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FOREWORD

To permit expeditious transmittal of performance data to those con-
cerned, Tigures of "Preliminary Data'" are presented herein. Preliminary
Data are test data that have not received the complete analysis and ex-
tensive cross-checking normally given a set of NACA data before release.
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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Bureau of Aeronautics, Department of the Navy
PRELIMINARY DATA ON THE EFFECTS OF INLET PRESSURE DISTORTIONS
ON THE J57-P-1 TURBOJET ENGINE

By Lewis E. Wallner, Robert J. Lubick, and Thomas H. Einstein

SUMMARY

~An investigation to determine the steady-state and surge character-
istics of the J57-P-1 two-spool turbojet engine with various inlet air-
flow distortions was conducted in the altitude wind tunnel at the NACA
Lewis laboratory. Along with a uniform inlet total~pressure distribu-
tion, one circumferential and three radial pressure distortions were
investigated. Data were obtained over a complete range of compressor
speeds both with and without intercompressor air bleed at a flight Mach
number of 0.8 and at altitudes of 35,000 and 50,000 feet.

Yo

Total-pressure distortions of the magnitudes investigated had very
little effect on the steady-state operating line for either the outer or
inner compressor. The small radial distortions investigated also had
1ittle if any effect on narrowing the high speed operating range of the
engine over that obtained with the uniform inlet pressure distribution.
The circumferential distortion, however, raised the minimum speed at
which the engine could operate without encountering surge when the inter-
compressor bleeds were closed. This increase in minimum speed resulted
in a substantial reduction in the operable speed range accompanied by ‘a
reduction in the altitude operating limit.

INTRODUCTION

At the request of the Navy Department, Bureau of Aerorautics, an
investigation was conducted to determine the steady-state and transient
performance of the J57-P-1 turbojet engine in the altitude wind tunnel
at the NACA Lewis laboratory. As part of this investigation, the steady-
state operating line and the operating condition of the two compressors
at the point where the engine surged were determined. These data are

reported herein for a uniform inlet total-pressure distribution, for one
circumferential inlet pressure distortion, and for three relatively small

adia essure distortions. . .
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2 CONFIDENTTAL NACA RM SES54K19

Data were obtained over a complete range of rotor speeds at alti-
tudes of 35,000 and 50,000 feet and at a flight Mach number of 0.8. At
each flight condition, the steady-state operating line and the operating
line when engine surge occurs were determined for both compressors with
and without compressor air bleed.

ENGINE INSTALLATION AND INSTRUMENTATION
Engine and Installation

A cross-sectional view of the J57-P-1 two-spool turbojet engine is
shown in figure 1. The inner spool consists of a 7-stage axial-flow
compressor connected by a hollow shaft to a single-~stage shrouded tur-
bine. The outer spool consists of a 9-stage axial-flow compressor and
a 2-stage shrouded turbine connected by a shaft inside of and concentric
with the hollow shaft of the inner spool. Rated inner spool speed is ¥
approximately 9600 rpm. The combustor is of the cannular type having
eight tubular liners each with a piloting cone and six duplex fuel spray
nozzles.

The engine is equipped with two compressor bleed ports that permit
the bleeding of air from the discharge of the .outer compressor, thereby
lowering the outer compressor pressure ratio to avoid outer compressor
surge. Opening and closing of the compressor bleeds is controlled by
the outer-spool speed. The outer-spool speed at which the bleeds are
actuated is scheduled as a function of inlet temperature with the actual
speed 45€¥3§Ei5§‘with increasing inlet temperature. This schedule is
such that the bleeds operate from one position to the other between
outer-spool speeds of 5195 and 5660 rpm.

The turbojet engine was mounted on a wing section that spanned the
test section of the altitude wind tunnel. Ambient air was dried and
refrigerated and then supplied to the engine by means of inlet ducting.
Automatic bleed valves in the inlet ducting were used to maintain the
ram-pressure ratio at the desired level during transient engine operation.

Instrumentation

Instrumentation used to measure the steady-state compressor per-
formance is indicated in figure 1. The following parameters were meas-
ured on s multiple-channel oscillograph both during steady-state and
transient operation: (1) outer and inner compressor speed; (2) inlet
and outlet pressures for both outer and inner compressor; (3) inner com-
pressor inlet temperature. The presence of rotating stall was indicated *
by oscilloscope observations of compressor inner-stage pressure pickups
and hot-wire anemometer signals. '
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Types of Inlet Preésure Distortions

The inlet pressure distortions were produced by screen segments
installed at the engine inlet 13 inches upstream of the inlet guide

vanes (fig. 2). In order to support the fine mesh screens, a %—inch

mesh screen was placed over the entire annulus. The uniform inlet
total-pressure distribution is therefore the profile existing behind
this screen.

The configurations and sizes of the screens are described in the
following table and their location schematically shown in figure 3.

Configuration|Type of distortion|3ize of screen Size of backing
screen

Undistorted |Uniform None %—inch mesh

A Circumferential 0-#10-#20-:%30 mesh %L;-'nch mesh

B Mild Radial 0-#7-#10 mesh :ZL--inch mesh

C Severe Radial 0-#10-/#6 mesh Z—inch mesh

D Inverse Radial 10-#7-0 mesh %-inch mesh

PROCEDURE

Data were cobtained at a flight Mach number of 0.80 at altitudes of
35,000 and 50,000 feet for the uniform inlet air-flow distribution, the
circumferential air-flow distortion, and the three radial air-flow dis-
tortions. The surge characteristics were determined over the complete
range of spool speeds with the restriction at the high-speed end being
limiting turbine inlet temperature. The compressor bleeds were manually
operated for this investigation so that the bleed valves could be held
in either the open or closed position, independent of the normal bleed
schedule.

For each engine inlet configuration, the steady-state operating
line and engine surge line were determined for the engine with rated
exhaust nozzle area. The operating conditions of the compressors at the
point where the engine surged were obtained by using either step or ramp
changes in fuel flow and recording the performance parameters on the
transient instrumentation. The step and ramp changes in fuel flow were
made possible by replacing the standard engine fuel control with a
special fuel control.

CONFTNRNTTAT.
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The steady-state engine speed operational limits were determined by
either slowly increasing or decreasing the speed at a constant flight
condition until surge or limiting turbine temperature was encountered.

In order to insure reliability in the data, each limit was based on °
from one to five data points, depending on the severity of the condition.

RESULTS

The performance data are arranged in the figures according to the
order presented in table I. The data as presented herein is merely the
pressure ratio of each compressor at the point where engine surge
occurred and not necessarily the surge pressure ratio of each compressor.
Additional analysis and study are required before it can be determined
which compressor surged initially at each engine surge point.

The shape and magnitude of the total-pressure distortions imposed
on the engine at the inlet are presented in figures 4 and 5. It should
be noted that the maximum radial distortion (fig. 5(a)) has local pres-
sure deviations of only 2 or 3 percent in the tip region and about 7
percent in the hub region. The effect of these distortions on the speed
match between the two spools, steady-state compressor operating lines,
and compressor operating condition where engine surge occurred are shown
in figures 6 to 10 for engine operation with intercompressor bleeds open
at an altitude of 35,000 feet and a flight Mach number of 0.8. . For the
magnitude of distortions investigated, the speed match between the two
spools (fig. 6) and the steady-state operating line for each compressor
(figs. 7 and 8) remained essentially unaltered. This effect exists for
both compressor bleed positions and both flight conditions investigated.

Figures 7 and 8 also compare the operating condition of the two
compressors at the point where engine surge occurred for each config-
uration with the steady-state operating line for the same configuration.
For the outer compressor, the pressure ratio at which the engine surged
is approximately the same as the pressure ratio for steady state opera-
tion. This characteristic of the outer compressor existed for all engine
and flight conditions investigated. The data of figure 7 and 8 are com-
pared in figures 9 and 10 to show the effect of inlet pressure distor-
tions on the point where engine surge occurs. In general, the inlet
pressure distortions had little effect on the compressor pressure ratios
with open bleeds at the engine surge condition.

. For compressor bleeds closed at 35,000 feet (fig. 11 to 15) the small
radial distortions had little effect on compressor operation. However,
for the circumferential distortion, rotating stall was obtained over a
somewhat enlarged speed range. At 50,000 feet with compressor bleeds
open (figs. 16 to 20), the effects of inlet pressure distortions were
relatively small; this is similar to the result at the lower altitude.

CONFIDENTIAL
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Rotating stalls persisted to higher engine speeds for all the inlet dis-
tortions with the compressor bleeds closed at 50,000 feet (fig. 21 to 25).
High speed operation at this condition could not be obtained with the
circumferential distortion because of steady state compressor surge.

" -The increase in inner-spool pressure ratio in the middle speed
region with the circumferential distortion, shown in figures 15 and 20,
is not necessarily an increase in surge pressure ratio of this compres-
sor, but is simply the operating condition of this compressor at the
moment of engine surge initiation.

- The steady-state operating limits of the engine resulting from
either maximum turbine-inlet temperature limit or the intersection of
the steady-state operating line with the engine surge line are presented
in figures 26 and 27. The shape of the limit lines for these data was
determined from the data presented in reference 1. Figure 26 presents
the limits with the intercompressor bleeds open. At this position of
the bleeds no minimum speed 1limit was encountered; at 50,000 feet, high
speed operation was limited by steady state engine surge for the undis-
" torted inlet flow and inverse radial distortion, and by maximum exhaust
gas temperature for the circumferential and radial distortion. As was
demonstrated in reference 1, surge limited operation further reduces
the maximum engine speed as altitude is increased above 50,000 feet.

 Maximum speed operation for compressor bleeds closed (fig. 27) was

not limited by engine surge, but only by encountering maximum exhaust
gas temperature. Minimum speed operation was limited by steady-state
surge; this speed limit was about the same for all configurations in-
vestigated except the circumferential distortion. At 35,000 feet, the
circumferential distortion reduced the operable speed range by about

50 percent, whereas at 50,000 feet all operation with this distortion
was precluded because of steady-state surge.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, December 3, 1954
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SES4C31, 1954.
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TABLE I. - FIGURE INDEX

Figure Dependent variable Independent variable
1 Schematic diagram of engine
2 Schematic diagram of engine inlet
3 Schematic diagram of inlet screen
configurations
4(a) |Ratio of local total pressure average |Circumferential location
4(b) {Ratio of maximum pressure differen-
tial to average Nl/w/el
5(a) |Ratio of local total pressure to
average- Radial location
5(b) |Ratio of meximum pressure differen-
tial to average N1/~/671
Bleeds open; altitude, 35,000 feet; flight Mach number 0.8
6 No//61, Na/~/6z N1 /~+/61
7 Pg/Pl comparison of steady-state Nllq(el
8 Pz/Ps and surge characteristics sz/ /55
9 P, /P, \comparison of surge N, /~/6]
10 P3/P2 characteristics N2/1/92
Bleeds closed; altitude, 35,000 feet; flight Mach number 0.8
i1 No/~/61s Np/~/6; N1/+/61
12 Py /P17 comparison of steady-state /61
13 Pz/P, | and surge characteristics  |No/~/05
14 P, /Py comparison of surge Np/~/67
15 PS/PZ characteristics N2/1/92
Bleeds open; altitude, 50,000 feet; flight Mach number 0.8
16 No/~/01, No/~/05 Ny /~/67
17 P,/P;\ comparison of steady-state N1/~/67
18 PS/PZ and surge characteristics N2/1/92
19 P2/P1\ comparison of surge W1/~/€1
20 Pz/P, | characteristics No/~/%3
Bleeds closed; altitude, 50,000 feet, flight Mach number 0.8
21 No/~/61, Na/~/02 Ny /+/61
22 PZ/Pl comparison of steady-state Nl/jlel
23 P5/P2 and surge characteristics N2/1/62
24 PZ/Pl comparison of surge Nl/w/el
25 Pz/Pp ] characteristics No/~/02
Steady-state operational limits
26 Altitude (bleeds open) N1/1/91
27 Altitude (bleeds closed) Nl/,/e1

CONFTORNTTAT.
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Station Number of Number of Number
total pressure static pressure of thermocouple
probgs probes probes
1 42 16 16
2 24 - 12
3 20 - 12
4 18 - 8
5 16 - -
6 24 8 24
T 24 4 24

Figure 1. - Schematic diagram of J57-P-1 turbojet engine showing location and

amount of steady-state instrumentation.
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Screens——ﬂ\\
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Inlet struts
(six equally spaced
in circumference)

» e Engine flange

Figure 2. -~ Location of distortion screens and inlet instrumentation.

Inlet
guide vanes
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Circumferential distortion

=N
y

' N

Bullet nose

No blockage

Circumferential "A" Radial "B"

30 Mesh screen

20 Mesh screen

10 Mesh screen

10 Mesh screen

T Mesh screen

No blockage

Radlal distortion

Bullet nose

Radial "C"

16 Mesh screen

10 Mesh screen

No blockage

(Note: Distortion screens were supported on & 1/4" mesh which spanned the inlet annulus).

Figure 3. - Sketch of screen segments for inlet distortion investigation.
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Inverse radisl distortion

Bullet nose

Inverse radial "D"

10 Mesh screen

T Mesh screen

No blockage

“ (Note: Distortion screens were supported on a 1/4" mesh which spanned
the inlet annulus).

Figure 3. - Continued. Sketch of screen segments for inlet distortion
investigation.
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Deviation of local pressure

Maeximum total pressure variation,

NACA RM SES54K19 CONFIDENTTIAL
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Figure 4(a). Typical circumferential total pressure profile.
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Corrected outer spool speed, N1/467 (rpm)

Figure 4(b), Effect of outer compressor corrected speed on the

circumferential total pressure gradients., Altitude, 35,000 feet;
£light Mach number,

0.8,
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Deviation of local pressure

Maximum total pressure vgriation,

Plocal

from average pressure,

Phax = Pmiﬁ

Pave

Pave

CONFITENTIAL NACA RM SE54K1S

O Undistorted
O Radiel B
A Radiasl C
1,1 a Inverse radial D
= Ex“@ ”ﬂ
1,04 s iz HHHE
& ,H HH e e T A ) 2 s
O & 9 H

Radial location, inches from outer surface

Figure 5(a). Typical radial total pressure profiles.

Corrected engine speed, 100% of rated.

.2

.1 i

, OEEEEFEE PP st iR £
3000 3800 4600 5400 8200 7000

Corrected outer spool speed, N1/81 (rpm)

Figure 5({(b). Effect of outer compressor corrected spsed on the
radial total pressure gradients. Altitude, 35,000 feet;
flight Mach munber, 0.8.
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10,600 3 : it il
10,200
it i
B - ) T 55
9800 O Undistorted : 1
O Circumferential A i £
{ Radial B R
A Radial C H e
9400 4 Inverse radial D
9000 i
8600 i
8200
7800 i
i :
7400 N, /e
7000
$E HHHH
6600 A B
6200
5800 - . . + U ' '
2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400
' Corrected ‘outer spool speed, Ny/461, rpm
Fi

.

Corrected inner spool speed, No/~@1 and No/¥S;, rpm

gure 6. - Variation of corrected inner spool speed with corrected outer spool
speed for several inlet pressure distortions. Altitude 35,000 feet, flight
Mach number 0.8, compressor bleeds open.
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2(av)/P1(av)

Outer spool pressure ratio, P

Undistorted

Radial distortion B

Inverse radial distortion D

CONFIDENTIAL

O Engine surge by step increase in fuel flow
1 Engine surge by ramp increase in fuel flow
- Steady state operating line

a) Undistorted

(b) Circumferential
distortion A

{(¢) Radial
distortion B

distortion C

(e) Inverse radial
distortion D

2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400

Corrected outer spool speed, Nl/yﬁqt rpm

Figure 7. -~ Comparison of outer sﬁéol pressure ratio at engine surge with outer
spool steady state operating line for several inlet pressure distortions.
Altitude 35,000 feet. Flight Mach number 0.8. Compressor bleeds open.
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Outer spool pressure ratio, Pz(av)/Pl(av)
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Corrected outer spool speed, Nl/ﬁé_;,mrpm

Fiéure 11, - Varistion of corrected inner spool speed w1th corvected outer spool speed for several
inlet pressure distortions. Altitude 35,000 feet, Fllght Mach number 0.8, Compressor

bleeds closed,
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» Figure 12, - Comparison of outer spool pressure ratio at engine surge with outer spool steady-state )
operating line for seversl inlet pressure distortions. Altitude 35,000 feet. ¥Flight Mesch number 0.8,
Compressor bleeds closed,
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Corrected inner spool speed, Na/A@;, rpm

Fiéure 13, - Comparison of inner spool pressure ratio at engine surge with inmner spool steady-state

operating line for several inlet pressure distortions. Altitude 35,000 feet. Flight Mach
number 0.8, Compressor bleeds closed.
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Figure 14, = Effect of inlet pressure distortion on outer spool pressure ratio at engine surge.
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Corrected inner spool speed, Np/NB7 and Np/+6, rpm
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Figure 16. - Varlation of corrected inner spool speed with corrected outer spool
speed for several inlet pressure distortions. Altitude 50,000, flight Mech

nunber 0.8. Compressor bleeds open.
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Pigure 17. ~ Comparison of outer spool pressﬁre ratio at engine surge with outer

spool steady state operating line for several inlet pressure distortions.
Altitude 50,000 feet. Flight Mach number 0.8. Compressor bleeds open.
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Figure 18, = Comparison of inner spool pressure ratio at engine surge with immer

spool steady state operating line for several inlet pressure distortions.
Altitude 50,000 feet. Flight Mach number 0.8. Compressor blseds open.
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Figure 21, - Variation of corrected inner spool speed with corrected outer spool speed for several .
inlet pressure distortions, Altitude 50,000 fest. Flight Mach number 0.8, Compressor bleeds
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Figure 23. - Comparison of inner spool pressure ratio at engine surge with inner
spool steady state operating line for several inlet preasure distortions.

Altitude 50,000 feet. Flight Mach number 0.8. Compressor bleeds closed.
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engine surge. Altitude 50,000, flight Mach number 0.8, compressor bleeds closed.
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Figure 26. - Effect of altitude on engine operating limits,

Flight Mach number 0.8, Compressor bleeds open,
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Figure 27, - Effect of altitude on engine operating limits,

Flight Mach number 0,8. Compressor bleeds closed,
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