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PRELIMINARY RESULTS OF ALTITUDE-WIND-TUNNEL

INVESTIGATION OF X24C-4B TURBOJET ENGINE

I - PRESSURE AND TEMPERATURE DISTRIBUTIONS

By William R. Prince, and W. Kent Hawkins

SUMMARY

Pressures and temperatures throughout the X24C-4B turbojet
engine are presented in both tabular and graphical forms to show
the effect of altitude, flight Mach number, and engine speed on
the internal operation of the engine. These data were obtained
in the NACA Cleveland altitude wind tunnel at.simulated altitudes
from 5000 to 45,000 feet, simulated flight Mach numbers from 0.25
to 1.08, and engine speeds from 4000 to 12,500 rpm. Location and
detail drawings of the instrumentation installed at seven survey
stations in the engine are shown.

Application of generalization factors to pressures and tem-
peratures at each measuring station for the range of altitudes
investigated showed that the data did not generalize above an
altitude of 25,000 feet. Total-pressure distribution at the com-
pressor outlet varied only with change in engine speed. At alti-
tudes above 35,000 feet and engine speeds above 11,000 rpm, the
peak temperature at the turbine-outlet annulus moved inward toward
the root of the blade, which is undesirable from blade-stress con-
siderations. The temperature levels at the turbine outlet and the
exhaust-nozzle outlet were lowered as the Mach number was increased.
The static-pressure measurements obtained at each stator stage of
the compressor showed a pressure drop through the inlet guide vanes
and the first-stage rotor at high engine speeds. The average
values measured by the manufacturer's instrumentation were_in close
agreement with the average values obtained with NACA instrumentation.
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INTRODUCTION

An investigation to determine the performance and the opera-
tional characteristics of the X24C-4B turbojet,engine has been
conducted in the NACA Cleveland altitude wind tunnel at the request
of the Bureau of Aeronautics, Navy Department. The investigation
was conducted over a wide range of simulated altitudes, flight Mach
numbers, and engine speeds.

Instrumentation was installed at eight stations in the engine
in order to determine the component performance as well as the
over-all engine performance. Location and details of the instru-
mentation installed at seven survey stations in the engine are pre-
sented. Typical pressure and temperature profiles are also pre-
sented for each measuring station in the engine to show the effect
of altitude, Mach number, and engine speed on the flow through the
engine. Data in tabular form are presented to show the average
pressures and temperatures throughout the engine for the range of
conditions investigated.

APPARATUS AND INSTRUWTATION

Engine

The X24C-4B engine used in this investigation (fig. 1) has a
static sea-level rating of 3000 pounds thrust at an engine speed
of 12,500 rpm. At this rating the air flow is approximately
58.5 pounds per second, the fuel consumption is 3200 pounds per
hour, and the compressor pressure ratio is 3.8. The over-all

length of the engine is 119 2 inches, the maximum diameter is

284 inches, and the total weight is 1150 pounds. The main compo-

nents of the engine include an 11-stage axial-flow compressor, a
double-annulus combustion chamber, a two-stage turbine, and a fixed-
area exhaust nozzle.

Air enters the engine through an annular inlet and passes
into the compressor through a single row of inlet guide vanes.
The compressor rotor consists of a single forging with 10 disks
to which the rotor blades are attached. The eleventh rotor stage
is a separate disk that is fitted on a stub shaft of the main
rotor and is bolted to the'tenth-stage disk. The turbine shaft
is connected to the eleventh-stage disk by a splined sleeve couplinm.
The compressor casing is horizontally divided into halves, each of
which consists of a forward and rear section.
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The air is discharged from the compressor through two rows of
straightening vanes into a diffuser section ahead of the combustion-
chamber inlet. Air entering the double-annulus combustion chamber
(fig. 2) is divided into three annular streams by two concentric
fuel manifolds. A screen having a 60-percent blocking area was
installed in the outer annulus and one having 40-percent blocking
area was installed in the intermediate annulus. Air passes through
wall perforations in the combustion chamber and into the combustion
zone. Fuel is injected into the annular regions of the combustion
chamber from the two manifolds. The outer manifold ring has 36 fuel
nozzles and the inner manifold has 24. Each fuel nozzle has a spray

angle of 800 and a capacity of 7 2 gallons per hour at a differential

pressure of 100 pounds per square inch.

The gases from the combustion chamber flow through the two-
stage turbine into the tail pipe. Each turbine stage consists of
a stator and a rotor. The turbine-rotor assembly consists of a
shaft and two separate disks. The first-stage disk is bolted to
the turbine shaft and the second-stage disk is bolted to the first-
stage disk. The turbine shaft is hollow to accommodate a long
extension bolt that secures the turbine and compressor rotors.

The compressor and turbine rotors are supported on three bear-
i%is. A single-row ball thrust bearing is located at the forward
end of the compressor rotor; radial loads are carried by two roller
bearings, one at the aft end of the compressor and the other just
ahead of the turbine disk.

An accessory-drive gearbox is mounted at the front-bearing
support on the bottom of the engine. Power to drive the accessories
is provided by a vertical shaft that passes from the main rotor
through the hollow front-bearing support to the Gearbox.

The ,accessory-drive gearbox and the three engine bearings are
lubricated by a solid oil system. An oil cooler is mounted forward
of the front bearing support and forms a part of the engine inlet.

The main components of the fuel and fuel-control system
include an all-speed hydraulic-type governor, fuel manifolds and
nozzles, and a fuel-dump valve. The governor, which comprises in
a single unit the fuel pump and control mechanism, is designed to
maintain a constant engine speed for a fixed throttle setting
regardless of flight speed or altitude. The fuel-dump valve is
designed to drain the fuel manifold of residual fuel when the engine
is stopped.
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The starter is mounted at the forward and of the compressor
rotor. Ignition is obtained by means of two spark plugs that extend
into the outer annulus of the combustion chamber downstream of the
fuel nozzles. A timing control limits the starting cycle to a
period of 30 seconds.

Installation and Instrumentation

The engine was installed in a wing nacelle .. which was supported
in the 20-foot-diameter test section of the altitude wind tunnel by
the tunnel balance frame (fig. 1). The engine was supported in the
wing by two self-alining ball and socket mounts located on each
side of the fuel manifold and by a tie bolt on the top of the front-
bearing support.

For the part of the investigation reported herein, inlet pres-
sures corresponding to high flight Mach numbers were obtained by
introducing dry refrigerated air from the tunnel make-up air system
through a duct to the engine inlet. This air was throttled from
approximately sea-level pressure to the desired pressure at the
compressor inlet while the tunnel pressure corresponding to the
desired altitude was maintained. The make-up air duct was connected
to -the engine intake duct by means of a labyrinth slip joint, which
permitted engine-thrust and installation-drag measurements to be
made with the tunnel scales.

For the wind-tunnel investigation, an extended tail pipe

202 inches in diameter and 34 inches long was attached to the

downstream flange of the main exhaust-nozzle casing. An exhaust
nozzle 20 inches long having an exit area of approximately
183 square inches was attached to the downstream end of the tail
pipe.

Temperature and pressure measurements were obtained at eight
stations in the engine (fig. 3). Detail drawings of the instru-
mentation at each measuring station throughout the engine are pre-
sented in figures 4 to 14 with the exception of the compressor
stator-stage static-pressure tubes at station 3. All transverse
sections are shown as viewed looking aft. The survey rakes at
each measuring station are numbered in a clockwise direction
starting at the top of the engine.
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PROCEDURE

Pressures and temperatures throughout the engine were measured
at pressure altitudes from 5000 to 45,000 feet, simulated flight
Mach .numbers from 0.25 to 1.08, and engine speeds from idling speed,
4000 rpm, to rated speed, 12,500 rpm. For most test conditions,
the inlet-air temperature was held at approximately NACA standard
values corresponding to the simulated flight conditions. At the
higher altitudes, the minimum engine speed was sometimes limited by
combustion blow-out and the maximum engine speed by a turbine-outlet
temperature of 12500 F at the hottest thermocouple.

Temperatures were measured and recorded by two self-balancing
potentiometers. Pressures were measured by water, alkazine, and
mercury manometers and were photographically recorded. The engine
speed was set by use of a stroboscopic tachometer. Throughout the
investigation AN-F-28 fuel and AAF 3606 oil were used.

RESULTS AND DISCUSSION

Ayera6e values of total and static pressures and indicated
temperature throughout the engine for the range of conditions inves-
tigated are presented in table I. The average values measured by
the manufacturer's instrumentation were in close agreement with the
average values obtained with NACA instrumentation. All temperature
values presented are indicated temperatures.

Data are presented to show the effect of altitude, flight Mach
number, and engine speed on pressure and temperature distributions
throughout the engine. The effect of altitude at a Mach number of
approximately 0.53 and a corrected engine speed of approximately
11,8J5 rpm is shown in figures 1- to 22 for simulated altitudes
from 15,000 to 45,000 feet. The effect of Mach number at an alti-
tude of 25,000 feet and an engine speed of 12,000 rpm is shown in
figures 23 to 30 for Mach numbers of 0.53, 0.87, and 1.08. The
effect of engine speed at a Mach number of approximately 0.53 and
an altitude of 25,000 feet is presented in figures 31 to 38 for
engine speeds of 8000, 11,000, and 12,450 rpm. The engine speeds
at which the effects of altitude and Mach number are shown were the
maximum speeds at which data were obtained over the complete range
of conditions.
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affect of Altitude

Data showing the altitude effect on pressure and temperature
distributions at each measuring station in the engine have been
generalized by use of the factors 8 and 6. Pressure measurem^entp
were divided by B. the ratio of absolute total pressure at the
compressor inlet to absolute static pressure corresponding to NACA
standard atmospheric conditions at sea level. Temperature measure-
ments were divided by 0 0 the ratio of absolute indicated total
temperature at the compressor inlet to absolute static temperature
of NACA standard atmospheric conditions at sea level.

In the development of the factors 8 and e, the component
efficiencies of the engine were assumed to remain constant at all
altitudes. Thus a change in the generalized values of temperature
and pressure with change in altitude indicates a change in engine-
component efficiency. Data showing the average pressure profile
through the engine have not been generalized.

EzV,ine profile. - The variation of average total and static
pressures at each measuring station through the engine for several
altitudes is shown in figure 15. A continuous pressure rise was
obtained throughout the stages of the compressor.

Cowl inlet. - Corrected total- and static-pressure and cor-
rected temperature distributions at the cowl inlet (fig. 16) were
very uniform across the duct and were unaffected by changes in
altitude. The boundary layer at the wall was approximately 1 inch
chick.

C_ m ressor inlet. - Altitude had no appreciable effect on
radial or circumferential distributions of corrected pressure and
temperature at the compressor inlet (fig. 17). The corrected
static-pressure and corrected temperature distributions across the
inlet were uniform and unaffected by changes in altitude. The
corrected total pressure was uniform across the inlet with the
exception of a 1-inch boundary layer at the annulus inner wall and

a 12-inch boundary layer at the annulus outer wall.

Compressor outlet. - The effect of altitude on the radial
distribution of corrected total pressure and corrected temperature
at three rakes located 120 0 apart at the compressor outlet is
shown in figure 18. Only the average corrected static pressure
at each rake is indicated because for all conditions there was no
appreciable radial or circumferential variation in static pressure
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at the compressor outlet. For a distance of about 3/4 inch from the
inner wall of the passage, the corrected total pressure and the cor-,
rected average static pressure were approximately equal. From t11is
point the pressures increased rapidly across the passage and peak
pressures were obtained approximately 3/4 inch from the outer wall.
The circumferential distribution of these peak pressures was uniform
for each altitude. The distribution of corrected total pressure,
static pressure, and temperature for the three rakes was approxi-
mately the same for altitudes of 15,000 and 25,000 feet. As the
altitude was increased above 25,000 feet, the corrected pressures
and temperatures increased. This increase denotes a reduction in
engine-component efficiency for altitudes above 25,000 feet.

Turbine inlet. - The effect of altitude on the circumferential
distribution of corrected total pressure at the turbine inlet is
shown' in figure 19. The values measured by the manufacturer's
integrating total-pressure rake were in close agreement with the
values measured by the individual NACA total-pressure tubes. The
circumferential pressure distribution was very uniform at each
altitude because of the screens at the combustion-chamber inlet.
Use of generalization factors corrected the pressures at altitudes
of 15,00' a.id 25,000 feet to approximately a single curve, but
above-25,000 feet the pressure increased as the altitude increased.
This trend is similar to that at the compressor outlet (fig. 18).

Turbine outlet. - Radial pressure measurements obtained at the
tt.rbine outlet are shown in figure 20 for several altitudes. The
average corrected static pressure is presented inasmuch as static-
pressure measurements were confined to wall orifices. The cor-
rected total pressure increased uniformly across the passage from
inner to outer wall for all altitudes except 45,000 feet. At
45,000 feet the to,.al pressure was uniform across the passage to
within 1--inch of the outer wall, beyond which a rise in pressure
occurred. The corrected pressures failed to generalize above
25,000 Poet, as was the case at the compressor outlet and the
to birno inlet. Data are shown for only one of tho two pressure
rakes, because no neasurements were obtained with the other rake.

The radial distribution of' corrected temperature at the tur-
bine outlet is presented in figure 21(a) for three rakes located
at 47 0 , 1800 , and 3000, measured clockwise from the top of the
engine. Except for the data obtained at 45,000 feet, the change
in altitude had little effect on the radial temperature distri-
bution. At 45,000 feet there was indication that the temperature
near the inner wall increased with respect to the temperature
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near the outer wall. From blade-stress
desirable to have the lowest temperature
and the peak temperature about 1/2 inch

considerations, it is
 at the roots of the blades
from the blade tips.

The circumferential corrected temperature distribution for two
radial positions at the turbine outlet is shown in figure 21(b).
Values for the two circumferential temperature distributions were
obtained from data measured by six NACA single thermocouples and
three manufacturer's shielded single thermocouples located 1.75
and 2.00 inches, respectively, from the tail-pipe outer wall. These
thermocouples were in some cases located at radial positions that
differed from those in the survey rakes. Thus where the radial
positions differ from the aforementioned locations, only faired
values obtained from rake measurements are presented in figure 21(b).
Large circumferential temperature variations occurred at both
radial positions at the turbine outlet. An inspection of the tur-
bine stator blades showed definite discolorations around the stator
circumference, which indicated the presence of the temperature
irregularities shown at the turbine outlet. Changes in altitude
up to 35,000 feet had very little effect on the circumferential
corrected temperature distribution. For an altitude of 45,000 feet,
the decrease in temperature at the top of the turbine outlet was
probably due'to the fact that the fuel flow was less from the top
fuel nozzles. The difference in head of fuel between the top and
the bottom of the manifold, together with the low fuel-manifold
pressure accompanying high-altitude operation, resulted , in decreased
fuel flaw and poor atomization from the top nozzles.

YXhaust-nozzle outlet. - At the exhaust-nozzle outlet (fig. 22),
the corrected total-pressure distribution for all altitudes was
reasonably symmetrical about the center line of the jet. Total
pressures at the center of -the jet, however, were considerably
lower than at the wall of the exhaust nozzle. The corrected temper-
ature at the center of the jet was slightly lower than at the wall
at all altitudes except 45,000 feet. The change in temperature
pattern at 45,000 feet showing the decreased temperature in the
upper part of the exhaust nozzle was due to poor fuel distribution
at high altitudeo. Static-pressure distribution was measured over
the lower portion of the exhaust-nozzle outlet. The lowest values
of corrected static pressure occurred at the bottom wall.

Effect of Flight Mach Number

Data showing the effect of 1,7ach number on pressures and tem-
peratures through the engine are actual measured values and have
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not been corrected for any variation in temperature conditions at
the compressor inlet from the desired free-stream total temperatures
corresponding to the respective flight Mach numbers.

Engine profile. - The effect of Mach number on the average
total and static pressures at each measuring station in the engine
Is shown in figure 23. Increasing the Mach number from 0.53 to 1.08
did noL appreciably affect the general pressure distribution. At
each Mach number, the static pressures at the first and second
stages were slightly lower than the compressor-inlet static pressure
(station 2), evidently because of the pressure loss through the
inlet guide vanes and the first-stage rotor. Beyond the second
stage a continuous rise In pressure through the compressor was
obtained. As would be expected, an increase in Mach number increased
the overall pressure level through the engine.

Cowl inlet and compressor inlet. - Pressure and temperature
distributions at the cowl inlet and the compressor inlet were very
uniform for the range of Mach numbers investigated (figs. 24 and 25).
At both stations the total pressures near the walls decreased due to
the boundary layer. The temperature aL the compressor inlet was
maintained at the desired value for only the Mach number of 0.53.
A comparison of the desired temperature with the actual measured
temperature is given in the following table:

	

Mach Desired	 Actual com-
number compressor- pressor-inlet

inlet total temperature
temperature T i '2' (OR)
T2, (°R)

	

0. 11 )15	 453	 454

	

.87	 493	 500

	

1.08	 .,23	 505

Compressor outlet. - The effect of Mach number on the radial
distribution of total pressure and temperature and average static
pressure at the compressor outlet is shown in figure 26. The radial
total-pressure distributions across the annular passage were not
appreciably affected by changes in Mach number except near the outer
wall. As the each number was raised, the total pressure at the
outer wall became less than the peak total pressure. As noted in
the discussion of altitude effect, the total and static pressures
near the Inner wall were approximately equal and the peak total
pressure in most cases was measured approximately 3j4 inch from the
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outer wall. The variation of temperature level with Mach number at
the compressor outlet was similar to that at the compressor inlet
(fig. 25) .

Turbine inlet. - The circumferential total-pressure distribu-
tion at the turbine inlet (fig. 27) was very uniform for the range
In Mach numbers. Values measured by the NACA pressure tubes and
the manufacturer's pressure integrating rake showed close agreement
in all cases.

Turbine outlet. - The radial variation of total pressure and
averaGe static pressure at the turbine outlet with change in Mach
number is presented in figure 28. An increase in Mach number did
not change the radial total-pressure distribution. The total pres-
sure at the outer wall at each Mach number was slightly higher than
at the inner wall.

The effect of Mach number on the radial temperature distribu-
tions measured by the three rakes at the turbine outlet is shown
in fi,-i.,.re 29(a) . The radl.al temperature distribution was not
appreciably affected by change in Mach number. .However, the indi-
cated temperatures at the turbine outlet decreased with increasing
Mach number.

The circumferential temperature variations for two radial
positions at the turbine outlet are shown in figure 29(b). Close
agreement is shown between the temperature patterns at both radial
positions. The circumferential distribution was not appreciably
afi'bcted by change in Mach number.

Exhaust-nozzle outlet. - Pressure and temperature distribu-
tions at Lhe exhaust-nozzle outlet for the range of Mach numbers
investif,iLod are presented in figure 30. The total-pressure dis-
tributions were similar in all cases and approximately symmetrical
about the center line of the jet. The temperature measurements
over Lho upper portion.of the exhaust-nozzle outlet showed slight] y
lower values at the center of the Jet than near the wall. The tem-
perature distributions were similar for the range of Mach numbers
Investigated. At this station as well as at the turbine outlet, an
increase in Much number resulted in a reduction in indicated tem-
peraLure. The static-pressure distributions measured over the lower
portion of the exhaust-.nozzle outlet and at wall orifices were
similar for all Mach numbers investigated, the lowest values occurring
at the wall.
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Effect of Engine Speed

Engine profile. - The effect of engine speed on the average
total and static pressures at each measuring ,station through the
engine is shown in figure 31. The static-pressure measurements
obtained at each stator stage of the compressor show a pressure
drop through the inlet guide vanes and the first-stage rotor at an
engine speed of 12,450 rpm that was not encountered at 8000 rpm
and was only'slightly noticeable at 11,000 rpm.

Cowl inlet and compressor inlet. - Pressure and temperature
distributions at the cowl inlet and the compressor inlet were very
uniform, except for the boundary layer, throughout the range of
e.nGine speeds investigated (figs. 32 and 33). The boundary layer
increased with increase in engine speed because of the higher inlet
velocity.

Compressor outlet. -The radial distribution of total pressurep
and temperatures at the compressor outlet is shown in figure 34.
Only the average static pressure at each rake is indicated, because
for all engine dpoed conditions there was no appreciable radial or
circtuuforontial variation in static pressure at the compressor out-
let. The total-pressure distribution was reasonably uniform at an
engine speed of 8000 rpm. At an engine speed of 11,000 rpm, a
Local-pressure peak occurred approximately 3/4 inch from the outer
wall, whereas at the inner wall the total and static pressures
remained approximately equal. As the engine speed was increased,
the total-pressure peak increased in magnitude and moved nearer
the outer wall with total and static pressures remaining approxi-
mately equal at the inner wall. The circumferential variation in
total pressures for the range of engine speeds investigated was
very slight.

Turbine inlet. - The circumferential variation in total pres-
sures aL the turbine inlet with change in engine speed is shown in
figure 35. The total-pressure distribution was uniform at each.
engine speed and the measurements made with NACA pressure tubes
were in close agreement at all engine speeds with measurements
mado with the manufacturer's total-pressure integrating rakes.

Turbine outlet. - The effect of engine speed on total-pressure
distribution at the turbine outlet is shown in figure 36. The total
pressures increased slightly across the passattie from the inner wall
to Lhe outer wall. At engine speeds of 8000 and 11,000 rpm, no
measurements were obtained from rake 1. At an engine speed of
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12,450 rpm, the close agreement in data obtained with both rakes
Indicates that the circumferential distribution of total pressure
was itniform.

The radial and circumferential temperature distributions at
-the turbine outlet are shown in figures 37(a) and 37(b), respec-
tively. As the engine speed was increased the peak temperature in
^;enoral shifted toward the inner wall, which is undesirable from
blade-stress considerations. At an engine speed of 12,450 rpm,
the peak temperatures were approximately the same for the three
rakes. Large circuunferential temperature variations occurred at
each engino speed (fig. 37(b)) and it is believed that the distri-
bution at Lho turbine inlet was even snore irrogular than indi oa ted
by theoo measurements, Inasmuch as the temperature variations were
reduced by mixiikt in pasoit-4 ; through the turbine. ReasoTrible
a^reemonL is shown between the temperature patterns at both radial
po3iLion3.

Exhaust-nozzlo outlot.
Lions at Lhe exlinuot-nozzle
shown in figure 58. The to
auro3s the nozzle outlet at
en^Line speed wns increased,
In the center of the JeL.

- Prosoure and temperature distribu-
outlet for three engine speeds rare

tal pressure was approximmately colt3LanL
an engine speed of 3000 rpin. As the
a pronoiuiced low-pressure area formed

AL onCIno speeds of 3000 and 11,000 rpin, the temperatures
near the wall of the exhaust nozzle were slightly LLreator than in
the ;enter of the lot. At an engine speed of 12,4150 rpm, however,
Cho. tempera Lures were lower near the oxhausL-nozzle frill than
elsewhere in Lhe ,jet.

AL eiVine speeds of 8000 and 11,000 rpin, the static pressure
was 31i';iiLly higher it the top of the oxha:ist nozzle than fit Lliu
bottom. At' an engino speed of 12,450 rpm, the stntie pressure aL
Lhe bottom of the nozzle was higher.

SUl,ZUWY 011' i2l^^SiTt'1'S

Tile follovliVk rosulLs were obtained from an invest_i. -aLioii of
Clio 24C-4B turbojet engine in the Cleveland altitude wind tunnel
at simulated altitudes from . 000 to 4J,000 feet, simulated fli jit
Mach ntanbers from 0.2J to 1.08, and engine speeds from 4000 to
12 " 00 riva .

1. Use of E;eneralizaLion factors in Lhe prooentation of the
offek.t of altitude oil the pressures and temperatures at each
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measuring station in the engine showed that the data did not gen-
eralize above an altitude of 25,000 feet, which indicated a change
in e-nCine-component efficiency with increase in altitude above
2!3, 000 feet.

2. Total-pressure distribution at the compressor outlet varied
only with change in engine speed. At an engine speed of 8000 rpm,
the pressure distribution was uniform across the passage. At
11,000 rpm, a total-pressure peak occurred at approximately 3/4 inch
from the ol.ter wall; whereas at the inner wall the total and static
pressure remained approximately equal. At 12,450 rpm, the total-
pressure peak increased in magnitude and moved nearer the outer wall
while total and static pressures at the inner wall remained approx-
ima uely equal.

3. At altitudes above 35,000 feet and engine speeds above
11,000 rpm, the peak temperature at the turbine-outlet annulus moved
inward toward the root of the blade, which is undesirable from blade-
stress considerations.

4. The temperature levels at the turbine outlet and the exhaust-
nozzle outlet were lowered as the Mach number was increased.

5. The static-pressure measurements obtained at each stator
stage of the compressor showed a pressure drop through the inlet
L3uide vanes and the first-stage rotor at an engine speed of
12,4.,0 rpm that was not encountered at 8000.rpm and was only slightly
noticeable at 11,000 rpm,
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6. The average values measured by the manufacturer ' s instru-
mentation were in close agreement with the average values obtained
with the NACA instrumentation.

11

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.

William R. Prince,
Mechanical Engineer.

,^Za"J,4z ^'
W. Kent Hawkins,

Aeronautical Engineer.
Approved:

Alfred W. Young,
Mechanical Engineer.

Abe Silverstein,
Aeronautical Engineer.

rl

CONFIDENTIAL



Q
"
,

W 
W 

W 
W 

W 
W 
W 
W 
W 

T 
U 
a 
G 
G 
G 
U 
U 
G 
U 
a 
a 
a 
a 
a 
A 
A 

i 
i 
a 
4 
4 
U 
4 
4 
U 
U 
U 
4 
U 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
r 
r 
r 
r 
r 
r 
r

3
 r
 r

D 
J 

W 
U 

r 
U 
N 

r 
O 

O 
m 

J 
W 

Jr
 r

 C
A 

N 
•'

 O
 O

 m
 J

 W
 G

+ 
U 
ro

 .
• 

O 
p 

m 
J 

W 
G 

P 
U 

ro
. '
 O
 p

 m
 J
 W
 G
 r
 u
 N
 r
 O
 O
 p

 J
 W

 U
 a

 U
 r

o 
r 

0 
p 
m 
J 
O 
G 
A 
4 
N 
r

V
 N

•J
 N

N
 V

 to
	 `J

 N
•J

 to
 "

r)
 N

N
N

N
N

N
N

N
.0

 N
 V

 N
N

 V
 N

N
 N

N
N

N
ro

rr
rr

3
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
 V

 3
3

T p
lt

it
ud

e
0

T
a

B
T

aJ
^:

A
T
	

Jt
U

;n
G

pG
:l

t;
1
tU

G
U

T
'A

 7
rT

U
	

Jr
'J

rG
	

G
J JpIG

T
pU

'J
rG

G
U

G

8U
	

T
:A

U
U

T
Jt

T
OO pp/r

T
G

O
p p1G
	

BA
 pr	

8U
	 JpF

G
T

!/
rG

T
pG
	

pT
p4

88a pTG

o
S
 
S
O
 
0
0
0
0
0
0
0
0
0
0
0
 
S
O
 
0
0
0
0
0
0
0
0
0
 
S
O
S
 
0
0
0
0
0
0
 
S
O
 
0
0
0
0
0
5
0
0
0
0
0
0
0
0
 
S
S
 
0
0
0
0
0
0
 
S
O
 
0
0
0
0
0
•
(
f
t
)

r

3
3
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

3
r
r
r
r
r
!r

r
r

R
a
m

-r
a
ti
o
,

m 
p 

m 
pp

 W
 W
 W

 W
? 

Q 
A 

A 
A 

a 
A 

A 
a 

A 
N 

N 
N 

N 
N 
N 
N 
N 
O 
O 
O 
O 
O 
O 
O 
O 
O+
 P
 r
 a
 A
 r
 P
 N
 N
 N
 N
 N
 N
 N
 N
 O
 o
 O
 O

 O
 o

 O
 O

 O
 O

 O
 J

 O
 O

Ot
o

U 
A 
G 
u 
U 

N 
N 

N 
N 

U 
N 

ro
 N

 O
 N

 N
 r

 N
 O

 r
 0

 0
 0

 r
 O

 r
 A
 a
 O
 r
 a
 a
+ 
U 
:[
 N
 N
 N
 N
 r
 N
 r
 r
 N
 N
 r
 r
 O
 O
 r
 a
 C
A 
U 
a 
a 
A 
U 
U 
U 
U 
i 
a 
A 
U 
A 
U  
u
3

pr
es

su
re

2/
p0

J 
r 
O 
A 
U 

[A
 W
 O
 A
 P
 r
 A
 p

 r
o 
O 
m 
J 

p 
J 
U 
O 
m 
U 
r 
CJ
 O

 U
 G
 O
 O
 W
 W
 r
 J
 J
 r
+ 
U 
U 
G 
O 
U 
N 
r 
N 
J 
0 
0 
0 
O 
W 
N 
r 
m 
u 
0 
O 
O 
J 
r 
m 
O 
G 
J 
O 
m 
m

0
O

0
0m

pJ
7p

m
.n

4
4

J
44

4
4

J
U

I t
sG

U
S

U
aN

V
rN

N
N

N
N

N
JJ

JJ
JJ

JU
U

U
U

U
U

U
U

N
N

N
N

N
N

N
N

ro
N

N
N

N
N

N
N

N
li

gh
t 

M
ac

h 
nu

m
be

r
t0

m 
D 

m 
J 

J 
W 
W 
W 
W 
J 
U 
U 
U 
N 
U 
U 
U 
U 
u 
U 
U 
U 
N 
U 
N 
U 

'A
 U

 O
 U

 W
 W
 a
 U
 U
 U
 N
 N
 U
 N
 U
 N
 U
 a
 A
 r
 G
 U
 U
 U
 W
 J
 J
 W
 G
+ 
U 
4 
U 
J 
W 
W 
U 
G 
P 
U 
U

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

3
r
r
r
r
r
r
r
r
r

J
 
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
r
r
r
r
r
r
r
r
r
r
r
N
r
r
r
r
r
r
r
r
r
r
r
r
.
[
J
J
J
J
J
J J

1
-s

ta
tic

p
r
e
s
s
a
r
a
,

a
m 
m 
m 

p 
m 
m 

p 
J 

m 
J 

D 
p 

p 
p 

m 
m 
m 
m 
m 

p 
m 
J 

p 
J 

m 
m 
m 
9 
J 
m 
9 
m 
m 
m 
J 
O 
O 
O 
0 
0 
0 
O 
O 
O 
O 
O 
O 
a 
0 
O 
SD
 O
 O
 O
 

p 
p 

9 
O 
O 
W 
W 

T 
T
 
G
 
W
 

W
W

r 
m

rr
rr

r+
m

a
rr

rp
rr

rr
rr

rr
p
a
p
rr

ra
rr

 r
rm

r
O

J
O

O
J0

0
0
JJ

o
a

J
0 4

0 0
a
o
0
0
0
0
0
0
o
o
JU

U
U

o
o
O

(
lb

/s
q
 
ft

 a
b
s
.)

P
 A

r
a
i
a
a
a
a
a
A

+
r
a
s
a
a
a
+

a
A

♦
 i
+

r
A

+
a
t
t
a
r

+
a
+

a
a
a
+

a
a
+

a
G

:^
:^

:^
a
 :

n
 J

^
a
a
a
r
r
r
r
r
r
ii

a
iT

J
r
U

 U
U

J
J
J
m
O
m
m
J
J
O
W
W
a
a
r
U
a
U
W
C
A
a
 
G

rU
+
a
a 
UU

T
u

n
n

e
l 

te
m

p
e
ra

tu
re

,
G

+
r
O
r
W

p
a
O
O
W

►
a
N
N
O
+
r
O
W
J
O
 
O
W
 
r
U
A
W
 
a
T
O
J
O
O
U
9
r
r
W
O
W
O
N
J
+
J
p
U
U
N
N
r
+
p
u
r
r
)
?
r
p
^
U
:
n
T
r
J
O
O

(o
R)

 
r
	

3
r
r
r
r
r
 
r
r
r
r
r
r
r
 
r
r
r
r
r
	

r
r
r
r
r
r
	

r
r
r
r
r
	

r
r
r
r
r
	

r
r
r
r
r
	

r
r
r
r
r

O
p
p
r
o
N
r
«
+
O
O
O
N
N
N
r
r
O
O
p
r
J

[ J
r
r
U
O
9
J
V
V
r
r
r
O
O
p
W
N
N
r
r
O
O
p
N
N
r
r
O
O
p
W
N
N
r
r
p
O
p
p
a
p
r
o
r
r
O
O
m
W
r

E
n
g
i
n
e
 
s
p
e
e
d
,

88
88
8
0
0
0
0
0
0

0
0
0
0
8
H

p
p
U
O
T
T
a
0
U
0
O
+
J
U
J
0
0
0
0
U
J
S
S
J
O
B
8
O
O
T
J
S
O
O
J
O
U
 
J pJ p
U
J
O
 
J

pJJ p  
T
J
S

B8
J
J
J
 

p pp p 
t
r
J
s
J
J

B8
J
O
O

O
 
O
 
 
 
 
 
 
 
	 O
 
 
 
 
	 0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 0
 0

 S
 0

 0
 0

 0
 0

 0
 0

 0
 5

 0
 0

 0
0 

0 
0 

0 
0 

00
00

00
00

00
00

0
0

 
 
 
 
 
 
 
 
 
 
 
 
0

(r
pm

)
O'

I 
r 
r	

r 
r 

r	
r 
r 	

r 
r 
r	

r 
r 
r	

r 
r 
r	

r 
r 

r 
r	

ro
 r
 r
 r
 r

U
 Y

u
r

p
W

G
G

r 
U

U
rO

JU
4

rN
O

O
JA

N
r 

rr
O

O
p

U
U

N
 W

rr
O

P
r 

U
4

rO
U

N
rI

 W
a

U
O

J
'r

U
r
 N

O
 a

p
a
r
t

O 
r 

Or
	

G
U
0
0
U
r
p
p
W
r
G
U
U
J
J
a
p
O

N
o

t 
th

ru
st

, 
P

n
,

J
O
d
W
N
W
m
U
D
N
A

• L
O
G
W
I
J
U
U
N
U
J
r
r
m
J
N
O
m
r
N
r
N
J
N
?

3
O
Q
r
 

A
U

(l
b)

W A
W

O
U 

ro
 O

 r
 r

 J
 p

 O
 J
 J
+ 
W 
U 
W 
N 
N 

p 
U 
J 
W 
m 
O 
N 
U 
W 
r`

J 
m 
r 
a 
O 
O 
J 
O 
r 
r 
O 
T 
O 
O 
U 
O 
A 
U 
O 
U 
m 
N 
O 
r 
W 
U 
a 
N 
N 
U 
W 
a 
a 

p 
0 

O 
r 

O 
O 

J 
m

G
Q

:n
rU

a
P

A
A

U
A

+
A

a
+

ir
a
r
a
r
ir

A
P

A
a
i+

A
in

+
A

A
T

 U
A

+
U

A
A

ta
rG

A
U

' T
 !

Jt
a
 A

a
a
a
+

rr
a
a
G

U
G

G
G

G
U

G
In

di
ca

te
d 

ta
m
	

ra
-

0
0
0
D
O
D
D
r
O
r
O
O
W
W
J
J
W
W
W
W
G
U
G
U
U
+
U
U
U
U
U
U
U
U
U
a
r
r
O
O
O
O
O
p
p
O
O
O
O
r
O
O
J
W
W
W
W
J
W
W
U
O
O
O
O
r
r
r
r

N
Jr

O
O

m
 J

' Jt
rW

0
0

0
0

.O
A

O
^U

O
U

rr
O

D
U

aD
W

.D
m

m
G

e D
U

N
N

O
N

^D
U

Jm
N

JU
N

C
IO

W
JU

JW
J

.G
 J

^t
O

N
pN

JG
Q

40
1N

4
to

re
, 

T
	

•	
(	

)
O O

m

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
	

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

3
r
r
r
r

P
 r

a
N

 N
to
	

to
	

to
	

r
r
r
 r

r
rr

 O
 O

 O
 O

 O
 O

O
r0

9 
m

 J
 p

^ 
p 

m
 p

 m
JJ

 J
 J

 J
W

W
aa

+
a+

ra
aV

N
 N

N
 N

 V
 N

 N
 N

 D
D

9p
m

( D
pm

m
oe

 T
 O

a
	

p 
J 

J 
W

 p
 J

 N
 N

 N
 r

 r
 t

o
	

A
a 

.^
r 
sa

a
a

N
N

m
to
	

^
U

T
o

ta
l 

pr
es

su
re

, P
l,

8 w
o

N
r 

r 
O

rr
r 

O
O

O
J 

J 
U

W
U

 J
^A

 :'
+W

'.^
:^

+a
U

U
U
	

J
a
rU
	

U
N

U
<

p
0
0
W

 O
p

9
J0

T
U

a 
a 

JN
U

O
ra

 N
f;

.U
rO

J 
W

 U
9

U
 N

-;
 • L

U
G

m
O

 W
 N

J9
 J

ra
 J

U
rO

[J
 [

Jr
O

U
 W

 r
 J

p
'T' 	

O
T

 N
r 

W
r J

(l
b
/
.q

 f
t 	

b
..
)

r 
r
r
r
r
r
r
r
r
r
	

r
r
r
r
	

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
 
r
'_

W
r
r
r
r

u
U
U
r
r
r
r
r
r
r
O
 

m
[ 0

m
0

0
0
0

m
m
9
m
D

9r
0
m
J
J
W
J
J
J
J
J
J
r

a
T
'
r
T
W
W
N
U
U
U
U
U
+
+
O
r
r
,
-

. r
r
r
N
N
W
T
W
W
J
J
J
m
m

s
ta

ti
c
	

ra
S

S
U

l'
a
,

p
@ ^

am
[p

N
U

 a
s
a
9

p
p

m
9

9
0

rN
T

U
U

a
a

 J
m

rN
N

N
D

 N
 U

T
J 

G
[ 

O
N

N
+
p
r

U
JO

rN
W

p
O

rr
0

0
rU

J^
J 

^ 
N

 1
0
 u

 0
0

4
0

 A
 J

 0
N 
U 
O 
J 
J 
N 

m 
r 

i 
r 

p 
r 

p
 J
+ 
O 
O 
O 
O 
W 
O 
U 
J 
W 
U 
U 

O 
r 

p 
O 
U 
p 
r 
N 
r 
r 
O 
U 
J 
a 
N 
O 
U 

r
'
A
 
r 

U
 N

4
'L

 !
'J

m
 J

O
a

p
O

O
D

p
O

D
U

O
U

O
U

 J
( l

b
/e

q
 f

t 
a
b

s
.)

O

pG
G

'a
r

U
}

a
a
+

r
+

r
r
r
r
a

+
+

+
r
a
+

+
a
a

+
+

+
r
+

a
+

r
+

+
T

a
+

a
U

a
iA

+
ra

 s
^
n
' .̂

rn
r
+

+
+

a
+

a
r
a
r
T

:n
 a

tn
 :n

 r
s:

n
In

d
ic

a
te

d
 t

e
m

pe
ra

-
3

UO
N

 I
W

O
O

JW
"OA

G
U
r

0
0

0
WO

&
O

Jr
&

^
M

rO
C

^U
^m

G
	

rr̀ '
m

O
T

U
+

O
a

O
N

O
m

^
JJ

O
^
m

[0 i 
^'

1
Jt

0
9

v
U

W
0

^0
'O

A
00

0O
N

O
U

N
pe

to
re

, T
S•

2
,	

( 
•`)

C
r

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
	

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

a 
a 

P 
N 

N 
N 

N 
N 

N 
N 

r
3

 r 
r 
r 
r 
r 
r 
O 

O 
O 

O 
O 

O 
O 

tp
 p

 p
 J
 p

 9
 p

 m
 p

 m
 W
 J
 W
 W
 W
 W
 p

p a
 t
 t
 a
 r
++
+ 
N 
N 
N 
N 
N 
N 
N 
N 
N 
m 
m 

m 
m 
m 
m 
m 
m 
m

U
G

rJ
JW

JW
m

W
rr

rO
O

rO
rr

A
a
U

rU
+
a
r
r
p
r
r
r

r
r

O
O

O
O

O
p

O
p

aW
W

rU
A

+
a
U

S
T

a
rU

u
u
U

G
7
ta

&
W
	

N
N

N
T

ot
al

 p
re

ss
ur

e,
 P

 , 2
v .1

r ro
U 

r 
G 

W 
U 

O 
O 

r 
O 

U 
ro

 N
 U

 U
 O

 U
 J
 T

 U
 J

 r
 U

 p
 J
 J
 U

 W
 W
 r
 O
 J
 J
 U
 J
 u
 r
 r
 U
 W

 A
 G
 A

 N
 r

 U
 m

 J
 W

 -
40

  
m 

to
r 

J 
r 

p 
J 

W
+  

O 
r 
O 

N 
. 4
 r
 J
 W
 U

(
lb

/s
q

 f
t 

ab
s.

)
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
	

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

3
r

i
♦ a

N
N
	

W
  r

o 
ro

 r
 r

r 
r 

r 
r 

rr
O

 0
[ 0

0 
O

0 
p

ep
 m

 m
 J

m
p

m
m

m
W

JJ
 J

 J
 W

 o
e 

O
lr

rr
ar

rA
rN

N
N

N
 N

N
N

N
N

m
 J

)
m

m
m

m
 m

m
T

ot
al

 p
re

ss
ur

e,
 P

2
,

°0 y
f. Cr

r
U

am
JJ

JP
m

O
eN

N
N

O
N

rO
rU

U
A

U
rU

rA
N

N
m

N
N

rr
rO

pp
3

O
 O

 C
O

pG
W

W
G

G
P

r4
A

U
U

U
rr

U
U

U
W

W
rU

N
W

N
N

r 
C 

J 
0 

O 
N 
N 
r 
r 
d 
N 
r 
O 
m 
O 
J 
O 
P 
U 
O 

p 
m 

O 
J 

J 
r 

U 
U 
U 
r 
O 
O 
r 
m 
u 
de
 r

 W
 5

 A
 O

 r
o 

G 
J 

m 
N 

m 
J 

W 
p 

J 
p 

J 
r 
4 
0 

p 
W 
U 
W 
G 
O 
J 
d 
U 
m 
Ol

(lb
/6

Q
 f

t 
ab

S
.)

a
r

r 
rr

rr
rr

rr
rr

rr
rr

rr
r 	

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

u 
U 
P 
r 
r 
r 
r 
r 
N 
N 
o 
0 
o 
O 
o 
O 
o 
o 
m 
m W 

m 
m 
m 

p 
p 
o 
J 

J 
J 

J 
J 

J 
J 

J 
J 

a 
G 

U 
U 

W 
w 

u 
U 

O pp pp
 U
 U
 U
 a
 a

3
 r
 r
 r
 r
 r
 N
 N
 N
 W
 J
 J
 J
 J
 J
 J

St
at

ic
 p

re
ss

ur
e,

1
r

W
p

O
O

Jr
U

W
m

U
O

G
fr A

O
W

O
N

JN
N

U
M

O
&

O
N

G
►

U
O

O
r0

6
 W

CO r
N

m
m

iN
O

N
m

rN
N

O
©

[ rir
 lN

. m
N 

(P
P O

;+
U

m
U

O
N

O O
.
a 

N
p

U
m

^
`"L

•	
(l

b
/S

Q
 f

t 
ab

5
.)

r
r
 
r
r
r
pr p 
r
r
r
r
r
	

r
r
r
r
	

_	
r
r
r
r
r
r
r
 
r
r
r
r
r
r
r
 
r
r
r
r
r
r
r
r
 
r
r
r
r
r
r
r

+
OJ
 

N
	

app 	
W

W
S

m
rW

.V a
a
 }

n
r 

P
JN

m
U

m
O

G
p
U

^
N

J
N

F
r+

WW J
O

U
N

W
a
iF

p+
i

p
m

N
m

F p+
[p J

O
	

W
ra

p
rO

n
 0

N i
0
U

U
W

Jt
G
	

oW
+

JN
O

G
A

I
r

G
+

r
Jr

U
N

U
U

J 
rm

N
 W

U
O

J3
0
	

O	
JN

 0
1
J4

p
Jr

N
G

'' t
CK

Ip
O

G
r

O
O

ra
...

O
U

m
W

U
JO

'J
t  U

A
rm

O
W

W
N

^ 
O

W
A

O
W

^&
_
	

0
p

r
r
r
r
r
r
r
r
r
r
	

r
r
r
r
r
	

rr
	

r
r
r
r
r
r
r
 
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
 
r

3
r
r
r
r
r

T
G

G
O

rr
o

N
ro

U
U

m
o

oO
O

r
r
r

Jm
^+

o
p

o
O

O
W

W
JJ

Jm
m

m
p
.

Jr
W

W
am

m
^-

uu
a 

Jt
G

 O
[

:a
o
o
rV

J4
U

U
ro

^
J
J
a
0

0
0

0
N

JW
JG

3
JO

G
G

O
O

JA
O

N
W

O
U

rO
O

O
rN

O
O

p
O

U
m
U
m
m
a
m
[
A
r
O
O
N
r
o
u
O
A
U
J
G
r
r
O
A
U
r
U
U
O
T
O
 
U
O
G
U
O
J
 

o
p

r
 d

 H
r p

JW
N

JP
O

aU
p

p
a
r

p
rr

W
m

W
U

 W
.+

JO
U

JO
r

O
rN

r
p

O
Ja

W
W

O
JN

a 
J

^ +
ra

:. I
W

O
W

rr
p

m
N

JN
m

U
U

^-
'

N 
:Ir

p
 J

O
rQ

I
\^

w
^

p
 
N
	

N
3 J

r 
r 
r 
r 
r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 	
r 

r 
r 

r 
r 	

r
 
r
 
r
 
r
 
N
 
r
 
r
 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
N 

r
o
 
ro

 N
 N

 r
o 

r
J 
J 
O 
N^
 a
 a

+ 
U 

r 
0 

0 
r 

N 
ro

 r
o 

U 
(A

 O
 O

^ 
O 

r 
r 

O 
pp

 J
 J
 p

 m
 O
 O
 p

 O
 m
 J
 p

 J
 0

 0
 0

 e
p  
^ 
U 
W 
W 
U 
J 
W 
U 
N 
U 
U 
a 
a 
r 
r 
U 
N^
 O
 
r 
r 
r 
r 
r 
o

b+
 O
 W
 p

 o
 N

 J
 J

 C
+ 

O 
J 

O 
W 

N 
W 

O 
r 

O 
O 

W 
O 

U 
N 	

O 
Q 

O	
a
	

N
	

U
U

r+
	

W
 
J
	
J
 
W
 

p 
W 
G 
G 
J 
N 
O 
N 
n 
J 
r 
W 
a 
0 
U 
J 
N 
r 
W 
u 
O 
J 
U 
U 
m 
O 
r 
O 
G 
J 
W 
G 
m

O	
F+

a)	
to	

O
JF

+
e+

aJ
U

W
O

m
a^

W
W

N
p(

/
U

O
rU

N
p

a
0

0
JN

U
r

•+
C

A
O

-' 
Jr

O
 N

aG
O

U
O

W
W

U
 O

W
 O

FO
_N
	

aG
	

aU
rn
 0

A
	

A
y

• 
w

O
	

r 
^'

3 m
r 
r 
r 
r 
r 
r

3 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r
 
r
 
r
 
r
 
r
 
r
 
r
 
N 

N 
N 

N 
N 

N 
N 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

N 
N 
N 
N 
N 
NN

O 
m 

-4
4 

G 
O 
W 
W 
W 
Q 
W 
U 
U 
4 
a 
P 
r 
r 
r 
r 
r 
-+
 N
 N
 N
 r
 r
 O

 
pp

 O 
O 
O 
O 
O 
O 
O 
r 
ro
 N
 r
o 
N 
r 
0^
 m
 p

 O
 O
 m
 J
 W
 r
 U
 O
 P
 J
 W
 U
 r
 U
 ^
. 
a 
a 
r 
r 
4 
ro
 0

P
G 

W 
 U

 N
 W

 p
 m
 p

 r
 r

 N
 m

 a
 J

JJ
 4

 r
 W

 O
 U

 J
 N

 J
 r
 O
 r
 U
 .
1 

p 
W 
r 
r 
r 
O 
U 
W 
r 
W 
W 
O 
J 
N 
V 
N 
G 
W 
r 
G 
J 
r 
W 
O 
G 
N 
0 
C O 

—
Wr 
((

^A
 J

 N
 m

 N
 a

P
-4

0 
 r

 G
 Q

 r
 W
 "
a 
J 
W 
U 
W 
U 
r 
m 

p 
W 
O 

p	
N 

a 
G 

U 
p	

4
	

m 
U 
U 
U 
N 
G 
N 
J 
W 

p 
U 

vU
 N

 W
 O

 N
 J

 p
 u
 O

 N
 N

 a
 U

 r
 r

 U
 .

,.
 C

CU
 J

 r
 O

 O
 G

 N
E

p,
 G
 O
 w A

"'
	

O 0
3 p

N
N

,+
rr

,+
,+

,+
.+

r 
rr

+
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
F

J r
rr

r 
ro

N
ro

N
N

N
N
	

N
N

ro
N

N
rr

rr
rr

rr
 r

rr
	

N
N

N
N

N
N

N
r 

O 
p 
m
 
m
 

p 
p 

p 
p 

U 
U 

p 
p 
W 
W 
W 
G 
U 
u+
 P
 a
 U
 N
 r
 M
 r
 r
 N
 r
o 
N 
r 
O 
O 
r 
U 
U 
G 
A 
U 
N^
 r
 N
 r
 r
 O
 p

 W
 J

 m
 m

 O
 m

 J
 W

 r
 4

^ 
m 

m 
J 

P 
G 

U 
r

r
o
 
4

G
r
	
o
	

p	
r 
m 
J 
r 
J 
m 
[(
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Ôl o
 0

0
0
0

0
jn

d
lc

at
ed

 L
¢
ID
	

ra
-

^
m

40
W

- 2
&

W
m

rG
O

^7
m

01
G

SW
G

I ►+
W

►
rm

 r
0

.7
N

dU
O

G
U

a
.i

aW
O

O
G
	

'0
01

0O
N

O
N

O
W

W
W

O
O

-4
40

,0
0^

O
O

d
	

a 
01

06
►

W
W

L
u

re
, 

T
i 

1
,	

("
fl

)
0

r
r
r
r
r
r
r
r
r
r
r

a
a
a
a
r
r

►
+

 U
 U

(A
(A

(A
 U

 U
 U

 U
 U

 C
A

 C
A

(A
O

 0
, o

0 
m

 9
 m

 m
 m

 m
 m

.)
-)

-)
-)

 ^
).

) 
d.

) 
G

 c
m

 m
- 

-4
o
 -

A
 )

1
G

U
U

 G
 W

0'
w

w
w

w
w
la

T
o

ta
l 

p
re

ss
u

re
, 

F
l,

.0
C

A
(A

a
rr

U
U

N
0
+

0
1
G

 J
e
•^

Jm
W

N
N

N
U

rG
C

1
G

 U
a
G

U
rO

rr
0
0
0
rO

O
rr

rO
0
0
rO

0
0
o
w

W
N

W
 N

 N
 N

r 
O

 U
(A

 
(A
	

U
(A

 0
1 

M
O

O
(I

b
/s

q
 f

t 
a
b
s
.)

7
(A

M
O

W
O

p
m

0^
70

1r
G

G
^)

O
O

W
a
a

rG
N

r
G

01
J0

1N
O

N
rN

N
N

G
+

G+
01

N
N

rG
G

 O
O

m
U

U
G

0
0
0
m

+
rU

O
rM

 r
d

O
W

( f
A

O
.m

a
r
r
r
r
r
r
r
r
r
r
r

S
ta

tic
 p

re
ss

ur
e,

,°.
r

m
0
0
^
iO

rO
N

N
i^

a
J
^

'JÛ
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Figure 1. - Installation of X24C-4B turbojet engine in altitude
wind tunnel.

Figure 2. - Double-annulus combustion chamber of X24C-4B turbojet
engine.

Figure 3. - Sectional side view of X24C-4B turbojet engine showing
stations at which instrumentation was installed.

Figure 4. - Instrumentation at cowl inlet, station 1, 41 8 inches in
front of front flange of oil cooler.
(a) Location of instrumentation.
(b) Detail sketch of pressure and temperature survey rake.

Figure 5. - Instrumentation at compressor inlet, station 2, 
4 inchbehind rear flange of oil cooler.

(a) Location of instrumentation.
(b) Detail sketch of static-pressure-tube installation.
(c) Detail sketch of total-pressure-tube and thermocouple
installation.

Figure 6. - Location of manufacturer's total-pressure integrating

rake at compressor inlet, station 2, 1 4 inches behind rear flange
of oil cooler.

Figure 7. - Instrumentation at compressor outlet, station 4,

1^ inches behind trailing edge of compressor-outlet straightening

vanes.
(a) Location of instrumentation.
(b) Detail sketch of static-pressure-tube installation.
(c) Detail sketch of total-pressure-tube and thermocouple
installation.

Figure 8. - Instrumentation at compressor outlet, station 4,

3n inches behind trailing edge,of compressor-outlet straighten-

ing vanes.
(a) Location of manufacturer's instrumentation.
(b) Detail sketch of manufacturer's total-pressure integrating
rake.

(c) Detail sketch of manufacturer's temperature rake.
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Figure 9. - Instrumentation at turbine inlet, station 5, 24 inches
in front of center line of first-stage turbine stator blade.
(a) Location of total-pressure tubes.
(b) Detail sketch of total-pressure-tube installation.

Figure 10. - Instrumentation at turbine inlet, station 5,

2 16 inches in front of center line of first-stage turbine stator

blade.
(a) Location of manufacturer's instrumentation.
(b) Detail sketch of manufacturer's total-pressure tube.

Figure 11. - Location of static-pressure tubes at turbine stator
stages, station 6, center line of each stator blade.

Figure 12. - Instrumentation at turbine outlet, station 7,

34 inches behind rear flange of turbine casing.

(a) Location of instrumentation.
(b) Detail sketch of total-pressure-tube and thermocouple
installation.

(c) Detail sketch of thermocouple rake.
(d) Detail sketch of single-thermocouple installation.

Figure 13. - Instrumentation at turbine outlet, station 7, 28 inches
behind rear flange of turbine casing.
(a) Location of manufacturer's instrumentation.
(b) Detail sketch of manufacturer's total-pressure integrating
rake.

(c) Detail sketch of manufacturer's thermocouple installation.

Figure 14. - Instrumentation in exhaust-nozzle outlet, station 8,
1 inch in front of rear edge of exhaust-nozzle outlet.
(a) Location of instrumentat-ion.
(b) Detail sketch of pressure and temperature survey rake.

Figure 15. - Variation of average total and static pressures through
engine for several altitudes. Mach number, approximately 0.53;
average corrected engine speed, 11,855 rpm.

Figure 16. - Effect of altitude on corrected total-pressure, static-
pressure, and indicated-temperature distribution at cowl inlet,
station 1. Mach number, approximately 0.53; average corrected
engine speed, 11,855 rgn.
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Figure 1 7 ,  - Effect of a l t i t ude  on r a d i a l  and circumferential  d i s -  
t r i bu t i on  of corrected t o t a l  pressure, s t a t i c  pressure, and 
indicated temperature at compressor i n l e t ,  s t a t i o n  2 .  Mach number, 
approximately 0.53; average corrected engine speed, 11,855 rpn. 

Figure 18. - Effect  of a l t i t u d e  on r ad i a l  d i s t r i bu t i on  of corrected 
t o t a l  pressure, s t a t i c  preesure, and indicated t emperature at 
compressor ou t le t ,  s t a t i o n  4. Mach number, approximately 0.53; 
average corrected engine speed, 11,855 rp .  

Figure 19. - Effect  of a l t i t u d e  on c i r c m f e r e n t i a l  d ie t r ibu t ion  of 
corrected t o t a l  pressure at turbine  i n l e t ,  s t a t i o n  5. Mach number, 
approximately 0.53 ; average corrected engine speed, 11,855 rpn. 

Figure 20. - U f e c t  af a l t i t u d e  on r a d i a l  d i s t r i bu t i on  of corrected 
t o t a l ' p r e s su re  at turbine ou t l e t ,  e t a t i on  7. Mach number, 
approximately 0.53 ; average corrected engine speed, 11,855 rpn. 

\ 

Figure 21. - Effect  of a l t i t u d e  on corrected indicated t a p e r a t u r e  
a t  turbine  ou t le t ,  s t a t i o n  7 .  Mech number, approximately 0.53; 
average corrected engine speed, 11,855 rpn. 
(a) Radial d i s t r ibu t ion .  
( b )  C i r c w e r e n t i a l  d i s t r ibu t ion .  

Figure 22. - Effect  af a l t i t u d e  on corrected to ta l -p ress~ t re ,  e t a t i c -  
pressure, and indicated-temperature d i s t r i bu t i on  at exhaust- 
nozzle ou t l e t ,  s t a t i on  8. Mach number, approximately 0.53; 
average corrected engine speed, 11,855 rpn. 

Figure 23. - Varjation of avorage t o t a l  and s t a t i c  pressures through 
engine with M~ch number. Alt i tude,  25,000 f e e t ;  engine speed, 
12,000 r p .  

Figure 24. - Effect  of Mach number on to ta l -pressure ,  s t a t i c -  
pressure, and indicated-temperature d i s t r i bu t i on  at cow1 in l e t ,  
s t a t i o n  1. Alti tude,  25,000 f e e t ;  engine speed, 12,000 rpm. 

Figure 25. - Effect  of Mach number on r ad i a l  and circumferential  
d i s t r i bu t i on  of t o t a l  preasure, s t a t i c  preseure, and indicated 
temperature a t  campressor i n l e t ,  s t a t i o n  2. Alt i tude,  25,000 f e e t  ; 
engine speed, 12,000 rpm. 

F i w e  26. - Effect  of Mach number on radia l  d i s t r i bu t i on  of t o t a l  
pressure, s t a t i c  presoure, ahd indicated temperature at com- 
prossor ou t l e t ,  s t a t i o n  4. Alt i tude,  25,000 f e e t ;  engine speed, 
12,000 rp .  
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Figure 27. - Effect cf Mach number on circumferential distribution
of total pressure at turbine inlet, station 5. Altitude,
25,000 feet; engine speed, 12,000 rpm.

Figure 28. - Effect of Mach number on radial distribution of total
pressure at turbine outlet, station 7. Altitude, 25,000 feet;
engine speed, 12,000 rpm.

Figure 29. - Effect of Mach number on indicated temperature at
turbine outlet, station 7. Altitude, 25,000 feet; engine speed,
12 000 rpm.
(aj Radial distribution.
(b) Circumferential distribution.

Figure 30. - Effect of Mach number on total pressure, static pres-
sure, and indicated temperature at exhaust-nozzle outlet, sta-
tion 8. Altitude, 25,000 feet; engine speed, 12,000 rpm.

Figure 31. - Variation of average total and static pressures
through engine with engine speed. Mach number, approximately 0.53;
altitude, 25,000 feet.

Figure 32. - Effect of engine speed on total-pressure, static-
pressure, and indicated-temperature distribution at cowl inlet,
station 1. Mach number, approximately 0.53; altitude, 25,000 feet.

Figure 33. - Effect of engine speed on radial and circumferential
distribution of total pressure, static pressure, and indicated
temperature at compressor inlet, station 2. Mach number,
approximately 0.53; altitude, 25,000 feet.

Figure 34. - Effect of engine speed on radial distribution of total
pressure, static pressure, and indicated temperature at compressor
outlet, station 4. Mach number, approximately 0.53; altitude,,
25,000 feet.

Figure 35. - Effect of engine speed on circumferential distribution
of total pressure at turbine inlet, station 5. 1 Mach'number,
approximately 0.53; altitude, 25,000 feet.

Figure 36. - Effect of engine speed on radial and circumferential
distribution of total pressure at turbine outlet, station 7.
Mach number, approximately 0.53; altitude, 25,000 feet.
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Figure 37. ®Effect of engine speed on indicated temperature at
turbine outlet, station 7. Mach number, approximately 0.53;
altitude, 25,000 feet.
(a)Radial distribution.
(b)Circumferential distribution.

Figure 38. - Effect of engine speed on total pressure, static
pressure, and indicated temperature at exhaust-nozzle outlet,
station 8. Mach number, approximately, 0.53; altitude,
25 9 000 feet.

CONFIDEIMAL



NACA RM Noa SE71_22	 CONFIDENTIAL	 21

ACA

C. 17897
2.14°47

Figure 2, — Double—annulus combustion chamber of X24C-46 turbojet engine,
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(a) Location of instrumentation.	 N r^

Figure 4. — Instrumentation at cowl inlet, station I, 414 Inches In

front of front flange of oil cooler.
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(b) Detail sketch of pressure and temperature survey rake.

Figure 4. - Concluded. 	 Instrumentation at cowl inlet, station I, 41

inches in front of front flange of of I cooler.
CONFIDENTIAL



26
	

CONFIDENTIAL	 NACA - RM NO. SE7L22

® Thermocouple
NACA

(a) Location of instrumentation.

Figure 5. - Instrumentation at compressor inlet, station 2, ^ inch

behind rear flange of oil cooler.
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(b) Detail sketch of static-pressure-tube installation.

Figure 5. - Continued.	 Instrumentation at compressor i n I et, station 2,

4 inch behind rear flange o.f of I cooler.
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NACA

Center line

(c) Detail sketch of total-pressure-tube and thermocouple
installation.

Figure 5. - Concluded.	 Instrumentation  at compressor i n I et, station 2,

inch behind rear flange of oil cooler.
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Figure 6. — Location of manufacturer's total—pressure integrating rake

at compressor inlet, station 2, I4 inches behind rear flange of oil
cooler.
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Rake 1

NACA
(a) Location of instrumentation®

Figure 7. — Instrumentation at compressor outlet, station 0-, 
1  inches

behind trailing edge of compressor—outlet straightening vanes.
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(b) Detail sketch of static-pressure-tube installation.

Figure 7. - Continued.	 Instrumentation at compressor outlet, station 4,

4 inches behind trailing edge of compressor-outlet straightening
vanes.
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Figure 7. — Concluded. 	 Instrumentation at compressor outlet, station 4,
I j inches behind trai I ing edge of compressor—outlet straightening
vanes.
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(a) Location of manufacturer's instrumentation.
	 NACA

Figure 8. - Instrumentation  at compressor outlet, station 4, 3R inches
behind trailing edge of compressor—outlet straightening vanes.
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Center line

(b) Detail sketch of manufacturer's total-pressure integrating
rake.

Figure B. - Continued.	 instrumentation at compressor outlet, station , 4,

3fj inches behind trai I ing edge of compressor-outlet straightening

vanes.,
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(c) Detail sketch of manufacturer's temperature rake.

Figure B. - Concluded.	 instrumentation at compressor outlet, station 4,

3[^ inches behind trai I ing edge of compressor-outlet straightening

vanes.
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a

(a) Location of total-pressure tubes.
	 N^` A^

Figure 9. — Instrumentation at turbine inlet, station 5, 2j inches in
front of center line of first—stage turbine stator blade.
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(b) Detail sketch of total-pressure -tube installation®

Figure 9—Concluded.	 Instrumentation at turbine inlet, station 5,

2j inches in front of center line of fi rst-stage turbine stator

blade.
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NACA

(a) Location of manufacturer's instrumentation.

Figure 10. - Instrumentation at turbine inlet, station 5, 24 inches In
front of center line of first-stage turbine stator blade.
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Center line	 _	 _	 NACA

(b) Detail sketch of manufacturer's total-pressure tube.

Figure 10. — Concluded.	 Instrumentation at turbine inlet, station 5,

2r^ inches in front of center line of first—stage turbine stator

blade.

CONFI DENTI AL



40	 CONFIDENTIAL	 NACA RM No. SE7L22

First stage

Seoond stage
Figure II. — Location of static—pressure tubes at turbine stator stages,

station 6, center line of each stator blade.
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(a) Location of instrumentation.

Figure 12. — Instrumentation at turbine outlet, station 7, 31 inches
behind rear flange of turbine casing.
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(bJ Detail sketch of total-pressure-tube and thermocouple installation.

Figure 12. — Continued.	 Instrumentation at turbine outlet, station 7, 33 inches behind rear flange of
turbine casing.
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• (a) Detail sketch or single—thermocouple installation.

Figure 12. — Concluded. 	 Instrumentation at turbine outlet, station 7, 31 inches behind rear flange of
turbine casing.
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Manufacturer's

O Total -pressure tube
0 Thermocouple

(a) Location'of manufacturer's instrumentation.

Figure '13. - Instrumentation at turbine outlet, station 7, 26 inches
behind rear flange of turbiete casing.
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(b) Detail sketch of manufacturer's total-pressure integrating rake.

Figure 13. — Continued.	 Instrumentation at turbine outlet, station 7, 28 inches behind rear flange of
turbine casing.
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Figure 13. — Concluded. 	 Instrumentation at turbine outlet., station 7, 2j inches behind rear flange of
turbine casing.	 A
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0 Thermocouple

NACA
(a) Location of instrumentation.

Figure 14. - Instrumentation in exhaust-nozzle outlet, station 8, 1 inch

in front of rear edge of exhaust-nozzle outlet.
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Figure 14. - Concluded.	 Instrumentation in exhaust-nozzle outlet, sta-

tion 8, 1 inch in front of rear edge of exhaust-nozzle outlet.
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Figure 25. - Effect of Mach number on radial and circumferential distribution of total pressure, static

pressure, and indicated temperature at compressor inlet, station 2. 	 Altitude, 25,000 feet; engine
speed, 1 2, 000 rpm.
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Figure 34. — Effect of engine speed on radial distribution of total pressure, static pressure, and

indicated temperature at compressor outlet, station 4. Mach number, approximately 0.53; attitude,

25,000 feet.
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Figure 35. — Effect of engine speed on circumferential distribution of total pressure at turbine

inlet, station 5.	 Mach number, approximately 0.53; a It itude, 25, 000 ' feet.
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Figure 36. — Effect of engine speed on radial and circumferential distribution of total pressure at 	 _j

turbine outlet,- station 7. Mach number, approximately 0.53; altitude, 25,000 feet.
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Figure	 37. —	 Effect	 of engine	 speed	 on	 indicated	 temperature at	 turbine	 outlet,	 station	 7. Mach num—	 m
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