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FFAerodynamic MethodsAerodynamic Methods

FFFast response pressure sensorsFast response pressure sensors

FFHot wires and hot filmsHot wires and hot films

FFMechanical MethodsMechanical Methods

FFDisplacement ProbesDisplacement Probes

FFOther methods combining performance measurements and Other methods combining performance measurements and 
calculation algorithmscalculation algorithms

A method based on A method based on vibroacousticvibroacoustic behavior is presented in this behavior is presented in this 
paperpaper



4

 LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS USING VIBROACOUSTIC MEASUREMENTS

TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS 
USING VIBROACOUSTIC MEASUREMENTS

§Unstable operation detection

§Experimental study

§Performance characteristics and operating regimes

§Unsteady signal features for different operating conditions

§Criteria for unstable operation Detection

§Conclusions



5

 LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS USING VIBROACOUSTIC MEASUREMENTS

Test Facility Test Facility 

  

Pressurized air 
chamber 

Compress Turbine 

Turbine 
orifice plate 

(Compresso
r orifice 
plate) 

Air Heater

mC

Pt  (Pitot)  mT 

 

Pt (Pitot)
Tt (8 

TC)  

Ps
  (Wall 

Taps) Tt  (Rake)  
 

Pt (Rake)
Tt (Rake) 



6

 LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS USING VIBROACOUSTIC MEASUREMENTS

Test Facility Test Facility 



7

 LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

TURBOCHARGER UNSTABLE OPERATION DIAGNOSIS USING VIBROACOUSTIC MEASUREMENTS

MeasurmentsMeasurments for Component Performancefor Component Performance
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Side view of Instrumented Turbocharger: Side view of Instrumented Turbocharger: 
Microphones,   Accelerometers, Microphones,   Accelerometers, 
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Accelerometers On CasingAccelerometers On Casing
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Inlet View of Instrumented Compressor: Hot wiresInlet View of Instrumented Compressor: Hot wires
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Close up of Hot Wires in Compressor Inlet DuctClose up of Hot Wires in Compressor Inlet Duct
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Microphone Signals Along Compressor Characteristic Curve Microphone Signals Along Compressor Characteristic Curve 
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Performance characteristics and operating regimesPerformance characteristics and operating regimes

FFAcoustic Acoustic 
Pressure Pressure spectraspectra
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Unsteady signal Unsteady signal 
features for different features for different 
operating conditionsoperating conditions
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Unsteady signal features for different operating conditionsUnsteady signal features for different operating conditions

FFInstabilities affect the lowInstabilities affect the low--frequency part of the spectrumfrequency part of the spectrum

FFRMSRMS--value indicating operating conditions:value indicating operating conditions:
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Unsteady signal RMS along performance characteristicUnsteady signal RMS along performance characteristic
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FFVertical casing vibration RMSVertical casing vibration RMS

FFRises only the onset of Rises only the onset of 
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The The ΦΦ--ΨΨ performance characteristic and points of stall performance characteristic and points of stall occurrecnceoccurrecnce
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Establishment of acoustic criteria for surge detectionEstablishment of acoustic criteria for surge detection
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Generalization(?): Results from a different turbochargerGeneralization(?): Results from a different turbocharger
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Procedure forProcedure for stall and surge diagnosisstall and surge diagnosis inin a radial compressora radial compressor
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ConclusionsConclusions

§Acoustic signal features correlate well with operating 
condition

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

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

§Applicability to a different turbocharger, indicates 
generalization possibility


