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sUnstable operation detection

SExperimental study

§Perfor mance characteristics and operating regimes
§Unsteady signal featuresfor different operating conditions
§8Criteriafor unstable operation Detection

8Conclusions
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Existing methods for unstable operation detection

FAerodynamic Methods
FFast response pressure sensors
FHot wires and hot films
FMechanical Methods
FDisplacement Probes

FOther methods combining performance measurements and
calculation algorithms

A method based on vibroacoustic behavior is presented in this
paper
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Test Facility
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Measurments for Component Performance
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Fast Response Instrumentation

Vertical

TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS USING VIBROACOUSTIC MEASUREMENTS 3



LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Side view of Instrumented Turbocharqer:
Microphones, Accelerometers,
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Accelerometers On Casing
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Inlet View of Instrumented Compressor: Hot wires
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Close up of Hot Wires in Compressor Inlet Duct
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§Perfor mance characteristics and operating regimes
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Hot Wires Signals Along Compressor Characteristic Curve
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Hot Wires Signals Along Compressor Characteristic Curve
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Microphone Signals Along Compressor Characteristic Curve
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Performance characteristics and operating regimes
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§Unsteady signal featuresfor different operating conditions
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Unsteady signal features for different operating conditions
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Unsteady signal RMS alonq performance characteristic
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Unsteady signal RMS over performance map
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FAcoustic pressure
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Unsteady signal RMS over performance map
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Unsteady signal RMS over performance map
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The @-W performance characteristic and points of stall occurrecnce
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TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS
USING VIBROACOUSTIC MEASUREMENTS

§8Criteriafor unstable operation Detection
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Establishment of acoustic criteria for surge detection
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Generalization(?): Results from a different turbocharger

3
A Stall free operation
—~ 25 O Operation in rotating stall m}
CU . - T ] ] "”""""""””””””””””’D”df ”””””
o O Operation in surge
>< . .
5 L] ¢ surge Limt a1 Surged
] ® Stall Limit
o
>
B 1B B
o
(Al
e = =,
(%]
S
o)
o
< 05+ 4
0
0 0.2 0.4 0.6 0.8 1 1.2
N/ N ref

TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS USING VIBROACOUSTIC MEASUREMENTS

28



LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Procedure for stall and surge diagnosis in a radial compressor
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Conclusions

§Acoustic signal features correlate well with operating
condition

8§The RMS value in the sub-synchronous part of the
spectrum suits best for unstable operation detection

8Well defined limits of the RMS parameter for different
operating regimes have been established

SApplicability to a different turbocharger, indicates
generalization possibility
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