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EFFECT OF CIRCUMFERENTIAL TOTAL-FRESSURE GRADIENTS TYPICAL
OF SINGLE-INLET DUCT INSTALIATIONS ON PERFORMANCE
OF AN AXTAT.-FLOW TURBOJET ENGINE

By S. C. Huntley, Joseph N. Sivo, and Curtis L. Walker

SUMMARY

An Investigation was ccnducted in an NACA Lewis altitude test cham-
ber to determine the effect of circumferential total-pressure gradients
at the compressor inlet, typical of those resulting from = single inlet
duct, on the component and over-all performance of an axial-flow turbo-
Jet engine. Two magnitudes of total-pressure gradlent, 15 and 20 per-
cent at rated corrected engine speed, were investigated in addition to
a uniform distribution. At Reynolds number indices of 0.6 and 0.2, data
were obtained at corrected engine speeds from 60 to 105 percent of rated
speed over a range of exhaust-ges temperatures at each speed.

The circumferential pressure gradients persisted through the com-
pressor but decreased in severity. However, the turbine temperature
gredient caused by the inlet-pressure gradient necessitated a reduction
iln average turbine-inlet temperature tc avold local overtemperaturing
which could result in turbine failure. As & result, the net thrust was
reduced 9 and 14 percent at altitudes of 22,000 and 50,000 feet, respec-
tively, for a flight Mach number of 0.6. In addition, a 14 percent net
thrust loss resulted from the reduction in average inliet total pressure
due to the pressure gradient. Associated with these total net thrust
losses sre Increases in specific fuel consumptlion of 6 and 9 percent
for altitudes of 22,000 and 50,000 feet, respectively.

IRTRODUCTION

In aircraft installations of turbojet engines, both radial and cir-
cunferentiel varlations of total pressure et the compressor inlet are
usually present. These pressure veriations are due to asymmetric or
separgted air flow resulting from curved ducts, high angles of attack,
or yaw. Circumferential variations in inlet totel pressure, as shown
in references 1 and 2, affected flow conditions through the entire
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engine and resulted 1n losses 1n compressor efficilency, alr flow, and
thrust with increased specific fuel consumption. Compressor stall or
surge or even engine destruction can alsc result from inlet-sir distor-

tion (ref. 2).

In references 1 and 2, compressor-inlet conditions similar to those
which might be encountered in flight with twin-inlet ducts were simu~
lated. For the reference tests, an sbrupt discontinulty of elr flow was
lmposed at the compressor inlet by a uniform blockage of one inlet duct
with fine mesh screens. A single inlet duct, however, imposes more
gradual pressure gradients st the campressor inlet than a twin inlet.
Therefore, ag part of sn extensive program to evaluate the effects of
inlet-air distortion, an investigation was conducted in an altitude test
chamber at the NACA Lewis laboratory to determine the effect of circum-
ferential total-pressure gradients typilcal of single inlet ducts on the
performance of the axial-flow turbojet engine of reference 2. The re-
sults of this investigation are reported herein.

Two clrcumferentisl total-pressure gradients that might be encoun-
tered in flight with & single-inlet duct were simulated. Unpublished
data from wind-tunnel tests of single-inlet ducts indicated that the
clrcumferential gradients usuelly encountered were approximstely sinus-
oidal with one low-pressure region. Two such gradients were approxi-
mated by blocking the campressor inlet with graduated screen densities
around the circumference. The magnitudes of the gradients investigated

were 15 and 20 percent of the average inlet total pressure at rated
corrected engine speed.

Data were cbtained from 60 to 105 percent of rated corrected engine
speed over e range of exhaust-gas temperatures at each speed and at
Reynolds number indices of 0.6 and 0.2. These Reynolds number indices
are equivalent to inlet conditlons corresponding to a range of flight
conditione; for example, at e flight Mach number of 0.6, a Reynolds num-
ber index of 0.6 corresponds to an altitude of 22,000 feet and an in-
dex of 0.2 to an altitude of 50,000 feet. The effect of inlet-pressure
distortion on net thrust and specific fuel consumption at these two
flight conditions is discussed. Pressure and temperature profiles, com-
ponent, and over-all engine performaence are also discussed. A compari-
son 18 also made with the results of distortions with twin-inlet ducts

(ref. 2) on the same engine.

APPARATUS AND PROCEDURE
Engine and Installation

A schematic sketch of the turbojet engine as it was Iinstalled in
one of the NACA Lewis altitude test chambers is shown in figure 1. This
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engine had a 1lZ2-stage axial-flow compressor, eight can-type combustors,
and a single-stage turbine. The ses-level static thrust rating is 5970
pounds at an engine speed of 7950 rpm and an exhasust-gas tempersture of
1275° F. Exhsust-nozzle flaps were used to obtain a range of exhaust-

gas temperatures at each englne speed.

A l/4-inch mesh screen was placed over the entire annulus spproxi-
metely 37 inches upstream of the inlet gulde vanes. Segments of fine
screen were then supported on this l/4-inch mesh to obtain the desired
distortion. Sketches of the inlet-screen configurations used are shown
in figure 2.

Instrumentation

Instrumentation for measuring temperstures and pressures was in-
stalled at stations indiceted in figure 1. Details of the instrument
stations are shown in figure 3. In addition, four nozzle-lip static
probes were used to determine the exhsust-nozzle-discharge static
pressure.

A megnetic pickup, described in reference 2, was installed in the
compressor to detect vibration of the first-stage rotor blades. This
pickup wase installed in the first stage primerily becsuse that was the
only location feasible from mecharicel considerations.

Constant-temperature hot-wire asnemometers were used for detection
of flow fluctuatione caused by rotating stall. The anemometer probes
used 0.0002-inch-diameter tungsten wire with an unpleated length (effec-
tive length) of 0.08 inch. The wire element was mounted perpendiculsr
to the probe axis. Four anemometer probes, located at 90° circumfer-
entisl intervals, were installed in radisl-survey devices in the com-
pressor fourth-stage stator.

Procedure

Data were obtained at the conditions described in table I. Reyn-
0lds number index was maintained constant at station 1. Aversge values
of temperature, pressure, snd engine speed for each condition are given.

Several date polnts were obtained at each value of engine speed
over a renge of exhsust-gas temperatures by varylng the exhaust-nozzle
area. An indicated local turbine-inlet tempersture of 2260° R was used
as the operating limit. Operatlon was arbitrarily limited to this lo-
cal value of turbine-inlet temperature after failure of a turblne at-
tributed to excessive local temperature (ref. 2).
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For 811 the performance detz presented herein the average pressures
and temperatures at each statiaon were obtained by area-welghting all the
individual values. These average values of pressurés and tempersatures,
which represent flow conditions for an incompressible fluid, closely
approximated the more exact values obteined by satisfyling one-
dimensional considerations of continuity, momentum, and energy for the
megnitude of pressure gradlents investigated. This second method, while
more exact, requires a laborious solution to obtaln the effective values
of pressure and temperature. Therefore, the effective values were used
only to make a comparison of compressor performance at one engine oper-
ating condition between a uniform inlet pressure gradient, an sbrupt
circumferential gradient (ref. 2), and the sinusoidal gradient that is
reported herein. Symbols used in this report are defined in appendix A
and the methods of calculation are described in aprendix B.

RESULTS AND DISCUSSION
Pressure and Temperature Profiles

The effect of inlet-air distortion on compressor circumferential
total-pressure and -temperature profiles i1s shown in figure 4. These
date are for operetion at rated corrected engine speed and at a Reyn-
olde number index of 0.6. The ordinaste for each profile was obtained
by first dividing the individual probe values by the average value to
put all profiles on a comparative basils, and, second, dividing this
ratio by that for the undistorted condition (configuration A) to elimi-
nate smell circumferentisl varlstions in the undistorted profiles. The
absclesas 1s the clrcumferential location of individual probes measured
counterclockwise from the top (in the direction of rotor rotation) while
looking downetream. Each profile shspe 1s nearly sinusoidal and is typ-
ical of all conditions investigated for each configurstion. It 1s shown
(fig. 4) that the magnitude of the total-pressure gradient decreased,
while passing through the compressor, from 15 to sbout 2 percent for
configuration B and from 20 to 4 percent for configuration C. Although
the percentage pressure difference decreased, the absolute pressure d4if-
ference wes essentislly maintained through the compressor. A similar
trend was found for the investigation of reference 2. The circumferen-
tial locations of the least and greatest blocksge are indicated in fig-
ure 4(a). A comparison of the profiles of figures 4(a) and (b) indicates
that the high- and low-pressure reglons rotated about 60° in the direc-
tion of rotor rotatliaon while passing through the compressor.

Compressor-cutlet total temperature in the low-pressure region is
higher than in the high-pressure reglon (fig. 4(c)}) because of the
higher compressor pressure ratio across the low lnlet-pressure segment.
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Turbine-inlet circumferential totel-temperature proflles were not
recorded. (The instrumentation.at that station was used only as en in-
dication of excessive local temperature.) Turbine-outlet total-
temperature profiles based on individusl rake averages are shown in fig-
ure S5 for the same conditlons as the data 1n figure 4. The msgnitude of
total-temperature variation at the turbine ocutlet was greater than that
et the compressor outlet. This greater meagnitude of turbine-outlet-
temperature varigtion results mainly from a clrcumferential variation
in fuel-air ratio caused by the distorted air flow. The limited meas-
urements were lnadequate to explain the chenge in profile shepe from
that at the compressor outlet. No radizl-temperature-profile shift was
discernible.

The effect of corrected engine speed and Reynolds number lindex on
the amplitude of compressor-inlet total-pressure gradient is presented
in figure 6 which slso illustrates the magnitude of the distortions
used. As englne speed was lncreased, the higher ailr velocity across
the screens and sttendant greater pressure loss resulted in an in-
crease in amplitude; Reynolds number index had a negligible effect on
the amplitude. At rated corrected engine speed, confilguration B re-
sulted in a compressor-inlet totsl-pressure variation of 15 percent and
with configuration C of 20 percent.

Component Performesnce

The effect of sir dlstortion from twin-inlet ducts on component
performence that was established on this engine in reference 2 showed
that the distortions had a2 negligible effect on cambustor and turbine
performance. Also, at any given engine speed, each circumferential
half of the compressor essentially shifted 1ts respective performance
point along a constant speed line on the compressor map. The inlet
distortions reported herein were less severe 1n pesk meagnitude of pres-
sure variation end also showed a negligible effect on combustor and
turbine performsnce.

The effect of the inlet-air distortions of the present investige-
tlon on compressor performance 1is presented in figures 7 to 8. Over-all
values of corrected campressor gir flow, pressure ratio, and efficlency
are shown. Each parsmeter is based on average values of total pressure
or temperature at either the compressor inlet (station 2) or outlet
(stetion 3) as discussed in the Procedure. At a given corrected engine
speed, corrected air flow decreased slightly with an Increase in dis-
tortion for the range of conditions investigated (fig. 7). The decrease
in air flow was negligible at high corrected englne speeds and at a
Reynolds number lndex of 0.6. At & Reynolds number index of 0.2, the
decreese in eir flow was more pronounced. Compressor efficlency also
decreased with an increase in distortion and thls decrease was sllightly
more pronounced at the lower vaelue of Reynolds number index (fig. 8).

oy
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The effect of the inlet distortione of this investigetion on cam-
pressor pressure ratio as a function of engine total-tempersture ratio
is shown in figure 9. From these curves an engine opersting point on
the compressor map may be determined. For a constant value of engine
total-temperature ratio, compressor pressure ratio by contlnuity of
flow is primarily a function of corrected compressor air flow end tur-
bine totel-temperature ratlo when critical flow exists in the turbine
nozzle. Turbine total-temperature ratio, in turn, is directly related
through power requirements to compressor pressure retio and compresgor
efficiency. Consequently, the change in campressor pressure ratio for
constant-corrected-engine-speed and constant-englne-total-temperature-
ratio operation is primarily a result of the effect of distortion on
corrected compressor alr flow and efficiency. For constant corrected
englne speed and constent engine total-temperature ratio, the change
In compressor pressure ratic with inlet-air distortion wes negligible
at & Reynolds number index of 0.6 (fig. 9(a)}). At the lower value of
Reynolde number index, 0.2, and at high valuer of corrected engine

speed, compressor pressure ratlo decreased with distortion at a constant

engine total-tempersture ratio (fig. 9(b)}.

A comparison between the over-all compressor performance for a sl-
nusoidel, an abrupt discontinuity, and an undistorted circumferential
pressure veriation at the campressor inlet is shown in the followling
table for englne operamtion at rated corrected engine speed, a corrected
exhaust-gas temperature of 1800° R, and a Reynolds mumber index of 0.6:

Type of Percent magni-|Corrected |Compressor|Compressor
distortion tude of inlet }compressor| pressure |effliciency,
total-pressure|alr flow, ratio, e
variation P
Wa,24/62 P_3.
82 2
Undistorted 0 107.5 5.50 0.78
Sinusoidal 20 107.1 5.52 .78
Abrupt discontinuity 32 105.4 5.46 .80

Data for the abrupt discontinuity-type distortion were cbtained from
reference 2. These data from reference 2 and the deata from the pres-
ent investligation were put on & common basls for comparison by using
effective velues of total pressure and totsl temperature that repre-
sented one-dimensional flow at bhoth the compressor inlet and outlet.
The method used to obtaln these effective values and the necessary
assumptions are discussed in the procedure and in sppendix B. The
megnitude of inlet-pressure veriation was different for each distor-
tion (see preceding tsble); these magnitudes were selected for this
comparison because they correspond to the meximum varlstion obtained
from wind-tunnel tests of typical inlet ducts.
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A comparison of the values glven in the preceding table shows that
either type of distortion had only a slight effect on over-all compres-
sor performance. The data used for this comparison were obtained at a
Reynolds number index of 0.6 and for engine operation at rated corrected
engine speed with a corrected exhsust-gas temperature of 1800° R. Al-
though the over-all compressor performance was not affected a great deal
at the engine operating condition selected for this comparison, the com-
pressor operable speed range will be reduced as the magnitude of distor-
tion is increassed because of compressor stall (see ref. 2). No steady-
state compressor stall or surge was encountered during the present
Investigation.

Instrumentetion was instelled during the present lnvestigation to
detect rotating stall and first-stage rotor-blsde vibrations. No ro-
tating stall or high first-stage rotor-blade vibratory stresses were
encountered in the compressor.

Engine Pumping Characteristics

Engine pumping characteristics were used to calculate over-gll en-
gine performence for particular flight conditions. (The method of cal-
culation is presented in appendix B.) The effect of inlet-air distor-
tion on engine pumping characteristics is presented in figure 10. Each
paremeter was based on aversge values of pressure and temperature as
previously mentioned. The data were limited by & locel turbine-inlet-
temperature limit of 2260° R. Cross marks on some of the curves indi-
cate the engine total-pressure ratio reguired to choke the exhsust noz-
zle; data below this polnt served only to help establish the trend of
the generalized datas because the "unchoked" dats have only a limited ap-~
plication to other flight conditions.

At constent corrected  engine speed snd constant engine total-
temperature ratio, an increase in distortion resulted in a decrease in
engine total-pressure ratio. Thilis decrease 1n engine total-pressure ra-
tio was more pronounced at the lower Reynolds number index (0.2) and et
intermediate corrected engine speeds and reflects the change in compres-
sor performence with distortion.

Net Thrust and Net Thrust Specific Fuel Consumption

Net thrust with no distortion was calculated assuming no inlet-duct
loss and with an average exhasust-gas total temperature of 1760° R. En-
gine speed and exhsust-nozzle aree were then adjusted to give maximum
net thrust. With distortion, maximum net thrust wae determined in a
similar manner except that the average exhaust-gas temperature was re-
duced so as not to exceed a local turbine-inlet tempersture of 2260° R.

ek
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In addition, an inlet-duct loss in average total pressure sufficient to
cause the distortion was essumed; that is, maximum Jocal total pressure
at the compressor inlet was consldered to be that corresponding to free-
stream total pressure. )

Meximum net thrust determined in the menner just described is shown
in figure 11 for operation at a flight Mach number of 0.6 and an alti-
tude of 22,000 feet. Maximum net thrust decreased 24 percent with the
most severe dilstortion of this Investigatlon and net thrust specific
fuel consumption increased 6 percent. Several factors are involved in
this thrust decrease, nemely: (1) loss in compressor performence, (2)
decrease in average exhaust-gas temperature and, (3) reduction in aver-
age campressor-Iinlet totel pressure. The losses 1n meximum net thrust
incurred by each of these factors were successively determined and are
also shown in figure 11. With the assumption of no inlet-duct loss and
with an average exhaust-ges temperature of 1760° R, the net thrust de-
creased gbout 1l percent with the most severe distortion because of the
effect of pressure gradients on campressor performance. Because of the
clrcumferential temperature profile existing at the turbine, it was nec-
essary to decrease the average exhaust-gas temperature 135° F with the
most severe distortion to avold exceeding a limiting local turblne-inlet
temperature. This reduction in average exhsust-gas temperature resulted
in en additional 9 percent loss in net thrust. The remsining thrust
loss of 14 percent results from the decresse in average inlet total
pressure caused by the pressure gradient. The maximum-net-thrust mode
of engine operation selected for thie discussion required a slight in-
cregse 1n effective exhaust-nozzle area. A further decrease in thrust
would result for any other mode of operation. -

Maximum net thrust as a function of percentage distortion at a
flight Mach number of 0.6 and an altitude of 50,000 feet 1s shown by
the curve of figure 12. A 29-percent loss in maximum net thrust was
incurred with the most severe distortion of this ilnvestigation, and
net thrust specific fuel consumptiocn increased 9 percent. This loss
in thrust occurred with an 18.8-percent variation in engine-inlet to-
tal pressure and at a corrected engine speed of 95 percent of rated.
Average exhsust-gas temperature was 160° F lower with this distortion
than for the undistorted engine and there was a slight increase in
exhaust-nozzle area.

If engine operation with distortion were based on an average
exhgust-gas temperature limit rather than a local turbine-inlet temper-
ature limit, it would have been necessary to derate the undlstorted en-
gine to prevent excess local temperatures that occur with distortion.
Meximum net thrust for such englne operation 1s shown in figure 12 by
the solid data polnts. The average exhaust-gas tempereture limlt was
selected as that required for operation with the most severe distortion
of this investigation (configuration C). With no distortion there was =
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13-percent loss in maximum net thrust. Net thrust specific fuel con-
sumption also decreased with the dersted operstion in the undistorted
engine as a result of higher component efficiencles at lower engine
speed. A similer derating of thrust was required for safe operstion
with the Inlet-air distortion used in reference 2.

CONCLUDING REMARKS

An investigetion was conducted to determine the effect of clircum-
ferential total-pressure gradients at the compressor inlet on the per-
formence of an exial-flow turbojet engine. The circumferentisl pressure
gradients persisted through the compressor but decreased 1n severity. A
slight temperature gradient existed with the pressure gradient at the
compressor outlet which increased in magnitude at the combustor outlet.
For the magnitude of the pressure gradients investigated the performance
of the engine components was relatively unaffected. However, the tem-
perature gradient existing at the turbine necessitated a reduction in
average turbine-inlet tempersture to avold local overtemperaturing which
could result in turbine failure. As a result, the pressure gradient ef-
fect on the internal characterlstics of the englne reduced the net
thrust 10 and 15 percent at altitudes of 22,000 end 50,000 feet, respec-
tively, for a flight Mach number of 0.6. An additionsl loss in thrust
of 14 percent occurred because of the decrease in average inlet total
pressure caused by the pressure gredient. Associated with these totsl
net thrust losses are Increases in specific fuel consumption of 6 and
9 percent for altitudes of 22,000 and 50,000 feet, respectively.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, December 15, 13954
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APPENDIX A

SYMBOLS

The following symbols are used in this report:

aree, s8q ft

net thrust, 1b

fuel-air ratio
acceleration due to gravity, ft/sec?
engine speed, rpm

total pressure, lb/sq ft
statlic pressure, lb/sq ft
total temperature, °R
velocity, ft/sec

air flow, 1b/sec

fuel flow, 1b/hr

ratioc of specific heats

ratio of compressor-inlet total pressure P, to NACA standard
sea-level pressure, Po/2118

ratioc of engine-~inlet total temperature Ty to NACA standard
sea-level temperature, T/519

efficiency

ratio of coefficient of viscosity corresponding to T; to coef-
ficient of viscosity corresponding to NACA standard sea-level
temperature. Thils ratio is a functlion of temperature only and

is equal to 73561-5/(Ty + 216).

Reynolds number index

Z20R
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Subscripts:

ave average

CL compressor leskage alr fiow

c compressor

i iﬁdicated

J vens, contracta at exhaust nozzle ocutlet
mex maximim

nmin minimum

o ambient or free-stream conditions

1 engine inlet

P campressor inlet

3 compressor outlet or combustor inlet
4 combustor outlet or turbline inlet

S turbine outlet

9 exhsust-nozzle inlet



12 N NACA RM EB4K26s,

APPENDIX B

METHODS OF CALCULATION
Aversge Values of Total Pressure and Total Tempersture

The compressor-inlet total-pressure, compressor-outlet total-
pressure, and compressor-outlet total-temperature grsdients were nearly
slnusoidal. An arithmetic average of two radial measurements at diamet-
rically opposite locations resulted, therefore, in area-welghted values
at these stations. For the range of conditions lnvestigated the average
values obtalned in this manner closely approximated effective values ob-
tained by a more exact procedure and were deemed adequate for the pres-
entation of performance data. -

Effective Values of Total Pressure snd Totgl Temperature

Effective values of totel pressure and total temperature at the
campressor inlet and outlet were calculated for engine operation at a
Reynolds number index of 0.6, rated corrected engine speed, and a cor-
rected exhaust-gas temperature of 1800° R. These effective values were

used to obtain a common baslis for comparison of the data from a sinus-
oldal, an abrupt discontinuity, and an undistorted circumferentisl pres-
sure variation at the compressor inlet. In order for the comparison to
be accurate, the effective values of pressure and temperature must be
true representations of the flow properties of the air which simultane-
ously satisfies the totel energy, mass flow, and total momentum of the
real flow. The total quantities of energy, mass flow, and momentum were
obtained at the compressor inlet and outlet by integrstion. In order to
perform the integration the following assumptions were made: For the
sinusoidal distortion the compressor-inlet axisl Mach number and the
campressor-outlet static pressure were assumed constant. With an abrupt
discontinuity distortion, compressor-cutlet static pressure was assumed
constant and continulty was mainteined through each portion of the com-
pressor subjected to the high end low inlet pressures. Also, as dis-
cussed in reference 2, the air flow through the high-inlet-pressure por-
tion was the same as that for the undistorted case. The total quantities
of energy, mass flow, and momentum were equated to one-dimenslional equa-
tions expressed in terms of pressure, temperature, and Mach number. A
slmulteneous solution of these three equations resulted in one set of
velues of pressure, temperature, snd Mach number which were designated
as effectlve values representing one-dimensionsl flow. These effective
velues representing one-dimensional flow agree exactly with the values
of pressure and tempersture determined by area welghting for the undis-
torted pressure variation at the compressor inlet. As the severity of
the distortion is lncreased, area welghting the individusl pressures and

3246
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temperatures becomes a less mccurate representation of the over-all ef-
fective values of pressures and temperatures because the area~weighting
procedure essentially assumes lncampressible flow.

Engine Air Flow

The air flow was determined at station 2 using the continuilty equa-
tion with average total and static pressures and an effective area for
this station, and the total tempersture at station 1. The average pres-
sures used were arithmetlc averages of radisl meesurements behind the
least and greatest blockage. The effective ares was calibrated during
the Investigation of configuration A (l/é—in. screen only).

Compressor Efficiency

The efficiency was calculated from the conventionsl sdiabatlic equa-
tion essuming s constant specific heat. All pressures and temperstures
used were area-weighted average values of two redial measurements at
disemetrically opposite locatioms.

Net Thrust

In determining the net thrust, the following items were assumed:
(1) sltitude (NACA standard atmosphere); (2) flight Mach number; (3)
ram-pressure recovery; (4) exhsust-gas temperature; and (5) corrected
engine speed.

The first three items define Dy, Vgs Py, Tqy; 5, and 6.
Compressor-inlet total temperature T; and item (4) determine engine
total-temperature ratio Tg/T. From engine pumping characteristics
(fig. 11} end Tg/Ty, the engine total-pressure ratio Pg/P; was de-
termined. Compressor pressure ratio P3/P2 was determined from fig-

ure 9. From Pxz/Py, §/Af6 end figure 7, the corrected air flow

Wa,24/62

5 was determined. The thrust equation was
2

F—[(l £)(W W, + A,( ):I Ys,270
LT T e e T FanVy T APy T Pol] T T g



14 L NACA RM ES4K26a

The part of this eguation enclosed by brackets can be solved by use

of the effective velocity parameter of reference 3, (Wg ,2 - Wer)s Tgs
Yg, and pO/Pg The compressor leakage flow Wnp was determined from
Pz and figure 13. Engine fuel-ailr ratio f was determined using
Tg/T1, 6, and figure 14. _

Net Thrust Specific Fuel Consumption

1 3246

The net thrust specific fuel consumption was determined from the
following equation:

W
sfc = ___;._ -
Fn.
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TABLE I. - CONDITIONS AT WHICH PERFORMANCE DATA WERE OBTAINED

Reynolds Corrected Engine~inlet|Compressor- |Engine
number |engine gpeed, total inlet total |speed,
index, N/~/01, temperature,| pressure, | rpm

5l percent of Ty PZ’
@l;731 rated Or i1b/sq ft
Configuration A (undistorted)
0.6 60 533 1302 4824
80 458 1040 5960
88 457 1026 6544
g5 458 1007 7068
100 459 1011- 7465
105 410 868 7546
0.2’ 80 534 430 6447
88 412 302 6224
95 413 301 6745
100 422 302 71860
105 416 288 7570
Configuration B (15 percent)
0.6 a5 459 936 7115
100 460 924 7483
105 418 805 7520
0.2 a5 429 289 6839
100 430 289 7185
108 431 281 7502
Configuration ¢ (20 percent)
0.6 60 541 1292 4852
67 456 1033 4978
80 461 978 5982
80 5386 1175 6450
88 540 1147 7119
95 462 903 7090
100 460 = 886, 7467
100 417 786 7140
105 459 881 7850
105 408 748 7395
0.2 80 537 399 6450
88 460 297 6572
88 537 378 7104
95 409 259 6803
95 462 289 7085
100 409 257 7035
105 410 250 7380
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Figure 1. - Schematlc diagram of engine Installation in altitude test

chamber showing location of instrumentation statioms.
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18 L NACA RM E54K26a

m Statlc pressure

¢ Total pressure
x Thermocouples Axis of symmetry

(a) sStation 1. (v) Station 2, compressor inlet.

(e) Stetion 5, turbime cutlet. (f) Station 9, exhesust-nozzle inlet.

Figure 3. - Instrument station detalls for investigation of inlet-air dlstortion
(Looking dowmstream).
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NACA RM ES54KZ6a
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Corrected engine speed, 100 percent

perature circumferential profiles.

of rated; Reynolds number index, 0.6.
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Corrected locel to average
turbine~outlet total-
temperature ratio,
Ts,1

=

02

a=s A LR RN Configuration
a B
< c
1.1 L + + I
: TH st --‘FE'
1.0 "uu T _.-TJ;_H' T | 1 = ! s
L1 d-]“"':'- i j:
E:E o 253 : Ef f -
9 0 60 120 180 240 300 360

Circumferential locatlon counterclockwise from top looking downsiream, deg
Figure 5. - Effect of inlet-alr distortion on turblne-outlet total-temperature

profile. Corrected englne speed, 100 percent of rated; Reynolds number
index, 0O.0b. .
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totj}—pressure gradient
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Reynolds number Configurﬁ-
index tion
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Corrected engine speed, N/1/§l, percent of rated

Figure 6. - Effect of corrected engine speed end Reynolds number index on
magnitude of compressor-linlet total-pressure gradilent.
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Compressor pressure ratio, PS/P2

G NACA RM E54K26a

Configuration Corrected engine

B c speed, N/W/gl saif
percent of rated H

105
100 ‘
95 HHH
88
80 -
Solid line represents
configuration A =

ono

ApODO

95

Lt

TR

iy pman e
o
o

It
1 TiT
T *

) E 88 L
Corrected englne 343 iy

Bpeed, N/ e I T IT
percent of ra%ed e .

N RN EEE
T

80

IR
TR
7

ISHENN]

146 BN N )

R

70 80 80 100 110

W ﬂ/e
Corrected compressor air flow, —522%;—31 1v/sec

(2) Reynolds number index, 0.8,

Figure 7. - Effect of lnlet-air dlstortion on over-sll
compressor msp.
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NACA RM ES54K26a L

Compressor pressure ratio, PS/PZ

Configuretion Corrected engine
B c speed, N/qJ%I
percent of rated
® s} 105
] [ 100
L 2 95 :
7 ii 88 F Corrected engine
4 80 speed, N/ 91 :
Solid line represents con- F_Dercent of rate
£1 1 A HHHH
guration - F105
- 100 ¢
6 s 1 :
I 95 :
_ 88 LS~ :
5 : = =+
. : b
80 o a:
4 Hs
3 i
70 80 S0 100 110
W, -\/9
Corrected compressor air flow, —Eﬂg——-é, ib/eec
2

(b) Reynolds number index, 0.2.

Figure 7. - Concluded. Effect of inlet-alr distertion
on over-all compressor map.
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Compressor efficiency, 7,

NACA RM ES54K26s.

Configuration Corrected engine R HIEH Friiiis
B c speed, N/-/6; t iHH o
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[ ] a 100 : H ==
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A as e EE R T T i
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o figuration A HiH : H
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"— "i' o TH 0= T HE 5 95 manlhngos]iesak [ HH
.80 I i H H P s
: : o W 100 B
S il o
: 7 TR A # 105
.70 ! ? ! : aaanam pndndaing: fHH
{a) Reynolds number index, 0.5.
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80 } : : AT
80 [ i &8 Sl
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an 13 . I! dmd
AT M T
.70 7 FEEEHH H R A T §
3.4 3.8 4.2 4.8 5.0 5.4 5.8 6.2

Compressor pressure ratio, P5/i7’2

(b) Reynolds number index, 0.2.

Figure 8. - Effect of inlet-air distortion on over-all compressor efficiency.
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NACA RM ES54K26a
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{b) Reynolds number index, 0.2.

Figure 9. ~ Effect of inlet-air distortion on compressor pressure ratio as function of

engine total-temperature ratio.
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Engine totel-pressure ratio, PQ/P2

R NACA RM EG4K26a

2.0 T
| n; 1
TR
Configuration] __.p: FEEH
1.8 PR AT = =g :*::
E:IIII’- :’EI"C g
1.6 : ——~ lkngine to -pres;ure
ratio for choked
Jet nozzle
1.4 i
1.2 0k siax
(a) Corrected engine speed, 80 percent of rated; Reynolds
number index, 0.6
108 L ; {l
Configuration 12 HEH H T
1.6 i=aiaEsas £
A A H H
THF C
1.4
1'22.2 2.6 3.0 3.4 3.8 4.2

Engine total-temperature ratio, Tg/Tl

(b) Corrected engine speed, 80 percent of rated; Reynolds num-
ber index, 0.2.

Figure 10. -~ Effect of inlet-air distortion on englne pumping
characteristics.
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NACA RM E54K26a i, 27

2.0
Configuration

A A

1.8 st C —~—= Engine total-pressure
v 0 ratio for choked Jet

nozzle
1.8 -
- H -f,‘a
1 ;

4
(c) Corrected engine speed, 88 percent of rated; Reynolds
number index, 0.8.

Engine total-pressure ratio, PgfP,

2.0 ; - e R
_Configuration
1.8 ; u% ass c
_$ T
1.6
e i
1'42.6 3.0 3.4 3.8 4.2 4.8

Engine total temperature ratio, Tg/Ty

(d) Corrected engine speed, 88 percent of rated; Reynolds num-
ber index, 0.2.

Figure 10. - Continued. Effect of inlet-alr distortion on engine
pumping characteristics.
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Engine total-pressure ratio, Pg/Ps
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B g H i+
HEH U l e el
HHTHH H Configuration
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HET @ B
Hitt O c
G311 S Engine total-
HEE pressure ratlc
H for choked Jet
A : R nozzle
e TEE T
1 : : HEH SEHITHI
1.4 t : Fs ST '-4||}§
{e) Corrected engine speed, 95 percent of rated; Reynolds
number index, 0.6.
2.4 THE ¥ | -i L;_l
FEEEEE t i
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i S
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2.8 3.0 3.4 3.8 .
Engine total-temperature ratio, Tq/T)

(f) Corrected engine speed, 95 percent of rated; Reynolds num-
ber index, 0.2.

Flgure 10. - Continued. Effect of inlet-air distortion on
engine pumping characteristics.
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Engine total-pressure ratio, P9/P2

2.2

2.0

2.0

= Configuration
: H.‘-; Configuration
e A (A1 date for choked
c Jet nozzle)
| B

o c
—_—— Engine total-pressure
ratio for choked jet
nozzle

(g) Corrected engine speed, 100 percent of rated;
Reynolds number index, 0.6.

: ! A m T s naa s HrH e
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1 we
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1 :
!
:
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ina
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i E e T
TR T
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Engine total-~tempereature, ratio, Tg/Tl

(k) Corrected engine speed, 100 percent of rated;
Reynolds pumber index, 0.2.

Figure 10. - Continued. Effect of inlet-air dis-
tortion on engine pumping charscteristies.
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Engine total-pressure ratio, PQ/P2

L NACA RM ES54KZ26a.

2.4 R H
] T o
»
TR ]
2.2 TR
: FeL
ERmEynawE = T -
2.0 i ‘ H ] R T
5 Configuration : : T
1 J: «H-- m L H r—-:-
F B 12 N 3 :p—-p
- :;U " C ' i 11T - —; ik L
" A o ek EHE e [
*9(1) Corrected engine speed, 105 percent of rated;
Reynolds number index, 0.6.
2.4 EEEETEE I )
i Eaaseaifeestioe & T T
TR P P2 e e e B
FHEE oA b L
: : 3 s fips
2.2 ; ER 2 PR e
EE s T
l;‘ : 1... EEaht: -‘. T L -il i
2.0 7 _3! Configuration
I iy saataay A (All data for choked
o ot e, Jjet nozzle) é
¥ @ B 3
i o C ]
1.8 BHAH H - Engine total pressure
H ratio for choked Jet
nozzle
1'6:5.2 3.8 4.0 4.4
Engine total temperature ratio, Tg/Tl
(3) Corrected engine speed, 105 percent of rated.
Reynoclds number index, 0.2. All data for choked jet .

nozzle.

Figure 10. - Concluded. Effect of inlet-air distortion
on engine pumping characteristics.
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Meximim net thrust, 1b

Net thrust specific fuel consumption
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Exheust-gas
total-temperature
Ty, °R

1760

1650

1625

A
$no

0 4 8 12 16 20
Englne-inlet total-pressure variation, percent

(b) Net thrust specific fuel consumption.

Figure 11. - Effect of inlet-air distortion on meximum net thrust and net
thrust specific fuel consumption. Altitude, 22,000 feet; flight Mach num~
ber, 0.6; rated corrected engine speed.



Net thrust specific fuel congumptlon

Maximum net thrust, 1b

NACA RM EbS4K26e

1000 g & . T 1
o : S SR sty
A ] Spaag
800 mes : ]
E?d o
b
600 HHEEEH -‘
(2) Maximum net thrust.
1.42 Corrected engine T Exhaust-ges HH
speed, N/-+/6; total temperature I
percent of rated Tg, a5t
(o] 160 1760 Ramm i
o 95 1650 H
1.38 < 95 1600
® 95 1600 AT
1.34 ‘ HF
1.30
1.26 : :
l.22
0 4 8 12 16 20

Engine-inlet total-pressure veariation, percent

(b) Net thrust specific fuel consumption.

Figure 12. - Effect of inlet-air distortion on meximum net thrust

and net thrust specific fuel consumption.

Altitude, 50,000 feet;

flight Mach number, 0.6; flight conditions based on meximum pres-
sure at compressor inlet.
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RACA RM ES4K26a
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Flgure 13. - Compressor leakage at engine midframe.
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Corrected fuel-air ratio, £/6)

NACA RM E54K26a
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Engine total-temperature ratio, TQ/Tl

Figure 14. - Engine corrected fuel-alr ratio.
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