . -. 



20 

- 

ii 
70 
71 
72 

8: 
75 
76 
77 
78 
79 
80 
@l 
A2 
83 
04 
85 
86 
07 
88 
flR 
90 
91 

8: 

2 
86 
97 
98 
99 

LOO 
101 
102 
LOS 
LO4 
108 
LOE 
LO7 
ICE 
106 

t;: 
;;; 
114 . 
::; 
II: 
11t 
llf 
12( 
121 
1% 
12: 
121 
12: 
12 
II' 
131 
l?f 
1% 
I?: 
13: 
1X 
132 
1 .S! - 

L 
I 
, 
, 
r 

; 
1 
1 
, 
5 
1 
i 
5 
7 
3 
> 

: -7 
s 
I 
s 

1 

1 t1 tude 
(ft) 

!S,OO@ 
?S,OOO 
!S,OOO 
!5*00@ 
15,000 
!5,000 
!5,@00 
?S,COO 
25,000 
55,000 
35,000 
F5,@00 
35,000 
35,000 
5b,OOO 
55,000 
35,000 
35,000 
35,000 
35,000 
35,000 
35,000 
35,000 
35,000 
35,000 
35,000 
35.000 
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(a) Cowling installed.

Figure 1. — Installation of X24C-48 turbojet engine in altitude wind tunnel.
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Figure I. — Concluded.	 Installation of X24C-46 turbojet engine in altitude wind tunnel.
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tation was installed. II 
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la) Corrected jet thrust. 
Flgure 3. - Comparison of altitude-wind-tunnel data with Navy 

acceptance-test data on basis of variation of turbojet engine 
tierformance with corrected engine speed at flight ldach number 
of 0. 
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(b) Corrected air flow. 
Figure 3. - Continued. Comparison of altitude-wind-tunnel data with 

Navy acceptance-test data on basis of variation of turbojet engine 
performance with corrected engine speed at flight Mach number of 0. 
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(c) Corrected fuel consumption. 
Figure 3. - Concluded. Comparison of'altltude-wind-tunnel data with 

Navy acceptance-test data on basis of variation of turbojet engine 
performance with corrected engine speed at flight Mach number of 0. 
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(a) Jet thrust. 

Flgure,4. - Effect of altitude on variation of turbojet engine 
performance with englne speed at flight Mach number of 0.25. 
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Figure 4. - Continued. Effect of altitude on variation of turbo- 
jet engine performance with engine speed at flight Mach number 
of 0.25. 
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Figure 4. - Continued. Effect of altlttide on variation of turbo- 
jet engine performance with engine speed at flight Mach nu&er 
of 0.25. 
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(d) Fuel consumption. 

Figure 4. - Continued; Effect*of altitude on variation of turbo- 
Jet engine performance with engine speed at flight Maoh number 
of 0.25. 
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Flgure 4. - Conti?iued. Effect of altitude on variation of turbo- 
jet engine performance with engTne speed at flight Mach nuder 
of 0.25. 
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(f) Fuel-air ratio. 
Figure 4. - Continued. Effect of altitude on variation of turbo-' 

jet engine perfoimance with engine speed at flight Mach nu&er 
of 0.25.. 

103 

.__-- .-- _ - _ __. _ _ _.I_ -.- - -_ -. .--- -__-_ - ^.-- ..-. _- ---.. - _ _ 



c 

NACA RM NO. SRL26 37 

rrrrr 
Altitude 

(ft) 
- I -0 5,000 

i 15,000 25,000 
A 35 ,POO 

1600 V 45,000 
I I 

Engine speed, N, rpm 

(g) Exhaust-gas total temperature. , 

Flgu 4. - 
~~oe;gSne 

Conoluded. Effect of altitude on variation of turbo- 
performance with engine speed at flight Mach number 

. . 

._ I _ __‘ ._ ._ ___. .- -_ -..- -__---- - ___ _-_._ _ --._-^~__~,_..--__ ~. 



38 NACA RM No. SRL26 

Flight 
3200 M&h 

number 
0.25 

.s3 

.73 
2go0 .98 .87 

1.08 

2400 

1600 

800 - 

I I I I I I 

Engine speed, N, rpm 
(a) Jet thrust, 

Figure 5. - Effeat of flight Mach number on variation of turbo- 
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et engine performanoe with engine speed at altitude ok 
5,000 feet. 
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Figure 5. - Continued. Effect of flight Mach number on variation 
or turbojet engine performance with engine speed at altitude 
of 25,000 feet. 
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(c) Air flow. 
Figure 5. - Continued. Effect of flight Mach nu&er on variation 

or turbojet engine PerfOrmanCe With engine speed at altitude 
of 25,000 feet. 
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Figure 5. - Contlnued. Effect of flight Mach number on variation 
of turbojet engine performance with engine speed at altitude 
0r 25,000 feet. 
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Figure 5. - Continued. Etfect of flight Maah number on variation 
of turbojet engine performance with engine speed at altitude 
of 25,COO feet. 
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Figure 5. - Concluded. Effect of flight Maah number on variation 

of turbojet engine performmoe with engine speed at altitude 
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Figure 6. - Effect of altitude on variation of generalized 
turbojet engine performance with corrected engine speed at 
flight Mach number of 0.25. 
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Figure 6. - Continued. Effect of altitude on varlatlon of 

generalized turbojet engine performance with correctecj engine 
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(c) Corrected air flow. 
Figure 6. - Continued. Effect of altitude on variation of 

generalized turbojet engine performance with corrected engine 
speed at flight Mach number of 0.25. 
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Figure 6. - Continued. Effect of altitude on vktrlatlon of 
generalized turbojet engine performme witi correoted engine 
speed at flight Mach number of 0.25. 
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Figure 6, - Continued. Effect of altitude on variation or 
generalized turbojet engine performanoe with corrected engine 
speed at flight Mach number of 0.25. 
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Figure 6. - Continued. Effect of altitude on variation or 
generalized turbojet engine performance with oorrected engine 
speqd at flight Mach number of 0.25. 
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Figure 6. - Concluded. Effect of altitude on variation of 
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speed at flight Mach number of 0.25. 
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Figure 7. - Effect of flight Mach number on variation of 
generalized turbojet engine performance with corrected 
engine speed at altitude of 25,000 feet. 
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Figure 7. - Continued. Effect of flight Mach number on 
variation of generalized turbojet engine performance 
with corrected engine speed at altitude of 25,000 feet. 
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igure 7. - Continued. Effect of flight Mach number on 

variation of generalized turbojet engine performance 
with corrected engine speed at altitude of 25,000 feet, 
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Figure 7. - Continued. Effect of flight Mach maker on 
variation of generalized turbojet engine performance 
with corrected engine speed at altitude of 25,000 feet. 
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variation of generalized turbojet engine performance 
with corrected engine speed at altitude of 25,000 feet. 
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