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EFFECT OF UNEVEN ATR-FLOW DISTRIBUTION TO THE TWIN INLETS OF AN
AXTAL-FLOWTURBOJET ENGINE

By Lewls E. Wallner, E. William Conrad, and William R. Prince

SUMMARY

A brief investigation was conducted in the NACA Lewls altitude wind
tunnel to determine the effects of a 60-40 air-flow distribution to the
twin inlet ducts of an axial-flow turbojet engine. Data were obtained
at rated engine speeds over a range of exhaust-gas temperatures for alti-
tudes of 15,000, 30,000, and 45,000 feet at & flight Mach number of 0O.64.

It was found that the uneven air-flow distribution produced by layers
of screen in one of the twin inlets did not appreciably affect the total-
pressure distribution at the compressor outlet or beyond; however, siza-
ble temperature gradients were introduced throughout the engine. The
large pressure differences at the inlet and the relatively uniform pres-
sure profile at the outlet indicated that half the compressocr operated
above the normal pressure-ratlo range and the other half below. At high
altitude, the compressor-half downstream of the inlet blockage screens
may have been operating in stall although the engine operation as a
whole was stable. Engine alr flow was reduced by the distortion, and
this reduction, combined with reduced component efflciencies, resulted
in thrust reductions of as much as 25 percent. No reduction occurred
in combustion efficiency; however, specific fuel consumption was increased
substantially. Also, at high altitudes and corrected engine speeds,
operation at military power was prevented by the occurrence of compressor
surge.

INTRODUCTION

During operation of & turbojet engine with nonsymmetrical inlet
ducting, or of an airplane with a high degree of yaw or angle of attack,
a nonuniform pressure distribution may exist at the compressor inlet.
For example, in one proposed design for the installation of a turbojet
engine, 60 percent of the total air flow is supplied to one of the split
engine-inlet ducts and 40 percent to the other during some flight condi-
tions. Although the effects of smaller inlet-air distortions on engine
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performence are negligible, as reported in reference 1, no data are
available for inlet air distortions of this order of magnitude. A brief
study was therefore made 1n the NACA Lewls lsboratory altitude wind tunnel -
to evaluate the effects on performasnce of a nonuniform pressure profile :
at the Inlet of an axial-flow turbojet engine.

Sufficlent fine-mesh screens were installed in one of the twin inlet
ducts of an engine to cause a 60-40 alr-flow division between the two
ducts. The changes produced in the engine pressure and temperature dis-
tributions, the component efficlencies, and the over-all engine perfor-
mance by the uneven air~flow distributions are shown herein. The data
cover a range of exhaust-nozzle areas at rated engine speed and altitudes
from 15,000 to 45,000 feet at a flight Mach number of 0.84,

2716

APPARATUS
Engine - -

The manufacturer's guaranteed sea-level static performance of the
turbojet engine which was used in the investigation is 7500 pounds thrust
at a speed of 7280 rpm and & turbine-inlet gas temperature of 1425° F.
Main components of the engine (fig. 1) are an 1ll-stage axial-flow com-
pressor, & single-annular combustor, a two-stage turbine, and a continu-
ously variable clam-shell-type exhaust nozzle. Primary control of the
engine was accomplished electronically, with a hydraulle control pro-
viding -emergency protection. The over-asll length of the engine is
186 inches, the maximum diameter of engine and accessories is 45.5 inches,
the width 1s 42.25 inches, and the total dry welght is 2980 pounds. Two
elliptical air inlets are used (totael areas, 4.26 sq ft), one on either
slde of the accessory gear case (see figs. 2 and 3). The air passages
Join to form an annulus (area, 3.65 sq. ft.) approximately 2 inches
upstream of the inlet guide vanes. :

INSTALLATION

As shown in figure 1, the engine was mounted on & wing spanning the
test section of the altitude wind tunnel. Dry refrigerated alr was
supplied to the engine from the tunnel make-up alr system through a duct
connected to the engine inlet. Manually controlled butterfly valves in
this duct were used to adjust the total ailr pressures at the engine inlet,
A s8llp joint with a frictionless seal was used in the duct, to make possi-
ble the measurement of thrust and drag with the tummel scales.

Ingtrumentation for measuring pressures and temperatures was installed

at various stations in the engine (fig. 3) to determine the steady-state
performence, A traverse mechanism comprising 10 sonic-type thermocouples o
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(reference 2) was supplied by the engine manufacturer to determine
the gas-temperature pattern at the turbine inlet. Fine-mesh screemns
that were installed in the right inlet duct approximetely 50 inches
upstream of the engine inlet flange caused a 60-40 air-flow division
between the two ducts.

PROCEDURE

In order to isolste the effects occurring within the engine from the
duct losses which would accompeny such & severe distortion, the inlet pres-
sure (which was used in the calculation of net thrust and flight Mach num-
ber) was considered as the arithmetic average of the pressures in the
Pblocked and unblocked ducts at station 3 (see fig. 3). The effects of
inlet-duct pressure losses on performence can however be evaluated by the
methods presented in reference 3. Performance of the engine with uniform
and nonuniform pressure distributions is compared on the basis of a common
arithmetically averaged total pressure gt the compressor-inlet face.

The air flow through the make-up ailr duet was throttled from approxi-
matély sea-level pressure to a& total pressure at the compressor inlet
(station 3) corresponding to the desired flight Mach number at a given
altitude. The statlc pressure in the tunnel test section was maintained
to correspond to the desired altitude. Engine inlet alr temperatures
were held et approximately NACA standard values corresponding to the
simulated flight conditions, except for high sltitudes and low flight
Mach numbers. Inlet-air temperatures below about -20° F were not obtained.

Complete engine-performence data were obtained at the following _
operating conditions with and without the blockage screens installed and
et several exhaust-nozzle-area settings:

Altitude |Flight Mach|Corrected engine speed|Actual engine speed
(£t) nurber (rpm) (rpm)
15,000 0.64 7400 7260
30,000 .64 7700 7260
45,000 .64 77390 7260

Compressor surge prevented operetion at military rated temperature
at high altitudes; accordingly, the meximum corrected engine speed at
vhich militery temperature could be obteined without surge was deter-
mined at altitudes from 37,500 to 45,000 feet.
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411 symbols used in this report are defined in appendix A and the
calculations are given in appendix B. S -

RESULTS AND DISCUSSION

The air-flow distributions with and without the screens installed
are shown in figure 4. It will be noted that for operation at all alti-
tudes investigated, about 62 percent of the air flow passed through the
unobstructed duct over the complete range of turbine-outlet temperatures
(and therefore compressor pressure ratios) covered. For operation with-
out blockege screens installed, the air flow was equally divided between
the two ducts.

Effect on pressure and temperature patterns. - The tendency of the
distortion to persist or dissipate in passing through the engine is
shown by the data of figures 5 through 11. Total-pressure profiles
obtained with three rekes at the compressor outlet are compared (fig. 5)
for operation at approximately the same exhaust-gas temperature with and
wlthout the blockage screens. Although the general pressure level
obtained with the screens installed was low, there appeared to be no
large change in the pressure distributions. This typical plot, indicates
that the compressor pumps the air up to & common exit pressure despite
the difference in inlet pressure required to obtain the 60-40 alr-flow
distribution.

Compressor-outlet temperatures obtained with two rakes 180° apart
are shown for the same altitude and flight Mach number in figure 6.
The temperatures measured by the two rakes were only 20° F different
when no inlet blockage screens were used; but when the screens were
installed in one of the inlets, the temperature differed by as much as
164° F, the rake in line with the blocked duct giving the higher values.
Such a temperature dlstribution would be expected even if no change in
compressor efficiency occurred, inasmuch as the compressor pressure ratio
across the compressor downstream of the screens is much higher than that
downstream of the standard inlet duct.

For a few condltions, a complete survey of the temperature pattern
at the turbine inlet was obtained by the use of 10 thermocouples mounted
on a traverse mechanism. A comparison of figures 7 and 8 shows the
effect of blockage screens on the radial profile. Symbols are used to
denote the 10 circumferential positlons at which temperature traverses _
were obtained. The manufacturer's maximum and minimum allowable tempera-
ture and the stationary-blade critical temperatures are superlmposed
on both figures. The change in the average temperature distribution
(indicated by solid symbols)} is not lerge and would probably not be
detrimental to turbine life. The spread between the individual
thermocouple readings increased eppreciably, particularly near the
root section. For the point shown, figure 8, the locel maximum

NG
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hub temperature exceeded the manufacturer's limit by about 200° F. Thus,
conforming to this limit would require that the mean temperature be
reduced by about the same amount with a corresponding reduction in thrust.

Circumferential temperature patterns at two blade helghts are com-
pared in figure 9 for the same conditions shown iIn figures 7 and 8. At
&8 distance of 3.5 inches from the blade root, addition of the blockage
screens had little effect on the temperature distribution. However,
at a distance of only 0.4 inch from the root, an extremely hot reglon
existed over at least 50° of the circumference when blockage screens
were installed. Although these local temperatures are appreciably out-
side the meximum- and minimum-limit curves shown in figure 8, the inter-
mittent exposure of the rotor blades might allow safe rotor operation
because of the thermal lag of the blades. The maximum-temperature curve
as dictated by limitatlions of the stator assembly is as shown on fig-
ure 8, and it will be noted that for the condltion shown in figure 9
the local temperatures were for the most part within the allowable
curve. Desplte these considerations, prolonged operation would be
hazardous because the extreme tempersture gradients would probebly
cause warping and eventual fallure of the turbine stator assembly.

Total-pressure distributions at the turbine outlet are compared in
flgure 10 for the same data points as figures 5 and 6. No appreciable
ghift in the radial pattern was apparent; however, the circumferential .
spread was somewhat larger with the distortion, probebly as a result of
the temperature gradients at the turbine inlet (fig. 9). The largest
effect, of course, is the much lower pressure level that exists at a
given turbine-outlet temperature when inlet blockage screens are used.
Both this large reduction in pressure and the small losses in component
efficiency (discussed in subsequent sections) result in lower thrust and
higher specific fuel econsumption.

The tempereature pattern at the turbine outlet (fig. 11) showed no
large effect on the radial pattern; however, the circumferential spread
was greater with the uneven air-flow distribution.

Compressor performance. - Characteristic curves for the compressor
operating with the inlet blockage screens ingtalled in one of the twin
inlet ducts are presented in figure 12, for altitudes of 15,000, 30,000
and 45,000 feet. The inlet pressure used to calculate the pressure ratio
end to correct the air flow through each duct is the mass-flow averaged
pressure measured 4 inches upstream of the compressor face in each of
the twin inlet duets. At 15,000 feet, increasing the turbine-inlet tem-
perature (by decreasing the exhaust-nozzle area) raised the compressor
pressure ratio at constant corrected alr flow as would be expected for
an axial-flow compressor operating at rated engine speed. However, at
45,000 feet, an increase in exhaust-gas temperature produced practically
no change in pressure ratio, but Ilnstead decreased the corrected air flow.

VTSR



6 W NACA BM E52K06

At 30,000 feet, a tramsition occurs wherein the pressure ratio first
increases at constent air flow as the turbine-~inlet temperature is
raised, and thereafter remains constant with decreasing air-flow. At
all eltitudes, the corrected air-flow and the pressure ratio with the
blockage instelled were less than the value obtained for normal com-

. pressor operation. To help explain this phenomena, compressor charac-
teristic lines were calculated for each half of the compressor using the
pressure and the alr supplied by the open duct for the one half and the
pressure and air supplled by the screen-blocked duct for the other half.
The air-flow values for each half were multiplled by 2 to put them on

a comperable basis with the standard compressor. As shown in figure 13,
the resulting corrected flows were not equal. Although a reduction in
flow might be expected for the blocked half, no increase should occur

in the unblocked half. The flow through the unblocked helf 1s higher
than for normal compressor operation, because these velues are the flows
through the two halves of the duct rather than the two halves of the
compressor. It is believed that a cross flow occurs Just upstream of
the inlet guide vanes in the space where the two ducts Join to form an
annulus. The pressure differential available to induce such cross flow
would produce an initiel cross velocity of the order of 600 feet per
second where the duects Jjoin. Thus, the actual flow through both halves
of the compressor 1s probably closer to the value obtalned durlng normal
operation than that showm in figure 13. At 15,000 feet, the compressor
curves are nearly vertical for both compressor halves; that 1s, a small
change in corrected air flow occurred with increasing compressor pressure
ratio (see fig. 13). Although the pressure ratios are considerably
higher for the compressor half with the blocked inlet duct, most of the
values are below the surge pressure ratio (5.6) for the standard com~
pressor at these condltions. At 45,000 feet, the characteristic curve
for the compressor-hslf with the "unblocked" inlet has a very small
slope; that is, the alr flow decreases with increasing compressor pres-
sure ratlio. However, the characteristic curve for alr from the blocked
inlet 1s horizontal; that is, increasing the turbine inlet temperature
decreased the corrected alr flow but had no effect on the compressor
pressure ratio. This pressure ratio ls only slightly hlgher than the

purge value for the standard compressor at this operating condition (6.1).

The inability of the compressor to further increase pressure ratlo and
the progressive reduction in air flow at 45,000 feet is attributed to
stall in the latter stage or stages of the compressor. Whereas the term
surge 1ls used to denote the violent low-frequency instebility commonly
experienced; stall 1s used herein to denote & local flow disturbance
within the compressor such that the englne operation appears entirely
normal when steady-state or even transient instrumentation with a linear

response up to 30 or 40 cycles per second 1s used. Although insufficient

ingtrumentation was installed to permit a definite explanation of flow
conditions within the compressor, the following two concepts (of the
several possible) are advanced, either one of which appears to fit the
results obtalned:

NiofpRSTEeD

2716



9T.L2

NACA RM E52K08

(1) Because all the pressure ratios for the blocked compressor-half
are at or above the surge pressure ratio for the standard compressor
configuration, it can be assumed that the last or latter stages are
operating in & stall condition. The choked flow at the turbine nozzles

WgZS'VTS
Py

increase in turbine-~inlet temperature T5 would normelly result in

higher pressure ratios across the compressor, but the stalled latter
stages prevent any rise in pressure; therefore, the air flow is forced
lower. This reasoning cannot be used on the compressor-half with the
unblocked inlet duct because the pressure ratio is considerably lower
than the surge value; however, it is conceivable that some of the low-
energy alr from the stalled compressor-half remeins in the flow passages
for part of the time the blade row is moving through the unstalled
compressor-half. The low energy alr in part of the unstalled compressor-
half would not only impair the totdlflow of air through it but would
elso reduce the efficiency; this will subsequently be shown to be the
case.

requlres thet the relation = constant be maintasined. An

(2) Whereas, in the first concept, it is assumed that the blades
of one or more stages are stalled in a large single region of the cir-
cumference downstream of the blocked inlet; the second concept deals
with local stell reglons occupying perhaps the width of only a few blade
pessages, the stall reglon roteting around the compressor at one-third
to one-half the rotor speed as shown in reference 4. As discussed 1n
this reference, a recirculation is believed to exist such that the
reverse flow 1n one passage increases the angle of incidence on an
adjacent blade, causing it to stell and thereby propagating the segment
stall around the annulus.

As the pressure ratio of the blocked half approaches the value which
produced surge in the standard compressor, segment stall appears in the
latter stage or stages and increase in size or number as the turbine-
Inlet temperature is raised. Because of this increase, the effective
flow area and hence the air flow is ‘reduced. Surge does not occur
because of a momentum interchange along the boundaries, and also because
of the fact that the segment-stall regions rotate. Such a stall region
would probably originate downstream of the blockage screens where the
pressure ratlo is high and disappear as it rotated into the lightly
loaded region of the unblocked compressor-half. The passage of these
rotating segment stall areas into or through the unblocked haelf accounts
for the decreased mass flow and efficiency observed for the corresponding
half of the compressor.

It should be noted that, even with the unusual compressor charac-
teristies shown, in which stall regions apparently exist for an extensive

. ()
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portion of the compressor annulus, the engine operation was to all
appearances stable, and over the range of conditions shown in fig-

ures 12 and 13 no surge was encountered. As shown in flgure 12, the
over-all slope of the compressor characteristlc lines, although greatly
different from those of the umblocked half, was negative (that 1s, air
flow decremses as pressure ratio increasess or nearly zero. These
results seem to substantiate the conclusion of reference 5: +that a
positive slope of the compressor characteristic lines may be necessary
before engine surge can occur.

Compressor efficiencies for the two compressor halves are compered
with the standard compressor-efficlency values for the three altitudes
in figure 14. At 15,000 feet, the compressor efficlencies for both
haelves were about the same and, were sbout 2 percent lower than for the
standard compreesor. However, at 45,000 feet, the efficiency for the
stalled compressor-half wes as much as 12 percent lower then the standard
compresgor efficlency. The efficlency for the unblocked compressor-helf
was about midway between the curves for the hlocked compressor-half and
the standard compressor. The accuracy of these compressor efficiencles
(computed by use of the pressures and temperatures in each compressor,
half) was checked by two methods of calculation and was found to be
wlthin 2 percent. (The alternate method of calculation used is outlined
in appendix B.) The efficlency results then generally substantiate
the concepts of the existance of the previously discussed stall regions
in the compressor.

Effect on combustor performance. - Combustlion efficiency of the
engine with and without blockage screens instelled is shown in figure 15
for operation at altitudes of 15,000, 30,000, and 45,000 feet. The maxi-
mum difference in combustion efflciency occurred at 30,000 feet at high
turbine-outiet temperstures. At this sltitude, the combustor efficlency
was 3.5 percent higher for the engine having blockage screens, however,
the difference is probably of the same order of magnlitude as the accuracy
of the data. It therefore appears that the screens had no significant
effect on the performance of the combustor. ’

Effect on turbine performance. - In figure 16 turblne efficlencies
for operation with and without blockage screens are plotted agalnst
exhaust-gas temperature for operation at altitudes of 15,000, 30,000, and
45,000 feet. At 15,000 feet, the turbine efficiency was reduced only
s8lightly by the inlet screens; whereas the reduction was about 5 percent
at 45,000 feet. At all three altitudes, the decrease was slightly larger
at high exhaust-gas temperatures. The reductions in turbine efficlency
are attributable to the large variations in the turbine-inlet-temperatire
pattern existing when the blockege ecreens were installed. .

Engine pumping cheracteristics. - The engine pumping characteristics,
with and without blockage screens, are presented in flgure 17 where

9TL2
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engine temperature ratio is shown as a function of ehgine pressure ratio.
The date shown are for an altitude of 45,000 feet; however, the results
are similar at altitudes of 15,000 and 30,000 feet. In all cases, opera-
tion at a given engine temperature ratio resulted in much lower engine
pressure ratios when screens were installed. Thisg reduction in preasure
ratio, which was first evident in figure 10, results from the reduced
aerodynamic efficiency of the engine components, and is reflected, of
course, in reduced engine thrust.

Over-ell engine performance. - In figure 18, the net thrust for the
engine with and without blockage screens are compared for operation at
altitudes of 15,000, 30,000, and 45,000 feet for the same average pres-
sure at the compressor inlet. At all the altitudes, the loss in thrust
resulting from the uneven air flow due to the blockage screens in one
inlet duet varied between 20 and 25 percent for all the exhaust-gas
temperatures investigated. These losses in thrust reflect both the losses
in serodynamic efficiency of the components and the reduction in air flow,
but as noted earlier, do not include pressure losses in the inlet ducts.
Although no data were obtained at the rated turbine-outlet temperature
(1600o R), it is obvious that thrust losses at this condition would be
substantial.

Specific fuel consumption data both with and without inlet blockage
screens are presented in figure 19. The increase in specific fuel con-
sumptlon resulting from the inlet blockage screens varied between 17 and
23 percent at 2ll engine operating conditions. Inesmuch a8 the engine
combustion efficiency was not significantly affected by the screens,
the increases in specific fuel consumption are due to changes in aerody-
namic efficiency of the components.

Operational characteristics. - During the normsl operation of the
engine, no significant change was noted in either the altitude starting
characteristics or in acceleration characteristics. It was, however,
impossible to obtain military turbine-outlet temperature &t an altitude
of 55,000 feet and a f£light Mach number of 0.21 without encountering
compressor surge when the blockasge screens were installed. [The occurrence
of surge at this operating condition was attributed to the low ambient-
alr temperature. For a given turbine-~outlet temperature, reduclng the
engine inlet temperature resulted in an increase in compressor pressure
ratio because of the increase in engine tempersture ratio. Also, as
the engine inlet air temperature was reduced, the corrected engine speed
increased.

The relation of compressor surge to corrected engine speed for
operation at military rated turbine-outlet temperature is illustrated
in figure 20. The data points show the corrected engine speed at which
surge occurred when military temperature and engine speed were mainteined
while the inlet-air temperature was reduced. Military turbine-outlet
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temperature could thus be obtained in the region to the left of the curve,
however, in the region to the right, it was possible to avoid compressor
surge only by reducing the turbine-outlet temperature. Date were not
obtained at altitudes above 43,500 feet because of a temporary limitation
in tunnel exhsuster capacity. The variation of the engine-speed limit
wlith altitude results from the Reynolds number effect on thé compressor
pressure ratio and a possible change in the surge limit of the compressor.

CONCLUDING REMARKS

A severe distortion of the inlet-air distribution to a turbojet
engine, produced by screens in one of the twin inlets, did not
affect the total-pressure distribution at the compressor outlet, and
accordingly the compressor pressure ratioc was greatly different for the
two halves (blocked and umblocked) of the compressor. Because of the
large difference in pressure ratio and also in efficiency, large tempera-
ture gradients existed around the snnulus at the compressor outlet. This
large circumferential gradient wae reflected as variations in temperature
at both the turbine lnlet and the turbine outlet. Although the combustion
efflciency was not affected, turbine efficiency was reduced, particularly
at high-temperature levels. Compressor efficiency was reduced also,
apparently as a result of the existence of local regions within the com~
Pressor which were operating in stall. At an altitude of 45,000 feet
and & flight Mach number of 0.64, 1t appeared that the compressorshslf
downstream of the screen may have been operating in stall for all turbine-
outlet temperatures although the engine operation as & whole was stable.

As a result of the reduced component efficiencies and air flow, the
thrust was reduced by as much as 25 percent and specific fuel consumption
wa.s increased appreclably at a given exhaust-gas temperature. Operation
of the engine at military temperature was impossible at high corrected
engine speeds above an altitude of about 37,000 feet because of compressor

surge.

Lewilis Flight Propulsion Laborstory
National Advisory Committee for Aercnautics
Cleveland, Ohio.
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SYMBOLS

The following symbols are used in this report:

F thrust, 1lb
g K éonstant
o

N engine speed, rpn

P total pressure, 1lb/sq £t abs.

D static pressure, lb/sq ft abs.

T total tempersture, °Rr

W welght flow, 1b/sec

) W'f/Fn specific fuel consumption based on engine fuel flow and net

thrust, (1b)/(hr)(lb thrust)

'e ratio of specific heat at consgtent pressure to specific
heat at constant volume

3] ratio of absolute total pressure at engine inlet to absolute
static pressure at NACA standard atmosphere sea-level
conditions

1 efficiency, percent

e ratio of absolute total temperature at engine inlet to absolute
static tempersture at NACA standard atmosphere sea-level
conditions

Subscripts:

a air

b burner

c compressor

* e engine

T fuel
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g &as

L left

n net

R right

1 cowl inlet

2 engine inlet

3 compressor inlet (4 in. upstream of compressor face)
4 compressor outlet

5 turbine inlet -

8 turbine outlet

j Uy o

. 2716
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APPENDIX B

ATTERNATE METHOD OF CALCULATING COMPRESSOR EFFICIENCY

As noted in the body of the report, & method was desired to check
the values of compressor, efficliency computed directly in a conventional
manner because of the meager instrumentation (not designed for the sub-~
Ject study) used at the compressor outlet.

When critical flow exists 1n the turbine, the corrected mass flow
through the turbine remains constant and proportional to the effective
ares of the turbine. The corrected flow is constant for operation at
maximum engine speed, hence

If these quantities are generalized to engine-iniet conditions by the
use of the factors & and 6, and the value of 2116 is included in the
constant, the following equation is obtained:

W

Wa V62 [Ts

(B2)

If it is assumed thet the ratio of air flow to gas flow is constant,
and that the pressure drop across the combustor is a constant percentage
of the compressor-outlet pressure, equation (BE) may be rewritten as

follows: —
2 | %2
(B3)

= K
3
Py

Py
Equation (B3) then provides a relation between the compressor pres-

sure ratio, the turbine-inlet temperature, and air flow. The value of
K% was determined from a large quantity of data obtained previously

with the undistorted inlet-alr pattern. FEngine sir-flow values were
measured. The turbine-inlet temperature T5 wag determined empirically

as a function of the measured turbine-outlet temperature. The relation
between these two temperatures was examined for several different engines
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to determine whether changes in compressor efficiency would effect the
relation, however, no effect was spparent for compressor efficiency
change as large as 0.10. By use of the values of T5 thus determined
from previous performence date, equation (BS) was used to find the com-
pressor pressure ratio.

Inasmuch as the enthalpy rise across the compressor equals the
enthalpy drop across the turbine corrected for the ratio of air flow to
gas flow, the enthalpy and therefore the temperature at the compressor
outlet was determined by subtracting the enthalpy rise across the entire
engine from the turbine-iniet enthalpy. The masgs-flow weighted value
of compressor inlet pressure used mey be defined as

P2,2 ¥a,1, + PoR ¥a,R
WaL,
Compressor adlabatic efficlency was then calculated by use of the con-

ventional eguation

Py = (B4)

otLz”

(B5)
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Component: Inlet-air duct Turbine
Station 1 6 7
Left inlet
do

3 ==
13
e . W
e Right inlet duct Toocation of blockage soreens Py
i . Total- | Statie- | Wall static- [ Thermo-
) Station Location prespure | pressure | pressure couples
tubes tubes orifices
1 Inlet-air duet 29 1z 6 10
2 Engine inlet 18 0 4 o]
3 Compressor inlet 23 3 7 0
4 Compressor ocutlet 18 0 5 6
- 5 Turbine inlet 5 0 0 1o*
8 Turbine outlet 20 0 8 24
7 Exhaust-nozzle Inlet 16 2 8 0

*Sonic flow probes

Pigure 3. - Top view of turbojet-engine installation showing stations at which instrumentation was installed.
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(e) Altitude, 45,000 Ffeet.

Figure 4. - Dilviseion of air flow between inlet ducts with and wlthout
blockage soreens in right inlet duct.
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FPigure 5. - Effect of blockege screens in right inlet duct on
compressor-outlet pressure profiles at constant exhaust-ges tem-
perature. Altitude, 45,000 feet; flight Mach number, 0.64.
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Filgure 6. - Effect of blockage screens ln right inlet duct on
compressor-outlet temperature profiles at constent exhaust-

gas temperature.
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Turbine-inlet temperature, Tg, °R
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Figure 7. - Turbine-inlet temperature distribution without blockage screens

in right inlet duct. Altitude, 30,000 feet; ram-pressure ratlo, 1.,32;
axhsust-gas temperature, 1486 63. ’ i
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Figore 8. - Turblne-inlet tempsrature distribution with blockage screens in

right inlet duct. Altitude, 30,000 feet; ram-pressure ratlio, 1.32;
exhaust-gas temperature, 1510 °R.



Turbine-inlet temperature, Ts, °R

MU NACA T E52K08
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Standard inlet ducts

Blockage screens in
=S right inlet duct
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Filgure 9. ~ Turbine-inlet circumferential temperature pattern with and wilthout
blockege screens in right inlet duet. Altitude, 30,000 feet; ram-pressure
ratio, 1.32; exhaust-gas temperature, 1486° R.
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Figure 10. - Effect of blockage screens in right inlet duct on
turbine-outlet pressure profiles at constant exhaust-gas

temperature.
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Exhaust-gas temperature, Ts, °R
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Figure 11. ~ Effect of blockage screens on exhaust-gas temperature
distribution at constant exhaust-gas temperature.
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Figure 12. - Compresscr charecteristic lines for compressor with and with-
out blockage screens in right inlet duct. {Inlet pressures averaged by
mass-flov weighting.)
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Figure 13. - Compressor characteristic lines for: (1) air flow and pressures in open inlet duct
and (2) air flow and pressures in blocked inlet duct. Air flow in each duct was multiplied by
2 in order to simnlate complete compressor. . — . : .
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Figure 14. - Effect of blockege screens in right inlet duct on compres-
sor efficiency for range of altitude at flight Mach number of 0.64.
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Figure 15. - Variation of engine combustion efficlency with exhaust-
gas temperature with and without blockage screens in right inlet

duct.

Flight Mach number, 0.64.
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Figure 16. - Effect of blockage screens in right inlet duct on turbine
efficlency at altitudes of 15,000, 30,000, and 45,000 feet. Flight

Mach number, 0.64. . )
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Figure 17. - Comparison of engine pumping
characteristics with and without blockage
screens in right inlet duct. Altitude,
45,000 feet; fllight Mech number, 0.64;
corrected engine speed, 7790 rpm.
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Figure 18. - Variation of net thrust with exhaust-gas temperature
with and without blockage screens in right inlet duct for alti-
tudes of 15,000, 30,000, and 45,000 feet.
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Figure 19. - Variation of specific fuel consumptlion with exhaust-gas

tempereture wlth and without blockage screens in right inlet duct
et altitudes of 15,000, 30,000, and 45,000 feet.
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