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OF XJ-55-FF-1 TURBOJET ENGIHE

I - PRELIMINARY PERFORMABCE OF COMPRESSOR

By Melvin J. Hartmanw and Robert C. Graham

. SUBMARY

An investigation was conducted to determine the performance
characteristice of the axiasl-flow supersonic comprsssor of the
XJ-55-FF-1 turbojet enginme. The test unit consisted of a row of
inlet guide venes and & supersonic rotor; the stator vanmes after
the rotor wers omitted.

The meximum pressure ratio produced in the single stage wes
2.28 at an equivelent tip speed of 1814 fest per second with an
adiasbatic efficienmcy of approximately 0.61’amd an eguivelent weight
flow of 13.4 pounds per second. The maximm efficiency of 0.79 was
cbtained at an equivalent tip speed of 801 fsest per sscomd.

IFTRODUCTION

At the request of the Air Materiel Command, U. 8. Air Force,
the HACA Lewis laboratory iz comducting an investigation of the
pefformance characteristics of the axial-flow supersonic compressor
of the XJ-55-FF-1 turbojst engime. Because the supersonic-type
compressor has potemtialities for producing high pressure ratio per
stage with good weight-flow characteristics, it is partiecularly
suited to the turbojet emgine, which requires high weight flow amd
stage pressure ratio in & light compact umit.

Preliminary investigations of supersonic compressors dessigned
by the BACA have shown emcouraging results (references 1, 2, and 3).
The rotor blades of the XJ-55-FF-1 supersonic compressor are based
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and thermodynamic design dste for this compressor are gilven in
reference 4. The complets compressor congists of a row of inlet
guide vanes, & supersonic rotor, and two rows of stator vanss after
the rotor. The test unit consisted of the inlet guids vanes and
rotor blades, without the stator blades. Prelimimary performance
date were obtainsd for a renge of eguivalent tip speeds from 409
to 1814 feet per second and squivalent weight flows as high as

13.4 pounds per sscond.

APPARATUS AND PROCEDURE

Compressor. - The compressor assembly consists of a row of
inlet guide vanes (fig. 1) amd the supersonic rotor (fig. 2). The
27 blades of the Inlet guide vanes have constant hub and tip
dismeters of 10.20 and 13.25 inches, respsctively. The rotor has
38 blades with & tip diemelter of spproximately 13.00 inches and a
hud dlaweter varying from 10.20 inches at the inlet to 10.85 inches
&t the outlst.

Two compressor asgeublies were used for thisz performance
investigation. 4 test rig failure, which occurred hefore any daber
wers obtained, resulted in the destructiom of the first compressor
assembly; the compreszor rotor after the rig feilure is shown in
Pigure 3.

Damags to the leading edges of the rotor blades on the szoond
compressor rotor wag incurred after the over-all performance ioves-
tigation was mearly complete. This damage, which was im the form
of & rolling-over of the thin leading edges of the blades, is szhown
“inm figure 4. After hand-finishing the leading eodges, tests were
resumed and a similar damege again occurred. The blades were again
refinished, the investigation was resumed, and the blade leading
8dges vers sgein rollsd over. The experimental investigatlion was
then terminated; condition of the second votor after completion of
this investigation is shows in figure 5.

reggor imstsllation. - Air was inducted from the labora-
tory refrigerated-air system through a measuring orifice in ihe
inlet pips. A depression tank was placed shead of the compressor
to insure smooth entry of flow in accordsnce with the standard
procedures for testing axial-flow compressors (reference 5). The
rotor was straddle-mounted, with the shaft supported on two self-
alining Journal bearings. The front bearing and the staticmary
hub sscticn abead of the rotor were supported by four sirfoil
struts.
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Alr discharged from the rotor through an awsuler passage into
& collector, and them through two radisl ocutlet pipes to the laborg-
tory sltitude-exhaust facilities. In this installation, the outlet
gtator blades were replaced by ziz airfoil struts set at an angls
corresponding to the dssign angle of flow into ths stator at ths
pitch section. These struts support the statiomery hub behind the
rotor.

Compressor pressures were rogulated by butterfly throttle wvalves
in the inlet and outlet pipes. The compressor wes driven by a
2500-horsepower motor through speed-incrsaser gears.

Tastrumentation. - The sir weight flow through the compressor
was meapured b;y an adjustable orifice in a straight section of the
inlet pipe. Measurements at the compressor inlet were made by four
thermocouples in the depression tank, as recomsended in refersnce 5.
Becauge the velocity of the air in the tamk was negligible, four
static-pressurs taps, instslled as recommended in reference 5, were
uged to msasurs total pressurs.

Two thermocouple rakes and two total-pressure raekes 180° apart
were located approximstely 6 inches downstream of the votor and
3 imches downstream of the trailing edgs of the support struts.
Each rake consigted of three instrumente located at ths area cemters
of egual amnular aressg. The tubes were insensitive to yaw over a
range of £30°; at each speed, therefore, the rakes could be set for
accourate reafdings over the range of alr flows and air-discherge
angles encountered. Four static-pressure taps 90° spart were pro-
vided on both the immer and the outer walls at the rske station.

All pressures were measured with mercury manomsters and all .
temperatures were taken with lrom-constantan thermocouples cali-
brated for recovery cosfficient over the Mach mmber rauge of the
investigation. The difference in potential between the hot jume-
tion and the ice bath wes measured with a calibrated potenticmeter
in conjunction with a spotlight galvanometer. The compressor robor
spesd was measured with an electric chronometric tachomster.

Procedure. - Performance dats were obtained over a mnga of
equivalent weight flows W./@/5 from wide-open throttle to stall
at constant values of equivelent tip speeds U/./@ in the range
from 409 to 1614 fest per smecomd;

vhere
¥ weight flow, 1b/sec

6 ratio of sctual inlet stagnation temperaturs to standard sea-
level temperaturs, T4/518.4
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3! ratio of actusl iniet total pressure to standard sea-level
pressure, P,/2116

U  velocity of rotor, ft/sec

Inlet pressure was meintained at 30 inches of mercury absolute for
speads from 409 to 801 fest per second and 20 inches of mercury -
abeolute for speeds frm 1000 to 1614 feet per second. Inlet item-~
peratures varied from 0° F to -60° F. The low temperatures
rednced the actual tip speed for a given egquivaient tip speed,
ghich helped to keep the bearing temperatures within reasonsble
1limits.

Totel-pressure ratio is defined as Pg/P,, where P; is the

srithmetic everage of total pregsures measured at the ares centers
of three egual arpmular arsas at the rake station.

Adisbatic efficiancy Tea is defined

-1

e -

whers

iy total (stagnation) temperature, °r

P total (stagoation) pressure of sbsolute air, 1b/sq £t
¥ ratic of specific heatz for normal air, 1.40
Subscripte:

1 compressor inlet

86 reke measuring station

‘1’6 is ths arithmetic sverags of total temperaturses measured at ths
area centers of three sgqual smmular aress at the rake station.
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RESULTS ARND DISCUSSICE

The curves of pressure ratio as a functiom of eguivalent
weight flov with superimposed comtours of adisbatic efficlency ars
shown in figare 6 for sgulvalent tip speeds from 409 to 1814 feet
per gecond. Performance data are limited at equivalemt tip speads
of 1498 and 1614 feet per second becauss of the mechsnical 4iffi-
culties; the estimated performance for these two mpeeds iz shown
8% dashed 1lines.

Paximm total-pressure ratlios varied from 1.08 at 405 feet per
gecond to 2.28 at 1614 feet per second. The equivalent weight flow
wes 13.4 pounds psr second at meximum pressure ratio for an eguive-
ient tip speed of 1614 fset psr second.

A maximm efficiency of 0.79 was obtained at an eguivalent tip
gpeed of 801 feet per second. At tip speeds greater than 801 feet
per second, the adisbatic efficiency dscreased with increasing tip
speed; a maximum efficlency of approximately 0.61 was obtained at
the maximum-pressurs-ratioc condition for a tip speed of 1614 fest
per second.

SUMMARY OF HESULTS

The following preliminary results were obtainsd in an inves-
tigation of the axial-flov supersonic compressor of the XJ-55-FF-1
turbejet emgine:

1. The maximm pressure ratio varied from 1.08 at 409 fest per
second to 2.28 at 1614 feet per second. The eguivelent weight flow
at the maximmm-presgsure-ratic condition at 1614 feet per second was
13.4 pounds per second.

ximm efficisncy of 0 79 was obtained at an squivalent
tip spesﬁ of 801 feet per second. HMaximmm efficiency decreased
with higher tip spesds; an adisbatic efficiency of approximately
0.81 was obtainsd at the maximuwm-pressure-ratio condition at an
sguivalent tip speed of 16814 feet per second.

Iewis Flight Propulsicn lLaboratory,
Ratiomal Advisory Committes for Asromamutics,
Cleveland, Ohio, January 31, 1949.
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Figure 1. - Inlet guide vanes for supersonic compressor of XJ-55-FF-1 turbojet engine.

CONESINENTE AL



NACA RM No. SE9A3I ‘ CONFIDENTI AL 8

C-.21405
5-11.48

Figure 2. - Rotor for supersonic compressor of XJ-55-FF-1 turbojet engine.
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Figure 3.

irst compressor rotor after rig failure.
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Figure 4. - Initial damage to secondfcompressor rotor.

CONFIDENTIAL ’



NACA RM No. SEQA3| CONFI DENTIAL ]

C-22853
1-21-49

Figure 5. - Fipal condition of second compressor rotor.
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Figure 6. - Performance characteristics of axial-flow super-

sonic compressor for XJ-55-FF-1 turbojet engine.
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