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Study on Vibration Response at High-Order Modes of
Turbine Blade for Gas Turbine
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In order to keep and improve reliability of turbo machinery, it is important to understand and predict characteristics

of blade vibration. There are few studies evaluating blade response at high-order modes even it could be a factor

of high cycle fatigue fracture. In this study, vibration measurement and prediction of rotor blades for multiple

stage gas turbine were carried out focusing on high-order vibration modes. A non-contact vibration measurement

by using optical sensor was performed. A one-way fluid structure interaction analysis was conducted to predict

response amplitude. The predicted response amplitudes showed good agreement with the measurement results, with

a maximum error of 16 %. Moreover, magnitude correlation of response amplitude for each vibration mode was

correctly predicted. From these results, it is confirmed that response amplitude of rotor blades for multiple stage gas

turbine can be predicted even for high-order vibration modes.
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Table 1 Gas turbine basic specification ¥

Output power 1,600 kW

Rotor Speed 22,000 rpm

Start-up time Within 40 seconds
Fuel types Kerosene, Diesel oil,

High grade heavy fuel oil, Gaseous fuel
2 stage centrifugal

Compressor type

Combustor type Single can type
Turbine type 3 stage axial
o

Compressor

Fig. 1 Cutaway view of gas turbine ¥
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Fig. 2 Flow chart of one-way FSI simulation

Table 2 Mesh and time resolution setting for time resolution
sensitivity study

Number of Nodes [million] Time Resolution [-]

Stator Rotor Time/Step
Case 1 0.92 2.61 1.00
Case 2 ) 1 0.50
Case 3 1 1 0.33
Case 4 1 1 0.25
Case 5 1 i 0.07

Table 3 Mesh and time resolution setting for mesh sensitivity
study

Number of Nodes [million] Time Resolution [-]

Stator Rotor Time/Step
Case 6 0.45 1.31 0.25
Case 7 0.92 2.61 T
Case 8 1.76 4.96 1
Case 9 2.87 8.01 t
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Fig. 3 Computational mesh of Case 8
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Fig. 4 Computational model for unsteady CFD analysis
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Fig. 5 Computational model for harmonic response analysis
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Fig. 6 Cross-sectional view of gas turbine and Optical sensor setup
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Fig. 7 Schematic Campbell diagram and eigen mode of rotor
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Fig. 8 Relation between time resolution for unsteady CFD and
response amplitude
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Fig. 9 Excitation force distribution of Case 1 and Case 4
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Fig. 10 Relation between the number of nodes and response
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Fig. 11 Excitation force distribution of Case 6 and Case 8
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Fig. 12 Measured and predicted response amplitude
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