












































To verify that the new resonator cavity shape would provide sufficient acous-
tical output to be properly detected by a pressure transducer, a sensor
edgetone resonator test model was fabricated. The model component parts,
shown in Figure 4, consisted of the resonator test section and two sets of
entrance and exit orifice plates. The test setup, shown in Figure 5, con-
sisted of:

® Sensor geometry test model

® 6011 Kistler pressure transducer
® 504 Kistler charge amplifier

® Tektronic oscilloscope

® Pressure regulator

Entrance orifice
10,203 x 0, 35)

Signal transter Exit orifices
hole (G, 047} (2 ea 0,052 dia)
- >

Figure 4. Sensor geometry Smnm_‘, y
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Figure 5. Test setup for evaluating sensor geometry model.
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Three test sensor combinations of entrance and exit orifice area ratios were
evaluated at an inlet supply pressure of 20 psig. Results of the test,

shown in Figure 6, indicated that the

as
entrance-to-exit orifice area ratio test
combination 1 best tuned the new resonating cavity. This combination of
entrance-to-exit orifices selected for the fluidic temperature sensor/air
ejector design was dimensionally the same as those used in the original
AFAPL resonator.

Electrical Equipment Settings

{Same settings for all three test combinations)
Charge amplifier

Sensitivity: 5 pChipsi
Range: 1.0 psii

Oscilloscope

Vertical gain: 2 vicm
Horizontal sweep 200 p secfcm

Test Combination 1

Entrance orifice: 0,208 x 0,035-in, slot
Exit orifice: two 0.052 - in. dia holes

Max'A. =0, 605 in,

Test Combination 2

Eptrance orifice: 0,350 x 0.035-in, slot

Fxit orifice: two 0,052-in. dia holes

#
Mt"'

X
Ain = 0,355 in.

Test Combination 2

Entrance orifice: 0.350 x 0,035-in, slot | HIHH ””‘[HIIIPHHHIIHI
£xit orifice: two 0,062-in, dia holes il ‘
mh’iM %.wum.’mm

. Rin = 0.502 in. 5 e
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Figure 6. Results of sensor geometry model test evaluation,
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Figure 10. Sensor step brazing technique.
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8137-11

Figure 11. Fabricated sensor assembly.
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Figure 12, Fluidic temperature sensor mounting on TF41 turbofan
engine.
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Electrical Equipment Settings

“harae amplifier

Sr Sitivity: C,: nCt psi

x
 :

14. 7 psia sensor inlet pre

(air ejector supplied with 25 psig air pressure!

Figure 20. Signal output of prototype sensors.
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Figure 24. Test section.

Figure 23 shows the geometry of the test section and the mechanical arrange-
ment of the movable shutter doors which were aligned with the direction of
airflow during calibration testing and actuated during temperature response

testing of the sensor,

Calibration of the sensor was accomplished by removing the flow blocking
plate and capping the cold airflow port which permitted entrance air to the
test section to flow through two rectangular ducts past flow -aligned shutter
doors into the sensor test chamber, Static pressure taps and chromel-
alumel (C-A) thermocouples were located in each flow duct and the test cham-
ber. The thermocouple positioned under the sensor probe in the test chamber

served as a reference for sensor performance evaluation.
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When performing temperature response testing of the sensor, the flow block-
ing plate was installed in the cold air duct and shop air was connected to the
cold air port to provide both hot and cold airflow into the sensor test chamber,
With the test section set up in this manner, the sensor was subjected to rapid
air temperature changes by moving the shutter doors to divert either hot or
cold airflow onto the sensor probe, Figure 25 is a view of exit end of the

test section showing the shutter doors diverted to allow hot airflow past the
sensor. The shutter doors were powered by a double-acting air cylinder

which was directed by two solenoid air valves as shown in Figure 24,

Fluidic
lemperature

SENsor

Static pressure port

instrumentation

port
k

Figure 25. Test section shutter doors,
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units, It also operates on the data to calculate Mach numbers and other
parameters desired. Selected operating data and calculated values are then
printed by teletype in approximately 15-sec intervals., Detailed readings can
be obtained when desired and are logged on punched paper taper. These data
are subsequently listed by an on-line printer, Readings taken at steady-state
conditions are shown in Appendix B. Figure 27 shows the data acquisition
devices located in the laboratory control room.

To verify the sensor output quality at each calibration point, pictures were
taken, These pictures were identified with each run of the computer repre-
senting a calibration point, Electronic equipment shown in Figure 28 was
the same as that employed in the air ejector evaluation with the exception
of the additional band pass filter. The band pass filter was needed to blank
out 60 Hz and 220 Hz signal interference.

Computer Electric
Pressure heater
indicators controller

™V ‘ ’
voltmeter Traversir | ol
scanner rohe tiaaler

/’ exhaust wati Temperature | controller
r controliers indicators

| sample
system §

Figure 27. Data acquisition devices in laboratory control room.
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VIEW B

VIEW D

8137-33

Figure 33. Sensor signal output views.



























Calibraticn Run No. 61

3137-36

Signal output amplitude—o6 v peak to peak

Figure 36. Typical oscilloscope view of sensor signal output during
caiibration testing.

SENSOR TRANSIENT TEMPERATURE RESPONSE TEST

Because of facilities limitations on the airflow capacity of shop air, stream
pressure in the test section was restricted to 30 psia and Mach numbers were
also quite low, Since all of the temperature response characteristics ob-
tained in this test were at low stream pressure and velocity conditions, the
test results were indicative of an engine operating condition which might be
marginal for sensor operation, As will be shown later in the postanalysis,
the response of the sensor to temperature changes is improved at higher
stream pressures and airflows so the results obtained from this test re-

present a minimum in sensor performance,
In conjunction with a heat transfer analysis that was made prior to completion

of the sensors, a heat transfer liner was installed in the probe of Sensor No.

2 and Sensor No., 1 was instrumented with tuermocouples at various key nodal
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