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SUMMARY 

An investigation was conducted to determine the effects of inlet 
flow distortion on the compressor stall and engine acceleration charac
teristics of a J65-B-3 turbojet engine. A sinusoidal circumferential 
distortion and two abrupt radial tip flow distortions were introduced 
at the engine inlet at altitudes of 15,000, 35,000, and 50,000 feet and 
a flight Mach number of 0.8. All the inlet flow distortions investi
gated had total-pressure variations of about 20 percent of the area
weighted average inlet total pressure at rated corrected engine speed. 

The circumferential distortion decreased the compressor-stall pres
sure ratio, the size of the fuel step required for stall, and the stall
limited maximum acceleration rate of the engine, primarily at high cor
rected engine speeds. The radial distortions decreased these parameters 
primarily at low corrected engine speeds near the knee in the stall line 
where the total-pressure variation of the distortion was only about 7 
percent. This relatively small radial distortion increased the high
speed limit of rotating stall from 6200 to 6550 rpm and resulted in a 
50-percent reduction in the stall-limited maximum acceleration rate at 
6550 rpm. For fuel steps less than that required to stall the engine, 
the maximum acceleration rate obtained during a transient was found to 
be independent of the inlet flow distortions investigated. 

INTRODUCTION 

Nonuniform distributions of total pressure or air flow at the inlet 
of a turbojet engine can result from severe bends, shock-wave inter
action, or excessively rapid diffusion in the inlet ducting. High-
speed flight maneuvers where high angles of attack or yaw are encountered 
can also cause inlet pressure distortions. Such inlet pressure dis
tortions caused by the inlet ducting and flight maneuvers have been 
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found to vary between 5 and 20 percent in both radial and circumferen 
tial directions. These distortions can impose l a r ge penalties in engine 
performance (ref . 1) and may result in compressor stall, combustor blow
out, or even structural failure of the engine (ref . 2). 

As part of a general program at the NACA Lewis laboratory, the 
effects of radial and c i rcumferent ial inlet pr essure distortions on the 
stall and acceleration character istics of a J 65 -B- 3 turbojet engine were 
determined in an altitude test chamber. Two rad i al distortions with the 
low-pressure region at the tip section of the compressor and one sinus 
oidal circumferent i al d i stortion were intr oduced into the engine by 
blocking portions of the inlet duct with fine -mesh wir e screens. Data 
were obtained with the rated exhaust nozzle a t simulated altitudes of 
15)000, 35)000, and 50,000 feet and a f l ight Mach number of 0.8 over a 
range of corrected engine speeds from 5000 to 9000 r pm . The compressor 
pres sure ratio at stall, the maximum acceleration rate of the engine 
during fuel - flow transients) and the step incr ease of fuel flow r equired 
to stall the compressor were determined with each configuration . 

APPARATUS 

Engine 

The J 65 -B-3 turbojet engine used in this investigation (fig . 1 ) has 
a 13-stage axial - flow compressor, an annular prevaporizing-type com
bustor) and a two- stage turbine . The engine was equipped with a fixed 
exhaust nozzle sized to give rated exhaust gas temperatur e (11660 F ) a t 
rated engine speed (8300 rpm) at sea-level static conditions . The rated 
engine air flow a t these conditions is 118 pounds per second. The fuel 
used throughout this investigation was MIL-F-5624A grade JP-4 . 

Installat ion 

The engine was installed in an altitude test chamber as shown in 
figure 1. A bulkhead with a labyrinth seal around the front of the en 
gine was used to allow independent control of the inlet and exhaust 
pressures . The laborator y air systems were used to supply air to the 
engine and t o remove the exhaust gases . An automatic rapid - response 
valve was mounted in the front bulkhead to maintain constant inlet total 
pressure durin g engine acc elerations . An electronically controlled 
rapid-response fu el valve (r ef . 3) was used to approximate step changes 
in engin e fuel flow. 
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Inlet Distortion Screens 

Inlet flow distortions were introduced into the engine by blocking 
portions of inlet duct with fine -mesh wire screens as shown in figure 2. 
A 1/4-inch mesh screen covered the entire inlet annulus 39 inches ahead 
of the inlet guide vanes for both the undistorted and distorted config
urations and supported the fine-mesh distortion screens. For the radi
al distortions the fine-mesh screens were placed so that a low-pressure 
region existed at the blade tip section of the compressor inlet. Two 
radial distortions were investigated: one with the low-pressure region 
covering approximately 30 percent of the passage height at the inlet 
guide vanes and the other covering 50 percent. These two configura
tions are referred to as "30-percent -blockage radial" and "50-percent
blockage radial" distortions in this report. To prevent the radial 
distortions from "washing out" between the screen and the compressor 
inlet, a splitter duct that was concentric with the engine centerline 
was used. For the circumferential distortion eight screen segments 
were placed as shown in figure 2(b) to give a gradual variation of to
tal pressure around the compressor inlet. 

Instrumentation 

The location and amount of instrumentation used during this inves
tigation are shown in figure 3. Steady-state pressures were measured 
with manometers and were photographically recorded. Self-balancing 
potentiometers were used to measure temperatures, and steady-state fuel 
flow was measured with calibrated rotameters. Changes in total pressure 
during engine transients were measured with calibrated aneroid-type 
pressure transducers having strain- gage elements. Fuel-flow changes 
were measured with calibrated vane - type flow meters, and engine speed 
was measured with a magnetic pulse generator. A six-channel strip
chart recorder was used to record the output of all transient instru
mentation. The chart speed used for most of the transients was 25 mil
limeters per second. The frequency response of the transient pressure 
instrumentation was on the order of 20 cps. However, these instruments 
would respond to frequencies of 75 cps with some reduction in amplitude. 
All transient instrumentation was calibrated against steady-state 
instrumentation. 

PROCEDURE 

The flight conditions selected for this investigation are present
ed for each configuration in the following table : 
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Distortion Altitude, ft 

a15 ,OOO b35 ,OOO b50 ,OOO 

None V V 
30- Percent-blockage radial V V 
50-Percent-blockage radial V 
Circumferential V 
aInlet temperature varied from 700 to 850 F. 

bNACA standard temperature . 

V 
V 

All configurations were operated at NACA standard pressure at a 
simulated flight Mach number of 0.8 assuming 100-percent total-pressure 
recovery in the portion of the inlet duct having only the 1!4- inch mesh 
screen. At each flight condition the engine was operated with the fixed 
exhaust nozzle over a range of corrected engine speeds from 5000 rpm 
to the maximum allowable. The speed range was divided into 500-rpm in
crements, and at each base speed successively larger step increases in 
fuel flow were made until compressor stall was encountered. The engine 
was allowed to accelerate only about 1000 rpm for each fuel step be
cause of either high turbine-outlet temperature or manometer-board lim
itations. However, the maximum acceleration rate followin g a fuel step 
occurs within the first few hundred rpm of the acceleration (see ref. 4), 
and this point was selected for comparison of the configurations inves
tigated . The acceleration rate of the engine was determined from the 
slope of the engine- speed trace . The symbols used throughout this re
port are defined in the appendix. 

RESULTS AND DISCUSSION 

Definition of Inlet Flow Distortions 

The total- and static-pressure profiles of the circumferential 
distortion obtained with the engine operating at rated corrected speed 
at an altitude of 35,000 feet and a flight Mach number of 0.8 are pre 
sented in figure 4. The circumferential distortion consisted of a step
wise variation in total pressure around the duct (fig. 4(a)). The mag
nitude of the total-pressure variation was about 19 percent of the area
weighted average inlet total pressure . These profiles were measured at 

station 2, which was l~ inches ahead of the inlet guide vanes and ap

proximately ha lfway between the screens and the guide vanes. This cir 
cumferentia l distor tion caused a variation in compressor - inlet velocity 
from 525 feet per second in the unblocked portion of the duct to 260 
feet per second behind the maximum blockage. Because of this velocity 
differ ence and the static - pr essure gradient measured at station 2 
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(fig. 4(b)), the circumferential distortion was probably attenuated to 
some extent between station 2 and the inlet guide vanes. 

The total- and static-pressure profiles of the 30-percent-blockage 
radial distortion measured with the engine operating at rated corrected 
engine speed at an altitude of 35,000 feet and a flight Mach number of 
0.8 are shown in figure 5 . Because a radial distortion has been found 

5 

to wash out much more rapidly than a circumferential distortion, a split
ter duct was installed to separate the blocked and unblocked portions of 
the inlet duct. The splitter duct extended from the screens to the in
let guide vanes where traversing total- and static-pressure probes were 
located. Figure 5(a) shows that the 30-percent-blockage radial distor-

(
Pmax - Pmin\ tion was characterized by a 21-percent P

av 
) abrupt change in 

total pressure, with the low-pressure region at the tip section cover
ing about 30 percent of the inlet-guide-vane length. Use of the split
ter duct to maintain the total-pressure distortion resulted in a static
pressure distortion of about 10 percent at rated engine speed (fig . 
5(b)). The compressor-inlet velocity with the 30-percent-blockage ra
dial distortion varied from 325 feet per second in the blocked portion 
of the inlet duct to 550 feet per second in the unblocked portion. The 
pressure profiles of the 50-percent-blockage radial distortion were 
similar to those for the 30-percent-blockage radial distortion except 
that the low-pressure region covered a larger portion of the inlet duct. 
Therefore, the pressure profiles of the 50-percent-blockage radial dis
tortion are not shown. 

Because the pressure loss through a screen is a function of cor
rected air flow, the magnitude of the distortion imposed on the engine 
by each screen configuration varies with corrected engine speed. The 

(
p - P . ~ 

variation of percent distortion max
pav 

mlnj with corrected engine 

speed for the circumferential and radial distortions is presented in 
figure 6. In all cases, an increase in corrected engine speed from 
6000 to 8300 rpm resulted in an increase in percent distortion from 
about 5 to 20 percent . 

Acceleration Limits 

The acceleration rate of a turbojet engine is generally limited by 
compressor stall or excessive turbine-inlet temperature. Only the com
pressor stall limit will be considered herein. Some typical records 
obtained during transients following step increases in fuel flow are 
presented in figure 7 where time histories of compressor-inlet and 
-outlet total pressures, fuel flow, and engine speed are shown. Because 
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of the inherent lag in the transient fuel - flow instrumentation, it is 
believed that the fuel flow more closely approximated a step increase 
than these records indicate . An acceleration free of stall is shown in 
figure 7 (a ). After the fuel step was initiated, engine speed and 
compressor - outlet total pressure rose smoothly until fUel flow was cut 
back to the steady- state value . With sufficiently large fuel steps the 
compressor pressure ratio rises far enough above the steady- state oper
ating line to cause the compressor to stall . An example of such a 
transient is presented in figure 7(b), in which the compressor- outlet 
pressure increased during the initial portion of the transient to the 
stall point defined by the first sharp drop in compressor- outlet pres 
sure . In this example (fig . 7 (b)) the stall point was followed by a 
surging condition in the engine characterized by a high-amplitude, low
frequency pulsation (8 to 10 cps ) of compressor - outlet total pressure . 
Superimposed on the engine surge is a higher frequency pulsation, prob 
ably caused by rotating stall in the compressor. With this engine, the 
stall point may be followed by compressor stall without engine surge . 
Compressor stall without engine surge following the stall point (fig . 
7 (c)) is characterized by a lower amplitude and higher frequency (40 to 
50 cps) pulsation of compressor - outlet total pressure . Compressor stall 
of this type is probably a single - zone rotating stall . 

With uniform inlet flow the stall point was always followed by 
engine surge for corrected engine speeds above 6000 rpm at an altitude 
of 35,000 feet and a flight Mach number of 0.8. Below 6000 rpm the 
stall point could be followed by either compressor stall or engine 
surge. With the inlet flow distortions investigated, the speed range 
in which engine surge followed the stall point was r estricted to higher 
corrected engine speeds . With circumferential distortion engine surge 
was encountered above 6500 rpm, and with the 30- percent -blockage radial 
distortion surge was only encountered above 7800 rpm. Because both 
compressor stall and engine surge are initiated by compressor blade 
stall (stall point ) , the acceleration limit will be referred to as 
"stall" in this report. 

Compressor Pressure Ratio at Stall 

The compr essor pressure ratio at stall obtained with unifor m inlet 
f l ow is pr esented as a fUnction of corrected engine speed in figur e 8 
for the three flight conditions included in this investigation . The 
steady- state operating line for each flight condition is also shown . 

A discontinuity (or knee ) in the stall line exists at low corrected 
engine speeds . An extension of the upper portion of the stall line from 
the knee to the steady- state operating line closely approximates the 
high- speed limit of rotating stall. Rotating stall of from one to five 
zones has been found to exist in this compressor at low corrected engine 
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speeds (ref. 5). The high- speed limit of rotatin g stall is indicated 
by the shaded area on figure 8 for an altitude of 35)000 feet. Figure 
8 also shows that inc r easing the altitude from 15)000 to 50)000 feet 
resulted in a decrease in the compressor - stall pressure ratio and in an 
increase of about 400 rpm in the corrected engine speed at which the 
knee in the stall line occurred . Because of fuel - pump limitations) the 
stall limit was not determined at an altitude of 15)000 feet for engine 
speeds above the knee in the stall line . 

Effect of circumferential distortion . - The effect of circumferen
tial inlet pressure distortion on the compressor pressure ratio for 
stall is presented in figure 9 for an altitude of 35)000 feet and a 
flight Mach number of 0 . 8 . The compressor pressure ratio at stall 
based on average pressur es (fig . 9(a )) was lowered by the circumferen
tial distortion) although neither the corrected engine speed at the 
stall - line knee nor the steady- state operating line was affected. 

With circumferential distortion) axial- flow compressors have been 
found to stall when any circumferential segment of the compressor 
reaches the normal stall pressure ratio (ref . 2 ) . This is illustrated 
in figure 9(b )) where the maximum local pressure ratio at stall is com
pared with the stall pressure ratio obtained without distortion . The 
maximum local pressure ratio was calculated from minimum compressor
inlet and - outlet total pressures . The minimum compressor- outlet total 
pressure was only about 2 percent lower than the average and occurred 
in the same axial segment as the minimum c ompressor - inlet total pressure. 

Effect of radial distortion . - The 30-percent -blockage radial dis
tortion decreased the average compressor pressure ratio for stall at 
both 35)000 and 50 )000 feet as shown by figures 10(a) and (b)) respec
tively. In addition) for each flight condition the corrected engine 
speed at which the knee in the stall line occurred was increased ap
proximately 350 rpm above the engine speed at Whi(C; it ~C;U~~\d with 

uniform inlet flow . The magnitude of distortion max
pav 

mlnj that 

caused this shift was only 7 percent (see fig . 6 (b )). This shift in 
corrected engine speed at the stall - line knee can be explained from 
compressor theory. Generally) when a compressor is operating in the 
low-speed range) the air flow through the compressor is limited by 
choking in the rear stages; the chokin g condition forces the inlet 
stages to operate at stalling an gles of attack . As engine speed is 
increased) the chokin g condition in t he rear stages of the compressor 
is relieved because of the increased air density at the rear stages) 
thus decreasin g the an gle of attack of the inlet stages until at some 
speed the blades unstall . The low- speed stall condition of the inlet 
stages was characterized by rotating stall which occurred at the blade 
tips. The reduction of air flow in this region by the radial distortion 
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caused the stall condition to p ersist to a higher engine speed than 
with uniform inlet flow and hence caused the knee in the stall l ine to 
occur at a higher engine speed. 

A comparison of the compressor-stall pressure - ratio lines obtained 
with the 30-percent- and 50- percent -blockage radial distortions is pre
sented in figure 10(c) . Because the two radial distortions investi 
gated had essentially the same effect on the stall pressure ratio) the 
remainder of the discussion will deal primarily with the circumferen
tial and 30- percent -blockage radial inlet flow distortions. 

Fuel Flow for Stall 

Uniform inlet flow . - The maximum fuel step which the engine could 
be subjected to without encountering compressor stall is of interest 
from a control point of view and is presented in figure 11 for uniform 
inlet flow. The relation between final fuel flow and initial corrected 
engine speed is shown) together with the steady- state operating lines 
for a flight Mach number of 0 .8. It can be seen that the steady- state 
fuel flow could be more than doubled in a step change without causing 
compressor stall at any of the engine speeds or flight conditions in 
vestigated . An increase in altitude from 35)000 to 50)000 feet resulted 
in a decrease in stall- limit fuel flow and an increase in the speed 
for the stall-line knee. 

Effect of inlet flow distortion. - The effect of the circumferen 
tial and the 30-percent-blockage radial distortions on the fuel step 
for stall is presented in figure 12 for an altitude of 35)000 feet and 
a flight Mach number of 0.8. The circumferential distortion (fig . 
12(a)) had no effect on corrected stall-limit fuel flow at low speeds, 
but at high corrected speeds it reduced the fuel flow about 13 percent 
from that observed with uniform inlet flow . The 30-percent -blockage 
radial distortion (fig . 12(b)) decreased the corrected stall- limit fuel 
flow in the engine speed range between 6100 and 7200 rpm as a result of 
the shift in the stall- line knee but had no apparent effect at high 
corrected engine speeds. The corrected stall - limit fuel flow was the 
same, within experimental scatter) for the two radial distortions 
investigated . 

Maximum Acceleration Rate 

Uniform inlet flow . - The maximum acceleration r ate of the engine 
occurred about 100 rpm after the fuel step was initiated and was calcu 
lated from the slope of the engine-speed trace. The accuracy of this 
method of determining acceleration rate is of the order of ±l0 percent . 
A plot of corrected maximum acceleration rate as a function of corrected 
engine speed is presented in figure 13 for the uniform- inlet - flow con 
figuration at an altitude of 35)000 feet and a flight Mach number of 
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0.8. The stall-limited acceleration line represents the highest maxi
mum acceleration rate obtained with stall- free fuel steps. Lines of 
constant corrected fuel - step size were cross -plotted onto this figure 
from plots of corrected maximum acceleration rate against corrected 
fuel-step size for several corrected engine speeds . A maximum cor
rected acceleration rate of 2500 rpm per second was obtained at a cor
rected engine speed of 7400 rpm. 

9 

Effect of inlet flow distortion . - The effect of the circumferen
tial and 30-percent-blockage-radial distortions on the stall-limited 
maximum acceleration rate is presented in figure 14 for an altitude of 
35,000 feet and a flight Mach number of 0 . 8 . The effect of the distor
tions on stall-limited maximum acceleration rate is similar to the 
effect of distortion on stall-limited fuel flow. The circumferential 
distortion decreased stall - limited maximum acceleration rate at high 
corrected engine speeds, whereas the greatest effect of the 30-percent
blockage radial distortion occurred at corrected speeds near the knee 
in the stall line. At the stall-line knee ( 6550 rpm) the total-pressure 
variation of this radial distortion was only about 7 percent, but the 
stall-limited maximum acceleration rate of the engine was reduced by 
about 50 percent . 

For stall- free fuel steps the corrected maximum acceleration rate 
of a turbojet engine can be correlated with the fuel-step parameter 
6Wf /N5 derived in reference 4. The variation of corrected maximum 

acceleration rate with the fuel-step parameter is presented in figure 
15 for the uniform inlet flow, the 30-percent-blockage radial, and the 
circumferential configurations at an altitude of 35,000 feet and a 
flight Mach number of 0 . 8 . Toe data for the three configurations fall 
within a ±l2 -percent scatter band . Because the probable accuracy of 
the measured acceleration rate is only about ~O percent, no effect of 
inlet flow distortion on the stall- free maximum acceleration rate could 
be detected . 

SUMMARY OF RESULTS 

A sinusoidal circumferential inlet flow distortion and two radial 
tip flow distortions were introduced at the inlet of a J65-B-3 turbojet 
engine. All the inlet flow distortions investigated had variations of 
inlet total pressure of about 20 percent at rated corrected engine 
speed. 

The circumferential distortion decreased the compressor-stall 
pressure ratio, the size of the fuel - flow step requ ired for stall, and 
the stall-limited maximum acceleration rate, primar ily at high cor
rected engine speeds . The radial distortions decreased these 
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parameters primarily in the corrected speed range where the knee in the 
stall line occurred . In this speed ran ge the inlet radial pressure 
distortion was about 7 percent . This relatively small radial distor
tion increased the high-speed limit of rotating stall from 6200 to 6550 
rpm and resulted in a 50-percent reduction in the stall - limited maxi 
mum acceleration rate of the engine at 6550 rpm. 

For fuel steps less than that required to stall the engine, the 
maximum acceleration rate obtained ouring a transient was found to be 
independent of the inlet flow distortions investigated . 

Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, June 23, 1955 
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APPENDIX - SYMBOLS 

The following symbols are used in this report: 

N engine speed, rpm 

Nt maximum acceleration rate of engine following step increase in 
fuel flow, rpm/sec 

p total pressure, lb/sq ft abs 

p static pressure, lb/sq ft abs 

Wf fuel flow, Ib/hr 

~Wf change in fuel flow during transient, Ib/hr 

area-weighted average inlet total pressure divided by NACA 
standard sea-level pressure 

inlet total temperature divided by NACA standard sea-level 
temperature 

Subscripts: 

2 measuring station l~ in. ahead of inlet guide vanes 

3 compressor outlet 

av area-weighted average 

max maximum 

min minimum 
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tter duct 

29 . 9" 

(a) 30-Percent-blockage radial distortion. 

Top 

(b) Circumferential distort jon. 

Figure 2 . - Screen placement fo r inlet air distortions (viewed 
downstream) . 
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Station 1 
I 

Screen Inlet guide vanes 

Station 2 , circumferential 
distortion 

Station 3 

15 

4 5 9 , I , 

I 

lncegrating t otal-

duct 

Station 2, 30- percent-blockage 
radial distortion 

o Total pressure 
= Static pressure (wall) 
• Transient total pressure 

Figure 3 . - Instrumentation . (All instrumentation sketches Viewed downstream; no scale .) 
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(a ) Total- pressure station 2 . 

--- -0-- Undisto r ted ---r---. 
CirTml'erTtial 
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Circumferential position , deg 

(b) Static- pressure station 2 . 

Figure 4 . - Pressure profiles for circumferential inlet flow distortion . 
Altitude , 35 , 000 feet ; flight Mach number , 0 . 8 ; corrected engine speed, 
8300 rpm . 
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Figure 5 . - Pressure profiles f or 30-percent-blockage radial 
distortion . Inlet- guide- vane survey; altitude, 35,000 feet; 
flight Mach number, 0 .8; corrected engine speed, 8300 rpm. 
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(a) Circumfer ential di stortion ; a ltitude , 35,000 feet . 

Figure 6 . - Variation of percent inlet total- pressure 
distortion with corrected engine speed . Flight Mach 
number, 0.8. 
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