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EXPERIMENTAL INVESTIGATION OF THE EFFECT OF SCREEN-INDUCED
TOTAL-PRESSURE DISTORTION ON TURBOJET STALL MARGIN
by James E. Calogeras, Charles M. Mehalic, and Paul L. Burstadt

Lewis Research Center

SUMMARY

An experimental investigation was made to determine the effects of screen-induced
total-pressure distortions on a J85-GE-13 turbojet engine. Radial and circumferential
screen patterns of various extents and intensities were tested, both separately and in
combination. Results indicate the compressor to be sensitive to a critical angle of cir-
cumferential distortion equal to 60°. For both single and multiple circumferential dis~
tortions, loss in compressor pressure ratio at stall was correlated with a distortion in-
dex based on the lowest mean pressure in any 60° sector of the compressor face flow
field. Hub radial distortion was found to affect the pumping capacity and pressure ratio
of the compressor, but not the stall margin; however, tip radial distortion did affect the
stall margin. The circumferential component of a combined pattern was generally found
to be the predominant factor affecting stall margin.

INTRODUCTION

In recent years a great deal of attention has been focused on problems associated
with inlet-engine compatibility. Particular attention has been paid to compressor-face
total pressure fluctuations produced in supersonic inlets. These fluctuations result in
total pressure distortions that may cause serious stall margin degradation if the distor-
tion pattern persists for a time interval equal to a fraction of a rotor revolution. In any
given instance of in-flight compressor stall, the stall inducing distortion will probably
be neither purely radial nor purely circumferential. Rather, it will be some combination
of radial and circumferential distortions, be of a certain size, shape, and intensity, and
will have existed for a certain time interval. To better evaluate the inlet portion of a
proposed propulsion system, then, it has become necessary to know the effect of all of
these distortion variables on the performance of the engine in question.




One method now commonly used to analyze the effects of circumferential pressure
distortion on compressor performance is the '""parallel compressor theory'' suggested
by Pearson and McKenzie in reference 1. This theory divides a compressor subjected to
pressure distorted inflow into parallel compressors, each with an undistorted inflow of
different total pressure. It is assumed that each compressor operates on the same un-
distorted compressor characteristic, that there are no crossflows between compressors,
and that the compressors discharge to a constant and uniform static pressure. In refer-
ence 2 the authors found this theory to be quite useful in determining the effects of cir-
cumferential pressure distortion on compressor performance when the rotors were not
stalled. In the work presented in reference 3 this theory was extended to include both
different types of compressors and more complex distortion patterns. In addition, a
simple distortion index was developed in reference 3 from findings which showed the
compressor to be sensitive to a critical angle of circumferential distortion. This critical
angle is related to the minimum time required for a compressor to respond to a distortion
in a steady-state manner.

Several inlet-engine compatibility studies have been made at the NASA Lewis Re-
search Center (e.g., refs. 4 to 7). One of these studies, results of which are as yet un-
published, was conducted in the 10- by 10-Foot Supersonic Wind Tunnel to measure in-
stantaneous distortion and its effect on the stall margin of a J85-GE -13 turbojet engine.
To quantitatively interpret these results, however, it was first necessary to determine
the sensitivity of this particular engine to steady-state distortion.

This report presents the results of an experimental investigation made to determine
the effect of steady-state total-pressure distortion on the J85-GE-13 turbojet engine.
Steady-state distortions were produced by placing screens approximately one engine di-
ameter upstream of the compressor face. The program included varying the extent and
intensity of both circumferential and radial distortions. Some combined distortion pat-
terns were also studied in order to develop a distortion index which would apply to this
engine regardless of the complexity of a pressure distortion presented it. Like refer-
ence 3, the evolution of this index for circumferential distortions was based on the de-
termination of the critical angle of spoiling for the J85-GE-13 engine. This investigation
was conducted in the Propulsion Systems Laboratory Altitude Chamber of the NASA Lewis
Research Center.

APPARATUS AND PROCEDURE
Installation

The installation of the J85-GE-13 turbojet engine in the Propulsion Systems Labora-




tory Altitude Chamber is shown in figure 1. A photograph of the engine installation is
presented in figure 1(a). Figure 1(b) is a schematic drawing detailing the more pertinent
measuring stations. A direct-connect installation was utilized, with the engine mounted
on a thrust stand within the chamber and the engine inlet duct passing through a labyrinth
seal in the forward bulkhead. The inlet air bellmouth was designed to have a throat Mach
number of 0.6 at rated engine airflow. The flow coefficient had previously been found

to be repeatable to within +0. 3 percent (see ref. 8).

The General Electric J85-GE-13 is an afterburning turbojet engine possessing a high
thrust-to-weight ratio. The engine consists of an eight-stage axial-flow compressor
coupled directly to a two-stage turbine. It incorporates controlled compressor inter-
stage bleed and variable inlet guide vanes, a through-flow annular combustor, and an
afterburner (not used in this test) with a variable area primary exhaust nozzle. The
engine inlet diameter is 16. 1 inches (40.9 cm).

The variable inlet guide vanes are mechanically linked to the compressor interstage
bleed valves so that when the inlet guide vanes are fully closed, the bleed valves are
fully open. Normally, compressor interstage bleed was scheduled linearly from full open
at 80 percent corrected engine rotor speed to full closed at 94 percent corrected speed.
For all testing during this investigation, interstage bleed was rescheduled to provide
linear variation between 76 and 90 percent corrected engine speeds. This schedule cor-
responds to the maximum allowable bleed closure for safe engine operation and was re-
guired to obtain many of the stalls at corrected speeds below 94 percent of rated speed.

The compressor was stalled by slowly closing the exhaust nozzle. In order to avoid
overtemperaturing the turbine during this procedure, the first-stage turbine nozzle was
approximately 26 percent smaller in area than the standard unit. At any point on the
compressor map, then, the turbine was matched to the compressor at a lower turbine
inlet temperature.

For this investigation the exhaust nozzle area was manually controlled. During cer-
tain portions of the test program, however, the required exhaust nozzle area was less
than the minimum obtainable with the standard nozzle. To obtain the required areas, six
airflow blockage plates were installed inside the nozzle leaves.

A tabulation of the screen patterns used in this investigation is presented in table 1.
(Symbols are defined in appendix A.) The mesh number associated with the screens in-
dicates the number of wires in each linear inch of the square grid. The ratio Pmin, 2//§i
is indicative of the total-pressure drop across both the distortion screen and its support
structure. A number 1 mesh grid structure was used to support the distortion screens.
This grid structure had wire diameters of 0.080 inch (0.203 cm) and a porosity of 84.6
percent open area. It was located 16. 35 inches (42. 80 cm), about one compressor face di-
ameter, upstream of the inlet guide vanes. At military rated speed the support grid

produced a total-pressure difference (P )2 of about 4 percent of the compres-

max Pmin




sor face average total pressure. Finally, the engine bullet-nose was extended to an
axial position just upstream of the screen location. Photographs of the bullet-nose ex-
tension and screen pattern number 25 are presented as figures 1(c) and (d).

Instrumentation

Details of the steady-state pressure and temperature instrumentation used in the data
analysis are presented in figure 2. The compressor face instrumentation was located
3.50 inches {8.89 cm) upstream of the inlet guide vanes. This left an axial distance of
13. 35 inches (33.91 cm), or slightly less than one compressor face diameter, between the
distortion screens and the compressor face instrumentation. The five total pressure
probes of each compressor face rake were area weighted radially and each probe repre-
sented a 60° circumferential sector. During analysis, an adjustment in the data corres-
ponding to one or more probes on a compressor face rake was found to be necessary
whenever a distortion screen boundary coincided with these probes. This was required
because the low pressure region tended to diffuse slightly during the transport time from
screen to probe, just covering a probe that might be coincident with the actual screen
boundary. To properly weight such a probe, a pressure was assigned it equal to the
average of the two immediately adjacent probes at the same radius. An adjustment was
alsomade to the probes centrally immersed in the spoiled flow sector of screen pattern
number 10, a 30° circumferential distortion pattern. These probes were assigned a 30°
circumferential sector representation. FEach of the immediately adjacent probes at the
same radius was assigned an additional 159 circumferential sector representation. The
positions of the screens relative to the compressor face total-pressure rakes are indi-
cated in subsequent figures.

Test Procedure

Atmospheric air was supplied to the inlet duct and was throttled to a total pressure of
10 pounds per square inch (68 948 N/mz) in order to obtain a nominal Reynolds number
index Rel of 0.70 at the compressor face. This value corresponded to the Rel associ-
ated with the inlet-engine compatibility tests referred to in the INTRODUCTION. Be-
cause of atmospheric temperature variations and distortion screen pressure losses, the
actual compressor face Rel fluctuated approximately 10 percent about an average value
O.v6'7. The altitude chamber pressure PO was maintained at 4. 5 pounds per square inch
(31 026.6 N/mz). This was just low enough to ensure exhaust nozzle operation at critical
flow for all engine operating conditions in the range of interest.




After the desired simulated flight conditions were stabilized, main burner lightoff
was made at idle throttle setting from a windmill rotor speed of about 60 percent of rated
speed. Four ports are provided at the compressor discharge station to allow high pres-
sure air extraction for auxiliary aircraft systems. These ports were left open to in-
crease compressor stall margin during engine acceleration from windmill. Once engine
speed stabilized, these ports were closed for data acquisition.

The required rotor speed was then established at the minimum obtainable compressor
pressure ratio. At the idle throttle setting, the minimum speed with the nozzle wide
open was about 94 percent of rated speed. For speeds below about 94 percent the ex-
haust nozzle area was reduced while maintaining the idle throttle setting. For speeds
above 94 percent, the throttle was advanced with the exhaust nozzle area full-open.

Each compressor stall point was approached along a line of constant corrected en-
gine rotor speed. Incremental reductions of exhaust nozzle area were made, forcing the
compressor to operate at higher compressor pressure ratios. Engine rotor speed was
maintained at a constant value by manually biasing the throttle. Steady-state data were
taken at each increment of nozzle area. Turbine discharge total temperature was mon-
itored at each steady-state point and also at the stall point. Curves were drawn of com-~
pressor total-pressure ratio and corrected airflow as a function of the turbine discharge
temperature reading. These curves were extrapolated to the turbine discharge tempera-
ture reading at the point of stall to determine compressor pressure ratio and corrected
airflow at stall. In several instances compressor stall occurred after a steady-state
reading, but before any reduction of exhaust nozzle area was made. Such instances re-
quired no extrapolation. In no case did the turbine discharge temperature at stall deviate
from the immediately preceding steady-state reading by more than 50° R (27. 8 K).

RESULTS AND DISCUSSION
Clean Inlet Results

Compressor performance with undistorted inflow is presented in figure 3. The sup-
port grid structure was used in this test to effect a more valid comparison with the dis-
torted inflow test results. The cusp in the stall line fairing at 90 percent corrected en-
gine speed was probably related to the modified inlet guide vane-interstage bleed sched-
ule used in this investigation (see the section Installation). At this speed, the inlet guide
vanes were just full-open and the interstage bleed just full-closed. This tended to in-
crease the loading of the front stages of the compressor, thereby reducing its stall mar-
gin. (See appendix B for definition of stall margin.) The stall line, the lines of constant
corrected engine speed, and the standard engine normal operating line from this figure
are reproduced in subsequent figures for ease of reference.




Circumferential Distortion Patterns

The effect of 180° circumferential distortion on compressor performance is pre-
sented in figure 4. Figures 4(a) to (¢} are listed in order of increasing screen mesh
number or decreasing screen porosity. The porosity, in percent open area, was 57.4,
49.8, and 39.7 percent, respectively, for the 7%‘—, 8%—, and 9 screen mesh numbers. All
these distortion levels had a serious effect on compressor pressure ratio at stall. Re-
sults indicate that the compressor pressure ratio at stall with distorted inflow decreased
with increasing mesh number. There also appeared to be a tendency of the compressor
to lose some corrected airflow pumping capacity with the higher mesh number screens,
particularly at corrected engine speeds above 90 percent of rated speed. Only two stall
points are presented in figure 4(c). This is because the compressor could not be stab-
ilized at corrected engine speeds below about 92 percent with the compressor discharge
ports closed (see the section Test Procedure).

" The effect of 90° circumferential distortion on compressor performance is presented
in figure 5. The stall line trends and compressor pumping characteristics obtained with
the 90° pattern are very similar to those discussed for the 180° distortion pattern. In
fact, for the same mesh screen, no significant difference between the 90° and the 180°
distorted inflow stall lines was noted.

The effect of 60° circumferential distortion on compressor performance is presented
in figure 6. Here again there appear to be no significant differences in performance be-
tween this and the 90° and 180° cases.

The effect of 30° circumferential spoiling on compressor performance is presented
in figure 7. Only an 8% mesh number screen was tested with this pattern. Although se-
rious, the effect of a 30° spoiled sector was not as deleterious to compressor perform-
ance as was the effect of the 60° or greater spoiled sectors of the same mesh number.

The effect of a circumferential distortion pattern using two diametrically opposed 60°
screens of number 8% mesh was studied. Resuits are presented in figure 8. The com-~
pressor did not stall at 86. 9 percent corrected engine speed because the required exhaust
nozzle area was less than the minimum obtainable with the standard nozzle. The airflow
blockage plates previously mentioned in the section Installation had not been installed for
testing of this distortion pattern. If the results of figure 8 are compared to those pre-
sented in figure 6(b), it becomes apparent that stall margin degradation due to distorted
inflow is less for cases of multiple spoiled sectors.

Radial Distortion Patterns

The effect of hub radial distortion on compressor performance is presented in fig-




ure 9. Two mesh number screens were tested, each with spoiled areas of 20 and 40 per-
cent of the total compressor face annulus area. The most obvious effect of hub radial
distortion is a sizeable loss in the corrected airflow capacity of the compressor. Be-
cause compressor pressure ratio at stall did not fall off as fast as corrected engine air-
flow, there was little effect on overall compressor stall margin due to hub radial distor-
tion. In fact, three of the four patterns tested showed a slight net increase in overall
compressor stall margin over the speed range tested.

A midspan radial distortion pattern was tested using a 7—%— mesh number screen. Re-
sults are presented in figure 10. With the possible exception of the 100. 0 percent cor-
rected engine speed point, this type distortion showed no significant effect on compressor
performance.

The effect of tip radial distortion on compressor performance is presented in fig-
ure 11. In contrast to hub radial, tip radial distortion had little effect on the corrected
airflow capacity of the compressor. There was, however, a significant loss in compres-
sor stall margin for those patterns with spoiled areas greater than 15 percent of the com-
pressor face area. This loss was a direct function of the total pressure drop (or mesh
number) of the screen. Increasing the spoiled area from 30 percent (figs. 11(b) and (d))
to 60 percent (figs. 11(c) and (e)) of the compressor face area seemed to have no addi-
tional effect on compressor performance.

The distortion pattern shown in figure 12 was run in order to determine what effect
a reduction in spanwise pressure gradient would have on compressor performance. The
innermost spoiled annulus of 7:21— mesh number screen was added to the tip radial screen
pattern previously shown in figure 11(d). As expected from the results of figures 10 and
11, no significant effect of adding the inner screen was apparent.

Combined Distortion Patterns

Tests were run on four combined screen patterns, each of which had both circum-
ferential and radial distortion components. Results of the first of these are presented in
figure 13. The pattern was a 120° sector of the hub radial distortion screen previously
shown in figure 9(e). In general, it appeared that the compressor was more sensitive to
the circumferential component of distortion. Furthermore, the corrected airflow capac-
ity of the compressor was not reduced as severely with the 120° sector as it had been
with the full 360° radial pattern. As a result, compressor stall margin deterioration
was far more serious than for the pure hub radial pattern.

Results of the second combined radial circumferential distortion pattern are pre-
sented in figure 14. This pattern was a 120° sector of tip radial distortion made from
number 9 mesh screen. Since no 360° tip radial pattern was tested with a screen of this




mesh, the pattern closest in mesh number and radial extent was the 8—%— mesh 360° screen

shown in figure 11(d). Stall margin degradation for the 120° sector is worse than for the
pure radial case, but still not as bad as the 90° circumferential pattern of figure 5(c).
But because of the difference in screen mesh number between the pure tip radial and the
combined pattern, no conclusion as to the greater sensitivity of the compressor to radial
or circumferential distortion components can be drawn.

A 90° circumferential distortion pattern (8—%— mesh number) was tested in combin-
ation with a 270° sector of hub radial (7%— mesh number). Results are presented in fig-
ure 15. The hub radial distortion pattern previously shown in figure 9(a) and the 90° cir-
cumferential pattern shown in figure 5(b) can be used for comparison. Stall line deteri-
oration for this combined pattern appears to be due primarily to the circumferential
component of distortion. However, the deterioration was not as serious as it was for the
pure circumferential distortion case. The decrease in corrected airflow capacity is at-
tributed to the 270° hub radial component.

Results of the fourth combined pattern are presented in figure 16. This pattern con-
sisted of a 270° sector of the tip radial pattern shown in figure 11(c) and the 90° circum-
ferential pattern shown in figure 5(a). Stall margin loss again appeared to be more close-
ly related to the circumferential component of distortion. However, the 270° radial com-
ponent did have some effect since the stall line for the combined pattern fell below that of
the pure circumferential pattern at corrected engine speeds below about 96 percent of
rated speed.

Distortion Indices

The compressor total pressure ratio at stall for undistorted inflow is presented in
figure 17 as a function of corrected engine speed. In the compressor performance curves
which follow, this pressure ratio is used to normalize the distorted inflow compressor
pressure ratio at the same corrected engine speeds. Because no account is taken of
variations in compressor corrected airflow, this parameter is not an ideal representation
of compressor stall margin. However, its use provided a good correlation with a dis-
tortion index developed herein.

Most of the distortion indices now in use emphasize an area of below average pres-
sure at the compressor face. In order to correlate a circumferential distortion index
with compressor performance, however, some account must be taken of blade residence
time in this low pressure area. The stall margin of the J85-GE-13 compressor has al-
ready been shown to be relatively insensitive to an increase in the included angle of spoil-
ing (and, hence, blade residence time) beyond 60° to 90°. This result is better illus-
trated in figure 18. The stall compressor pressure ratio is plotted as a function of cir-




cumferential extent of spoiling. Figures 18(a) to (c) pertain to screen mesh numbers of
7—21*, 8%, and 9, respectively. In each case, stall compressor pressure ratio fell rapidly
as the spoiled angle was increased from 0° to about 60° and then stabilized at a nearly
constant minimum value from 90° to 180°. Hence, 60° is the critical angle of distortion
for the J85-GE-13 compressor. That is, it is the minimum angle of spoiling to which
this compressor will respond in a quasi-steady-state manner.

Loss in stall compressor pressure ratio was plotted as a function of circumierential
distortion indices. Results are presented in figure 19. Data shown in this figure include
all of the stalls obtained with the individual 30°, 60°, 90°, and 180° spoiled sectors. In
figure 19(a), the extent of the spoiled sector was removed as a variable by plotting the
ratio of minimum to maximum pressure rather than minimum to average pressure.

Since the compressor has already been shown to be sensitive to a critical spoiling angle
of about 600, the Pmin, 60
in any 60° sector of the compressor face flow field (see appendix C). By using this def-
inition, the loss in stall compressor pressure ratio was correlated quite well to the level

o used in this figure was defined as the lowest mean pressure

of pressure in the spoiled sector, regardless of circumferential extent. Because of
some slight radial pressure gradients associated with surface boundary layers, the pres-
sures discussed here were averaged radially.

In figure 19(b), these same data were plotted against a more commonly used distor-
tion index, namely, [1 - (Pmin, 600/ f’)] 9 Since P is dependent upon circumferential
extent, the single faired curve of figure 19(a) was transformed into the curves of fig-
ure 19(b) for constant extents of 600, 900, and 180°. The good correlation here demon-
strates that this distortion index can be used with reasonable accuracy to predict loss in
stall compressor pressure ratio if the extent of the low pressure region is known. The
two stall points obtained with the multiple distortion pattern (two 60° screens) are also
plotted in figure 19(b). These points also correlated fairly well with the 60° faired curve.

The 60° and the 90° curves of figure 19(b) can be practically collapsed into the 180°
curve by multiplying the distortion index by the square root of circumferential extent (in
radians) divided by =. This is shown in figure 19(c). The single curve would be useful
for programming a simple real-time dynamic distortion indicator.

An attempt to correlate results of the pure hub radial patterns shown in figure 9 and
the pure tip radial patterns of figure 11 with a distortion index is presented in fig-
ures 20(a) and (b), respectively. The compressor face annulus was divided into five
equal-area annular rings. Each ring centered on a probe of the five-tube total-pressure
rakes. The Pmin, r
the five rings. The compressor performance parameter, defined along the ordinate, is
the same as that used in the circumferential distortion correlations. In figure 20(a), the
deterioration of compressor performance at stall is seen to be a function of corrected

used in this distortion index is the lowest mean pressure of any of

engine speed. However, the parameter used to indicate compressor performance here




does not provide a true representation of the loss in compressor stall margin. From
figure 9, it is readily seen that hub radial distortion can actually increase stall margin.
In figure 20(b), the compressor performance parameter at stall is indicative of loss in
stall margin, since tip radial distortion did not affect the pumping capacity of the com-
pressor. All of the tip radial stalls obtained with spoiled extents of between 15 and

60 percent of the compressor face area are shown in this figure. The circumferential
distortion correlation for a spoiled angle of 60° is repeated here for reference. In gen-
eral, the effects of tip radial distortion were not as severe as were those of an equal-
area circumferential distortion.

Since hub radial distortion was shown to affect compressor pumping capacity rather
than stall margin and since tip radial distortion was generally not found to be as serious
as an equivalent circumferential distortion, it followed that a distortion index for a com-
bined radial-circumferential pattern should accent the circumferential component. For
analysis of data obtained with combined distortions, the compressor face annulus was
divided into five equal-area rings as discussed in the previous paragraph. Then for each
ring, the same circumferential distortion index defined in figure 19(b) for pure circum-
ferential distortions was calculated. At stall, the loss in compressor pressure ratio was
plotted against the maximum measured distortion index obtained for any of the five rings.

Results are presented in figures 21 and 22.

Figure 21 pertains to the two 120° sectors of pure radial distortion that were tested.
The 120° spoiled sector curve shown in this figure was obtained by a linear interpolation
between the 90° and the 180° curves of figure 19(b). Compressor performance for those
four points which fall significantly off the referenced curve (i.e., tip sectors at 93, 96,
and 100 percent corrected engine speeds and hub sector at 100 percent corrected speed)
was probably influenced by the radial component of the pattern. For these points, how-
ever, use of the circumferential distortion index in this manner results in a conservative
estimate of loss in compressor performance.

Results of the two 270° radial screen sectors combined with the 90° circumferential
distortion screens are presented in figure 22. These data generally showed excellent
agreement with the 90° curve for pure circumferential distortion, reproduced from fig-
ure 19(b). Except for the one stall point with a tip radial distortion component at a cor-
rected engine speed of 100 percent, these results indicate that the circumferential com-
ponent of a combined distortion pattern tends to predominate.

SUMMARY OF RESULTS

An experimental investigation was made to determine the effect of steady-state total
pressure distortion on a J85-GE-13 turbojet engine. Steady-state distortions were pro-
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duced by placing screens approximately one engine diameter upstream of the compressor
face. This program included varying the size and intensity of spoiled regions, both cir-
cumferential and radial. Some combined distortion patterns were studied. Results were
used to develop a distortion index applicable to this engine regardless of the complexity
of a pressure distortion presented it. The following results were obtained:

1. The compressor was found to be sensitive to a critical angle of 60° of circumfer-
ential spoiling. At stall, the compressor total pressure ratio fell rapidly as the spoiled
angle was increased from 0° to about 600, and then stabilized at a constant minimum
value from 60° to 180°. The critical angle is associated with a minimum blade residence
time necessary to affect the compressor in a quasi-steady-state manner.

2. For pure circumferential distortions, the loss in compressor pressure ratio at
stall was correlated to the level of pressure in the spoiled sector of the flow field. This
pressure was defined as the lowest mean pressure in any 60° sector of the flow field.
Using this definition, a simple distortion index was identified as the deviation of the low
pressure from average pressure ratioed to average pressure.

3. Hub radial distortion effected the corrected airflow pumping capacity and pressure
ratio of the compressor, in a manner that did not significantly change compressor stall
margin. Tip radial distortion did not effect the pumping capacity of the compressor, but
rather the stall margin. However, loss in compressor pressure ratio at stall was gen-
erally not as great with tip radial distortion as it was for a circumferential distortion of
the same intensity and extent. A graded tip radial pattern (two concentric screens of dif-
ferent porosities) was found to have about the same effect on the compressor as a single
tip radial pattern of the lower porosity screen. A midspan radial distortion pattern was
found to have no significant effect on compressor performance.

4. Deterioration of compressor performance when subjected to distortions with both
radial and circumferential components was generally found to correlate with a circum-
ferential distortion index.

5. A distortion pattern consisting of two diametrically opposed 60° spoiled sectors
was found to have a less serious effect on compressor performance than a single 60°
circumferential distortion pattern of the same intensity. The loss in compressor ratio
at stall was found to correlate with the same distortion index used for a single 60° dis-
tortion pattern.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, November 10, 1970,
720-03.
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APPENDIX A

SYMBOLS
area, £t2 (mz) 0
area of spoiled flow, ftz
2
(m®)
compressor face annulus 0
area, 1.284 ft2 (0. 1193
mz)
engine speed, rpm ®
rated engine speed,
16 500 rpm
percent corrected engine
speed
9 1
total pressure, 1b/ft
(N/m?) ,
minimum ring average
pressure, lb/:f’c‘2 (N/mz)
3
lowest mean pressure of
any 60° sector of com-
pressor face flow field, 8
1b/tt? (N/m?2) max
Reynolds number index, min

09/ 9V, r
total temperature, °R (K)

engine airflow, lb/sec
(kg/sec)

engine corrected airflow,
Wv/6/06, 1b/sec (kg/sec)

spoiled sector angle, deg

Subscripts:

Superscripts:

local corrected total
pressure, P/2116 lb/f’t2
(P/101, 325 N/m?)

local corrected total tem-
perature, T/518.7° R
(T/288.2 K)
(718.2° ng/-‘ff/
(T, + 199.5° R),
2 3/2
[(399 K)0s
(T, + 110. 8 K)]

inlet airflow measuring
station

compressor face meas~
uring station

compressor discharge
measuring station

nozzle throat station
maximum
minimum

any of the five equal
annular areas (rings) of
compressor face

average




APPENDIX B

STALL MARGIN

Compressor stall margin is often defined as the difference between the compressor
pressure ratios at stall and at the operating point divided by the compressor pressure
ratio of the normal operating point. This difference is normally calculated along a con-
stant corrected airflow line, as indicated by the following sketch:

(stall margin)wcorr—const = A/B
o
% Stall line
5 /
w0
N

S"Q‘ P //\ A Normal

P i i
o® [~ Ni/9 = Const—~ operating
2 & IL\[— Ly”/f”’ﬁ¢/& line
o ’/y¢////’//fff/!
&
g
5 B
O

Corrected airflow

In this report stall margin is used only as a qualitative measure of the effects of
total-pressure distortion on compressor performance. A loss in stall margin, then,
would indicate that at a constant corrected airflow the compressor pressure ratio at stall

for the distorted inflow case was less than the compressor pressure ratio for undistorted
inflow at stall.
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APPENDIX C

DEFINITION OF P ;. g0

Pmin 600 is defined as the lowest mean total pressure in any 60° sector of the com-
pressor face flow field; that is,

£1+60°

(P__. )o = —— Py(a)da

min, 60072 — 600 minimum value over range

£ 0° =<t = 360°
where

60°  critical angle of spoiling for compressor
a angular displacement
¢ dummy variable

An example of this definition for a square wave pressure distribution with a 30° spoiled
sector is shown in the following sketch:

\\ /(/ Pg(@)

\ /" ““Mean pressure in

\ // 60° sector with

T J its center at o
~

N

MPmin,BOO level

L 302

90° 180°
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TABLE L.

SCREEN PATTERNS

Pattern Type Mesh Wire diameter. | Porosity. [Circumferential | Spoiled Pereom Screen Distortion Remarks
in. {cm) percent extent. area ratio. corrected | pressure amplitude.
open den sp A2 speed. drop.
100 .2 9
1 Circumferential 7—12 0.032 (0.081) 57.4 180 0.50 87.1 0.929 0.068 Stall point
90.1 .914 .085
93.2 . 898 102
96.2 L8774 L1125
100.0 . 851 . 156
Z Circumferential 8% 0.035 {0.089) 49.8 180 0.50 86.9 0.9500 0.103 Stall point
90.0 . 882 .122
93.0 . 861 L1148
96.0 834 L1176
99.8 . 802 .220
3 Circumlferential 9 0.041 (0. 104) 39.7 180 0.50 93.0 0. 808 0.196 Stall point
100. 1 .45 .274 Stall point
4 Circumferential 7% 0.032 (0.081) 57.4 90 0.25 87.0 0.932 0. 066 Stall point
93.0 . 905 L0901
100.0 . 864 126
5 Circumferential 8% 0.035 (0.089) 49.8 80 0.25 87.0 0.918 0. 080 Stall point
89.9 . 900 097
92.9 .885 L112
95.9 . 866 129
99.7 -840 159
6 Circumferential 9 0.041 (0.104) 39.7 90 0.25 92.9 0.849 0.154 Stall point
100.0 L7192 .215 Stall point
T Circumferential 7% 0.032 (0.081) 57.4 60 0.167 86.9 0.937 0.058 Stall peint
. 89.9 .984 . 069
92.9 .912 .080
96.0 . 895 .095
99.9 . 870 L113
8 Circumferential 8% 0.035 (0.089) 49.8 60 0.167 86.7 0.922 0.070 Stall puint
89.9 .910 .086
92.8 894 .097
96.1 . 872 .118
99.7 . 848 .138
9 Circumferential g 0.041 (0. 104) 39.17 60 0.167 87.3 0.900 0.094 Stall point
92.9 .863 1133
99.8 . 806 . 189
10 Circumferential 8% 0.035 (0.089) 49.8 30 0.083 87.0 0.937 0.0178 St point
90.1 1923 L0985
93.2 L9017 L1114
96.2 . 890 S135
100.3 . 868 .161
11 Circumferential 8% 0.035 {0.089) 4.8 60 0.333 86.9 0.913 0.081 Miniwa.., Ayt ao stall
{dual sectors) 93,0 . 880 . 110 Stall point
99.7 822 1 Stall point
12 Hub radial 7% 0.032 (0.081) 57.4 360 0.20 87.0 0,942 0.055 Stall point
92.9 920 076 i
99.9 . 869 L126 +
13 Hub radial 7% 0.032 (0.081) 57.4 360 0.40 86.9 0.940 0.055 Stall point
92.9 .913 080 |
99.9 861 S130 +
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TABLE 1. - Concluded. SCREEN PATTERNS
Pattern Type Mesh Wire diameter. | Porosity. | Circumferemial | Spoiled Serven Distoriion Remarks
in, (em) percent extent. area ratio. corrected RINSETTRINY winplitade,
| open dew r\sp ‘\2 spied, drop. P?xg:lx -
i X . -100 Pm'uL 2 ) L
N* RE-RE ts
v :,
14 Hub radial b 0.041 (0. 104} 39.7 360 Q.20 87.1 0.909 0.087 Stall point
90.2 . 895 . 100
93.0 876 118
96.0 . 852 L151
99.9 . 810 . 189
15 Hub radial Q 0.041 (0. 104) 39.7 360 Q.40 87.4 0.887 0.110 AMinimum AB: noe st:\lJ
90.2 . 875 .123
93.5 853 L1468
96.0 . 830 .12
100. 1 LT .233
16 Midspan radial 7% 0.032 (0.081) 57.4 360 0.40 86.9 0.934 0.055 Stall point
89.8 .922 . 065
92.9 . 908 .078
95.9 .882 099
100.0 . 858 L1268
17 Tip radial 7% 0.032 (0.081) 57.4 360 0.15 87.1 0.943 0.053 Stall point
90.2 .935 . 060
93.0 .924 L0070
96.1 .908 . 084
100.1 . 888 .098
18 Tip radial ’7% 0.032 (D.081) 57.4 360 0.30 92.9 0.906 0.088 Stall point
95.8 . 887 S17
99.8 . 865 S127
19 Tip radial 7% 0.032 {0.081) 57.4 360 0.60 87.0 0.921 0.073 Stall point
98.8 .907 087
92.8 . 895 .096
95.17 L8738 L11d
99.6 . 848 . 141
20 Tip radial 8% 0.035 (0.089) 43.8 360 0.30 92.9 0.883 0. 115 Stall point
99.9 . 837 . 170 Stall point
21 Tip radial 8% 0.035 (0. 089) 49.8 360 0.60 87.1 0.889 0.107 Stall point
93.0 . 850 . 148
100.0 .797 . 207
22 Graded tip radial 8% (Outer ring) | 0.035 {0.089) 49.8 360 0.30 87.1 0.893 0. 106 Stall point
3.1 . 862 1317
7% (mner ring) | 0.032 (0.081) 57.4 360 0.30 96.0 834 L 170
99.9 . 811 .195
23 Hub radial 9 0.041 {0.104) 398.7 120 0.067 87.1 0.912 0.080 Stall point
sector 90.0 . 897 .095
93.0 . 881 .109
96.1 . 857 .132
100.0 . 825 . 161
- Tip radial 9 0.041 (0. 104} 39.7 120 0.133 87.1 0.903 0.095 Stall prant
sector 90.0 . 886 .11
92.9 . 869 .131
i 96.0 . 844 158
; 99.9 817 .186 ¥
I
25 Combined radial T}, (Hub radial) | 0.032.,0.081) 57.4 270 0.15 87.0 0.818 0.076 Stull point
and circumfer- 93.0 . 887 . 107 i
ential 85 (Circumfer-} 0.035 (0. 084 9.8 90 .25 100.0 832 162 }
ential) ¥
26 Combined radial ’73 (Tip radial) | 0.032 {0.081) 5.4 270 0.45 87.0 0.920 0. 084 Stull point
and circumfer- 93.0 887 124 {
entjal 8% (Civcumfer-{ 0.032 (0.081) 57.4 90 25 100.0 845 166 |
ential v
1
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(a) Turbojet engine (J85-GE-13) installed in altitude chamber.

C-67-0129

&
I . Airflow (Compressor Compressor Turbine Nozzle
niet air . X R .
| measuring inlet discharge  discharge throat
plenum
1 2 3 5 8
Bypass// 1 l - Altitude
valve— ( Screen : [ chamber
| locatilon , .9
1 |- | I
T i Z N Exhaust
i T \ < [ e
Air|ﬂow ) o - i | : I
L ek < b
/ L op |
/ L ! —]
Forward / Main burner / |
bulkhead / fuel flow -~/
Iabyrinth/

seal ——

(b) Schematic showing measuring stations.
CD-10152~-28

Figure 1.

- Test installation.




olal pressure rake

Distortion
screen 7
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(d) Screen pattern number 25 mounted on support grid.

Figure 1. - Concluded.
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O Total pressure
/ @ Static pressure
= / O Temperature
16.4 in.
/-(41.7 cm) 459

Y

~— 12.78 in.
(32.5 cm)

\__)/ 1001n
~ (25.4 cm) Airflow measuring,
S~— station 1
7 35 in.

(18.7 cm)

—

Inlet air plenum

30\7/

115° 1250
Compressor face, station 2 Compressor discharge, station 3
Figure 2. - Instrumentation schematic as viewed from upstream.
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0¢

Rake 1 6

Screen pattern 9
(view looking downstream)

5

Percent

corrected

~

¥ : He engine speed,
storted inflow stall line (N /N* ‘/62) x100

87.3

O
o A 92.9
N

99.8

@3]

e ——=-Undistorted in-

flow corrected

speed lines

Closed symbols denote

stall points

w

Compressor pressure ratio, PS/PQ

I}
I 1
N 3
I}
I

34 36 38 4o 42 4h U6
Corrected airflow, W, .. o 1b/sec
2

| | |

18 18 20
Corrected airflow, Wcorr,E’ kg/sec

(c) ¢ mesh screen.

Figure 6. - Concluded.
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Figure 18. ~ Effect of angle of circumferential spolling on compressor
stall.
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Figure 19. -~ Effect of circumferential distortion on
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